
2. Materials and methods

In order to meet the project objectives it was neces-
sary to assemble the relevant evidence from separate
independent studies and provide the best possible
synthesis of the available information. Historically,
qualitative reviews of the literature constituted the
only means of reviewing and integrating the findings
of several studies. Various difficulties occurred in
relation to this process, including bias in the selec-
tion of studies, subjective weighting of studies in the
interpretation of a set of findings, and failure to
examine characteristics of the studies as potential
explanations for disparate or consistent results.
During the last 15 years or so, meta-analysis tech-
niques have introduced quantitative, probability-based
methods to address these difficulties.a

The analysis problem
In the present context the problem is to determine
the strength of the relationship between an agreed set
of matemal anthropometric indicators and selected
pregnancy outcomes. Ideally, the results would apply
universally, irrespective of country and setting, but
provision must be made to determine whether this is
actually the case. For example, it is widely apprecia-
ted that mothers who are short are at higher risk of
delivering a low-birth-weight baby on the one hand
and of suffering obstructed labour on the other. But
how high are these risks? Can we say that the level
of risk is the same for short mothers in India as in
Malawi? In order to answer these questions, the fol-
lowing practical matters must be addressed:

the choice of a measure of risk;
a method of estimating that measure;
the selection of cut-off points to define the risk
category;
the identification of a minimal risk category for
comparison purposes.
A formal method for integrating the findings

from each independent study must also be developed
to minimize the effect on the meta-analysis of differ-

a Detailed reviews of the growth of meta-analysis and its
present scope, with particular reference to the medical field, are
to be found in Greenland (8) and Jenicek (9). Hedges & Olkin's
book (10) is the key reference for the statistical techniques of
meta-analysis. The most recent methodological developments
are introduced in the book by Eddy, Hasselblad & Shachter (7).
This latter group have introduced the Confidence Profile method
for meta-analysis, and this is the basis for the general approach
and formal analysis adopted for this study.

ent sources of bias. The issues emerging in designing
the analysis are considered below.

Analysis design
Modelling strategy

The list of pregnancy outcomes of interest identified
in Chapter 1 are dichotomous (e.g., preterm birth: yes
or no), while the anthropometric indicators (or pre-
dictors) are continuous variables and may be ana-
lysed as such, or altematively they may be categor-
ized into two or more groups. Thus, when assessing a
mother's height, weight or arm circumference, po-
tential problems are identified in terns of whether
she is below or above a locally relevant cut-off point.
For this reason it was felt that anthropometric indica-
tors should be categorized for purposes of analysis
and application of results. Also, it was suggested by
collaborating investigators that a 4-level grouping
be used to establish risk ratios, based upon quartile
distributions of each indicator. The reference group
with which the other categories are compared for
risk would be the highest quartile.b The absolute risk
for any group could not therefore be determined
since analysis based on this categorization can only
produce an estimate of the risk associated with being
a member of the lowest quartile group relative to
that for the highest quartile.

A further consideration is WHO's intent to
report findings of general, rather than local, rel-
evance. Locally defined cut-off points, based on the

