
9. Technical notes

A. Meta-analysis
According to Glass (28), a primary analysis is the
original analysis of data in a research study. Secon-
dary analysis is the re-analysis of data for the pur-
pose of answering the original research questions
with better statistical techniques, or answering new
questions with old data. Meta-analysis refers to the
analysis of analyses or "the statistical analysis of a
large collection of analysis results from individual
studies for the purpose of integrating the findings.
It connotes a rigorous altemative to the casual, nar-
rative discussions of research studies which typify
our attempts to make sense of a large volume of re-
search literature". In the context of the present project,
original data sets were obtained and all analyses
were conducted on these. Statistics (i.e., ORs) from
individual studies were then combined formally
by means of the Confidence Profile (CP) method.

Meta-analysis by the Confidence Profile
method

Basically, as applied here, the Confidence Profile
method (7) takes information on the parameter of
interest from the available studies and, by means of a
Bayesian model, derives a joint posterior probability
distribution for this parameter. The process is illus-
trated in the following.

The observed result from the analysis of a single
study is denoted as 0 (the parameter of interest, e.g.,
the odds ratio). The evidence supporting this parame-
ter is supplied by the data. This may be the propor-
tion of cases y - low-birth-weight infants, for exam-
ple - in the study. The likelihood function for the
evidence, given the parameter, is: L(y 0).

If our belief in the parameter is expressed as a
prior distribution for 0: 7(O), then we can calculate
the posterior distribution as the product of the like-
lihood function and the prior distribution:

T(1|y) = k L(yI|);ir()
If we have no strong belief in the value of the

prior ditribution, then a non-informative prior can be
used. In the CP method this is based on a beta distri-
bution with parameters x = 1/2 and f = 1/2. The
posterior distribution obtained from the evidence
derived from our first study becomes the prior distri-
bution for evaluating the second study:

,r( IY1 Y2) = k L(y21 9)Z(9 I Y1)

And this gives the new posterior distribution
based on both studies.

The process can be extended in this manner to
incorporate evidence from all available studies.

The result is a posterior probability distribution
which may be graphed and studied.

B. Regression models for inter-
study heterogeneity
A number of references have been made in Chapters
2 and 4 on the need to test the odds ratios for homo-
geneity before meta-analysis. This test is of the null
hypothesis that all study ORs are estimating the
same underlying value, versus the alternative that at
least one of the ORs differs from the remainder (the
'Q' test for homogeneity, see Hedges & Olkin (10)).
Should the test be significant, a weighted regression
analysis may supply an explanation of the inter-study
variation in the ORs. The regression model will
include some of the study characteristics described in
the study quality table at the end of Chapter 2, includ-
ing study design (prospective versus retrospective),
prevalence level of the outcome, country groupings,
regional groups (Africa, southern Asia, south-east
Asia, Latin America, USA and Europe), location of
the study (urban, rural, mixed), decade of the study,
WHO Collaborative study versus other, as well as
maternal characteristics such as mean maternal age,
mean gestational age at delivery, etc. As was noted
in Chapter 4, many of the tests were confirmed as
statistically significant, and these cases were exam-
ined by regression analysis. Some of the results will
be given in brief to provide an indication of the fac-
tors having some explanatory power.

Analysis for IUGR

Predictor: attained weight at month 5. For this pre-
dictor and outcome, the regression analysis accoun-
ted for around 34% of the observed variation in the
study ORs. The one variable found to be significant
was the WHO study versus other study factor. This
results from a significant difference in the means of
the odds ratios for both categories. The reason is
unlikely to be a different biological relationship be-
tween predictor and outcome in the geographical
areas covered by either study. Some bias to external
validity is more reasonable. None of the remaining
factors was statistically significant
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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.
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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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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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APPENDIX 1

Centile cut-off points for indicators and data sets

Maternal height (cm) MUAC (cm)

Study 1 0th 25th 50th 75th 1 0th 25th 50th 75th

Argentina 150 155 158 161 - - - -
Myanmar 145 148 152 155 20 22 23 24
Vietnam 148 150 153 156 21 23 24 25
Thailand 147 150 153 157 22 23 24 26
China 154 157 160 163 21 22 24 25
Botswana - - - - - - - -
Lesotho 149 152 157 162 - - - -

Colombia 147 150 155 160 - - - -

Cuba 150 153 157 161 -

Gambia 150 153 157 161 22 23 25 26
Guatemala 142 145 148 152 20 21 22 24
India (Pune) 144 147 150 153 20 21 22 23
India (Hyderabad) 143 147 151 154 20 21 22 24
Indonesia 143 146 149 153 21 22 23 25
Ireland 151 155 159 163 - - - -

Malawi 147 151 155 158 22 23 25 26
Nigeria 150 153 157 161 - - - -

Nepal (Rural) 144 147 150 154 20 21 22 24
Nepal (Urban) 143 146 150 154 19 21 23 24
Sri Lanka 143 146 150 154 21 22 23 25
United Kingdom 152 155 159 164 - - - -

US/CDC (White) 155 159 163 168 - - - -

US/CDC (Black) 155 158 163 168 - - - -

US/CDC (Hispanic) 151 154 158 163 - - - -

US/NCPP 152 157 160 165 - - - -

Pre-pregnancy weight Attained weight by lunar month 5

Study 1 0th 25th 50th 75th 1 0th 25th 50th 75th

Argentina
Myanmar
Vietnam
Thailand
China
Botswana
Lesotho
Colombia
Cuba
Gambia
Guatemala
India (Pune)
India (Hyderabad)
Indonesia
Ireland
Malawi
Nigeria
Nepal (Rural)
Nepal (Urban)
Sri Lanka

46
39
40
42
43

51
45
44
42
40
36
37
39
49
43

38
36
36

50
42
43
45
46

56
50
48
45
43
39
41
41.6
53
47

40
40
39

56
45
46
49
50

61
56
54
49
48
42
45
45
57
50

42
44
43

63
50
50
54
54

68
64
61
54
52
45
50
49
63
55

46
49
45

41
41
43
45
49
53
45

45
43
37

40
50
45

39
36
37

45
45
47
48
53
58
49

48
47
40

43
54
49

41
39
40

49
48
51
52
58
64
55

52
51
44

47
59
53

45
44
44

53
53
56
56
65
70
61

56
55
47

51
65
57

48
47
47
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Appendix 1

United Kingdom 48 52 57 63 50 53 59 65
US/CDC (White) 48 53 60 71 - - - -

US/CDC (Black) 50 55 61 73 - - - -

US/CDC (Hispanic) 48 52 59 68 - - - -

US/NCPP 47 52 58 66 - - - -

Attained weight by lunar month 7 Attained weight by lunar month 9

Study 10th 25th 50th 75th 10th 25th 50th 75th

Argentina - - - - - - - -

Myanmar 42 45 49 54 44 47 51 55
Vietnam 43 45 49 53 45 47 50 53
Thailand 46 49 53 58 48 52 56 60
China 49 52 56 60 52 55 59 63
Botswana 50 54 60 67 51 56 62 70
Lesotho 54 58 64 71 55 60 66 73
Colombia 49 53 58 64 51 56 62 68
Cuba -

Gambia - - - - 48 52 56 61
Guatemala 41 45 52 57 46 51 54 59
India (Pune) 40 42 45 49 41 44 47 50
India (Hyderabad) - - - - - - - -

Indonesia 43 46 50 54 45 48 52 56
Ireland 53 57 63 68 56 60 66 72
Malawi 48 51 55 60 49 52 56 61
Nigeria - - - - - - - -

Nepal (Rural) 40 44 46 50 42 45 49 52
Nepal (Urban) 38 42 46 48 43 46 50 53
Sri Lanka 40 43 46 50 42 45 49 53
United Kingdom 53 57 62 68 56 60 65 72
US/CDC (White) - - - - - - - -

US/CDC (Black) - - - - - - - -

US/CDC (Hispanic) - - - - - - - -

US/NCPP - - - - - - - -

Pre-pregnancy BMI Attained BMI by lunar month 5

Study 10th 25th 50th 75th 10th 25th 50th 75th

Argentina
Myanmar
China
Colombia
Cuba
Gambia
Guatemala
India (Pune)
India (Hyderabad)
Indonesia
Ireland
Lesotho
Malawi
Nepal (Rural)
Nepal (Urban)
Sri Lanka
Thailand
United Kingdom
US/CDC (Black)
US/CDC (Hispanic)

18.8
17.1
17.2
19.1
18.1
17.9
18.9
16.0
16.8
17.9
19.7
21.2
18.4
16.3

16.1
18.0
19.3
18.9
19.1

20.3
18.4
18.2
20.9
19.6
18.7
19.4
17.2
18.2
19.0
21.1
22.7
19.5
17.3

17.4
19.2
20.6
20.7
21.1

22.4
19.8
19.5
23.3
21.8
19.7
20.8
18.3
20.0
20.2
23.7
25.3
21.0
19.5

18.8
20.8
22.2
23.1
23.7

25.0
21.0
20.9
26.2
24.5
21.0
22.5
19.8
21.8
21.7
24.7
28.4
22.8
20.5

20.4
22.7
24.2
27.4
27.3

18.1
17.8
18.9

19.1
20.6
17.0

18.3
20.2
21.8
19.4
17.5

16.9
18.4
20.0

19.7 21.2 22.9
18.9 20.2 21.6
20.3 22.4 25.1

19.9 21.1 22.3
21.4 22.8 24.3
17.9 19.3 20.7

19.7 21.0 22.4
21.5 23.3 25.5
23.4 25.2 28.0
20.6 22.2 24.0
18.7 20.0 21.1

17.9 19.3 20.8
19.8 21.6 23.4
21.3 22.9 25.1
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US/CDC (White) 18.3 20.1 22.6 26.5 - - - -
US/NCPP 18.6 20 22.1 25.1 - - - -
Vietnam 17.4 18.4 19.6 20.9 17.9 19.1 20.6 22.0

Attained BMI by lunar month 7 Attained BMI by lunar month 9

Study 1 0th 25th 50th 75th 1 0th 25th 50th 75th

Argentina - - - - - - - -

Myanmar 18.6 19.9 21.5 23.5 19.1 20.5 22.2 24.0
China 19.3 20.4 21.7 23.1 20.5 21.2 23.0 24.4
Colombia 20.3 21.7 23.8 26.4 21.4 23.2 25.3 27.8
Cuba - - - - - - - -

Gambia - - - - 20.3 21.4 22.5 24.1
Guatemala 19.0 19.7 23.7 27.3 22.0 23.2 24.4 26.3
India (Pune) 17.8 18.8 20.0 21.3 18.5 19.5 20.8 22.1
India (Hyderabad) - - - - - - - -

Indonesia 19.6 20.9 22.3 23.7 20.8 22.0 23.3 24.9
Ireland 21.4 22.9 24.6 26.8 22.5 24.1 26.0 28.3
Lesotho 22.1 23.4 25.8 28.8 22.4 24.1 26.7 29.7
Malawi 20.0 21.3 22.8 24.5 20.4 21.8 23.3 25.0
Nepal (Rural) 18.3 19.5 20.8 22.1 19.0 20.2 21.6 22.9
Nepal (Urban) - - - - 19.6 20.9 22.2 23.6
Sri Lanka 18.0 19.2 20.5 22.3 18.7 20.0 21.4 23.3
Thailand 19.6 21.0 22.6 24.3 20.5 21.9 23.5 25.4
United Kingdom 21.3 22.6 24.3 26.5 22.4 23.8 25.6 27.8
US/CDC (Black) - - - - - - - -

US/CDC (Hispanic) - -

US/CDC (White) - -

US/NCPP - - - _ _ _ - _
Vietnam 18.3 19.5 20.8 22.3 19.1 20.0 21.3 22.6
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Weight gain by group

Month (lunar)

Group 1
WTpp
3 to 4
4 to 5
5 to 6
6 to 7
7 to 8
8 to 9
9 to 10
10 to 11

Group 2
WTpp
3 to 4
4 to 5
5 to 6
6 to 7
7 to 8
8 to 9
9 to 10

10 to 11

Group 3
WTpp
3 to 4
4 to 5
5 to 6
6 to 7
7 to 8
8 to 9
9 to 10

10 to 11

Group 4
WTpp
3 to 4
4 to 5
5 to 6
6 to 7
7 to 8
8 to 9
9 to 10
10 to 11

Percentiles of weight gain (kg)

10th 25th 50th 75th Mean SD Number

37.0
0.0
0.5
1.0
0.5
0.0
0.0
0.0
0.0

41.0
0.0
0.0
0.1
0.0
0.0
0.0

-0.2
-2.0

44.5
0.0
0.0
0.0
0.0
0.0
0.0
0.0

-1.0

48.9
-0.1
0.0
0.8
0.9
0.6
0.6
0.6
0.0

40.0
0.3
1.0
1.0
1.0
0.5
0.5
0.5
0.5

44.0
0.0
0.9
1.0
1.0
1.0
0.3
0.0
0.0

48.0
0.0
0.0
1.0
1.0
1.0
1.0
1.0
0.0

52.6
0.3
0.9
1.1
1.3
1.0
1.0
1.0
0.5

42.0
1.0
1.0
1.5
1.5
1.0
1.0
1.0
1.0

48.0
1.0
1.1
2.2
1.6
1.1
1.0
1.0
1.0

52.0
1.0
1.0
2.0
2.0
1.0
1.0
1.0
1.0

57.4
1.0
1.5
2.0
2.0
1.7
1.6
1.7
1.2

45.4
1.5
2.0
2.0
2.0
2.0
2.0
1.5
1.0

52.0
2.0
2.0
3.0
2.0
2.0
2.0
2.0
2.0

58.0
1.5
2.0
2.0
2.0
2.0
2.0
2.0
2.0

63.3
2.0
2.3
2.7
2.7
2.4
2.3
2.4
2.0

42.7
0.8
1.3
1.6
1.6
1.2
1.2
1.1
0.8

48.4
0.9
1.6
1.6
1.5
1.3
1.2
1.1
0.6

53.8
0.8
1.3
1.4
1.6
1.4
1.3
1.4
0.6

58.6
1.1
1.5
1.9
2.0
1.7
1.7
1.7
1.3

5.4
0.6
0.5
0.7
0.9
0.8
0.8
0.8
0.7

6.6
1.1
0.9
0.9
0.9
0.9
1.0
1.3
1.8

9.0
0.8
1.0
1.1
1.0
1.0
1.1
1.1
1.2

8.7
1.0
1.0
0.9
0.9
0.9
0.8
0.9
0.9
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223
74

256
713
1007
1360
1416
978
93

3950
262
797
1410
2271
3179
4129
4386
1898

8964
135
543
1426
2939
4233
5162
4558
544

4672
739
1908
2974
3718
4836
5210
6378
4636

57



APPENDIX 2

Group odds ratios by indicators and outcome

Presented below are detailed results of the meta-
analysis for indicators and outcomes giving com-
bined odds-ratios and 95% confidence intervals for
Groups and the overall combined estimate. Where it
is felt that insufficient information is available to
estimate a group mean with reliability, a dash (-)
has been inserted in the relevant table. Group mem-
bership within indicators is documented in Table 5
(Chapter 2). The cross-study test for homogeneity is
reported with associated probability value (see dis-
cussion in (Chapter 4) for interpretation).

The presentation is by indicators or indicator set,
and within these by outcome.

