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PREFACE
The health of women is central to the successful social and economic development of the family and
the community. It determines the well-being of the mother, the fetus, the infant and the child, and in
tuM the health and reproductive capacity of the next generation's mothers. The individual's diet and
nutrition reserves in the body provide the substrate for the physiological systems that permit normal
health and successful reproduction. Inadequate maternal diets and reduced nutritional reserves impede
normal fetal growth and development and limit the physical, mental and social functions that are critical
to reproduction and motherhood. Overt or subclinical malnutrition in both general and specific forms
introduces for the woman, the fetus and the infant a significant risk of illness, disability and death.

The assessment of nutritional status is important at several levels. It is critical for monitoring and
quantifying risk in populations and their subgroups for policy and programme development. It is also an
important adjunct in the management of care by detecting abnormality in both the pre-reproductive and
reproductive phases of women's lives. Thus, the assessment of nutrition provides means for identifying
individuals or groups in need of intervention programmes and for evaluating their response to service
inputs. Assessment of nutritional status is an important feature of antenatal care and therefore must be
feasible at the most peripheral level of the health care system. The mother who follows the progress of
her own pregnancy is the first-level observer. The primary health worker and the traditional birth atten-
dant usually have personal experience and some formal training which permits them to quantify informal
observations and make simple decisions on the need for additional care or referral.

Assessment procedures for guiding care should be simple, effective, acceptable and inexpensive,
and the indicators derived from them should be readily understood, interpreted and acted upon. As
resources are limited and interventions must be targeted to those with the greatest need, the indicators
must be accurate, reliable, sensitive and specific; they should be able to detect those who need assis-
tance and reassure those who do not. Assessments must be performed consistently well, using the
minimum of technical resources, independently of who is carrying it out. This is not always possible in
practice; different cadres and different individuals within cadres will vary in their capacity to carry out
such assessments accurately. Similarly, individuals of the same capacity and cadre can perform differ-
ently as a result of the technical resources and equipment available to them.

Finally, the level at which the assessment procedure signals the need to intervene must be set, tak-
ing into account the available resources. The threshold for action is determined not only in biological
and probability terms, but also in terms of the numbers that can be effectively assisted. In an ideal
world, all levels of risk should receive any necessary intervention to cover the worst possible outcome,
even if this results in substantial wastage. To minimize waste, however, the limited resources in devel-
oping countries must be conserved for those who apparently have the highest level of risk for an
adverse outcome to the mother or the child. This implies that certain levels of risk will have to be
ignored on the grounds that the probability of a serious adverse outcome is less and therefore scarce
resources would probably be wasted.

An international meeting on the selection and use of maternal anthropometric indicators for screen-
ing and monitoring pregnancy and its outcomes was held in the Pan American Health Organization
(PAHO), Washington DC, in April 1990 under the sponsorship of WHO, USAID, PAHO, and Mother-
Care. Subsequently a small group of participants met to consider the requirements for, and the practical
issues concerned with planning and implementing a meta-analysis of existing databases in order to
examine the performance of selected indicators on a global basis. Following this meeting, the Maternal
and Child Health and Family Planning Unit and the Nutrition Unit of WHO, Geneva, assumed respon-
sibility for the project and jointly developed a research proposal and allocated funds. The proposal was
also submitted to USAID for consideration in the context of existing joint work in this area, and subse-
quently received generous support. Within a few months of the Washington meeting a substantial num-
ber of key investigators had been identified and contacted, and they agreed to collaborate in: (i) under-
taking a secondary analysis of their data, and (ii) providing a copy of the original data to WHO for
purposes of the meta-analysis. This supplement to the Bulletin of the World Health Organization reports
the findings of the meta-analysis concerning the usefulness of commonly employed indicators for
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selected infant and maternal outcomes and complications of pregnancy. It also proposes a short list of
preferred indicators that should be of particular relevance to programme managers and health workers
in different primary health care settings.