b In effect, this approach assumes that the lowest risk of a poor
outcome is to be found in the group of women in the upper
quartile. This is reasonable if the risk decreases monotonically
as the anthropometric indicator increases in size. For example,
as maternal height increases, the risk of a low birth weight has
been observed to decrease. It must be appreciated that this
assumption may be invalid at the very upper end of the indicator
range. It is well known that the risk curve relating maternal
weight gain to infant mortality is not linear, but 'U' shaped; that
is, risk begins to increase again at very high levels of weight
gain. One suggestion offered at the Cali meeting was to deter-
mine the range of weights or heights, etc. at which no adverse
outcomes (e.g., birth weight above 4000 grams, and no preg-
nancy complications) were observed and to use this range as
the reference category. In practice, this proved problematic.
Although an important public health tool, anthropometry per se is
not highly predictive of outcome - adverse outcomes may be
observed at all levels of an anthropometric indicator - and rela-
tively few pregnancies had completely optimal outcomes in any
one study; too few in fact to readily accommodate the required
modelling for most data sets. The compromise suggestion was
to use the upper quartile of the indicator's distribution as the
minimal risk group for purposes of establishing, in a relative
sense only, the risk in other groups.
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distribution of the relevant indicator, would be
expected to have the highest predictive power for
risk but the findings based on such specific circum-
stances would be difficult to generalize. To illustrate
this problem, the matemal height value below which
a quarter of the sample of mothers are to be found in
the India (Pune) data would correspond to perhaps
the 5th percentile for any of the data sets from the
USA or Europe. The working solution adopted was
to look for small clusters of studies that could be
grouped according to similar anthropometric charac-
teristics.c To this end, groups of data sets were iden-
tified by cluster analysis for each indicator in tum. A
common set of quartile cut-off points was then cal-
culated for each cluster, and this set was used in the
subsequent analyses (details are to be found in the
Appendix). The country groups identified by this
approach are listed by indicator in Table 5.

The odds ratio (OR) is a well established meas-
ure of effect size or risk in epidemiology, which
offers a measure of the strength of association
between exposure to the risk factor and the outcome
under investigation.d The odds ratio can range from
zero to infinity with a value greater than 1 indicating
an elevated relative risk or higher odds of an adverse
outcome in the exposed groups as compared with the
reference group. A value less than 1 implies a
reduced risk. As the dependent variable is binary, the
linear logistic regression model has been used to cal-
culate this ratio.

The nature of the model discussed so far consid-
ers only the association of an indicator with a partic-
ular outcome. Most studies reported in the literature
attempt to control for a variety of additional factors
that may confound or modify the relationship be-
tween the outcome and the predictor. For example:
matemal age, previous obstetric history, socioeco-
nomic status, educational level, etc. are normally
considered and controlled for in studies of the influ-
ence of matemal anthropometry on birth weight or
pregnancy complications.

c The alternative possibility of forming groups on the basis of
the post-analysis effect size was considered but rejected, pri-
marily because the distributional characteristics of maternal
height or weight for any data set are taken as given and repre-
sent fixed inputs into the statistical model, whereas the effect
size (the odds ratio) is estimated by the model and as such will
be calculated with a measure of uncertainty. So it appears more
appropriate to group data sets in terms of similar anthropometry.
d Here, 'exposure' refers to mothers below the selected cut-off
point for the given anthropometric indicator. If the indicator is
maternal height, then a present deficit in height may reflect an
adverse environment and poor nutritional conditions during the
early years of growth. If the indicator is maternal weight or arm
circumference, the nutritional deficit implied will be current or
more recent (11).

Models of this kind may be regarded as etiologic
in so far as their motivation is to investigate the
underlying causes of the adverse pregnancy outcome.
The stated objectives of this project are concerned
with the more modest question of the predictive abil-
ity of anthropometry per se, irrespective of other fac-
tors. What needs to be known is: what anthropomet-
ric measurements and what cut-off points should the
health worker use to predict, with confidence,
adverse outcomes to the mother and/or the newborn?
This is felt to be of considerable practical interest, as
information on other clinically relevant factors is
often unobtainable in primary health care settings
and, if available, is typically used independently of
anthropometric indicators.

The Confidence Profile method
Following the modelling of the relationship between
an anthropometric indicator and a given outcome for
each data set, a plot of odds ratios (OR) and confidence
intervals for the various data sets involved will show
the range of variation in the results as shown in Fig.
1. In this figure it will be seen that the odds of a low-
birth-weight infant for women in the lowest height
category, compared to those in the highest height
category, are twice as great for the Nigerian data and
around 3.5 times as great for the Gambian data.
Typically, the ORs are around 1.7 with a few
obvious exceptions.