Maternal height
Quartile cut-off points (cm)

Groups 25th

1 146
2 150
3 153
4 157

75th

154
157
161
164

Group ORs by maternal height
Assisted Post-partum

LBW IUGR FT-LBW Preterm birth delivery Pre-eclampsia haemorrhage
Groups OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl

Group 1 1.7 1.5-1.9 1.7 1.5-1.9 1.8 1.5-2.1 0.9 0.7-1.0 1.0 0.8-1.1 - - - -

Group 2 1.4 1.3-1.6 1.6 1.4-1.8 1.8 1.5-2.2 1.2 1.1-1.4 1.4 1.3-1.6 - - - -

Group 3 1.8 1.6-2.0 2.1 1.9-2.3 1.9 1.6-2.3 1.3 1.1-1.5 2.1 1.9-2.4 - - - -

Group 4 1.7 1.6-1.9 2.0 1.8-2.1 2.2 2.0-2.4 1.2 1.1-1.3 1.6 1.3-1.9 - - - -

Combined 1.7 1.6-1.8 1.9 1.8-2.0 2.0 1.9-2.2 1.2 1.1-1.2 1.6 1.5-1.7 0.8 0.7-1.0 0.7 0.5-1.0

Homogeneity x2 54.4 X2 59.9 x2= 45.4 %2= 58.5 x2 = 117 x2 = 16.8 x2= 5.7
test df =23 df =22 df = 22 df = 22 df = 12 df = 5 df = 5

P <0.01 P <0.01 P <0.01 P <0.01 P <0.01 P <0.01 P <0.33

Mid-upper-arm circumference
Quartile cut-off points (cm)
Groups 25th 75th

1 21 24
2 22 25
3 23 26

Group ORs by MUAC
Assisted Post-partum

LBW IUGR FT-LBW Preterm birth delivery Pre-eclampsia haemorrhage

Groups OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl

Group 1 1.9 1.7-2.2 1.5 1.3-1.8 2.0 1.6-2.4 1.3 1.1-1.5 0.9 0.8-1.1 - - - -

Group 2 1.6 1.3-2.1 1.6 1.4-1.9 1.7 1.2-2.3 1.0 0.8-1.3 0.7 0.5-0.8 - - -

Group 3 2.0 1.5-2.6 1.7 1.3-2.1 1.6 1.1-2.4 1.1 0.8-1.4 0.9 0.8-1.1 - - -

Combined 1.9 1.7-2.1 1.6 1.4-1.8 1.9 1.6-2.2 1.2 1.0-1.3 0.8 0.8-0.9 0.6 0.5-0.8 0.6 0.5-0.8

Homogeneity X2 = 8.6 x2 = 7.2 x2 = 8.5 x2=777%72= 34.7 %2 = 1.53 x2= 3.2
test df = 11 df = 10 df = 10 df =10 df =8 df = 3 df =35

P <0.65 P <0.70 P <0.58 P <0.65 P <0.01 P <0.67 P <0.35
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Maternal pre-pregnancy weight
Quartile cut-off points (kg)

Groups 25th 75th

1 40 46
2 42.5 49.5
3 45.5 54

4 50 63
5 53 68

Group ORs by pre-pregnancy weight

LBW IUGR

Groups OR 95% Cl OR 95% Cl

Group 1 2.9 1.7-4.9 3.0 1.1-7.9
Group 2 2.5 1.4-4.4 2.2 1.4-3.2
Group 3 2.4 1.8-3.2 2.7 2.2-3.2
Group 4 2.3 1.8-2.8 2.5 2.0-3.0
Group 5 2.3 2.1-2.6 2.5 2.2-2.7
Combined 2.3 2.1-2.5 2.5 2.3-2.7

Homogeneity x2 - 15.0 x2= 28.2
test df =20 df =19

P <0.77 P <0.07

Assisted
FT-LBW Preterm birth delivery

OR 95% Cl OR 95% Cl OR 95% Cl

2.3 0.4-13.0 1.2 0.4-3.3 - -

3.5 1.6-7.6 0.6 0.4-1.0 2.1 1.2-3.6
2.2 1.5-3.3 1.1 0.9-1.4 1.0 0.9-1.2
3.0 2.2-4.0 1.5 1.1-1.9 0.9 0.8-1.0
2.8 2.4-3.3 1.4 1.3-1.6 - -
2.8 2.4-3.2 1.4 1.3-1.5 1.0 0.9-1.0

x2 =16.4 x2 = 38.5 x2 = 23.0
df = 18 df = 18 df = 5
P <0.57 P <0.01 P <0.01

Post-partum
Pre-eclampsia haemorrhage

OR 95% Cl OR 95% Cl

1.4 0.7-2.6 - -

0.8 0.6-0.9 - -

0.7 0.6-0.8 0.6 0.4-1.1

X2 =11.8 X2= 3.16
df = 3 df = 3
P <0.01 P <0.36

Attained weight by months 5, 7 and 9
Quartile cut-off points (kg)

Month 5 Month 7 Month 9

Groups 25th 75th 25th 75th 25th 75th

1 40 47 42.5 49.5 45 52.5
2 45 53 45 54 48 56
3 48.5 56.5 52 60 55 63
4 53.5 65 57 68 60 72

Group ORs by weight attained by month 5

LBW IUGR

Groups OR 95% Cl OR 95% Cl

Group 1 3.0 2.2-4.0 2.1 1.6-2.9
Group 2 1.8 1.9-2.7 2.4 1.7-3.3
Group 3 2.5 1.7-3.7 3.6 2.5-5.0
Group 4 2.1 1.6-2.9 3.2 2.4-4.4
Combined 2.4 2.0-2.8 2.7 2.3-3.2

Homogeneity X2 - 12.8 2= 48.8
test df =14 df= 14

P <0.53 P <0.01

FT-LBW Preterm birth

OR 95% Cl OR 95% Cl

3.0 2.0-4.5 1.3 0.9-1.8
1.8 1.0-3.1 0.6 0.5-0.8
5.1 2.9-9.7 0.8 0.6-1.2
2.2 1.3-3.6 1.4 1.1-1.8
2.7 2.1-3.5 0.9 0.8-1.1

x2 =16.6 x2= 51.4
df = 14 df = 14
P <0.28 P <0.01

Assisted Post-partum
delivery Pre-eclampsia haemorrhage

OR 95% Cl OR 95% Cl OR 95% Cl

0.8 0.4-1.4 - - - -

1.1 0.8-1.5 - - - -

0.9 0.7-1.8 - - - -

1.2 0.8-1.8 - - - -

1.0 0.8-1.2 - - 0.9 0.4-1.7

X2 = 9.2 X2= 0-5
df = 11 df = 3
P <0.60 P <0.90
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Group ORs by weight attained by month 7

LBW

Groups OR 95% Cl

Group 1 2.7 2.0-3.6
Group 2 2.3 1.8-3.0
Group 3 2.7 2.0-3.6
Group 4 2.0 1.6-2.6
Combined 2.4 2.1-2.7

Homogeneity X2 = 12.6
test df = 13

P <0.47

IUGR

OR 95% Cl

2.3 1.8-2.9
3.2 2.5-4.0
3.4 2.7-4.3
3.1 2.5-4.0
3.0 2.7-3.3

X2 = 4-=40.5
df = 13
P <0.01

FT-LBW

OR 95% Cl

3.0 2.1-4.1
3.7 2.5-5.5
4.1 2.7-6.3
2.7 1.8-4.0
3.3 2.7-3.9

X2= 8.7
df = 13
P <0.80

Preterm birth

OR 95% Cl

1.3 0.9-1.7
0.5 0.4-0.6
1.0 0.8-1.3
1.1 0.9-1.3
0.9 0.8-1.0

X2 = 53.1
df = 13
P <0.01

Assisted
delivery

OR 95% Cl

0.6 0.4-1.1
1.2 0.9-1.6
0.8 0.7-0.9
0.8 0.6-1.2
0.9 0.8-1.0

x2= 17.4
df = 10
P <0.06

Post-partum
Pre-eclampsia haemorrhage

OR 95% Cl OR 95% Cl

1.4 0.9-2.3 - -
0.3 0.7-2.2 - -
0.6 0.5-0.8 - -
1.2 0.8-1.9 - -
0.8 0.7-1.0 0.9 0.6-1.5

x2 = 45.6 x2 = 3.2
df = 9 df = 4
P <0.01 P <0.50

Group ORs by weight attained by month 9
Assisted Post-partum

LBW IUGR FT-LBW Preterm birth delivery Pre-eclampsia haemorrhage

Groups OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl

Group 1 3.5 2.6-4.6 3.2 2.5-4.0 3.7 2.6-5.3 - - 0.5 0.3-0.9 3.1 1.9-5.2
Group 2 2.1 1.7-2.7 2.4 2.0-2.9 2.4 1.8-3.2 - - 0.9 0.7-1.1 0.6 0.4-0.9
Group 3 3.1 2.3-4.3 3.6 2.9-4.5 3.5 2.3-5.3 - - 0.8 0.7-0.9 0.5 0.4-0.6
Group 4 2.1 1.7-2.7 3.6 2.9-4.5 2.9 2.1-4.2 - - 0.9 0.6-1.3 1.5 0.8-2.7
Combined 2.5 2.2-2.9 3.1 2.7-3.4 3.0 2.5-3.6 - - 0.8 0.7-0.9 0.7 0.6-0.8 0.6 0.4-0.8

Homogeneity %2 = 33.0
test df= 15

P <0.01

%2= 36.1
df = 15
P<0.01

%2= 15.9
df = 15
P <0.39

%2= 20.1
df = 10
P <0.02

%2= 78.7
df = 9
P<0.01

-2= 6.0
df = 6
P <0.41

Pre-pregnancy weight in subgroups with low maternal height
Group ORs by pre-pregnancy weight, in mothers of below average height

LBW IUGR Preterm birth

Groups OR 95% Cl OR 95% Cl OR 95% Cl

4.8 2.4-9.7
2.9 1.5-5.6
2.4 1.7-3.3
2.2 1.8-2.6
2.7 2.4-3.1
2.6 2.3-2.9

x2 =18.5, df = 18
P <0.42

2.4 1.5-3.8
3.2 2.5-4.1
3.0 2.5-3.5
2.9 2.6-3.3
2.9 2.7-3.2

x2 = 23.7, df = 15
P <0.06

0.7 0.5-1.2
1.2 0.9-1.5
1.6 1.3-1.9
1.5 1.4-1.7
1.4 1.3-1.6

x2 = 30.8 df = 16
P<0.01

Attained weight by months 5, 7 and 9 in subgroups with low maternal
height
Group ORs by weight attained by month 5, in mothers of below average height

LBW IUGR Preterm birth

Groups OR 95% Cl OR 95% Cl OR 95% Cl

Group 1 2.9 2.0-4.4 2.3 1.6-3.2 1.4 0.9-2.1
Group 2 2.3 1.4-3.8 2.9 1.9-4.4 0.7 0.5-1.0
Group 3 2.9 1.8-4.6 4.1 2.7-6.2 1.1 0.7-1.8
Group 4 2.0 1.3-3.2 4.4 3.0-6.6 1.7 1.1-2.6
Combined 2.5 2.0-3.2 3.2 2.6-3.9 1.0 0.8-1.3

Homogeneity x2 =11.3, df = 13 x2 = 30.8, df = 12 x2 = 30.9, df = 13
test P <0.58 P <0.01 P <0.01
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Group ORs by weight attained by month 7, in mothers of below average height
LBW IUGR Preterm birth

Groups OR 95% Cl OR 95% Cl OR 95% Cl

Group 1 2.7 2.0-3.8 2.5 1.9-3.3 1.0 0.7-1.4
Group 2 3.1 2.2-4.3 3.9 3.0-5.2 0.7 0.5-0.9
Group 3 2.9 2.0-4.2 4.1 3.1-5.4 1.0 0.7-1.5
Group 4 2.0 1.5-2.7 3.9 2.8-5.2 1.2 0.9-1.7
Combined 2.6 2.2-3.1 3.5 3.0-4.0 0.9 0.8-1.1

Homogeneity x2 =12.0, df = 12 2-= 25.4, df = 12 x2 = 20.0, df = 12
test P <0.44 P <0.01 P <0.06

Group ORs by weight attained by month 9, in
mothers of below average height

LBW IUGR

Groups OR 95%CI OR 95%CI

Group 1 3.6 2.5-5.0 3.2 2.5-4.1
Group 2 2.4 1.8-3.1 2.7 2.2-3.3
Group 3 3.5 2.4-5.0 4.2 3.2-5.4
Group 4 2.8 2.0-4.0 4.4 3.4-5.9
Combined 2.9 2.5-3.4 3.4 3.0-3.9

Homogeneity x2 = 23.0, df = 10 x2 =17.8, df = 12
test P<0.01 P <0.12

Attained weight by months 5, 7 and 9 in subgroups with low pre-pregnancy
weight
Group ORs by weight attained by month 5, in mothers of below average pre-pregnancy
weight

LBW IUGR Preterm birth

Groups OR 95% Cl OR 95% Cl OR 95% Cl

Group 1 - - - - - -

Group 2 1.7 0.8-3.5 2.5 1.4-4.6 0.5 0.3-0.9
Group 3 2.6 1.6-4.1 3.8 2.6-5.6 0.9 0.6-1.4
Group 4 2.8 1.6-4.8 5.1 3.0-8.6 1.8 1.0-3.2
Combined 2.4 1.8-3.3 3.8 2.9-5.0 0.9 0.7-1.2

Homogeneity x2= 2.5, df = 5 x2 = 6.8, df = 6 x2= 20.4, df = 6
test P <0.76 P <0.33 P <0.01

Group ORs by weight attained by month 7, in mothers of below average pre-pregnancy
weight

LBW IUGR Preterm birth

Groups OR 95% Cl OR 95% Cl OR 95% Cl

Group I - - - - - -

Group 2 3.2 1.7-6.1 3.6 2.2-6.1 0.7 0.4-1.2
Group 3 2.6 1.9-3.6 3.9 3.0-5.1 1.0 0.8-1.4
Group 4 2.6 1.6-4.2 4.3 2.8-6.5 1.4 0.8-2.5
Combined 2.7 2.1-3.5 4.0 3.2-4.8 1.0 0.8-1.3

Homogeneity x2= 1.7, df = 6 x2= 6.5, df = 6 x2-= 5.2, df = 6
test P <0.94 P <0.36 P <0.50
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Group ORs by weight attained by month 9, in
mothers of below average pre-pregnancy weight

LBW IUGR

Groups OR 95%CI OR 95%CI

Group 1 - -

Group 2 2.3 1.4-3.9 2.9 1.9-4.2
Group 3 3.1 2.2-4.5 4.0 3.1-5.1
Group 4 2.6 1.6-4.1 4.1 2.7-6.1
Combined 2.8 2.2-3.5 3.7 3.1-4.5

Homogeneity -2= 5.8, df = 7 %2 = 6.5, df = 7
test P <0.55 P <0.48

Pre-Pregnancy BMI
Quartile cut-off points
Groups 25th

1 17.3
2 18.4
3 19.4
4 20.1
5 21.0

75th

20.1
21.0
22.7
25.0
26.7

Group ORs by pre-pregnancy BMI

LBW IUGR

Groups OR 95% Cl OR 95% Cl

Group 1 - - 0.7 0.1-2.6
Group 2 2.3 1.7-3.1 1.8 1.5-2.3
Group 3 1.9 1.2-2.8 1.8 1.3-2.5
Group 4 1.9 1.7-2.1 2.0 1.8-2.2
Group 5 1.5 1.3-1.8 1.5 1.3-1.7
Combined 1.8 1.7-2.0 1.8 1.7-2.0

Homogeneity x2 = 22.3 %2 22.3
test df= 17 df= 19

P <0.17 P <0.26

Assisted Post-partum
FT-LBW Preterm birth delivery Pre-eclampsia haemorrhage

OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl

- - 3.5 0.8-14.9 - - - - - -

2.4 1.5-3.9 1.0 0.7-1.2 - - - - - -

1.6 0.9-2.7 1.0 0.7-1.4 - - - - - -

2.2 1.9-2.6 1.3 1.2-1.5 - - - - - -

1.5 1.1-1.9 1.3 1.1-1.5 - - - - - -

2.0 1.8-2.2 1.3 1.1-1.4 0.7 0.6-0.8 0.7 0.6-0.9 0.8 0.5-1.4

2= 20.2 %x2= 32.6 x2 =24.7 x2 = 13.9 x2= 7.4
df = 17 df = 19 df = 6 df = 5 df = 4
P <0.27 P <0.02 P <0.01 P <0.01 P <0.11

BMI by months 5, 7 and 9
Quartile cut-off points for attained BMI by months 5, 7 and 9

Month 5 Month 7 Month 9

Groups 25th 75th 25th 75th 25th 75th

1 17.9 20.7 19.3 22.2 20.0 22.3
2 19.7 22.3 20.9 23.7 21.4 24.4
3 21.3 25.1 22.1 26.6 21.6 24.6
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Group ORs by BMI attained by month 5

LBW

Groups OR 95% Cl

Group 1 2.0 1.4-3.1
Group 2 1.5 1.1-2.0
Group 3 1.6 1.1-2.4
Combined 1.6 1.3-2.0

Homogeneity x2 = 5.9
test df= 12

P <0.91

IUGR

OR 95% Cl

1.8 1.3-2.5
2.0 1.5-2.5
2.3 1.8-3.0
2.1 1.7-2.4

X2 = 38.1
df = 11
P <0.01

Assisted
FT-LBW Preterm birth delivery

OR 95% Cl OR 95% Cl OR 95% Cl

2.2 1.4-3.4 1.2 0.8-1.8 0.6 0.3-1.2
1.4 0.9-2.2 0.5 0.4-0.6 0.7 0.6-0.9
1.9 1.2-3.0 1.2 0.9-1.7 0.6 0.4-1.0
1.8 1.4-2.3 0.7 0.6-0.9 0.7 0.6-0.8
%2 = 10.1 %2 = 43.5 X2 =7.3
df = 12 df = 12 df = 7
P <0.60 P <0.01 P <0.39

Post-partum
Pre-eclampsia haemorrhage

OR 95% Cl OR 95% Cl

1.2 0.9-1.7 1.2 0.4-3.3

x2= 31.6 x2= 4.1
df = 5 df = 3
P <0.01 P <0.24

Group ORs by BMI attained by month 7

LBW

Groups OR 95% Cl

Group 1 1.9 1.5-2.6
Group 2 1.5 1.2-1.9
Group 3 2.4 1.8-3.3
Combined 1.9 1.6-2.2

Homogeneity x2 = 21.1
test df = 11

P <0.03

IUGR

OR 95% Cl

1.6 1.3-2.1
2.5 2.1-3.0
2.9 2.3-3.7
2.3 2.0-2.6

X2 = 38.1
df = 11
P <0.01

FT-LBW Preterm birth

OR 95% Cl OR 95% Cl

2.2 1.6-3.1 1.1 0.9-1.5
1.8 1.3-2.5 0.6 0.5-0.8
2.8 1.7-4.5 1.4 1.0-1.9
2.1 1.7-2.6 0.9 0.7-1.0

X2 = 8.3 %x2= 47.7
df = 10 df = 11
P <0.60 P <0.01

Assisted
delivery

OR 95% Cl

0.8 0.5-1.2
0.7 0.5-0.8
0.5 0.3-0.7
0.6 0.5-0.7

x2 =25.9
df = 8
P <0.01

Post-partum
Pre-eclampsia haemorrhage

OR 95% Cl OR 95% Cl

8.4 4.6-14.0 - -
0.7 0.5-0.8 - -

0.9 0.7-1.0 1.1 0.6-2.0

x2= 77.4 x2 = 4.4
df = 6 df = 5
P <0.01 P <0.48

Group ORs by BMI attained by month 9
Assisted Post-partum

LBW IUGR FT-LBW Preterm birth delivery Pre-eclampsia haemorrhage
Groups OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl

Group 1 2.0 1.5-2.5 1.9 1.6-2.3 2.0 1.6-2.6 - - 0.8 0.5-1.2 2.1 1.3-3.2 - -

Group 2 1.5 1.2-1.8 2.2 1.9-2.5 1.5 1.2-1.9 - - 0.6 0.5-0.7 0.5 0.4-0.7 -

Group 3 2.9 2.1-4.0 3.2 2.5-4.1 3.4 2.3-5.0 - - 0.9 0.6-1.3 -

Combined 1.8 1.6-2.1 2.2 2.0-2.5 1.9 1.7-2.3 - - 0.7 0.6-0.8 0.6 0.5-0.8 1.0 0.7-1.6