The usefulness of the findings of this study will only be demonstrated in the future through their
wide application in practical situations under various conditions. Information collected systematically
from different programmes should verify the recommendations made on the basis of this meta-analysis.
Apart from their acceptability and feasibility, these recommendations will have to be confirmed by the
more efficient use of resources and improvements in routine maternal, fetal and infant health indicators.
This task for service directors working in collaboration with national and international agencies will pro-
vide the basis for a comprehensive review of experience in the future.
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Resume

Anthropometrie maternelle et issues de la grossesse:
etude collective de l'OMS

La sant6 des femmes est au centre du d6veloppement social et economique de la famille et de la com-
munaut6. Elle determine le bien-etre de la mere, du foetus, du nourrisson et de 1'enfant, lesquels d6termi-
neront a leur tour la sant6 et I'aptitude a la reproduction de la nouvelle g6n6ration de meres. L'alimenta-
tion individuelle et les r6serves de l'organisme sont le support des systemes physiologiques qui
permettent une sant6 normale et une reproduction accomplie. Un r6gime alimentaire insuffisant chez la
mere et une diminution des reserves de l'organisme nuisent a la croissance et au d6veloppement du
foetus et limitent les fonctions physiques, mentales et sociales qui jouent un r6le capital dans la repro-
duction et la maternit6. Une malnutrition patente ou infraclinique, sous sa forme generale ou sous une de
ses formes sp6cifiques, entraine pour la femme, le fcetus et le nourrisson un risque 6leve de maladie,
d'incapacit6 et de d6ces.

Les m6thodes d'6valuation de l'6tat nutritionnel doivent etre simples, efficaces, acceptables et peu
coOteuses, et les indicateurs qui en d6rivent doivent etre faciles a comprendre, a interpreter et a modi-
fier. Comme les ressources sont limit6es et que les interventions doivent etre ciblees sur les groupes qui
en ont le plus besoin, les indicateurs doivent etre exacts, fiables, sensibles et specifiques; ils doivent
permettre d'identifier les personnes qui ont besoin d'une assistance et de rassurer les autres. L'6valua-
tion doit etre d'une qualit6 r6guliere, avec un minimum de ressources techniques, quel que soit l'ex6cu-
tant. En pratique, cela n'est pas toujours possible; differents cadres et diff6rentes personnes a l'int6rieur
d'un meme cadre, differeront dans leur aptitude a effectuer une telle 6valuation avec exactitude. De
meme, des personnes ayant les memes aptitudes et provenant du meme cadre peuvent obtenir des
resultats diff6rents selon les ressources techniques et le mat6riel dont elles disposent.

Enfin, il faut fixer le niveau auquel une m6thode d'6valuation signale la n6cessit6 d'une intervention,
en tenant compte des ressources disponibles. Le seuil d'action est d6termin6 non seulement selon des
criteres biologiques et statistiques, mais 6galement en fonction du nombre de personnes qui peuvent
b6n6ficier efficacement de I'assistance. Dans l'id6al, les personnes de tous les niveaux de risque
devraient recevoir toute intervention n6cessaire pour 6viter l'issue la plus d6favorable, meme si cette
faqon de faire entraine un gaspillage de ressources important. Pour r6duire ce gaspillage au minimum,
les faibles ressources dont disposent les pays en d6veloppement doivent etre r6serv6es pour les per-
sonnes qui ont apparemment le risque le plus 61ev6 d'issue defavorable pour la mere ou l'enfant. Cela
implique que certains niveaux de risques doivent etre neglig6s, en tenant compte du fait que la probabili-
t6 d'une issue d6favorable est plus faible en de tels cas et que des ressources deja faibles seraient pro-
bablement gaspill6es.

Une r6union internationale sur la s6lection et l'utilisation d'indicateurs anthropometriques maternels
pour l'6tude et la surveillance de la grossesse et de son issue a eu lieu a l'Organisation panamericaine
de la Sant6 (OPS), a Washington, en avril 1990, sous le parrainage de l'OMS, de l'OPS, de l'USAID et
de MotherCare. La reunion avait pour principal objet d'identifier des indicateurs anthropom6triques
appropries en vue d'une utilisation sur le terrain. A la suite de cette consultation, il a ete decide de pro-
c6der a une meta-analyse des s6ries de donn6es existantes sur l'anthropom6trie maternelle et les issues
de la grossesse. Ce projet avait pour objectif de d6terminer dans quelle mesure les donn6es anthropo-
m6triques sont utiles et efficaces pour pr6dire les issues de la grossesse chez la mere et l'enfant (y
compris les complications de la grossesse, du travail, de l'accouchement et du post-partum) dans diffe-
rents pays et d'6tablir des courbes de ref6rence sp6cifiques pour la prise de poids maternelle au niveau
des populations, comme outils de surveillance de la grossesse au niveau communautaire et individuel.