What is now required is a statistical method to
combine these results. A common classical means of
doing so is to calculate a weighted mean of the ORs
with the weights inversely proportional to the vari-
ance of the individual estimates. Thus, well deter-
mined estimates with good precision will be more
influential in determining the combined mean than
those with a larger degree of uncertainty. An impor-
tant and very recent methodological development,
entitled the Confidence Profile (CP) method (7), per-
mits the calculation of a probability curve describing
the combination of the study ORs (a brief descrip-
tion will be found in technical note A in Ch. 9, page
47). In addition to other advantages of the CP meth-
od described by Eddy et al. (7), the computed prob-
ability curve provides a visual picture of the range of
uncertainty in the estimate of the combined odds
ratios. This will be important in both understanding
and interpreting the results obtained by the meta-
analysis procedure. This point is best illustrated in
Fig. 2, which shows the distributions associated with
the OR for individual studies and for the estimated
combined OR for the indicator. Two points will be
obvious: (i) there is a large measure of uncertainty in
the parameter estimates for Guatemala (GUA), Indo-
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Table 5: List of analysis groups, by indicatora

Indicator Analysis grouping, by country/data set

Maternal height

Pre-pregnancy weight

Weight attained by
months 5, 7, and 9

Weight gain: pre-
pregnancy to months
5, 7, and 9

Weight gain: months
5 to 7, 5 to 9, and
7 to 9

Mid-upper-arm
circumference

Pre-pregnancy BMI

BMI attained by
month 5

BMI attained by
months 7 and 9

Group 1: Guatemala, India (Pune), India (Hyderabad), Indonesia, Nepal (Rural), Nepal (Urban), Sri Lanka
Group 2: Colombia, Malawi, Myanmar, Thailand, Vietnam
Group 3: Argentina, Cuba, Gambia, Lesotho, Nigeria
Group 4: Botswana, China, Ireland, United Kingdom, USA/CDC (Black, Hispanic & White)

Group 1: India (Pune), India (Hyderabad), Sri Lanka, Nepal (Rural), Nepal (Urban)
Group 2: Guatemala, Indonesia, Myanmar, Vietnam
Group 3: China, Gambia, Malawi, Thailand
Group 4: Argentina, Colombia, Cuba
Group 5: Ireland, Lesotho, United Kingdom, USA/CDC (Black, Hispanic & White), USA/NCPP (Black)

Group 1: India (Pune), Nepal (Rural), Nepal (Urban), Sri Lanka
Group 2: Guatemala, Indonesia, Myanmar, Thailand, Vietnam
Group 3: China, Colombia, Gambia, Malawi
Group 4: Botswana, Ireland, Lesotho, United Kingdom
Group 1: China, Ireland, United Kingdom
Group 2: Colombia, Indonesia, Malawi, Thailand, Vietnam

Group 1: China, Colombia, Ireland, Thailand, United Kingdom
Group 2: Botswana, India (Pune), Indonesia, Myanmar, Sri Lanka
Group 3: Malawi, Nepal (Rural), Vietnam

Group 1: India (Pune), Myanmar, Nepal (Rural), Nepal (Urban)
Group 2: China, Indonesia, Sri Lanka, Vietnam
Group 3: Gambia, Malawi, Thailand

Group 1: India (Pune), Sri Lanka
Group 2: China, Gambia, India (Hyderabad), Indonesia, Myanmar, Nepal (Rural), Vietnam
Group 3: Guatemala, Malawi, Thailand
Group 4: Argentina, Cuba, United Kingdom, USA/CDC (White), USA/NCPP (Black)
Group 5: Colombia, Ireland, USA/CDC (Black & Hispanic)

Group 1: India (Pune), Sri Lanka
Group 2: China, Gambia, Indonesia, Myanmar, Nepal (Rural), Thailand, Vietnam
Group 3: Colombia, Guatemala, Ireland, Malawi, United Kingdom
Group 1: India (Pune), Nepal (Rural), Sri Lanka, Vietnam
Group 2: China, Gambia, Indonesia, Malawi, Myanmar, Thailand, Vietnam
Group 3: Colombia, Guatemala, Ireland, Malawi, United Kingdom

a For purposes of analysis, countries have been grouped according to the similarity of the distributions of the individual indicators. This
has been determined by means of a cluster analysis of the country medians for each indicator in turn. See text for details.