Homogeneity X2 27.6 x2= 35.5 x2= 20.1 x2 = 19.0 x2 =61.3 x2 = 7.2
test df =13 df =13 df = 12 df = 8 df = 6 df = 5

P <0.01 P <0.01 P <0.06 P <0.01 P <0.01 P <0.20

Pregnancy weight gain: pre-pregnancy to months 5, 7 and 9
Quartile cut-off points for weight gain for pp-5, pp-7,
pp-9 (kg/week)

pp-month 5 pp-month 7 pp-month 9

Groups 25th 75th 25th 75th 25th 75th

1 0.05 0.21 0.15 0.3 0.21 0.35
2 0 0.24 0.035 0.36 0.08 0.27
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Group ORs by average weekly weight for pre-pregnancy to month 5
Assisted Post-partum

LBW IUGR FT-LBW Preterm birth delivery Pre-eclampsia haemorrhage
Groups OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl

Group 1 1.5 0.9-2.3 1.4 0.9-2.0 1.4 0.6-3.4 0.3 0.2-0.5 1.1 0.7-1.5 0.9 0.5-1.6 - -
Group 2 1.5 0.9-2.3 2.4 1.6-3.6 2.0 1.0-3.8 0.5 0.4-0.8 0.9 0.7-1.2 1.2 0.8-1.7 -

Combined 1.5 1.0-2.0 1.8 1.4-2.4 1.8 1.0-2.9 0.4 0.3-0.6 1.0 0.8-1.2 1.1 0.8-1.5 0.5 0.1-1.6

Homogeneity x2 =21 x2 = 16.1 x2 4.2 x2 = 5 x2 =1.7 x2 =0.4 (only 1 df)
test df =6 df = 6 df =5 df = 6 df = 3 df= 2

P <0.01 P <0.02 P <0.60 P <0.50 P <0.61 P <0.79

Group ORs by average weekly weight for pre-pregnancy to month 7
Assisted

LBW IUGR FT-LBW Preterm birth delivery

OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl

1.2 0.8-1.8 1.3 1.0-1.8 1.6 0.9-2.7 0.7 0.5-1.0 0.6 0.5-0.9
1.7 1.2-2.4 2.2 1.7-2.9 2.0 1.2-3.2 0.8 0.6-1.0 0.7 0.6-0.9
1.5 1.1-1.9 1.8 1.5-2.2 1.8 1.2-2.5 0.7 0.6-0.9 0.7 0.6-0.9

Post-partum
Pre-eclampsia haemorrhage

OR 95% Cl OR 95% Cl

1.0 0.7-1.6 - -
0.7 0.6-0.9 - -
0.8 0.6-0.9 0.7 0.4-1.4

Homogeneity x2 19 %2 = 16.2 %2 = 14.2 %2 = 8 x2 =1.6 X2= 9.0 %2 = 2.4
test df =6 df = 6 df = 6 df = 6 df = 3 df =3 df= 2

P <0.01 P <0.01 P <0.03 P <0.10 P <0.65 P <0.02 P <0.29

Group ORs by average weekly weight for pre-pregnancy to month 9
Assisted Post-partum

LBW IUGR FT-LBW Preterm birth delivery Pre-eclampsia haemorrhage

Groups OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl

Group 1 1.5 1.1-2.2 1.5 1.2-2.0 2.1 1.4-3.3 - - 0.7 0.5-0.9 0.9 0.6-1.3 - -

Group 2 1.7 1.2-2.3 2.6 2.0-3.3 2.3 1.4-3.6 - - 0.7 0.6-0.9 0.5 0.4-0.6 -

Combined 1.6 1.3-2.1 2.0 1.7-2.4 2.2 1.6-3.0 - - 0.7 0.6-0.8 0.6 0.5-0.7 0.6 0.3-1.1

Homogeneity x2= 19 x2 = 19.3 x2 = 11.4 %2 0.5 %2 =1 1.3 (only 1 df)
test df =6 df = 6 df = 6 df =3 df = 3

P <0.01 P <0.01 P <0.08 P <0.90 P <0.01

Pregnancy weight gain: months 5-7, 5-9 and 7-9
Quartile cut-off points for weight gain for months 5-7, 5-9
and 7-9 (kg/week)

Month 5-7 Month 5-9 Month 7-9

Groups 25th 75th 25th 75th 25th 75th

1 0.3 0.6 0.32 0.6 0.25 0.6
2 0.16 0.44 0.104 0.44 0.13 0.45
3 0.05 0.31 0.05 0.31 -0.05 0.37
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Group ORs by average weekly weight gain for months 5 to 7

LBW

Groups OR 95% Cl

Group 1 0.8 0.3-2.0
Group 2 1.4 1.0-2.0
Group 3 1.8 1.4-2.4
Combined 1.6 1.3-2.0

Homogeneity X2 = 22
test df = 11

P <0.01

IUGR

OR 95% Cl

1.6 0.9-3.0
1.5 1.0-2.1
1.8 1.4-2.2
1.7 1.4-2.0

%2 = 29.1
df = 11
P <0.01

FT-LBW

OR 95% Cl

1.1 0.4-3.1
1.9 1.1-3.2
2.2 1.4-2.2
2.0 1.5-2.7
%2= 16,6
df = 10
P <0.08

Assisted
Preterm birth delivery

OR 95% Cl OR 95% Cl

1.3 0.7-2.5 - -
1.2 0.9-1.5 0.8 0.5-1.2
1.6 1.2-2.1 0.6 0.5-0.8
1.4 1.1-1.7 0.7 0.6-0.9

x2 =15.2 %2 = 8.0
df = 11 df = 7
P <0.10 P <0.32

Post-partum
Pre-eclampsia haemorrhage

OR 95% Cl OR 95% Cl

1.4 0.8-2.4 - -
0.5 0.4-0.8 - -
0.7 0.6-1.0 0.9 0.4-2.0

x2=15.3 x2=1.6
df = 7 df = 3
P <0.03 P <0.65

Group ORs by average weekly weight gain for months 5 to 9
Assisted Post-partum

LBW IUGR FT-LBW Preterm birth delivery Pre-eclampsia haemorrhage
Groups OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl

Group 1 1.5 0.7-3.5 1.8 1.0-3.1 1.6 0.7-3.8 - - - - - - - -

Group 2 2.0 1.3-3.3 1.6 1.1-2.5 3.4 1.7-6.9 - - 0.8 0.4-1.7 0.4 0.2-0.9 -

Group 3 1.5 1.1-2.1 1.7 1.3-2.2 1.6 1.0-2.5 - - 0.7 0.6-0.9 0.2 0.1-0.4 -

Combined 1.7 1.3-2.2 1.7 1.4-2.1 1.9 1.3-2.7 - - 0.8 0.6-1.0 0.3 0.3-0.4 0.9 0.3-3.0

Homogeneity x2 = 28 %2 26.0 x2 = 14.4 X2 8.2 x2=14.7 (only 1 df)
test df = 12 df =12 df = 11 df =7 df = 6

P <0.01 P <0.01 P <0.21 P <0.31 P <0.02

Group ORs by average weekly weight gain for months 7 to 9
Assisted Post-partum

LBW IUGR FT-LBW Preterm birth delivery Pre-eclampsia haemorrhage

Groups OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl

Group 1 1.7 0.9-3.2 1.6 1.1-2.5 1.8 0.9-3.8 - - - - - - - -

Group 2 1.6 1.2-2.1 1.6 1.2-2.0 1.7 1.2-2.5 - - 0.9 0.7-1.2 1.7 1.0-2.9 -

Group 3 0.9 0.7-1.2 1.3 1.1-1.6 1.0 0.7-1.3 - - 0.8 0.7-1.0 0.5 0.4-0.7 -

Combined 1.2 1.0-1.4 1.4 1.2-1.6 1.3 1.0-1.6 - - 0.9 0.7-1.0 0.6 0.5-0.8 0.7 0.3-1.2

Homogeneity x2 = 12 x2= 13.6 x2 = 11.8 x2 6.8 x2= 36.9 %2 = 2.0
test df = 12 df =12 df = 8 df =8 df = 7 df = 4

P <0.30 P <0.30 P <0.16 P <0.55 P <0.01 P <0.72

Pregnancy weight gain to months 5, 7 and 9, in subgroups of mothers with
low maternal height
Group ORs by average weekly weight gain for pre-pregnancy to month 5, in
mothers of below average height

IUGR

OR 95% Cl

1.8 1.0-3.0
4.3 2.5-7.4
2.7 1.9-3.9

X2 = 15.8, df = 5
P <0.01

Preterm birth

OR 95% Cl

0.3 0.2-0.5
0.5 0.4-0.8
0.4 0.3-0.6

X2= 6, df = 6
P <0.30
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Groups

Group 1

Group 2
Combined

Homogeneity
test

LBW

OR 95% Cl

1.6 0.8-3.1
2.2 1.1-4.1
1.9 1.2-2.9

x2= 7.5, df = 6
P <0.26
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Group ORs by average weekly weight gain for pre-pregnancy to month 7, in
mothers of below average height

LBW IUGR Preterm birth

Groups OR 95% Cl OR 95% Cl OR 95% Cl

Group 1 1.4 0.8-2.5 1.7 1.1-2.7 0.7 0.5-1.0
Group 2 2.6 1.6-4.1 3.9 2.7-5.5 0.8 0.6-1.0
Combined 2.0 1.4-2.9 2.8 2.1-3.7 0.7 0.6-0.9

Homogeneity x2= 12.2, df = 6 %2 = 14.8, df = 6 x2 =10, df = 6
test P <0.05 P <0.02 P <0.10

Group ORs by average weekly weight gain for
pre-pregnancy to month 9, In mothers of below
average height

LBW IUGR

Groups OR 95%CI OR 95%CI

Group 1 1.9 1.1-3.2 2.2 1.5-3.1
Group 2 2.5 1.6-4.0 4.3 3.1-6.0
Combined 2.2 1.6-3.1 3.1 2.4-4.0

Homogeneity -2=11.9, df = 6 x2 = 12.4, df = 6
test P <0.06 P <0.05

Pregnancy weight gain: months 5-7, 5-9 and 7-9, in subgroups of mothers
with low maternal height
Group ORs by average weekly weight gain for months 5 to 7, in mothers of below
average height

LBW

OR 95% Cl

2.2 0.6-8.3
3.2 1.7-5.9
2.4 1.6-3.6
2.6 1.9-3.6
%2= 78, df = 10

P <0.64

IUGR

OR 95% Cl

3.0 1.1-7.6
2.1 1.2-3.5
2.8 2.0-3.9
2.6 1.9-3.4

x2 = 24.5, df = 10
P <0.01

Preterm birth

OR 95% Cl

1.9 0.8-4.6
1.5 0.9-2.6
1.9 1.3-2.8
1.8 1.4-2.4

x2 = 13.5. df = 1 1
P <0.25

Group ORs by average weekly weight gain for
months 5 to 9, in mothers of below average height

LBW IUGR

Groups OR 95%CI OR 95%CI

Group 1 1.5 0.4-5.2 3.3 1.4-7.4
Group 2 6.6 2.8-15.2 2.0 1.0-4.0
Group 3 2.3 1.5-3.6 2.7 1.9-3.7
Combined 2.7 1.9-4.0 2.6 1.9-3.5

Homogeneity x2- 11.5, df = 10 x2 =13.1, df = 10
test P <0.31 P <0.21
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Group ORs by average weekly weight gain for
months 7 to 9, in mothers of below average height

LBW IUGR

Groups OR 95%CI OR 95%CI

Group 1 2.6 1.1-6.3 2.9 1.6-5.2
Group 2 2.1 1.3-3.4 2.0 1.4-2.9
Group 3 1.5 1.1-2.1 2.2 1.7-2.8
Combined 1.8 1.4-2.3 2.2 1.8-2.6

Homogeneity x2 = 9.6. df = 11 x2 = 7.4, df = 11
test P <0.56 P <0.75

Pregnancy weight gain to months 5, 7 and 9, combined with pre-pregnancy
weight
Group ORs by average weekly weight gain for pre-
pregnancy to month 5, in mothers of below average
pre-pregnancy weight

LBW IUGR

Groups OR 95%CI OR 95%CI

Group 1 3.0 1.4-6.2 4.2 2.4-7.4

Group 2 2.2 1.1-4.6 7.2 3.9-13.1
Combined 2.6 1.5-4.3 5.4 3.6-8.2

Homogeneity %2 =0.8, df = 4 -2= 9.8, df = 5
test P <0.93 P <0.08

Group ORs by average weekly weight gain for pre-
pregnancy to month 7, in mothers of below average
pre-pregnancy weight

Groups

Group 1
Group 2
Combined

Homogeneity
test

LBW

OR 95%CI

2.8 1.4-5.6
3.7 2.2-6.2
3.4 2.2-5.1

x2 = 4.1, df = 6
P<0.66

IUGR

OR 95%CI

3.6 2.1-6.2
6.4 4.3-9.5
5.2 3.8-7.2

X2= 4.1, df = 6
P <0.65

Group ORs by average weekly weight gain for pre-
pregnancy to month 9, in mothers of below average
pre-pregnancy weight

Groups

Group 1

Group 2
Combined

Homogeneity
test

LBW

OR 95%CI

3.7 1.8-7.4
3.0 1.8-5.0
3.2 2.1-4.9

x2 = 2.1, df = 5
P <0.82

IUGR

OR 95%CI

4.7 2.9-7.4
6.1 4.3-8.8
5.5 4.1-7.4

-2= 3.9, df = 6
P <0.68
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Pregnancy weight gain: months 5-7, 5-9 and 7-9, combined with pre-

pregnancy weight

Group ORs by average weekly weight gain for months 5 to 7, in mothers of below
average pre-pregnancy weight

LBW IUGR Preterm birth

Groups OR 95% Cl OR 95% Cl OR 95% Cl
Grnmin 1 - - - - - -Grouup
Group 2
Group 3
Combined

Homogeneity
test

1.9 1.1-3.4
2.0 1.2-3.5

X2 = 1.3, df = 4
P <0.84

2.6 1.6-4.1
2.7 1.7-4.2

x2 = 10.5, df = 4
P <0.03

1.6 1.0-2.6
1.6 1.0-2.6

x2-=6.4, df = 4
P<0.16

Group ORs by average weekly weight gain for
months 5 to 9, in mothers of below average
pre-pregnancy weight

Groups

Group 1
Group 2
Group 3
Combined

Homogeneity
test

LBW

OR 95%CI

1.2 2.5-6.2

1.6 0.8-3.1
1.6 0.8-2.8

X2 = 2.2, df = 5
P <0.80

IUGR

OR 95%CI

3.1 1.0-9.5

2.3 1.4-3.6
2.4 1.5-3.7

x2= 5.9, df = 5
P <0.31

Group ORs by average weekly weight gain for
months 7 to 9, in mothers of below average
pre-pregnancy weight

Groups

Group 1
Group 2
Group 3
Combined

Homogeneity
test

LBW

OR 95%CI

5.3 1.3-21.7

1.5 1.0-2.4
1.7 1.1-2.5

X2 = 6.5, df = 7
P <0.47

IUGR

OR 95%CI

3.1 1.3-7.3

2.6 2.0-3.4
2.6 2.0-3.4

x2 = 2.1, df = 7
P <0.94
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ANNEX
Short reports from principal investigators

As indicated in the Introduction (Ch. 1), seven of the principal investigators undertook to reanalyse their
own data sets and submit the results to WHO. While the meta-analysis report was nearing completion,
they were invited to prepare short papers detailing the key aspects of their findings. These papers
appear in this Annex and serve the following functions:
- whereas the meta-analysis focused on questions of interest that could be addressed across a wide

range of data sets, no such constraint applied to the constituent studies;
- as shown in these reports, each investigator had the flexibility to look into issues beyond the imme-

diate scope of the meta-analysis;
- the use of multiple variable models by these investigators offers additional insight and contrast into

the interpretation of the main findings of the meta-analysis.

The following were the principal investigators:

. H. Rey (Colombia) ....... . . . . . . . . . . . . 70

. T.J. Cole (The Gambia) ...... . . . . . . . . . . 72

. L. Raman (India: Hyderabad) ...... . . . . . . . 75

. M.A. Husaini (Indonesia) ...... . . . . . . . . . 77

. D. Pelletier (Malawi) . . . . . . . . . . . . . . . . . 80

. S.M. Gain (USA/NCPP) ............... . 82
I. Kim (USA/CDC) ....... . . . . . . . . . . . 85

In addition, although not yet included in the meta-analysis, brief reports of the results from the
USAID-funded Collaborative Research Support Program (CRSP) studies were kindly provided by:
- A. Kirksey (Egypt CRSP) ....... . . . . . 87
- C. Neumann (Kenya CRSP) ...... . . . . . 91
- J.R. Backstrand (Mexico CRSP) ...... . . . 96
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Maternal anthropometry: its predictive value for
pregnancy outcome
H. Rey,1 E.I. Ortiz, L. Fajardo, & A. Pradilla

Introduction
The Colombian study was undertaken in Cali, the
third largest city in the country with a population of
about 1 500 000. It has one of the best regionalized
medical facilities in the country; most of our data
were obtained from the tertiary-level hospital, a
referral centre for most of the perinatal problems that
appear in the urban area. In a sample of 5038
mothers with recorded pre-pregnancy weight and
height during 1989, 1320 had information of weight
gain during the pregnancy period. In addition to this
sample from the high-risk hospital, a further sample
from one of the six low-risk delivery hospitals was
also studied for neonatal outcomes only - since by
definition the later does not have matemal complica-
tions. A total of 527 mothers who had information
on their pre-pregnancy weight and height during the
year 1989 were chosen from this low-risk delivery
group.