Vingt-cinq series de donn6es en provenance de 20 pays ont 6t6 rassembl6es et r6analys6es et les
r6sultats des diff6rentes 6tudes ont 6t6 regroup6s dans une m6ta-analyse. Les issues de la grossesse
6taient, pour le nourrisson: faible poids de naissance, retard de croissance intra-ut6rin et pr6maturit6, eL
pour la mbre: accouchement assiste, toxemie gravidique et h6morragie du post-partum. Les indicateurs
anthropometriques etudies etaient la taille de la mere, le perimetre brachial, le poids avant grossesse et
le poids atteint au bout de 20, 28 et 36 emaines ainsi que diverses prises de poids entre certains stades
de la grossesse. L'indice de Quetelet a 6galement ete examine a ces divers moments. Les sous-groupes
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de meres jugees a risque particulier d'issue indesirable, par exemple celles dont la taille 6tait inf6rieure a
la moyenne ou le poids inferieur au poids moyen avant grossesse, ont 6t6 examin6s separement.

La meta-analyse a 6te divisee en deux etapes. Dans la premiere, les odds ratios ont ete sp6cifi6s
pour chaque indicateur en fonction des six issues consid6r6es, et dans la deuxieme, les indicateurs
ayant des odds ratios souhaitables aux fins de d6pistage dans diff6rentes conditions d'utilisation ont et6
evalues. Les odds ratios ont ete bas6s sur la fr6quence de l'issue dans le quartile inf6rieur de la distribu-
tion de l'indicateur par rapport a sa frequence dans le quartile sup6rieur; on a pu ainsi identifier le degre
de risque par rapport a l'optimum dans le cadre consid6re plut6t que par rapport a une norme absolue.
Les indicateurs ayant les odds ratios les plus 6lev6s ont et6 ensuite 6valu6s afin de d6terminer leur utili-
t6 en tant qu'instrument de d6pistage par rapport a des criteres pr6d6termin6s: sp6cificite >0,7 et sensi-
bilit6 >0,35 dans 40% ou plus des 6tudes regroup6es dans la m6ta-analyse.

Issues fcetales

Les indicateurs du poids atteint entre le poids avant grossesse et 32 a 36 semaines montrent des odds
ratios 6lev6s pour le faible poids de naissance et le retard de croissance intra-ut6rin; ces rapports aug-
mentent lorsqu'on les calcule pour les sous-groupes anthropom6triques d6finis. L'odds ratio le plus 6lev6
(4,0) correspond au poids atteint au bout de 24 a 28 semaines pour le retard de croissance intra-ut6rin
lorsque cet indicateur est appliqu6 aux femmes de poids avant grossesse inf6rieur a la moyenne. Les
indicateurs n'ont pr6sent6 que des odds ratios faibles et irr6guliers en ce qui concerne la pr6maturit6.
Les quatre indicateurs concernant le poids atteint r6pondaient aux criteres de d6pistage pour le faible
poids de naissance, alors que le poids atteint avant grossesse, au bout de 20 semaines et au bout de 36
semaines r6pondait aux criteres pour le retard de croissance intra-ut6rin. Le poids avant grossesse et
l'indice de Qu6telet r6pondaient aux criteres de d6pistage pour le faible poids de naissance. Du point de
vue des services, cela suppose qu'une pes6e r6alis6e avant la grossesse, ou au d6but de la grossesse,
puis au bout de 20 ou 28 semaines est un indicateur utile du risque de faible poids de naissance et de
retard de croissance intra-ut6rin et constitue un signal d'alarme suffisamment pr6coce pour montrer la
n6cessite d'une intervention.