nesia (INO), and India-Hyderabad (IN(H)), as these
appear spread out and skewed to the right, whereas
the remaining parameter estimates, e.g., Nepal-Rural
(N(R)), are narrower and symmetrical; (ii) by taking
account of the full characteristics of individual pro-
files, the combined profile may be estimated with a
high degree of precision as shown by its relatively
narrow probability distribution. The meta-analysis
result obtained in the above manner accepts the indi-
vidual study results at face value, ignoring the pos-
sibility of various biases within and between studies,
e.g., differences in study settings, research designs,
etc. Potential sources of bias will be discussed
below, but in any event the rationale for combining
individual profiles requires that all studies be as-
sumed to estimate the same true value and a formal

test of this assumption is important. Such a test for
homogeneity determines the probability that the
range of results (ORs) from the individual studies
could have arisen by chance alone. A statistically
significant test result indicates a degree of hetero-
geneity between the studies which should be account-
ed for. How this is done is discussed below.

Potential sources of bias
As noted above, the validity of the meta-analysis
depends very much upon the control of various
sources of bias that may arise. Felson (12) classifies
the sources of bias for a meta-analysis as (i) sam-
pling bias, (ii) selection bias, and (iii) bias arising
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Fig. 1. Estimated odds ratios and 95% confidence inter-
vals for LBW by maternal height for analysis groups 1
to 4. The ORs are for maternal height below the lowest
quartile cut-off point versus height above the highest quar-
tile cut-off point.
GUA, Guatemala; IN(P), India (Pune); IN(H), India (Hydera-
bad); INO, Indonesia; N(U), Nepal (Urban); N(R), Nepal
(Rural); SL, Sri Lanka; COL, Colombia; MAL, Malawi; MYN,
Myanmar; THA, Thailand; VIE, Vietnam; ARG, Argentina;
CUB, Cuba; GAM, Gambia; LES, Lesotho; NIG, Nigeria;
CHI, China; IRE, Ireland; UK, United Kingdom; CDC(B),
USA (CDC-Black); CDC(H), USA (CDC-Hispanic); CDC(W),
USA (CDC-White); and NCPP(B), USA (NCPP-Black).

10.0
* Estimated odds ratio

0 95% confidence intervals

6.0 .--- ---------------
0

24.0 *

04.0 I 1 1 *' i I1.0 ZZ 0 0...Z 0-

0.0~ ~ ~ ~ ~ ~ 0~

from scoring and coding of the studies. In the CP
method, Eddy et al. specify a range of potential
problems arising from biases to internal as well as
external validity. These are considered below, in so
far as they are relevant to this study.
Sampling bias. If the studies included in the meta-
analysis are not representative, then an accurate sum-
mary of the role of the indicator will not be possible.
Studies considered for this analysis were identified
by key researchers from all parts of the world during
the Washington conference in April 1990; partici-
pants were asked to nominate researchers known to
have conducted their own studies in this field for
subsequent contact by WHO. During the following
months, some 55 individual investigators were iden-
tified and contacted and requested to submit a propo-
sal for collaboration.
Selection bias. In the invitation to investigators to
participate, the protocol (see footnote a, on page 1)
requested information on 13 areas relating to the study
design, training, scope of the data, and the resources
available to undertake the re-analysis. A panel of
WHO personnel reviewed the proposals and applied
a three-way categorization:
* Category 1: projects deemed to qualify on the pre-
agreed grounds and for which support could be made
available directly (on a 'first come, first served'
basis) from core project funds.

Fig. 2. Posterior probability distributions for the esti-
mated ORs for LBW by height for the studies in coun-
tries comprising group 1. The ORs are for maternal
height below the lowest quartile cut-off point versus height
above the highest quartile cut-off point. The mean OR of
the distribution of the combined profiles is 1.74 (95% confi-
dence interval, 1.5-1.9). GUA, Guatemala; N(U), Nepal
(Urban); N(R), Nepal (Rural); IN(P), India (Pune); SL, Sri
Lanka; INO, Indonesia; and IN(H), India (Hyderabad).