It is worth noting that neither the mother's
weight nor height appears as a risk indicator on the
clinical record proposed by CLAP (Centro Latino
Americano de Perinatologia y Desarrollo Humana)
(1) and routinely used in these hospitals; this can
result in mothers with a low pre-pregnant weight and
low height appearing in either the high-risk or low-
risk delivery hospitals.

Study objectives. The main objectives of the study
were to investigate associations between matemal
anthropometry (height, pre-pregnancy weight, and
weight gain during pregnancy), and the presence of
perinatal complications in the mother or neonate.
Several categories of infant outcome were consid-
ered: full-term LBW infants (FT-LBW), all LBW
infants, and pre-term deliveries, to see if it was pos-
sible to establish cut-off points for the anthropomet-
ric parameters in order to use them as risk indicators
of the perinatal outcome.

Methodology
Since 1986 a number of workshops were held in all
the hospitals in Cali to teach nurses and doctors to

Universidad del Valle, Cali, Colombia.

fill out the CLAP medical record in the follow-up of
pregnant women and their newborns. For this study
all medical records at the tertiary-level hospital were
searched for the data on pre-pregnancy weight and
mother's height. Of the 10 332 women attending,
5038 had the relevant information and these were
selected for the study. In the low-risk delivery hospi-
tal, 527 out of 1976 deliveries in 1989 met the crite-
ria for entry into the study. Length of pregnancy was
determined by the date of LMP and by the Dubowitz
score and if these disagreed by more than 2 weeks,
the case was dropped from the study. Pre-pregnancy
weight was based on patient recall.

The definitions of study variables used here were
the same as reported in the meta-analysis.

Results and discussion
Maternal anthropometry is an indicator of risk for
pregnancy complications and neonatal problems
when it is associated with other perinatal risk factors.
Anthropometric data alone are not per se good risk
indicators according to our findings. This hypothesis
is very important from the public health point of
view and will need to be further confirmed or rejec-
ted by prospective studies undertaken in communi-
ties where both high- and low-risk deliveries can be
compared for maternal and newborn outcomes. As
far as we know, no such study has been undertaken
in developing countries where perinatal risk is high,
especially in relation to IUGR.

The percentage of mothers found to be of low
pre-pregnancy weight (WTpp) was similar in the
low-risk hospital (WTpp <50 kg = 22.5%) to that in
the high-risk hospital (21.5%). When the cut-off
point was lowered (<45 kg), some 6.2% of the moth-
ers in the tertiary-level hospital were in this category
compared with 5.3% in the low-risk institution.
When the maternal height cut-off point was set at
<150 cm, 18.5% and 7.2% were below this cut-off
point for the tertiary-level and primary-level hospi-
tals, respectively. For height <145 cm the correspond-
ing percentages were 5.6% and 1.2%, respectively.

This finding suggests that as a risk-associated
factor, low maternal height was more commonly
observed than low pre-pregnancy weight. For exam-
ple we noted a strong association of low maternal
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height (<150 cm) with cephalo-pelvic disproportion
(CPD), premature labour, and previous hypertension,
especially when the cut-off point was lowered
(<145 cm).

In relation to the neonatal problems, low mater-
nal height was found to be associated with full-term
LBW (FT-LBW) babies (for both cut-off points) and
also with a low Apgar score (<5) at 1 minute. The
mother's height (<145 cm) was protective for the
appearance of hyaline membrane disease (HMD).
Since HMD appears more frequently in premature
babies, this finding suggests that the LBW encoun-
tered in mothers <145 cm is more frequently due to
IUGR than to prematurity. When the mother is
classed as high risk based on anthropometry, then
any LBW outcome is more frequently due to IUGR
and less often due to early delivery.

The cut-off points for WTpp (<50 kg and
<45 kg) are associated with urinary tract infection
(OR = 1.28) and with other infections in the mothers
(OR = 1.31). Since urinary tract infection has been
linked to premature labour and delivery this associa-
tion may be causally linked to LBW. It is necessary
to investigate the association further to confirm this
possibility.

Neonatal jaundice is 2.34 times more common
if the mother's pre-pregnancy weight is <50 kg.
Further study of this finding would be of interest
as far as the etiology of jaundice in these babies in
concemed.

At a cut-off point of 145 cm for height, the asso-
ciation with FT-LBW becomes stronger (OR = 1.82).
No association with prematurity is observed at this
height. This could be interpreted as FT-LBW being
associated with poor matemal nutrition. It is thought
that prematurity is less linked to poor matemal
anthropometry than is IUGR.

In a high-risk population of mothers it is clear
that the risk for the newbom is more linked with FT-
LBW or IUGR when the mother's WTpp or height is
one or more standard deviations below the mean. By
contrast, the incidence of preterm deliveries is higher
in the group of mothers who are .50 kg for WTpp.
The same is observed for mothers of .150 cm height.

Neonatal problems associated with IUGR (e.g.,
bronchial aspiration of meconium) are observed to
be more common in the group of mothers below the
cut-off points of 50 kg for pre-pregnancy weight and
150 cm for height.

For pregnancy weight gain it appears that <7 kg
is the critical point associated with a greater frequen-
cy of pregnancy complications and neonatal prob-
lems. More than one third of the mothers in the high-
risk group had a gain below 7 kg, suggesting acute
malnutrition in the mother. A stronger association
was observed in this group with preterm delivery

than with FT-LBW. Our data suggest that chronic
malnutrition is probably more often linked to IUGR
infants, and acute malnutrition (indicated by poor
weight gain) to prematurity.

If a cut-off point of <12 kg is selected, the rela-
tive risk (RR) for FT-LBW and preterm delivery
increases sharply. Thus, ideally, weight gain should
exceed this value if it is assumed that it is not due to
marked fluid retention. In practice, however, this
cut-off point (<12 kg) would result in some 75% of
pregnancies in Cali being classified as at-risk - an
unrealistically high proportion. If the lower cut-off
point of <7 kg is chosen, about one third of mothers
will be so classified. These women are also typically
found to have had a low pre-pregnancy weight
(<50 kg) and are below 150 cm in height and have a
higher proportion of poor neonatal outcomes. Con-
versely, pregnancy complications were more often
found in mothers who were relatively taller and with
higher pre-pregnancy weight (>50 kg).

Acute malnutrition in women who do not gain
weight during pregnancy results in the appearance of
complications, such as infections or anaemia.

Summary
* Our population of mothers is primarily identified

as high-risk.
* The highest incidence of FT-LBW babies was

observed when mothers' height was <148 cm.
* For WTpp of <48 kg the association with FT-
LBW has an OR of 1.45. At a WTpp of <45 kg
the OR increases to 1.64 (95% CI: 1.05-2.57).

* It can be postulated that the critical cut-off points
for risk of poor infant outcome are matemal
height of <148 cm and WTpp of <45 kg.

* For risk of pregnancy complications the relevant
cut-off points are height of <150 cm and WTpp of
<50 kg.
We recommend that the latter cut-off points be

used during the perinatal period to detect mothers for
referral to the high-risk hospitals. That will mean an
increase in the numbers of women moved from low-
risk delivery clinics to high-technology centres and,
of course, more resources will be needed for the pro-
grammes to diminish perinatal complications or
undesirable neonatal results.

Reference
1. Krasovec K, Anderson MA. Maternal nutrition and

pregnancy outcomes: anthropometric assessment.
Washington, Pan American Health Organization,
1991 (Scientific Publication No. 529).
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The Keneba pregnancy supplementation study
T.J. Cole,1 F.A. Foord, M. Watkinson, W.H. Lamb, & R.G. Whitehead

Introduction
The village of Keneba in the Gambia (West Africa)
has been closely studied by the UK Medical Research
Council's Dunn Nutrition Unit since 1974. Before
that time the village had been regularly monitored,
starting in 1949, and provides a complete census and
accurate dates of birth for all the inhabitants except
the oldest.

Keneba is a rural subsistence farming commu-
nity, predominantly of Mandinka people, with a pop-
ulation of about 1000 in 1980. The prevailing
climate is dry and gets progressively hotter from
November to June, with a rainy season from July to
October. The onset of the rainy season leads to a
substantial energy deficit in all the adults, as a result
of depletion of food supplies and the high energy
cost of preparing the land for planting. Consequently
the incidence of low birth weight among babies and
weight loss in adults is appreciably increased during
the rainy season, particularly in the months of
August and September.

Objective. To test the effect of dietary supplementa-
tion during pregnancy on birth weight and gestation-
al age.

Population. All Keneba mothers of known parity
giving birth to a singleton live-bom baby during the
period April 1976 to May 1984, with the exception
of the months January to April 1978 when the princi-
pal investigators were on leave.

Design
This was an unmatched case-control study, with his-
torical controls. The dietary supplement was introdu-
ced in May 1980, so that babies bom prior to June
1980 (i.e. with less than 1 month's supplement) were
controls, while those bom from June 1980 onwards
were cases. The majority of mothers had more than
one baby in the study period (with a median of 2,
and a maximum of 4).

' MRC Dunn Nutrition Unit, Cambridge, England.

Infant variables
1. Birth weight (kg) was obtained within 24 hours of

birth by a trained midwife, and recorded to 10 g
using a Salter spring balance and tarred sling.

2. Gestational age (weeks) was assessed, from 1978
to 1984, by the method of Dubowitz within 5
days of delivery. Over the period of the study six
different paediatricians did the assessment.

3. Head circumference (mm) was measured, from
1978, within 24 hours by a trained midwife, using
a fibreglass tape.

Maternal variables
1. Age (years) was accurate to the nearest year or

better.
2. Parity (count) indicated the number of live births

(including the current one) plus last trimester
stillbirths.

3. Height (mm) was obtained before pregnancy in a
regular clinic for women at risk of pregnancy.

4. Weight (kg) was measured to the nearest 50 g
using a Salter balance.

5. MUAC (mm) was measured on the left arm with a
fibreglass tape.

6. Triceps skinfold (mm) was measured on the left
arm with a Holtain skinfold calliper.

Timing of variables. Matemal anthropometric meas-
urements were obtained at 6-weekly intervals during
pregnancy. For convenience three periods were
considered: pre-pregnant, mid-pregnant and late-
pregnant. These were definite in terms of the days
prior to delivery, with period 1 (pre) being from
-365 to -280 days, period 2 (mid) -160 to -120
days, and period 3 (late) -40 to -1 days.
Sample size. A total of 379 babies were seen during
the study period, 182 controls and 197 cases from
187 mothers. A subset of 288 babies, 103 controls
and 185 cases, had gestational age measured.
Training and equipment. All the balances and stadi-
ometers were regularly calibrated, and the measure-
ments were carried out by trained field workers
supervised by Dr Andrew Prentice.

Pre-test study. No formal pre-test study was carried
out, but the data collection had operated for two
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years prior to the introduction of dietary supple-
ments.
Completeness of response. All pregnant women were
enrolled into the study, and all but 5 babies in hospi-
tal (3 controls, 2 cases) had their birth weights
recorded.
Adherence to protocol. The supplement, consisting
of biscuits and tea, with mean energy intake 430
kcal/d, was provided in a purpose-built building and
closely supervised by field workers.
Data coding, entry and clean-up. The data were
coded by Dr Andrew Prentice, punched by a trained
and experienced data processor in Cambridge, and
analysed by Dr Tim Cole using the statistical pro-
gram Genstat 4. Data checks were carried out by
studying histograms and scatter plots of the data, and
as a result some aberrant data points, including two
miscoded birth weights, were identified and corrected.
Overall quality. The quality of the data is believed to
have been high throughout the study, with close
supervision at all stages of the data collection. The
main deficiency of the study was the use of historical
controls, which was necessary both for ethical rea-
sons and to avoid compliance problems in the con-
trol group. However, there was no trend in birth
weight during the four control years, so the results
are likely to be valid.

A second minor concem is the definition of the
period (July to January) over which the supplement
affected birth weight. This was obtained from the
data to maximize the significance of the supplement
season interaction, rather than using an external defi-
nition for the timing of the rainy season. On the
other hand, there was no reason a priori why the
rainy season and the period when the supplement
was effective should coincide, so that using a data-
derived definition was the only realistic solution.

Re-analysis
Methods. The new analysis is based on the 379
Gambian singletons of mothers with known parity
described in Prentice et al. (2). The aim of the analy-
sis is to relate the two outcome variables, birth
weight and head circumference, to maternal anthro-
pometry during pregnancy, using linear regression
analysis.
Birth weight. All the regression analyses include
binary variables adjusting for sex, dietary supple-
ment, season, season-supplement interaction, and
maternal parity, coded for parity 1 and parity 10 or
more. The effects of maternal anthropometry are
assessed by adding them to the regression. None of
the pre-pregnancy (period 1) measurements are of

value, not even the mid-pregnancy (period 2) MUAC
or triceps skinfold measurements.

However, height, mid-pregnancy weight (weight
2) and late-pregnancy weight (weight 3) are all sig-
nificant when included in the model simultaneously,
with weight 2 having a negative coefficient. If the
coefficients for weight 2 and weight 3 were exactly
equal and opposite, they could be replaced in the
regression by the difference between them, i.e.,
weight gain. As it is, weight 3 has a slightly larger
coefficient than weight 2, suggesting that there is
extra size information in weight 3. This shows that
both third trimester weight gain, derived as weight 3
less weight 2 and weight 3, and adjustment for gesta-
tional age does not materially affect the conclusions.

Head circumference. Head circumference is signifi-
cantly affected by sex, parity 1 and maternal height.
Weight 2 is better than height, and weight 3 is better
than weight 2. None of pre-pregnant (period 1)
anthropometry variables is significant, not even
MUAC 2 and triceps skinfold 2.

Thus the important maternal anthropometry vari-
ables are, in decreasing importance, late-pregnancy
weight, mid-pregnancy weight, and height. The main
factor influencing the change in weight from mid-
pregnancy to late-pregnancy is of course birth
weight, so adjusting for birth weight might remove
the need for maternal weight. Introducing birth
weight to the regression makes late-pregnancy
weight insignificant, but both the sex and parity
effects remain significant, showing that they are not
mediated by birth weight.

Adjusting for gestation does not affect things
materially, and adding birth weight causes weight 3
and gestation to become significant. This suggests
that the impact of maternal anthropometry on head
circumference is mediated through the birth weight,
or else that the factors that influence maternal
anthropometry also affect birth weight.

Conclusions
The results show that birth weight is directly related
to height and weight in late pregnancy, and also to
weight gain in the third trimester. This holds whether
or not gestational age is taken into account. The only
effect of adding gestation age to the regression is to
weaken slightly the maternal anthropometry associa-
tions. Part of the maternal weight gain seen in late
pregnancy is due to the weight of the fetus, so it is
not surprising that the two should emerge as signifi-
cantly related. However, there are also separate and
significant effects of height and weight, representing
maternal size. The fact that their regression coeffi-
cients are both positive, so that they operate in the
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same direction, means that matemal size rather than
shape is important. This implies that measures of
weight-for-height such as body mass index (BMI)
are likely to be less effective than weight alone for
predicting birth weight.

Matters relating to head circumference are more
difficult. Although height, mid-pregnancy weight
and late-pregnancy weight are all significantly re-
lated to head circumference when considered separ-
ately, the last of them overrides the other two. In
addition, mid- and late-pregnancy weight act in con-
cert, both with positive coefficients, so there is no
evidence for a weight gain effect.

Head circumference adjusted for birth weight
removes the effect of late-pregnancy weight, show-
ing that head circumference and birth weight are
influenced to a similar degree by matemal anthro-
pometry.

The data set used in this analysis is not large,
and hence is of low power to investigate the influ-
ence of matemal anthropometry on fetal growth. In
addition, although the relationships are significant,
they are too weak to be of value for prediction pur-
poses. This is confirmed by the results of the WHO
meta-analysis applied to the Gambian data, where
the positive predictive values of matemal anthro-
pometry on pregnancy outcome are all small.

In detail, the WHO meta-analysis results dis-
agree with those given here, in that they show BMI
to be a better predictor than weight. This is most
likely due to the differing outcome measures used in

the two analyses. Birth weight and head circumfer-
ence are continuous measurements, and are likely to
be related to maternal size across the whole spectrum
of infant size. Conversely, outcome measures such as
intra-uterine growth retardation, low birth weight
and prematurity all focus on the low end of the birth
weight distribution.

The other important difference between the anal-
yses is the effect of season. The regression analysis
includes a seasonal adjustment, whereas the WHO
analysis does not. Thus pre-pregnant BMI, which has
the highest positive predictive value, is a proxy for
season. Women are substantially thinner in the rainy
season, when low birth weight is common, than in
the dry season, and indeed it was this observation
that motivated the original study.

The results of the study were published, provi-
sionally in 1983 (1), and finally in 1987 (2), demon-
strating a positive effect of supplementation, of
about 220 g during the rainy season but not during
the dry season.
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Risk care approach to anaemia in pregnancy in
an urban slum
L. Raman,1 K. Visweswar Rao, K. Adinarayana, A. Rawal, N. Vasumathi,
C.H. Parvati, G. Vasanthi, C.S. Aruna, P.V. Subhalaxmi, T. Srinivasachary, &
V. Padma

Methodology and results
Study population
A prospective study was carried out between January
1983 and March 1985 in an urban slum with a popu-
lation of 26 000 in the outskirts of the city of Hyde-
rabad, India. Households were enumerated and
details regarding the family size and distribution of
family members according to age group, education
and occupation, as well as living conditions, type of
houses, drainage system and disposal of sewage were
collected.

Baseline information regarding maternal age,
age at marriage, age at menarche, parity and occupa-
tional status were collected, and anthropometric
measurements were taken from all women of both
reproductive and menopausal age for the initial
study. In addition, histories were obtained concern-
ing lactation performance, personal habits, use of
contraception and family planning methods, and
awareness with respect to health care facilities.