Issues maternelles

Dans 1'ensemble, les indicateurs ont une relation beaucoup plus faible avec les issues maternelles. La
taille maternelle en tant que facteur pr6dictif de l'accouchement assist6 a pr6sent6 l'odds ratio positif le
plus 6lev6 (1,6) mais ne r6pondait aux criteres de d6pistage que dans 5 6tudes sur 13 (38%). Pour les
deux autres issues, la plupart des indicateurs avaient un odds ratio de 1 au maximum, ce qui montrait un
risque neutre ou r6duit d'issue d6favorable associe au quartile inf6rieur. Le faible poids maternel et la
faible prise de poids sont associ6s au retard de croissance intra-ut6rin et sont donc susceptibles de
r6duire le risque d'accouchement assist6. Comme l'hemorragie du post-partum est associ6e a un travail
difficile et prolong6, ces indicateurs peuvent 6galement montrer un risque reduit pour cette issue. En
revanche, la toxemie gravidique est associ6e a une prise de poids rapide en fin de grossesse et ce sont
donc les valeurs du quartile sup6rieur qui sont associ6es a une augmentation du risque. II est clair que
ces indicateurs de "risque n6gatif" ne peuvent pas etre utilis6s pour exclure le risque d'issues d6favo-
rables graves, bien qu'ils puissent plaider en faveur de l'avantage, d6ja percu par la mere, de ne pas
"manger pour deux" pendant la grossesse.

Les indicateurs s6lectionn6s sur la base de leurs odds ratios et de leur capacite de d6pistage ont
ensuite ete juges du point de vue de leur aptitude a etre utilises dans diverses conditions de prestations
de services de sante, notamment dans le cadre des soins de sante primaire. L'etude a examin6 trois
limitations frequentes de la prestation efficace de soins primaires:

la frequence des contacts avec la mere: visite unique ou visites multiples;
-'existence de materiel (balances);
- 'etendue des services: couverture, enregistrement et competences.

Les indicateurs foetaux s6lectionn6s ont et6 examin6s dans le cadre de ces limites pour identifier
lesquels doivent etre choisis dans differentes conditions de prestations de services de sante. Lorsqu'on
ne dispose pas de balance, la taille et le perimetre brachial sont les seuls indicateurs utilisables pour le
faible poids de naissance et le retard de croissance intra-uterin, bien qu'ils ne repondent pas aux criteres
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de selection d6finis pour 1'etude. Lorsqu'on dispose de balances et qu'un enregistrement pr6coce des
meres est la norme, des pesees realisees au bout de 20, 28 et 36 semaines sont des indicateurs valides
du faible poids de naissance et du retard de croissance intra-uterin; lorsque les soins a la mere sont dis-
ponibles en permanence, le poids avant grossesse et l'indice de Quetelet sont egalement valides pour le
faible poids de naissance, le retard de croissance intra-ut6rin et la pr6maturit6. Aucun des indicateurs
utilisant la prise de poids ne satisfait aux criteres de I'analyse pour les odds ratios, de sorte que des
pesees multiples ne presentent pas d'avantages. 11 est clair que la prise de poids est un outil simple et
utile de surveillance de la sant6 generale pendant la grossesse, mais il ne s'agissait pas d'un critere de
selection dans le cadre de cette etude.

L'efficacit6, du point de vue du programme, des indicateurs deriv6s de cette analyse devrait etre
demontr6e par l'am6lioration des mesures classiques de l'issue de la grossesse, du point de vue de la
sant6 maternelle, foetale et infantile, et par l'utilisation plus efficace des ressources. 11 incombera au
directeur des services, en collaboration avec les organismes nationaux et internationaux, de proceder a
un examen complet de ces effets a long terme, au cours des annees qui viennent.
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1. Introduction

A workplan on maternal nutrition for WHO's Mater-
nal and Child Health, Family Planning and Nutrition
programmes was developed in 1988 in response to
requests from the World Health Assembly. There
was a clearly defined need to provide guidance to
national health services on practical ways of asses-
sing women's nutritional status, particularly in rela-
tion to reproduction. Numerous studies had previous-
ly investigated indicators based on maternal
anthropometry for purposes of predicting infant and,
less frequently, maternal outcomes of pregnancy.
Indicators such as maternal height, pre-pregnancy
weight, gestational weight gain, and mid-upper-arm
circumference received considerable attention as
proxy measures of current or past nutritional status,
which in turn bear directly or indirectly on pregnan-
cy outcome, particularly in relation to infant birth
weight.