I /;~~~~~~~~~~~~~~~.
Combined profile

N(R) \/0 i/ IN(P)

N(U) SL

INO IN(H)
GUA z

0 1.25 2.5 3.75 5.0
Odds ratio

* Category 2: proposals deemed acceptable, but for
which funds were then not available. A number of
these were forwarded to WHO Regional Offices for
consideration for support.

* Category 3: projects excluded for consideration on
the basis that the scope of the data, or the size of the
data set, or both, were considered inadequate. Less
than six proposals fell into this group.

As the raw data were provided to WHO for the
subsequent meta-analysis, coding of variables was
primarily under the control of the analyst. Standard-
ized definitions have been used where possible (see
below). The key sources of bias are:
(1) Biases affecting internal validity due to errors in
measurement of outcomes and 'exposure', e.g.,
rounding of errors in recording birth weight and
maternal anthropometry, uncertainty of gestational
age dates.
(2) Biases affecting external validity and compar-
ability such as dates of studies, mean age of mothers,
endemic diseases (e.g., malaria and high prevalence
of anaemia), differences in the prevalence of out-
comes of interest,e study setting (major urban hospi-
tal, small rural clinic, developed or developing coun-

e This potentially serious problem can be avoided by the use of
relative rather than absolute measures of effect, e.g., the odds
ratio instead of absolute risk or risk difference.
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try), level of training and quality of measurement
equipment, study design.

In addressing similar problems, authors of meta-
analyses have devised study quality tables in order to
code individual studies in terms of the main biases
likely to affect their conclusions. All available stud-
ies meeting previously determined entry criteria are
included but if evidence for heterogeneity is found
during analysis, the study results are analysed by
weighted linear regression, following Hedges &
Olkin's recommendations (10). The coded variables
of the study quality table become part of the explan-
atory variables in the regression model in order to try
and account for the observed differences in the
results. Table 6 is a study quality table which incor-
porates information relating to the major potential
biases noted above.

Definition of study variables
All analyses were conducted on liveborn singleton
births with recorded gestational ages between 22 and
45 weeks.
* Low birth weight (LBW): birth weight <2500
grams.
* Intrauterine growth retardation (IUGR): birth weight
less that the 10th percentile weight-for-gestational
age by sex of an international reference group (5).
* Full-term low birth weight (FTILBW): birth
weight <2500 grams and gestational age at delivery
of 37 weeks or more.

* Preterm birth (PTB): gestational age at delivery
less than 37 weeks.

* Delivery complications (assisted delivery): vari-
ous complications of delivery have been merged and
equated with assisted delivery, i.e., any delivery
which was coded as non-spontaneous, including
caesarean section. "Prolonged labour" was initially
considered for inclusion in this category, but eventu-
ally discarded since few studies explicitly reported
this complication.

* Pre-eclampsia: no generally accepted definition
for hypertensive disorders of pregnancy exists. The
WHO Collaborative Study on Hypertensive Dis-
orders of Pregnancy recommended a diastolic pres-
sure .90 mm Hg, proteinuria (130 g/l urine), and/or
presence of oedema. To minimize differences in clas-
sification between studies, only WHO collabora-
tive studies were analysed for this outcome.

* Postpartum haemorrhage (PPH): excessive bleed-
ing during the first 24 hours postpartum.

* Pregnancy month: this has been defined for com-
parability purposes in terms of a 4-week lunar
month. Thus, the 5th month of pregnancy refers to a
gestational age of .16 weeks and <20 weeks, the 7th
month is a gestational age .24 weeks and <28
weeks, and the 9th month corresponds to a gestation-
al age of .32 weeks and <36 weeks. With this defi-
nition, the typical pregnancy has a duration of 10
(lunar) months.
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