A total of 4939 households were enumerated
initially, of which 65% were Hindu, 33.5% were
Muslim, and the rest Christian and other categories.
The majority of the families were nuclear (90%).
The total population covered in these households
was 25 841 (51.1% males and 48.9% females); 60%
were unskilled workers (e.g., rickshaw pullers,
casual labourers at construction sites, etc) and
40% worked in offices or factories as semi-skilled
labourers. Many of the adults were illiterate; 34%
had primary or middle-school education and 20%
had attended secondary school and above.

Profile of the women. Of the 4939 households enu-
merated, the women responders came from 3300
households. Of the total of 6857 women, only 3353
could be-examined. Most of the women were illiter-
ate (80%) and unemployed (90%), but were respon-
sible for domestic household work. Pregnancy

I National Institute of Nutrition, Hyderabad, AP, India.

weight records were obtained for all these women.
Those who became pregnant were recruited into the
follow-up study.

A total of 1033 pregnancies occurred between
January 1983 and June 1985 (when recruitment was
stopped). The birth rate was 27.5/1000 population.
The percentage of women with anaemia and other
risk factors is given in Table 1.

Table 1: Risk factors in slum women (sample size 2100)

Risk factor Percentage

1. Age less than 19 years 37.0
2. Parity:

Primiparae 38.6
Above 5 36.8

3. Weight <40 kg 34.0
4. Height <145 cm 16.5
5. Haemoglobin <9 g/dl 11.2
6. Haemoglobin <11 g/dl 46.2

Women were followed up from early pregnancy
until delivery and subsequently until 1 year post-
partum. Duration of pregnancy was assessed by last
menstrual period (LMP). Delivery data could be
obtained in 708 women; of these, 90 were preterm
births (12.7%), 37 abortions (5.2%), and 30 (4.2%)
stillbirths. The perinatal death rate was 44 per 1000.
The actual birth weight and associated information
were obtained on 652 mothers. The incidence of
LBW in the study group was 27.5%. Pre-pregnant
weight was available in only 527 women.

The original objectives of the study were to
assess the prevalence of anaemia during pregnancy
and its impact on pregnancy outcome. Also, the use-
fulness of a "risk care" approach to the problem of
anaemia in the slum community was envisaged in
relation to pregnancy outcome.

Based on secondary data analysis, the objectives
were revised:

to test the usefulness of anthropometric indica-
tors in predicting LBW in a community;
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to determine the quantitative associations of
anthropometric indicators and combinations of
indicators with the risk of LBW.

Data on 527 singleton births, where pre-
pregnant weight for mothers was available rep-
resented the data set for re-analysis. From the original
data set, the list of variables given in Table 1 was
chosen for secondary data analysis; this represented
only a small portion of those available from the total
data set.

Discussion
The results of the present data analysis clearly indi-
cate the effects of various matemal factors on the
mean birth weight. Other anthropometric parameters
of the infant (length, arm circumference and head
circumference) are not influenced as much as birth
weight.

The data analysed with respect to various factors
indicated that matemal age (<18 years), parity (<2),
maternal pre-pregnant weight (<41 kg, or 1st quar-
tile), and matemal BMI (<18.5) were associated with
a higher incidence of low birth weight.

Also, it was observed that mean birth weight
shows a progressive increase with:
- increasing age up to 21 years;
- parity up to 3;
- pre-pregnant weight up to 50 kg;
- matemal height up to 150 cm; and
- BMI up to 21.

Beyond these levels there was no further
increase in the mean birth weight, which suggests
that these cut-off points could act as a level of
demarcation to identify the at-risk women in the
community.

Summary
Various statistical tests were applied to study the
effect of the parameters in combination with other
variables on birth weight. It was observed that mater-
nal age, parity, height, weight and BMI constituted
the most important risk factors, singly or in combina-
tion with others, associated with LBW. Also the
effect of haemoglobin levels was visible only at Hb
<7.0 g/dl.
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Maternal anthropometry and pregnancy
outcomes in Indonesia
M.A. Husaini,1 Y.K. Husaini, Sandjaja, D. Kartono, A.B. Jahari, Barizi, &
D. Karyadi

Background
The study was conducted in Bogor, West Java, Indo-
nesia from April 1983 to March 1985. In the study
area, the maternal mortality rate was 4.5 per 1000
live births, with an infant mortality rate of 71 per
1000 live births and low birth weight of 14%. The
prevalence of anaemia among pregnant women was
50-70%; malaria was not endemic in the study area
(1). The subjects of the study were pregnant women
residing in the city of Bogor and rural areas close by.
Most of the women came from lower to middle
socioeconomic classes and represented a social, eco-
nomic, and educational stratum that usually receives
the services of community health centres.

The main objective of the study was to identify
indicators of maternal risk at delivery and to develop
anthropometric indicators useful for predicting
mother and infant outcomes of pregnancy. Data
were obtained from women living in 13 non-
randomly selected villages and communities in rural
and urban areas of Bogor. The villages selected were
the most populous in the area. In each village the
data were collected from all pregnant women during
their first trimester. A total of 2500 deliveries were
studied in order to ensure at least 250 LBW infants.

All anthropometric measurements were carried
out according to the techniques described by Jelliffe
(2). Technicians (with at least 5 years experience)
carried out joint reliability exercises in the field
before the start of the data collection to ensure ad-
equate precision and accuracy of measurements.
Maternal weight was measured using a spring Detec-
to balance (120 kg in units of 0.1 kg). Maternal
height was measured using a wall-mounted micro-
toise height measure (200 cm in units of 0.1 cm).
Both maternal and infant arm circumferences were
measured using a flexible insert tape (60 cm in units
of 0.1 cm). Skinfold thickness was measured with a
Harpenden anthropometer (40 mm in units of 1 mm).

I Nutrition Research and Development Centre, Bogor, Indo-
nesia.

Infant weight was measured using a beam balance
scale (25 kg in units of 0.01 kg). Infant length was
measured using a locally constructed length board
(100 cm in units of 0.1 cm).

As a quality check, the data for all the women
were reviewed by the senior researchers in consulta-
tion with a senior gynaecologist, and the data on
infants were reviewed by a paediatrician.

Data were collected in both central locations and
in the homes of pregnant women. The women came
to central locations for interviews, anthropometric
measurements and blood sampling. Data collected in
the homes included environmental information. A
total of 47 central locations were geographically dis-
tributed so as to provide easy access for households
in all 13 villages. These data collection centres were
set up for the purpose of the study and located in the
office or house of a local leader or administrator.
The centres served as antenatal health examination
centres. The selection of sites and volunteers for the
data collection centres was arranged by local leaders,
following community meetings on the activities and
the purpose of the work.

Eight teams of three people each were employed
in data collection: a midwife, a nutritionist and a
technician. The midwife carried out all the antenatal
examinations and collection of blood samples. The
technician carried out the anthropometric measure-
ments and the nutritionist completed the interview
schedule for social and environmental data. Each
team worked in the same centres throughout the peri-
od of data collection and recorded the attendance and
dropout rate in their group of women. Data collec-
tion was assisted by cadres (women) from the local-
ity of the respective centre, working as volunteers to
maintain contact with the pregnant women, ensure
attendance at data collection times, and report births
within 48 hours. These women had generally com-
pleted primary education, with a variable number of
years of secondary education.

Monthly data were obtained from the time of
pregnancy identification until one month after deliv-
ery. Hence matemal data were available over a vari-
able number of months. Neonatal data were collected
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twice, once at birth and again when the infant was
one month old. At the first visit to the centre the
teams recorded: age, parity, gestational age, repro-
ductive history, history of obstetric complications,
history of acute or chronic diseases, maternal height,
number of cigarettes smoked, employment status,
and education of husband and wife. Gestational age
was determined using the maternal estimate of the
last menstrual period and physical examination of
the level of the uterine fundus.

At the first and all subsequent visits to the cen-
tre, the teams recorded: maternal weight, skinfold
thickness, mid-upper-arm circumference, health hab-
its, and complications of the current pregnancy. In
addition, the teams collected a fingerprick capillary
blood sample for the determination of haemoglobin
and haematocrit by the laboratories of the Nutrition
Research and Development Centre in Bogor. At any
time during the pregnancy, the team technician
would visit the home once and describe environmen-
tal characteristics, such as household size, house
construction, facilities, water sources, waste disposal
and house ownership.

Within 72 hours following delivery the teams
recorded: the type of delivery, the person assisting
with the delivery, complications of both the mother
and infant during delivery, and the infant's sex,
weight and length. A month following delivery the
maternal and infant anthropometric measurements
were again recorded.

The study reported here focuses only on live-
born, singleton births. Pre-pregnancy weight was
recorded based on a measurement early in pregnancy
(before 10 weeks of pregnancy). Data analysis car-
ried out previously showed that weight appeared
unchanged during the first two months of gestation
and the weight at first visit (if less than 10 weeks
gestational age) was taken as the pre-pregnancy
weight. Analysis was confined to singleton, liveborn
deliveries with gestations that lasted from 28 to 42
weeks, during which three or more maternal weights
were recorded. Excluded from the analysis were
cases with any of the following factors: (1) birth
weight not recorded; (2) subject moved to another
area; (3) abortion; and (4) stillbirth. In addition,
women who developed complications capable of
influencing fetal growth were also excluded. These
complications included maternal diabetes mellitus,
pre-eclampsia, and eclampsia.

Results
The mean age of the women at first visit was 25
years (range, 14-44 years). Overall, of the 1647

pregnant women in the study, 96.5% (n=1589) were
live births, 1.4% (n=23) were aborted, and 2.2%
(n=35) were stillbom. Preterm births were 18.6%
(n=302), full-term births were 81.4% (n=1322), and
perinatal deaths were 2.6% (n=43). Of the 1589 live
births, 8.9% (n=141) were low birth weight and
5.6% (n=89) were IUGR (intrauterine growth retar-
dation) infants.

The mean (± standard error) weight gain during
pregnancy was 8.8 ± 2.6 kg; BMI gain was 3.9 ± 1.6,
and arm circumference gain was -0.2 ± 0.13 cm
(effectively unchanged). The mean weight gain in
the first trimester was 1.5 ± 1.32 kg; in the second
trimester, 4.5 ± 2.06 kg; and during the third trimes-
ter, 3.2 ± 1.85 kg. The mean BMI gain at the first
trimester was 0.7 ± 0.58; the second trimester 2.0 ±
0.85 and the third trimester 1.2 ± 0.76. In contrast to
maternal weight and BMI, maternal arm-circumfer-
ence did not on average increase over the pregnancy
period.

The median weight curve during pregnancy for
the women who delivered adequate birth weight
infants (.2500 g) was consistently above the 50th
percentile of the population studied, and for the
women delivering low-birth-weight infants (<2500 g)
this curve was consistently below the 50th percentile
of the population studied. The same pattern was also
observed for BMI and arm circumference.

Height appeared to be associated with IUGR,
full-term LBW, and LBW. After controlling for
weight, the women of height <145 cm, had a risk of
delivering a low-birth-weight infant 1.59 times
greater than the women of height .145 cm. How-
ever, after controlling for multiple maternal factors,
the effect was not statistically significant. In this popu-
lation, with an average maternal height of 150 cm,
low maternal height (<145 cm) had an effect on low
birth weight independent of maternal weight during
pregnancy.

Low pre-pregnancy weight - particularly in
women of below average height - appeared to be a
potential predictor of IUGR, full-term LBW, and
LBW, but no direct effect was demonstrated in rela-
tion to assisted delivery. In this study, attained
weight by month 5 appeared to be the strongest inde-
pendent predictor of IUGR, full-term LBW, and
LBW, but again there was no direct relationship to
assisted delivery even after controlling for below
average height. Since heavier women are generally
taller than lighter women, isolation of the effect of
maternal weight requires control for the confounding
effect of maternal height (3). After controlling for
below average height, maternal weight becomes a
stronger predictor of IUGR, full-term LBW, LBW,
and preterm birth. The results of the study demon-
strate that maternal weight is the most sensitive pre-
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dictor in relation to infant outcomes when compared
with other matemal anthropometric measures.

In developing countries, where there are limited
resources and health workers at community level
have little education, there is a need for very simple
screening/monitoring technology. The measurement
of arm-circumference has been used quite success-
fully as a tool for monitoring nutritional status of
infants and children. Its utility as an indicator of
nutritional status in women is beginning to gain
attention, primarily in research settings (4).

Arm-circumference was found to be relatively
stable during pregnancy. The cut-off points of
22.5 cm - after adjusting for low matemal height
(<145 cm) - had an odds ratio of 1.73 for IUGR,
and for an arm-circumference with a cut-off point of
23.7 cm an odds ratio of 1.84 was calculated.

BMI, particularly at 5 months gestation
appeared to be an important determinant of IUGR,
full-term LBW, and LBW, but there was no evidence

to show that BMI had a significant effect on preterm
birth or assisted delivery.
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Maternal anthropometry predictors of intra-
uterine growth retardation and prematurity in
the Malawi Maternal and Child Nutrition study
D. Pelletier,1 M. Arimond, F.C. Johnson, E. Liang, J. Low, P. Mvula, L. Msukwa,
U. Ramakrishnan, J. Ross, & K. Simler

The Malawi Maternal and Child Nutrition (MMCN)
study is a longitudinal, community-based investiga-
tion of the influence of maternal health and nutri-
tional status on prenatal and postnatal growth and
infant survival. It was carried out in three districts
(89 villages) of northern Malawi from December
1986 till December 1989.

Methodology
A baseline census was conducted of all households
in the study villages, from December 1986 till June
1987, to identify prospective study women and
obtain baseline anthropometric measurements.
Women who informed the local enumerators that
they were pregnant were recruited into the study
over the next 18 months; they were then visited each
month to obtain measurements and answers to ques-
tionnaires. It is estimated that 89% of all live births
were covered by the study. Two birth outcomes
prematurity (<37 weeks) and intrauterine growth
retardation (<10th percentile of weight for gestation-
al age) - were examined and the maternal anthro-
pometric predictors considered were weight, body
mass index (BMI), and mid-upper-arm circumfer-
ence. The predictive ability of these indicators was
examined at baseline (pre-pregnancy period). In
addition, the predictive ability of changes in
these variables during pregnancy was also examined.
The general analytical strategy was to divide each of
the maternal anthropometric variables into quartiles
and compare the incidence of IUGR or prematurity in
each of the lower three quartiles to the highest
(fourth) quartile using odds ratios.

The MMCN Study includes information on 1129
livebirths occurring to 954 women. The present anal-
ysis is restricted to singleton livebirths. Only the first
birth was used when a woman gave birth to more
than one child during the study period. In addition to
the above exclusions, the actual sample available for

1 Cornell Food and Nutrition Policy Program, Cornell University,
Ithaca, New York, USA.

a given analysis was reduced further, depending
upon the extent of missing data in the relevant
maternal variables. The potential bias due to missing
data was examined by comparing the anthropometric
characteristics of women with more complete data to
those for women with less complete data. Women
with relatively complete data tend to be lighter (by
1-1.5 kg) at baseline and at selected stages of preg-
nancy, but had a higher weekly rate of weight gain in
the second half of the pregnancy and had heavier
infants. Similar results were obtained with BMI, but
not with arm circumference. This suggests that the
women with complete data may have had a slightly
different pregnancy experience, but it is not clear
how this could influence the relationship between
matemal characteristics and neonatal characteristics.
In addition, any cases with unusual values were
screened, examined and corrected when possible.

Pre-pregnant anthropometry was estimated from
the baseline census conducted prior to enrolment of
the pregnant women into the study. Enrolment
occurred continuously over a period of two years,
whereas the census took place in a six-month period
(mostly in the rainy season). Thus, the "pre-
pregnant" state as used here may be separated from
conception by up to two years and may have a com-
ponent of variation due to seasonality. However,
the total weight gain (about 6.5 kg) is likely to be
an overestimate and has no significant impact on
these analyses since weekly rates of weight gain
were used. The stage of pregnancy was based on the
estimation of gestational age of the infant at birth
(from Dubowitz), and was calculated by subtracting
this from the date of birth. It is estimated that the
95% confidence interval for MMCN estimates of
gestational age was ±3 weeks.

Results
Predictors of IUGR

There are statistically significant associations with
all three maternal variables at baseline (weight, BMI,
MUAC), all in the expected direction (i.e., more
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IUGR among women with low anthropometric
values). The odds ratios were highest in the third tri-
mester for all the indicators especially weight, fol-
lowed by BMI and arm circumference respectively.
However, even the latter does approach a value of
2.0 (lowest quartile in the third trimester) and may
still serve as an useful tool for screening. When stra-
tified by height the predictive ability of BMI is much
better among tall women than short. The results for
arm circumference remain unaltered. Similar results
were obtained using head circumference as a proxy
for maternal size, but the strength of the odds ratios
were lower.

The results pertaining to weight and BMI may
have considerable practical utility. The combined use
of both weight and height and BMI and height effec-
tively doubles the sensitivity (47%), while still main-
taining fairly high specificity (70%). The practical
protocol suggested by this would be to screen initial-
ly by height, and then short women would be
screened based on their weight and tall women
would be screened based on their BMI.

There does not appear to be any particular
advantage to screening on the basis of changes in
anthropometry during pregnancy. As expected,
changes in weight during the second semester are
strongly associated with IUGR, but only among
women who entered pregnancy with an initially low
BMI. A similar pattem is seen for total pregnancy
weight gain and gain during months 5 to 7 and when
pre-pregnancy arm circumference was used for strat-
ification. Nevertheless, the odds ratios for these com-
binations of indicators are still weaker, compared
with the one-time measurements which would have
been better for screening as well as being more prac-
tical.