Krasovec & Anderson (1) summarized the delib-
erations of a recent international meeting on this
topic and identified programme and research issues
in the use of individual indicators as well as pro-
viding an up-to-date literature review. The inter-
national meeting identified two areas of maternal
anthropometry as priorities for further investigation:

the lack of definitive recommendations on pre-
ferred indicators for specific pregnancy outcomes
in different primary health care settings;
the consistency of performance of individual
indicators in different populations and under
varying operational conditions.

As part of the WHO workplan it was therefore
decided: (a) to test the performance of selected indi-
cators in predicting various pregnancy risks for both
infant and mother, and (b) if indicators were found to
have a useful predictive role, to develop suitable ref-
erence values for screening and monitoring. One
immediate application for these reference values
would to be expand the WHO prototype home-based
maternal records (2) to include monitoring of nutri-
tional status. A joint agreement to finance the work-
plan was signed between WHO and USAID that led
to complementary funds being made available by
USAID during 1988-92.

Scope of the project
Various studies conducted in different settings have
identified a range of potentially useful indicators.
Under study conditions, with reliable equipment and
trained personnel, these have reportedly demonstra-

ted good predictive value. Unfortunately, such study
conditions are not widespread in routine service
operations and thus actual performance may be sig-
nificantly poorer than expected. There is there-
fore a need to provide sound technical advice on the
utility and feasibility of selected anthropometric indi-
cators for routine application in primary health care,
especially in circumstances where resources are
limited. This concern led to a jointly sponsored
WHO/PAHO/USAID/MotherCare conference on mater-
nal anthropometry (23-25 April 1990), which
focused specifically on identifying appropriate
anthropometric indicators for field application. The
conference discussed in detail the strengths and
weaknesses of single anthropometric indicators such
as maternal height, weight, gestational weight gain,
arm circumference, body mass index, and weight-
for-height in relation to both maternal and fetal out-
comes (3). This meeting was immediately followed
by a further consultation under the auspices of
WHO/PAHO (26-27 April 1990), in collaboration
with USAID/MotherCare, to address the practical
issues of developing a framework for the re-analysis
of existing data sets in order to permit a comprehen-
sive assessment of the available evidence. A decision
was taken to proceed with a large-scale secondary
analysis of data, followed by a meta-analysis of exis-
ting data sets on maternal anthropometry and preg-
nancy outcomes. The meeting also assisted in the
identification of appropriate data sets and endorsed
the proposal to contact investigators and request their
support in re-analysing their data according to a stan-
dard protocol.a Arising from these analyses, practical
guidance would be offered to health planners and
field workers on the expected performance of selec-
ted indicators.

Rationale for analysis strategy
The decision to undertake a re-analysis of existing
data, as distinct from undertaking a multicentre pros-
pective study, was dictated by three considerations:
- the existence of a sufficient number of suitable

data sets to permit the project objectives to be
met;

- the lower cost of re-analysis of existing data
compared with launching a new multicentre pros-
pective study; and

a Protocol for secondary data analysis of existing data bases on
matemal anthropometry. WHO Nutrition Unit and Programme of
Maternal and Child Health and Family Planning, Geneva, 1990.
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the timely availability of findings compared with
those of a large-scale prospective study.
The concomitant drawback to this analysis strat-

egy was that no control could be exercised over the
design of the original studies which, as with all sec-
ondary or meta-analyses, could prove problematic in
interpreting the results. Two measures tended to min-
imize this problem: first, studies were selected on the
basis of predetermined standards to ensure their
validity and comparability (see Chapter 2); second, a
detailed study protocol was provided to collaborators
to encourage a uniform approach. Investigators were
also asked to supply a copy of their data to WHO so
that uniform preparations (including definitions and
exclusions) were applied, and a common set of anal-
yses was performed using the same statistical soft-
ware. The individual study results were then subject-
ed to a formal meta-analysis as reported below.

Project objectives
The objectives of this meta-analysis are:
- to test to what degree anthropometric measure-

ments are useful and efficient in predicting ma-
temal and child outcomes of pregnancy (includ-
ing complications during pregnancy, labour and
delivery, as well as postpartum) in different coun-
try settings;

- to determine the quantitative association of spe-
cific indicators and combinations of indicators
and risk for mother and infant;

- to develop specific reference curves for maternal
weight gain (or weight gain-for-height or arm
circumference) for populations with different
characteristics, as tools to monitor pregnancy in
the community and home.

Outcomes investigated
Most studies concentrate on the infant outcomes
(e.g., birth weight, survival, and perinatal or neonatal
growth) and the majority of studies had information
relating to one or more of these. This project seeks
feasible predictors of both maternal and infant out-
comes, so particular efforts were made to identify
data sets that included pregnancy complications
(e.g., assisted delivery, pre-eclampsia, cephalopelvic
disproportion), as well as postpartum problems (e.g.,
haemorrhage). The outcomes listed in Table 1 were
expected to be common to a number of national
studies as they are routinely noted in a clinical set-
ting. In fact it was found that only the items in italics
were reported in a sufficient number of studies for in-
vestigation in this phase of the project. The remain-
ing outcomes, and possibly others, will form part of
the ongoing research as the data bank expands.

Core indicators
Kramer (4) provided a review of the many factors
having a known or potential bearing on selected fetal
outcomes, including genetic, constitutional, demo-
graphic, obstetric and nutritional variables. While
information on these factors is important in a clinical
setting, the present work focuses specifically on
matemal nutrition. In defining a minimal set of such
indicators, the constraints of service coverage, avail-
ability of proper equipment and the training level of
the health worker provide an operational framework.
Table 2 summarizes the indicators felt to be practi-
cable for each combination. The column headings
indicate the operational limitations by cross-classi-
fying equipment availability (scales vs. no scales)
with service coverage and worker training (service
constraints). The row categories reflect the frequency
of antenatal visits and hence the use of the measure-

Table 1: List of maternal and fetal outcomes of interesta
Stage Outcomes/complications

Pregnancy Pre-eclampsia b
Eclampsia

Labour/delivery Prolonged labour
Assisted defivery (forceps/vacuum extraction)
Cephalo-pelvic disproportion
Caesarean section

Postpartum Postpartum haemorrhage
Maternal mortality
Maternal anthropometry

Fetus Low birth weight
Intrauterine growth retardation
Preterm birth
Mortality: peri- and neonatal

Newborn Anthropometric measures
a For purposes of both the analysis and the recommendations a
distinction has been made between low birth weight (LBW) and
intrauterine growth retardation (IUGR). The former is defined by
WHO as a birth weight less than 2500 grams, and is very widely
used as a recognized poor outcome for the infant, resulting in an
elevated risk of morbidity and mortality. However, the LBW defi-
nition does not take account of the gestational age of the infant,
whereas IUGR does. An infant is defined as IUGR if its birth
weight is less than the 10th centile of a suitable weight-for-ges-
tational age reference. This is felt to provide a clearer indication
of the problem and avoid the confounding effect of birth weight
with preterm birth. Data from Williams et al. (5) were used to
establish a common fetal growth reference for purposes of the
meta-analysis. For the secondary analysis, all investigators
reported on LBW, but often employed a local definition of IUGR.
IUGR is at present more often found in the scientific and
research literature, while LBW continues as the most common
measure of poor fetal outcome in the operational context world-
wide. It was felt that a report on the analysis of LBW, IUGR, and
preterm birth would be of special value.
b Items in italics were the only ones reported in a sufficient
number of studies for investigation in this phase of the project.
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Table 2: Framework for maternal anthropometric indicator analysis

Scales available No scales available

Service delivery (I) (II) (Ill) (IV)
constraints: None Some None Some

A Early in pregnancya Late in pregnancya Early in pregnancy Late in pregnancy

Single measurement
-MUACb -MUAC -MUAC -MUAC

SCREENING - Height - Height - Height - Height
- Weight attained - Weight attained

B Throughout preg- Late in pregnancy Early in pregnancy Not applicable
Multiple nancy
measurements