Predictors of prematurity
The prediction of prematurity from maternal anthro-
pometry is weaker than the prediction of IUGR. The
most promising predictors of prematurity are related
to arm circumference (especially early in preg-
nancy), rather than weight or BMI. The results are
largely unchanged when stratified by height, except
that both low weight or BMI in the third trimester
among tall women is predictive of prematurity. Strati-
fication by head circumference does significantly
improve the predictive ability of weight, BMI and
arm circumference. In all cases, the overall associa-
tion between prematurity and maternal anthropo-
metry is entirely attributable to effects among the
large-headed women (greater than the median). The
prediction of prematurity by changes in weight and
BMI during pregnancy does not appear promising.
Stratification by maternal height or head circumfer-

ence indicates that there is no convincing evidence
that any of these "change" indicators can be used to
predict prematurity.

The only promising finding with important prac-
tical advantages is the highly significant association
(OR, 7.1) of pre-pregnant arm circumference among
large-headed women with prematurity, in that
screening could take place without scales or height-
measuring devices. Future analysis should be direct-
ed towards identifying optimal cut-off points for
head and arm circumferences, and towards examin-
ing the consistency of this finding across popula-
tions. It is worth noting that the strongest predictors
for prematurity may not be anthropometric variables
at all. There is a highly significant association
between parity and prematurity (P=0.006) and these
kinds of indicators would be easier to collect.

Concluding remarks
The ultimate utility of any of these indicators should
be based not only on the strength and consistency of
the relationship but also on the sensitivity-specifici-
ty. It seems that the performance of maternal anthro-
pometry may be rather weak in this area especially,
because the only way to achieve high sensitivity
would be to accept low specificity. This situation is
likely to be unacceptable unless the cost per recipient
of the interventions is very low. It is important to
clarify whether the purpose of screening is to prevent
IUGR and prematurity themselves or to prevent the
consequences of IUGR and prematurity (e.g., neo-
natal morbidity and death). The need for this distinc-
tion is illustrated by considering the poor perform-
ance of maternal anthropometry for predicting
IUGR and prematurity, compared with the very high
performance of simple clinical observations and
measurements made on the neonate itself. If the ob-
jective is to prevent the consequences of IUGR and
prematurity, then it may be far more cost-effective
to ensure that local midwives ckn determine which
neonates require special care, and to ensure that
these interventions are made available to the neo-
nates in a timely fashion. These considerations high-
light the importance of distinguishing the use of
maternal anthropometry for screening versus its use
for monitoring and promoting adequate levels of
nutritional status in all women. The latter does not rely
on critical cut-off points or sensitivity-specificity
performance, but requires a normative reference
for maternal anthropometry which would lead to
community-based programmes designed to create
awareness and promote actions by households and
communities to improve maternal nutritional status.
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Re-analysis of antecedent and outcome data
from the National Collaborative Perinatal Project
S.M. Garn1 & T.V.E. Sullivan2

The NCPP database
The data involved in our study were derived from a
total of 59 000 pregnancies registered in the National
Collaborative Perinatal Project (NCPP) of the
National Institute of Neurological and Communi-
cative Diseases and Stroke (NINCDS), resulting in
49 995 livebom singletons, which were followed in
serial fashion for a maximum of 7 years. Excluding
medical abnormalities and neonates requiring special
procedures after or during delivery, there were over
20 000 Black (Afro-American) and White neonates
to consider. For some of the data analysis the study
was further restricted to a narrow range of matemal
ages at registration, i.e., 20-29 years. A description
of the NCPP and the participating hospitals has been
published (1).

In all, some 40 antecedent variables were con-
sidered, including matemal anthropometric measure-
ments, computerized changes, cigarette usage during
pregnancy, and socioeconomic status. Placental
weight was included as an outcome variable. Except
for pre-pregnancy weight, which was self-reported
but validated against successive weighings during
pregnancy, previous pregnancies, etc., most of the
data involved anthropometric or laboratory measure-
ments. "Imputed" or interpolated values were not
used. Gestation length calculated from the LMP was
also used to categorize gestation-length groupings
(pre-term, term and post-term) and birth weights
were similarly categorized or used as continua.

A note on antecedent and outcome variables

In all, 15 of the 40 antecedent variables proved to be
significantly related to such outcome variables as
gestation length, birth weight, etc. or such outcome
categories as short gestation length, low birth weight,
etc. for the four race- and sex-specific groupings.
However, according to various measures ranging

1 Nutrition Unit, School of Public Health, Department of Anthro-
pology and Center for Human Growth & Development, University
of Michigan, Michigan, USA.
2 Department of Anthropology, State University of New York,
Buffalo, New York, USA.

from product-moment correlations to risk ratios, the
matemal weight variables (pre-pregnancy weight
(WTpp) and pregnancy weight gain) and the low-
WTpp and low-weight-gain categories were most
relevant.

The 15 matemal antecedent variables contribut-
ing to significantly elevated relative risks were:

1. Low matemal weight (<100 lbs or 45 kg)
2. Low matemal height (<57 inches or 145 cm)
3. Low ponderal index (<1 1 for HT3/WT)
4. Low pregnancy weight gain (<0 lbs)
5. Low and high haemoglobin (<8 g, >13 g)
6. Low and high haematocrit
7. Smoking during pregnancy
8. Acetonuria
9. Coombs test: positive

10. Poverty ratio <1.0
11. Socioeconomic status index <0.3
12. Late registry (>2nd trimester)
13. Prior pregnancies: .4
14. Systolic blood pressure <80 mm
15. Systolic blood pressure >140 mm.

Some of the outcome variables considered in the
data analysis were:
- birth length;
- birth weight;
- gestation length;
- placental weight;
- placental abnormalities;
- 48-hour haemoglobin and haematocrit;
- Apgar score 1 and 5 minutes;
- Bayley score at 8 months;
- 4-year I.Q. score.

Data analyses
Data analyses included simple partitioning of percen-
tiles or other cut-off points of WTpp, product-
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moment correlations (and suitable coefficients to
account for non-linear relationships), forward step-
wise regression analyses (stopping with the maxi-
mum R), and risk ratios calculated for various cut-off
points of antecedent variables, also using Mantel-
Haenszel procedure, etc., with sample results inclu-
ded here for illustration. Throughout, analyses were
conducted for Black (Afro-American) boys and girls

separately and for White boys and girls separately
given differences in birth weight, gestation length,
maternal WTpp distributions, maternal haematocrit
and haemoglobin, and cigarette usage. Separate
analyses were made practical by the large numbers
per race or sex groupings. For some purposes a restric-
ted maternal age subsample (20-29 years) was also
explored in parallel fashion.

Sample results

Correlations

Significant correlates of birth weight (Pearson correlation coefficient) are given in the Table.a

Boys Girls

White Black White Black
Antecedent variable (n-9538) (n=9184) (n=8878) (n=9092)
Pre-pregnancy weight 0.2285* 0.2031 0.2292* 0.2310*
(WTpp)

Maternal height (HT) 0.1415* 0.0994* 0.1302* 0.1227*
Body mass index (BMI) 0.1758* 0.1697* 0.1798* 0.1902*
Weight gain (Wt gain) 0.2265* 0.2748* 0.2442* 0.2672*
Cigarettes/day (Cigs/day) -0.1404* -0.0388* -0.1533* 0.0507*
SES index (SES) 0.0568* 0.0458* 0.0432* 0.0387*
Systolic blood pressure 0.0333* -0.0081 0.0343* 0.0103*
(Sys bp)

a Highest coefficients in each group are in bold type. Correlation coefficients of .0.02 are generally
significant and are marked with an asterisk.

Regression analysis

The results from a forward stepwise regression analysis using all predictor variables are:

For 10 570 White boys and birth weight
WTpp + Wt gain + Cigs/day + SES + Sys bp + HT R = 0.386
For 11 307 Black boys and birth weight
PPW + Wt gain + Cigs/day + SES + Sys bpp R = 0.371
For 7828 White girls and birth weight
PPW + Wt gain + Cigs/day + SES + Sys bp R = 0.403
For 11 139 Black girls and birth weight
PPW + Wt gain + Cigs/day + SES + Sys bp R = 0.389
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Odds ratios

Ranking of odds ratios and risk ratios, by Mantel-Haenszel procedure, for different antecedent variables using
the 15th centile cut-off point are given in the Table.

Rank Antecedent Confidence
variable Outcome Ratio S.D. intervals

Odds ratios
2 WTpp Birth weight 2.035 0.028 1.927-2.149
4 HT Birth weight 1.505 0.024 1.421-1.594
3 BMI Birth weight 1.878 0.030 1.769-1.993
1 Weight gain Birth weight 2.517 0.029 2.379-2.663

Risk ratios
2 WTpp Birth weight 1.799 0.022 1.704-1.856
4 HT Birth weight 1.399 0.024 1.336-1.465
3 BMI Birth weight 1.663 0.024 1.588-1.742
1 Weight gain Birth weight 2.092 0.022 2.004-2.184

Summary
As in our earlier analyses, WTpp and pregnancy
weight gain together showed the strongest relation-
ships to birth weight; the various body-mass indices
including the BMI were less effective than weight
alone and maternal height dropped out of the for-
ward stepwise regression after 2-4 variables were

included. Maximum values of R from the forward
stepwise regressions approximated 0.4.

Reference
1. Niswander KR, Gordon M. The women and their

pregnancies. Bethesda, MD, National Institutes of
Health, 1972 (DHEW Publication No. 73-379).
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CDC Pregnancy Nutrition Surveillance System
1. Kim1

The Pregnancy Nutrition Surveillance System
(PNSS), conducted by the Centers for Disease Con-
trol and Prevention (CDC), is designed to monitor
the prevalence of nutrition-related problems and
behavioural risk factors which are related to infant
mortality and low birth weight. The target population
of the PNSS is low-income, high-risk pregnant
women who participate in publicly funded health,
nutrition and food assistance programmes in the
USA. Currently, 17 States and the District of Colum-
bia participate in the PNSS. The data used for analy-
sis came from the 1989 PNSS (births occurred
between 1 January through 31 December 1989).

Methodology
The CDC provides training and technical assistance
in support of the PNSS. Personnel at the state and
local level are trained in the selection and use of
equipment, weighing and measuring techniques, and
data interpretation and utilization. The PNSS is a
programme-based surveillance system. Agencies
participating in the PNSS collect and submit stan-
dardized data to CDC.

The coverage of PNSS reflects the number of
pregnant women who take part in the clinic-based
programmes that contribute information to the sur-
veillance system. The number of records submitted
each year to the PNSS has grown from fewer than
10 000 in 1979 to about 160 000 for births occurring
in 1989. Of the 29 672 records in the 1989 PNSS
which had complete information on the key variables,
i.e., birth weight, weight gain during pregnancy,
pre-pregnancy weight, maternal height, mother's
age, duration of pregnancy, and ethnic background,
only the 26 883 records from singleton, live births
to White, Black and Hispanic women were selected
in order to allow stratification by ethnic background.

We further excluded 2092 records with extreme
values on the basis of: duration of pregnancy shorter
than 22 weeks or longer than 43 weeks, mother's age
below 12 or above 45 years, maternal height below

1 National Center for Chronic Disease Prevention and Health
Promotion, Centers for Disease Control and Prevention, Atlanta,
GA, USA.

the 1st (142.9 cm) or above the 99th percentile
(178 cm), weight gain during pregnancy below the
1st (-6.8 kg) or above the 99th percentile (31.3 kg).
The final sample size selected for the analysis was
24 791.

Length of pregnancy was determined from the
date of the last menstrual period and the date of
delivery. Pre-pregnancy weight was based on either
the woman's self-report or an actual measurement if
the woman enrolled for programme benefits early in
the first trimester.

Results
Black women
1. Intrauterine growth retardation (IUGR)
Estimated odds ratios (OR) for IUGR among Black
women who are at or below the lowest quartile of
height and weight are 1.9 (95% CI, 1.5-2.3) and 1.8
(95% CI, 1.5-2.2).

Women who are at or below the lowest quartile
of body mass index (BMI) also had a higher risk of
giving birth to an IUGR infant (OR, 1.5; 95% CI,
1.2-1.8) compared to women who are above the low-
est quartile. In a subgroup of women with below
average height, the risk of IUGR among women who
are at or below the lowest quartile of weight or BMI
is even greater (OR for weight, 2.7; and OR for
BMI, 2.9).
2. Low birth weight (LBW)
The estimated odds ratio of LBW among Black
women who are at or below the lowest quartile of
height is 1.7 (95% CI, 1.4-2.1). The odds ratio for
LBW among women who are at or below the lowest
quartile of weight and BMI are 2.3 (95% CI,
1.9-2.8) and 1.8 (95% CI, 1.5-2.2), respectively. In a
subgroup of women with below average height,
women who are at or below the lowest quartile of
weight and BMI are at particularly high risk of LBW
with odds ratios of 2.7 and 2.8, respectively.
3. Preterm birth
Maternal body size was significantly associated with
an increased risk of preterm birth with an odds ratio
of 1.3, 1.6 and 1.4 for women who were at or below
the lowest quartile of height, weight and BMI,
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respectively. The estimated odds ratio of preterm
birth among a subgroup of Black women with below
average height who are at or below the lowest quar-
tile of weight and BMI was 1.8 for both indicators.

Hispanic women

1. Intrauterine growth retardation (IUGR)
Estimated odds ratios for IUGR among Hispanic
women who are at or below the lowest quartile of
height and weight are 1.8 (95% CI, 1.5-2.3 for
height and 1.4-3.0 for weight). Low pre-pregnancy
BMI was not associated with an increased risk of
IUGR, however. In a subgroup of women with below
average height, the risk of IUGR among women who
are at or below the lowest quartile of weight or BMI
is even greater (OR, 2.7 for weight and 2.9 for BMI).
2. Low birth weight (LBW)
Hispanic women who are at or below the lowest
quartile of height are at a significantly higher risk of
having a LBW infant (OR, 3.1; 95% CI, 1.7-5.9).
Odds ratio for LBW among women who are or
below the lowest quartile of weight is 2.0 (95% CI,
1.1-3.7). Again, low BMI does not appear to be a
risk factor among Hispanic women. As previously
observed among Black women, shorter Hispanic
women who are at or below the lowest quartile of
weight and BMI are at a higher risk of LBW com-
pared with shorter women who are not (OR, 3.2 for
weight and 2.7 for BMI).
3. Preterm birth
Among Hispanic women, body size does not appear
to be a risk factor of preterm birth. The estimated
odds ratio for preterm birth among women who were
at or below the lowest quartile of height, weight and
BMI are non-significant. A similarly non-significant
association between weight status and preterm birth
is also observed among women with below average
height.

White women

1. Intrauterine growth retardation (IUGR)
Women who are at or below the lowest quartile of
weight have a significantly higher risk of giving
birth to a IUGR infant compared with women who

are not (OR, 2.1; 95% CI, 1.4-3.0). Women who are
at or below the lowest quartile of BMI also have a
higher risk of IUGR (OR, 1.8; 95% CI, 1.6-2.0).
Odds ratio of IUGR for a subgroup of women with
below average height who are at or below the lowest
quartile of weight and BMI are 2.9 for weight and
3.1 for BMI, compared with shorter women who are
above the lowest quartile.
2. Low birth weight (LBW)
White women who are at or below the lowest quar-
tile of height and weight are at increased risk of hav-
ing a LBW infant with odds ratio of 1.8 ( 95% CI,
1.5-2.1) and 1.9 (95% CI, 1.7-2.2), respectively.
The odds ratio for LBW among women who are at or
below the lowest quartile of BMI is 1.7 (95% CI,
1.5-1.9). In a subgroup of women with below aver-
age height, the odds ratio of LBW for both weight
and BMI are higher (OR, 2.6 for weight and 3.0 for
BMI, respectively) than the corresponding risk
among women of all heights combined.
3. Preterm birth
White women who are at or below the lowest quar-
tile of height, weight and BMI are at an increased
risk of preterm birth (OR, 1.3 for all three indica-
tors). The estimated odds ratio of preterm birth
among a subgroup of White women with below aver-
age height who are at or below the lowest quartile of
weight and BMI was 1.8 for both indicators.

Summary
Matemal height and pre-pregnancy weight are signi-
ficant risk factors for IUGR, LBW and preterm birth.
Our analysis demonstrated a significant association
between body size measurements and the risk of
adverse birth outcomes among women from all three
ethnic backgrounds, with the exception of pre-
pregnancy BMI of Hispanic women which showed
no association.

Shorter women who are at or below the lowest
quartile of weight and BMI are at a particularly high
risk of IUGR, LBW and preterm birth. In all ethnic
groups, odds ratio estimates for shorter women are
high compared with the corresponding estimates for
taller women with the same weight status.
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Maternal anthropometry as a risk predictor of
pregnancy outcome: the Nutrition CRSP in
Egypt
A. Kirksey & Hsiu-Chen Wang1

The Nutrition Collaborative Research and Support
Program (CRSP) is a longitudinal study on food
intake and human function, which was carried out in
three countries-Egypt, Kenya and Mexico. This
article describes the study in Egypt.

Methods

Site selection

Kalama, a village of 1470 households in 1982, was
selected by a team of investigators from Egypt and
the USA as the research site (1). The village, located
in the Nile delta, 25 km north-west of Cairo, has been
undergoing rapid socioeconomic transformations;
occupational diversity is at the heart of these
changes. This site was selected because of certain
prescribed conditions: a well-defined community
with a stable population of .700 households, with
little emigration to other countries or to neighbour-
ing towns and cities; a representative population with
a range of nutritional status from adequate to mild-
to-moderately undemourished; absence of endemic
nutritional diseases such as goitre; and no current or
proposed intensive research projects involving nutri-
tion, agricultural development, or fertility control.

A total of 312 households in Kalama were
enrolled for a period of .1 year in this large, USAID
project which focused on the functional conse-
quences of mild-to-moderate malnutrition (2). Village
census data, collected by project personnel, were
used to identify eligible subjects - women aged be-
tween 15 and 45 years, who were in the first trimester
of pregnancy and would have infants reaching 6
months of age before the project ended. All who
met the eligibility requirements and who consented
to participate were enrolled. A total of 121 women

I Department of Foods and Nutrition, Purdue University, West
Lafayette, IN, USA.

continued in the study until delivery. All research
procedures and the subject consent form were ap-
proved by the Purdue University Committee on the
Use of Human Subjects in Research.

Identification of pregnancy

An identification-of-pregnancy questionnaire was
administered monthly by the project physicians, and
a pregnancy test was given whenever the women
agreed. Women known to be pregnant and who were
estimated to be <4 months of gestation were invited
to enrol in the study. Questionnaires on menstrual
history were administered by Egyptian physicians to
estimate the date of conception. The first day of the
last menses was recorded either by noting the exact
calendar date or by referring to a calendar of events.

Anthropometry

All anthropometric measurements of pregnant or
lactating women were performed by a team of
physicians from the time of a woman's entry into
the study (before or at the fourth month of pregnan-
cy). Measurements were scheduled to be perform-
ed monthly up to the eighth month of gestation,
and then weekly until delivery. The measurements
included height, body weight, mid-arm circumfer-
ence, and skinfold thickness of triceps and biceps.

Pregnancy outcome

Pregnancy outcome data were collected by trained
Egyptian dietitians within 48 hours after delivery,
whether the pregnancy ended in fetal death, stillbirth,
or delivery of a live infant. Information about fetal or
infant deaths was sometimes sketchy because
mothers were either sensitive about discussing the
events or refused to give this information. Weight of
newboms was measured by trained dietitians within
48 hours after birth. Dubowitz scoring for the assess-
ment of gestational age of newborns was done by
Egyptian physicians within 72 hours after delivery.
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Description of the study population

Women enrolled were between 17 and 45 years of
age and were either non-pregnant or in the first tri-
mester of pregnancy at the time of entry. Among
these 121 women, 12 pregnancies were terminated
due to fetal death and three women who delivered
twins were excluded from the study. Reliable birth
weight measurements, complete data on reproductive
history, education of mothers, household socioecono-
mic status (SES), and household sanitation-hygiene
index were obtained for 101 women who had single-
ton pregnancies. Of these, longitudinal anthropo-
metric data were available for 63.

Results
Estimate of the risk for small newborns and
preterm delivery based on maternal
anthropometry
Relative risks for birth weights <2800 g and <3000 g
and preterm delivery were estimated by two-way
associations between the pregnancy outcome
variables and each of the maternal anthropometry
(during the pregnancy) predictor variables. Odds
ratios were calculated based on the entire sample
and on data stratified by maternal height, age and
parity. Maternal anthropometry was dichotomized by
use of the 25th and 50th percentile values for each
measurement. The odds ratios (OR) and confidence
intervals (CI) are shown in Table 1.

Women who weighed less than 55 kg in early
pregnancy (<3 months) were at a higher risk by more
than sixfold of delivering an infant <2800 g, and the
odds were greater than sevenfold for delivering a
preterm infant (gestational age <35 weeks) compared
with women who weighed 55 kg or more. Further-
more, women who weighed less than 63 kg at 6
months gestation were at a sixfold greater risk of
delivering an infant weighing less than 3000 g at
birth than women who weighed more.

Examination of mid-upper-arm circumference as
a predictor of birth weight showed that women
whose measurements were <25 cm at 3 or 6 months
were at greater risk (more than threefold) of deliver-
ing an infant <3000 g at birth, compared with
women with larger arm circumferences.

The Mantel-Haenszel (M-H) procedure was used
to control for the potential confounding effects of
maternal height, age and parity on the pregnancy
outcome variables predicted by maternal weight and
MUAC. For example, to eliminate the confounding
effect of age when investigating the effect of low
maternal weight or arm circumference on birth
weight, data were examined in separate strata by age
and the M-H procedure was employed. The chi-
squared tests indicated that none of the differences
was statistically significant (P >0.05).

Relation of BMI in early pregnancy to birth
weight
Maternal BMI in early pregnancy was examined
relative to infant birth weight and weights at 3 and 6

Table 1: Significant associations of maternal anthropometry in pregnancy with birth weights c2800 g and <3000 g
and with preterm delivery in Egyptian women
Maternal
anthropometry Outcome Quartile Estimated Chi-squared
in pregnancya No. variable % cut-off OR 95% Cl P

Birth weight (g)
Weight (kg):
.3 months 74 <2800 <25 <55.0 6.79 1.33-34.66 0.01

74 <3000 <25 <55.0 3.27 1.00-11.25 0.05
74 <3000 <50 <59.4 3.96 1.14-13.76 0.02

6 months 44 <3000 <25 <56.4 6.72 1.47-30.76 0.009
44 <3000 <50 <63.0 6.92 1.29-37.29 0.02

MUAC (cm):
<3 months 66 <3000 <50 25.3 3.63 1.02-12.93 0.04
6 months 39 <3000 <50 25.9 4.36 1.00-19.86 0.05

Gestational
age (weeks)

Weight (kg):
<3 months 59 <35 <25 <55.0 7.50 1.09-51.52 0.02
a Height and body mass index were not significantly associated with birth weight or preterm delivery; MUAC was not associated with
preterm delivery.
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months of age (Table 2). For this assessment,
mothers were subdivided by BMI into quartiles <1,
1-3, and >3. Mothers in the lowest quartile delivered
infants of significantly lower birth weights than
mothers in the highest quartile. Infant weights at 3
and 6 months of age were not significantly associa-
ted with their mother's BMI in early pregnancy.

Bivariate analysis of maternal anthropometry in
lactation with infant weight changes showed that
maternal weight changes from 3 to 6 months of lac-
tation were significantly and positively correlated
with the infants' weight changes from birth to 6
months (Table 3). Change in arm circumference
from 1 to 3 months of lactation was significantly and
positively associated with infant weight change dur-
ing the same period.

Conclusions
Analyses of an Egyptian village database showed
that maternal anthropometry measurements made in

early pregnancy (<3 months gestation) identified
women who were at risk of poor pregnancy out-
comes (preterm delivery and/or small newborn).
Simple measurements of maternal weight, body mass
index and arm circumference, made prior to or in
early pregnancy, were particularly useful predictors
of women at risk of the pregnancy outcome.

Women whose weight in early pregnancy was
less than 55 kg (<25th percentile) were at greater risk
by more than sixfold of delivering a newborn weigh-
ing less than 2800 g, compared with mothers who
were heavier. The risk of delivering preterm infants
was more than sevenfold for mothers who weighed
less than 55 kg, i.e., below the first quartile (<25th
percentile) of weight, in early pregnancy, compared
with mothers who weighed more at this time. Also,
older mothers who had a previous history of fetal
deaths were at greater risk of delivering a small
infant than younger mothers who had no history of
fetal deaths. Furthermore, weight in early pregnancy
and body mass index were associated positively with
neonatal behavioural characteristics including orien-

Table 2: Relation of body mass index in early pregnancy to birth weights and to infant
weights at three and six months of age

Infant weight (g)a

BMI at 3 months Quartile At birth 3 months 6 months

<22.6 <1 3154 ± 386b 5450 ±956 6865 ±952
3177C (18)d 5359C (14) 6560C (15)

22.6 - 27.4 1-3 3303 ± 419 5653 ±653 6882 ±936
3282C (37) 5605C (28) 6889C (27)

>27.4 >3 3568 ±362b 5842 ± 681 7013 ± 735
3574C (18) 5932C (12) 7164c (11)

a Figures are means ± S.D., except where otherwise indicated.
b These means are significantly different (P <0.05) by Tukey and Bonforroni test.
c These figures are the median.
d Figures in parentheses are the number of subjects.

Table 3: Associations of maternal anthropometry in lactation with infant weight change from
birth to 6 months of age (NS: not significant)

Maternal
Infant weight change (z-score)

anthropometrya Birth - 3 months 3-6 months Birth - 6 months

Lactationb
Weight change NS NS 0.34c
at 3-6 months 0.08d (27)e
Arm circumference 0.41 NS NS
Change at 1-3 months 0.02 (31)e

a Height, weight, BMI and weight gain during pregnancy were not significantly associated with infant weight
changes; sample sizes were small (<30 subjects in each category).
b During lactation, maternal anthropometry was not significantly related to infant weight change except for
weight and arm circumference changes at 3-6 months; in all categories tested, sample sizes were small
(.31 subjects).
c Correlation coefficient (r).
d Trend, P<0.10.
e Number of subjects.
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tation behaviour, i.e., response of neonates to ani-
mate and inanimate visual and/or auditory stimuli.
These behaviours are postulated by some researchers
to reflect the earliest information processing by
infants.

Body mass indices in early pregnancy were not
significantly associated with anthropometric changes
observed in later pregnancy or the first six months of
lactation. Matemal body mass index in early preg-
nancy was significantly related to infant birth weight
but was not significantly associated with infant
weights at 3 and 6 months of age.

In summary, maternal anthropometry during
early pregnancy was a significant indicator of preg-
nancy outcomes, i.e., birth weight, preterm delivery

and neonatal behaviour, but was not significantly
related to maternal anthropometric changes observed
in later pregnancy and/or early lactation or to infant
weights during the first 6 months after birth.

References
1. Egypt Project. The Collaborative Research Support

Program on Food Intake and Human Function. Final
report on food intake and function. Washington DC,
USAID, 1987.

2. Kirksey A et al. The human costs of moderate mal-
nutrition in an Egyptian village. Final report. Wash-
ington DC, USAID, 1992.
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Maternal anthropometry as a risk predictor of
pregnancy outcome: the Nutrition CRSP in
Kenya
C. Neumann,1 L. Ferguson,1 & N.O. Bwibo2

Background
A longitudinal study on food intake and human func-
tion in three countries, within the Nutrition Collabo-
rative Research and Support Program (CRSP),
enabled us to follow 247 Embu households in rural
Kenya. Food intake, nutritional status, morbidity and
a number of household and environmental charac-
teristics were studied longitudinally for one to two
years during the period, January 1984 to March
1986. From the available data it was possible to
determine whether or not maternal anthropometric
indicators had predictive values for identifying the
risk of poor maternal pregnancy and infant out-
comes. If this was so, then village health workers
and traditional midwives would be able to detect
women at risk for poor pregnancy outcomes and pro-
mote early intervention and referral to more expert
treatment.

The 60-sq.km study area was on the south-east
slope of Mount Kenya and subject to periodic
drought and food shortages. As a result of seasonal
food shortages and the need to sell food crops for
cash, energy intake was found to be less than two-
thirds of the recommended level. Animal protein
intake was very low, resulting in vitamin B12, zinc
and iron deficiencies. The latter two were worsened
by high phytate, fibre, and tea intake. Calcium and
vitamin A intakes were also less than two-thirds of
the recommended dietary allowance (RDA). Folic
acid intake was low in 23% of the pregnant women
although requirements were probably greater because
of the pregnancy and malaria. Iodine deficiency was
also present, with 24% of pregnant women noted to
have a goitre. Biochemical evidence of low thyroid
hormones was also found.

Anaemia due to nutritional deficiencies was
prevalent, with endemic malaria and hookworm con-

' University of California Los Angeles, School of Public Health,
Los Angeles, CA, USA.
2 University of Nairobi, Kenya.

tributing heavily to this condition. Some 37-40% of
all the women were found to be anaemic (haemo-
globin <11 g/dl), with serum ferritin low in 35% of
the women (cut-off point <10 mg/ml). Macrocytic
anaemia was seen in 8.4% of the women and vitamin
B12 levels in breast milk were found to be extremely
low in the lactating women.

Methodology
A sample of 290 Embu households was selected
from a total of 2059 households in the study area, as
determined by aerial survey and mapping. Criteria
for enrolment were based on acquiring an adequate
number of nuclear and intact families with the re-
quired family member types - toddlers, school-age
children, and both biological parents residing conti-
nuously in the household. Also, at least 100 women
were needed who would be likely to become preg-
nant early enough in the study so that they could be
followed for at least 6 months following the birth of
the infant. Of the 290 households, 247 completed the
study; of these, 138 women were studied during preg-
nancy and lactation. Pre-pregnancy data were avail-
able for 83 out of 183 women. A total of 97 women
were followed during all three trimesters, 199 were
followed during the 2nd and 3rd trimesters, and 19
during the 3rd trimester only. There were 2 still-
births, 3 perinatal deaths, and 3 miscarriages, leaving
130 women and infants to be followed during lacta-
tion and from birth till 6 months old.

Height, weight, mid-upper-arm circumference
(MUAC), and six skinfolds were measured once per
month. If a woman was enrolled in the first trimester
of pregnancy, pre-pregnancy weight was considered
to be the same as the weight at the time of enrol-
ment, given the finding that women gained no
weight and even lost some weight (on average,
0.2 kg) during the first trimester. Data on women
more advanced in their pregnancies at the time of
study enrolment were excluded from analyses requir-
ing pre-pregnancy or first trimester weights.
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Young women with the equivalent of a U.S.
high school education were trained to carry out
anthropometric measurements by the senior investi-
gators, with special emphasis on height, MUAC and
skinfold measurements. Training aimed at develop-
ing a high level of skill and accuracy for the com-
plete range of measurements, interactions with
household members, equipment maintenance and
calibration, and data collection. Periodic standardiza-
tion tests and retraining sessions were carried out
throughout the life of the project, with a 50% valida-
tion check of all measurements performed.

Pregnancy "monitors" visited the homes once a
month to inquire about signs and symptoms of preg-
nancy based on menstrual history, lactation, and clin-
ical signs and symptoms of early pregnancy. Preg-
nancy tests were performed, on request, on over 50%
of women. To determine gestational age of the new-
bom, Dubowitz testing was carried out on all new-
boms by a physician and/or trained neonatal nurse
from immediately after birth till 72 hours at the lat-
est. The majority were tested within the first 24
hours.

Study variables

Predictor variables included the following anthropo-
metric measurements which were made during the
pre-pregnancy period and during each of the tri-
mesters of pregnancy (monthly measurements were
averaged): height, weight, body mass index (BMI),
and MUAC. Other predictor variables used in this
analysis were matemal age, reproductive history,
and haemoglobin level.

Infant outcomes included low birth weight
(LBW), prematurity, intrauterine-growth retardation
(IUGR), stillbirth, perinatal death, and infant growth
from birth to 6 months. The definitions used are the
same as those used in the meta-analysis. Infant
growth was measured in terms of length, weight, and
MUAC from birth to 6 months.

Matemal outcomes included delivery complica-
tions, mainly caesarean section and breech presenta-
tion, and matemal nutritional status in lactation.
Pregnancy and lactation weight and fat changes were
also calculated for the purpose of comparing women
of different initial sizes.

Results

Low birth weight. Of the total live births, 10% of the
neonates were classified as LBW. Of these, 77%
were IUGR and 23% were preterm.

Table 1: Odds ratios for low birth weight (both IUGR
and pre-term), based on maternal anthropometry

Percentile Cut-off No. OR 95% Cl

Weight (kg): 25 45.0 56 9.1 1.4-57.6

Trimester 1 25

Trimester 2 50

45.8 96

52.0 115

4.2

5.3

1.0-17.1

1.1-25.3

Trimester 3 50 55.2 138 5.6 1.2-26.3

MUAC (cm):

Trimester 2 25

Trimester 2 50

23.7

25.3

115

115

3.5

12.6

1.0-11.8

1.6-1 01.2

Trimester 3 25 23.6 138 2.8 0.9-9.1

Trimester 3 50 25.1 138 5.8 1.2-27.1

Odds ratios calculated from simple contingency
tables indicated that both maternal weight and
MUAC are potential predictors of LBW. Women
below the 25th percentile in weight (approximately
45 kg) during pre-pregnancy and the first trimester
of pregnancy showed an increased risk of having
LBW infants. By the 2nd and 3rd trimesters women
below the 50th percentile were at more than fivefold
risk of a LBW infant than those who were above the
50th percentile (Table 1).

Low fat stores and muscle mass as indicated by
MUAC also appeared to be risk factors for under-
weight infants. Increased odds ratios ranging from
3.5 to 12.6 were found for the women with smaller
MUAC during the 2nd and 3rd trimesters (Table 1).
Maternal height was not significantly predictive of
LBW. The earlier in pregnancy a significant risk of
LBW can be detected, the earlier an intervention can
be initiated. Both weight and MUAC measurements
are useful in this respect.

Stratified analyses of maternal weight and
MUAC as risk factors for LBW, controlling for the
effects of maternal height, age, and parity, indicated
no significant differences between the strata. Logis-
tic regression analyses were used to further control
for the effects of non-anthropometric factors. The
final model indicated that the joint effects of mater-
nal BMI, parity, socioeconomic status, and haemo-
globin, significantly affects the odds of the birth of
a LBW infant. In each case a lower value of the
maternal characteristic increases the odds of such a
birth (Table 2). The predictive value of MUAC is
subsumed when all of these other determinants can
be considered, but this does not invalidate its use as
a simple predictive measure.
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Table 2: Logistic regression model to predict the birth of low-birth-weight infants

Parameter Standard P
Outcome Variable estimate error (chi-squared)
LBW (n = 110) Intercept 14.8 7.25 0.04

BMI (trimester 2) -0.54 0.31 0.07
Chi-sq.a= 21.0 MUAC (trimesters 1 and 2) -0.02 0.30 0.95
P< 0.001 (6 df) Parity <3 1.57 0.86 0.07
Concordance 86% Haemoglobin -0.34 0.20 0.10

Socioeconomic status -0.06 0.03 0.08
Maternal age 0.09 0.07 0.18

a Chi-squared for log likelihood ratio, statistically significant.

In another set of analyses investigating changes
in maternal weight and fat stores during pregnancy,
it was found that the loss of fat during late pregnancy
was correlated with higher birth weights and lengths,
and infant MUAC. This was attributed to the ability
of better nourished women to use their stores as a
source of energy for the fetus during the final stages
of pregnancy. These women may have lost upper-
arm mass, but would still be in the upper quartiles of
MUAC, given their initial size advantage.

Intrauterine growth retardation. Sixteen per-
cent of infants were classified as IUGR. The risk fac-
tors determined from contingency tables were small
maternal stature and small MUAC. Odds ratios cal-
culated from the unstratified sample show a twofold
risk of IUGR for infants born to mothers in the lower
half of the sample with respect to height <154.5 cm.
Insufficient pre-pregnancy fat stores were the most
predictive of IUGR. Women in the lowest quartile
(MUAC <24.4 cm) were at an eightfold risk of giv-
ing birth to an IUGR infant. By the 1st trimester the
lowest quartile (MUAC <24.2 cm) had an odds ratio

of 2.8, and during the second trimester the lower half
(MUAC <25.3 cm) had an odds ratio of 2.5 com-
pared with women with larger arm circumferences.
As with the incidence of low birth weight, stratified
analyses revealed no differences in risk to women of
differing height, age, or parity (Table 3).

The logistic regression model for IUGR con-
firms the role of height in predicting this outcome.
The model also includes significant parameter esti-
mates for maternal weight, parity, number of previ-
ous stillbirths, and haemoglobin.

Table 3: Odds ratios for intrauterine growth retardation
(IUGR), based on maternal anthropometry

Percentile Cut-off No. OR 95% Cl

Height (cm):
Pre-pregnancy 50 154.5 137 2.2 0.9-5.5
MUAC (cm):

Pre-pregnancy 25 24.4 56 8.4 1.9-37.5
Trimester 1 25 24.2 94 2.8 0.9-8.6
Trimester 2 50 25.3 114 2.5 0.9-7.2

Table 4: Logistic regression model to predict the birth of Intrauterine-growth-retarded infants

Parameter Standard P
Outcome Variable estimate error (chi-squared)

IUGR (n = 91) Intercept -18.61 14.39 0.20
Height 0.18 0.09 0.06

Chi-sq.a = 21.3 Weight (trimester 2) -0.30 0.13 0.03
P = 0.006 (8 df) MUAC (trimester 2) 0.30 0.30 0.32
Concordance 86% Wt. change (trimester 2) 0.22 0.18 0.22

Parity -0.50 0.22 0.02
Previous stillbirths 1.36 0.74 0.07
Haemoglobin -0.35 0.17 0.04
Age 0.09 0.07 0.22

a Chi-squared for log likelihood ratio, statistically significant.
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Preterm birth. Maternal anthropometry did not pre-
dict an increased risk for the birth of a preterm
infant.

Maternal complications. The model for delivery
complications, mainly caesarean section and breech
presentation, shows that socioeconomic status, the
number of previous stillbirths, and parity significant-
ly affect the risk of problems at delivery. Decreasing
maternal height and increasing maternal age also

of borderline significance. A history of previous
poor pregnancy outcomes was an excellent warning
for a poor outcome in the current pregnancy.

Perinatal deaths. The number of perinatal deaths
was only five. The striking characteristics of these
infants included LBW, twin birth, prematurity, high
maternal parity, and maternal weight loss during
pregnancy.

predict complications, but less strongly than socioeco- Differential pregnancy weight gain in larger versus
nomic status, previous stillbirths, and parity (Table 5). smaller women. Recent recommendations reflect the

concept that higher energy intake and weight gain
would seem to be indicated in malnourished women

Table 5: Logistic regression model to predict maternal compared with normal women, to ensure normal-
complications at delivery weight newborns and to prevent further maternal
Outcome Variable Parameter Standard P depletion. The following analyses examined preg-
Maternal delivery Intercept 12.52 12.6 0.32

nancy weight gain among women of different pre-

complications pregnant size. This stratification scheme is relevant
to the high prevalence of short stature and under-

Height -0.11 0.08 0.15 weight women in developing countries.
Chi-sq.a = 10.4 Age 0.09 0.07 0.19 Smoothed (using running medians) weight and
P <0.03 (4 df) Previous 1.22 0.53 0.02 MUAC change curves were generated for maternal

stillbirths weight and MUAC at the 25th, 50th and 75th per-
Concordance 84% Parity -0.28 0.17 0.08 centiles for pre-pregnancy values. Included were

only women giving birth to full-term, normal-weight
a Chi-squared for log likelihood ratio, statistically significant. infants (.3000 g).

The lighter and leaner the women, the more
weight they gained and less fat they lost late in preg-
nancy. When stratifying by maternal height, the

Owing to the small number of complicated weight gain was greatest for the shortest women,
deliveries (n = 11), a simple analysis comparing i.e., under 151 cm (25th percentile); and least for
maternal infant characteristics of complicated births those .158 cm (75th percentile). This pattern was also
versus normal births was also carried out. Statistical true for BMI. In addition, the taller women experi-
tests (the t-test) indicated significant differences (oa = enced a larger decrease in MUAC in late pregnancy
0.5) between the mothers with regard to the number than did the shorter women. Furthermore, those taller
of previous abnormal deliveries, height, and net mothers whose MUAC (presumably fat stores) de-
pregnancy weight gain. The infants born of compli- creased the most in late pregnancy gave birth to the
cated deliveries were also heavier and more likely to infants with the largest weights, lengths, and MUAC.
be male. This is not contradictory to what was found in an

earlier analysis on the non-stratified sample, which
Stillbirths and miscarriages. Because the number of showed that maternal fat gain in the 2nd and 3rd
stillbirths, miscarriages, and abortions was small trimester was positively associated with pregnancy
(n = 5) comparisons of relevant factors were made weight and birth weight (Table 6). The benefi-
with normal pregnancy outcomes. Statistical tests cial fat loss occurred later in pregnancy, ostensibly
(the t-test) were performed to see if the proportions providing a source of energy for the growing fetus.
of women with histories of poor reproductive out-
comes and other visible risk factors was higher
among those women with current pregnancy wastage
than among those with current normal outcomes.
Variables included history of stillbirths, abortion, or
miscarriage; number of previous abnormal deliver-
ies; visible goitre; and use of non-iodinated salt.
Despite the small number of abnormal outcomes,
statistically significant differences (a = 0.05) were
found for all variables other than goitre, which was

Table 6: Relationship between change in MUAC during
pregnancy and infant size at birth

Women Infant No. ra p

Net MUAC loss vs. birth weight 64
during pregnancy vs. birth length 93

-0.29 0.02

-0.23 0.03

vs. birth MUAC 62 -0.41 0.001
a Pearson correlation, two-tailed.
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Infant growth from birth to 6 months. The mother's
size upon entry into pregnancy determined, in large
measure, the child's growth from birth to 6 months
and the attained size. Matemal height, pre-pregnancy
weight, weight during all trimesters and lactation,
and BMI during pregnancy and lactation correlated
positively and significantly with infant weight,
length, and MUAC (except for height with infant
MUAC). Regression analysis indicated that matemal
height and weight each accounted for 14% of the
variance in infant weight and length at 6 months.
Genetic factors and a shared environment probably
contribute to this correlation.

Matemal fat stores (sum of six skinfolds and
MUAC) during both pregnancy and lactation also
correlated positively with infant weight, length, and
MUAC. More interesting were the correlations
between changes in matemal stores and infant
growth during the first 6 months of life. A negative
relationship between MUAC change in pregnancy
and subsequent infant growth in length and weight
from birth to 6 months was seen. The mothers who
had the largest decrease in skinfolds and MUAC dur-
ing pregnancy and the first 5 months of lactation had
infants who gained the least weight, fat and length
from birth to 6 months of age. During lactation a
gain in MUAC in the mother was associated with
fatter and heavier infants. Thus, it is seen that mater-
nal fat stores in the pre-pregnancy period and mater-
nal fat deposition in pregnancy and lactation support
infant growth. Presumably, the better nourished the
mother, the better the ability to lactate.

Positive infant growth was predicated by mater-
nal pregnancy and lactation weight, height, BMI, and

MUAC. Decreases in maternal fat stores during
pregnancy and lactation are represented by decreases
in MUAC, a useful field measure. As with birth
weight and intrauterine growth retardation, maternal
anthropometry can predict infant growth outcomes.

Summary
Overall, the analyses validate the use of simple
matemal anthropometric measurements to predict
potential poor infant outcomes from birth to 6
months of age. The addition of a few questions about
a mother's reproductive history, age, and visible
medical conditions such as goitre allow for the
prediction of delivery complications, pregnancy
wastage, and perinatal deaths. The analyses also con-
firmed the need for differential nutritional and preg-
nancy weight-gain recommendations for women of
varying pre-pregnant size. While larger and better
nourished women may be able to withstand low en-
ergy intakes and loss of body fat and protein during
pregnancy and lactation, shorter, leaner women
with good infant outcomes demonstrate higher
pregnancy weight gains and less fat loss during late
pregnancy and lactation.

Reference
1. Newmann C, Ferguson L. Analysis of maternal

anthropometry as predictors of risk for adverse
pregnancy outcome. Final report of Kenya CRSP
Project. Washington DC, USAID, 1993.
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Maternal anthropometry as a risk predictor of
pregnancy outcome: the Nutrition CRSP in
Mexico
J.R. Backstrand1

Introduction
The analyses presented here employ data collected
by the Mexico Nutrition CRSP research project in
six villages in the rural Solis Valley of central Mexi-
co during 1984-86 (1, 2). This was a joint project of
scientists at the Mexican Instituto Nacional de la
Nutrici6n Salvador Zubiran and the University of
Connecticut in the USA, and was funded during
1982-87 and 1989-92 by the U.S. Agency for Inter-
national Development.

The Mexico CRSP was a longitudinal study of
the effects of dietary intake on a range of human
functions, including birth outcome, the results of
which are summarized here. Analyses are based on
data collected on 76 pregnancies.

Subjects and data
The research focused on (1) pregnant mothers and
their subsequent infants (followed till 8 months of
age), (2) pre-schoolers aged 18 months (followed for
12 months), (3) children aged 7-8 years (followed
for 12 months), and (4) the parents and households
of the selected children. Subjects were enrolled,
when available, from the target communities and
represent nearly all who qualified to be selected in
the six communities.

Pregnant women were identified in several
ways:
- mothers of newly enrolled children were tested

for pregnancy at the time of the family's enrol-
ment;

- pregnancy testing was conducted every 3 months
on the mothers of the selected children;

- screening of mothers at high-risk of pregnancy
was done in one community to increase the
sample size.

' Department of Nutritional Sciences, University of Connecticut
Health Center, Farmington, CT, USA.

Maternal anthropometry. Anthropometric data were
collected on all members of target households under
the supervision of Dr Julia-Beatriz Castillo. Meas-
urements included weight (to nearest 0.1 kg), height
or length (0.1 cm), head and upper arm circumfer-
ence (0.1 cm), and the triceps, biceps, subscapular
and supra-iliac skinfolds (0.1 cm). Anthropometry
was measured on non-pregnant women every 3
months, and on pregnant women every month.

Pregnancy outcome. Infant anthropometry was
measured within 8 days of birth, at 30 days, and at
other times until the age of eight months. Other birth
outcome information was recorded by the project
physician, including data on the type of delivery
(vaginal or caesarean section), type of birth (live,
still, or spontaneous abortion), and any delivery
complications. The Mexico Nutrition CRSP did not
carry out Dubowitz testing, so the database contains
no estimate of the gestational age of the infant at
birth.

Maternal anthropometry and birth
weight
Table 1 shows the correlation coefficients for birth
weight and various maternal anthropometric mea-
sures. Of the anthropometric measures, weight and
body mass index show the highest associations with
birth weight. However, these are not particularly
strong relationships until the third trimester.

It was observed that the lightest mothers tended
to have the lowest weight infants. However, there
was little apparent effect from maternal height. This
is shown in the multiple regression model (Table 2):
weight has a weak, positive relationship, while
height has a slope near zero (statistically not signifi-
cant). Similar near-zero slopes for height are seen in
models for the second and third trimesters. Unlike
height, the effect of weight is moderately strong in
the third trimester.
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Table 1: Correlations of
metry with birth weight

Variable

Age
Parity
Height

Pre-pregnancy:
Weight
BMI
Upper arm circ.
Triceps
Biceps
Subscapular
Supra-iliac

1 st trimester:
Weight
BMI
Upper arm circ.
Triceps
Biceps
Subscapular
Supra-iliac

Early (pre-pregnancy
and 1st trimester):
Weight
BMI
Upper arm circ.
Triceps
Biceps
Subscapular
Supra-iliac

2nd trimester:
Weight
BMI
Upper arm circ.
Triceps
Biceps
Subscapular
Supra-iliac

maternal age and anthropo-

Number

75
72
75

30
30
30
30
30
30
30

34
34
32
32
32
32
32

37
37
37
37
37
37
37

54
54
49
49
48
49
49

Correlationa

-0.05
0.04
0.15

0.21
O0.24b
0.07
0.09

-0.07
0.13
0.18

0.20
0.27b
0.19
0.06
0.00
0.09
0.15

0.19
O0.22b
0.09
0.05

-0.05
0.08
0.14

0.24c
0.22b
0.18b
0.21b

-0.01
0.12
0.17

3rd trimester:

Weight 72 0.35d
BMI 71 0.369
Upper arm circ. 65 0.22C
Triceps 65 0.02
Biceps 65 0.01
Subscapular 65 0.04
Supra-iliac 65 0.03

a One-tailed P-values. b p <0.10. c P <0.05.
d p <0Q005. e p <0.001.

Changes in anthropometry during pregnancy
appear to be related to birth weight. It was found that
the smallest infants were those whose mothers had a
relatively lower pre-pregnancy and early pregnancy

weight, and who subsequently failed to gain much
weight by the third trimester. However, a multiple
regression model (not shown) was not significant,
although this may be due to a combination of multi-
colinearity and small sample size.

Table 3 shows the correlations between birth
weight and changes in weight, skinfold thickness,
and upper arm circumference between the early and
the third trimester measurements. Change in weight
shows little relationship to birth weight, nor do
changes in biceps or upper arm circumference.
Examination of the scatterplots showed the supra-
iliac and subscapular correlations to be affected by a
single outlying case. The removal of this individual
substantially reduced correlations (supra-iliac, r = 0. 18;
subscapular, r = 0.09).

Summary
A total of 76 births and associated pregnancies were
analysed using data collected in the rural Solis Val-
ley of the central Mexican highlands. Interpretation
of the findings was severely handicapped by the
relatively small number of pregnancies with early
anthropometric data: only 37 women had anthropo-
metry collected during the pre-pregnancy period or
the first trimester, and only one of these delivered
an infant with low birth weight.

Women in this population tended to be short
compared with those in industrialized countries.
Although their pre-pregnancy and first trimester
BMIs were lower than those of U.S. women, their
trunk skinfolds tended to be somewhat higher. Most
weight gain and the highest rates of weight gain in
pregnancy occurred during the second trimester.
Earlier Mexico CRSP analyses had shown that
women with a lower BMI in pre-pregnancy and the
first trimester tended to gain more weight during
pregnancy than heavier women (2), which was con-
firmed in the present study: lower weight-for-height
women tended to gain more weight during preg-
nancy, as did women with smaller skinfolds. These
thinner women also tended to consume more energy
during pregnancy. At the same time, fatter women
tended to show losses of body fat, particularly in the
trunk measures. Much of this change appeared in the
third trimester.

Weights of newbom infants were measured
within 8 days of birth, and were defined for analytic
purposes as "birth weights". These infants tended to
be small in both weight and length at birth. How-
ever, the prevalence of low birth weight in this popu-
lation was low, only 3 infants (4%) having birth
weights below 2500 g. As no measure of gestational
age was collected, we cannot say which, if any, of
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Table 2: Multiple regression models on the relationship of infant weight (at 0-8 months) to
maternal weight and height

Parameter Standardized
estimate parameter t-value P

Model 1 (n = 32)8
Intercept 3.876 0.00 1.72 0.09
Early weight 0.014 0.26 1.26 0.21
Height -0.004 -0.11 -0.54 0.58

Model 2 (n = 49)b
Intercept 3.702 0.00 2.06 0.04
2nd trimester weight 0.159 0.28 1.57 0.122
Height -0.004 -0.11 -0.65 0.52

Model 3 (n = 70)c
Intercept 3.547 0.00 2.38 0.02
3rd trimester weight 0.026 0.45 3.21 0.002
Height -0.012 -0.15 -1.08 0.283

a Model 1: R2 = 0-04
b Model 2: R2 = 0.38.
c Model 3: R2 = 0.39.

Table 3: Correlations between birth weight and changes
in weight, skinfold thickness, and upper arm circumfer-
ence between early anthropometry (pre-pregnancy or
first trimester) and the third trimester

Variable No. Correlationa

Change in:
Weight 36 0.07
Biceps 32 -0.14
Triceps 32 -0.21
Subscapular 32 -0.24b
Supra-iliac 32 -0.36c
Upper arm circumference 32 -0.06

a One-tailed P-values. b P <0.10. c P <0.05.

these infants may have been born prematurely. Rates
of birth complications were quite low, and there
were no reported infant deaths.

The analytic strategy we employed relies heavily
on correlation, regression and graphical representa-
tions. This is due in large part to the small sample
size and the weakness of relationships between the
predictor variables and birth weight. Attempts at
using a categorical approach (cut-off <3100 g)

resulted in non-significant chi-squared statistics and
low odds ratios.

At all periods of pregnancy the best predictors
of birth weight were maternal weight and BMI. In
pre-pregnancy and in the first trimester the BMI had
marginally stronger correlations than weight alone.
Plots and multiple regression models suggest that
most of this effect of BMI is due to weight, with lit-
tle independent effect of height. With the exception
of upper arm circumference (2nd and 3rd trimesters)
and triceps (2nd trimester only), the skinfold and cir-
cumference measures showed little relationship to
birth weight.
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