SCREENING or A Weightc A Weight A MUAC
MONITORING A MUAC A MUAC

Height Height
a Access to the mother 'early in pregnancy' would imply contact during the 1st trimester or even pre-
pregnancy. Access 'late in pregnancy' implies contact at around 30 weeks or later.
b Mid-upper-arm circumference.
c The symbol A is used to denote change in the measurement during pregnancy. Although listed in B as a
potential indicator for use in monitoring, MUAC was found to change very little, if at all, during pregnancy
for the data analysed. Height will not change during pregnancy (unless the mother is still physically matur-
ing) and it may be conveniently recorded at any point of contact with the mother.
Notes on Table 2
(i) Service delivery constraints entail considerations of coverage, availability of appropriate equipment, qual-
ity of staff training, etc. The assumption is made that if coverage and quality are very limited, then service
contact prior to pregnancy is unlikely and pre-pregnancy weight cannot be determined. Similarly multiple
contacts with the mother are unlikely in such circumstances, so the assessment of gestational weight gain
will not be possible.
(ii) In A and B above, it must be appreciated that the choice of study indicators does not imply that these
are appropriate to detect 'responders' to any one of a number of possible interventions (e.g., dietary supple-
mentation, or referral to a better equipped centre).

ment, i.e., for screening or monitoring. The cells list
the measurements considered feasible under the com-
bination of circumstances. To illustrate, if service
constraints are poor and coverage is low (columns II
and IV), it is likely that mothers may be seen only
once before delivery and, that too, relatively late in
pregnancy. In these circumstances, maternal height,
arm circumference and, if scales are available, the
attained weight are the only practical measurements
(cells A II and A IV).b If there are fewer service
constraints and service coverage is high, it is likely
that contacts will occur on several occasions
throughout pregnancy and multiple measurements
are possible (cells B I and B III). The purpose is to
report on the utility of the listed indicators (and com-
binations of these) in a way that reflects the struc-
ture of Table 2. This should permit the service pro-
vider to identify the circumstances pertaining locally
and consider the corresponding options. Global

b This is not to preclude the possibility of other circumferences
(e.g., head and calf) or skinfold thicknesses, etc.; however, irre-
spective of merit, these are less commonly employed now and
are not considered in this report.

experiences in relation to the current use of these
core indicators are discussed in detail in the recent
PAHO report (1) and are summarized in a WHO pub-
lication (3).

As is evident from Table 2, each indicator can
potentially be measured at various times during preg-
nancy, depending on timing and frequency of contact
with the health service. These service contacts may
be conveniently categorized as pre-pregnancy, first
antenatal visit (at whatever gestational age), and sub-
sequent visits. Therefore, information may be obtain-
ed for a given indicator in the possible combinations
shown in Table 3.

Project stages
(i) The protocol to assist investigators in the re-

analysis of their data was developed at the World
Health Organization between June and July 1990,
and was subsequently reviewed and revised.

(ii) Some 55 investigators were identified and
contacted (August to December 1990) and asked to
provide a detailed description of their study for
review by a WHO panel. The submissions received
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Table 3: Key indicators and time at which these may be measured

Measurement Frequency Maternal indicator Abbreviation

Height Any time before or 1. Height HT
during pregnancy

Arm circumference

Weight

Weight gain

Body mass
index (BMI)

In mothers with low maternal

Weight

Weight gain

In mothers with low pre-pregr

Weight

Weight gain

Pre-pregnancy and
change during
pregnancy

Pre-pregnancy and
attained weight
during pregnancy

Weight change during
pregnancy

Pre-pregnancy and
attained BMI
during pregnancy

height:

Pre-pregnancy and
attained weight
during pregnancy

Weight change during
pregnancy

7ancy weight:
Attained weight
during pregnancy

Weight change during
pregnancy

2. Mid-upper-arm circumference

3. Pre-pregnancy weight
4. Attained weight by month 5
5. Attained weight by month 7
6. Attained weight by month 9

7. Weight gain: month 5 to 7
8. Weight gain: month 5 to 9
9. Weight gain: month 7 to 9

10. Weight gain: pre-pregnancy to
month 5

11. Weight gain: pre-pregnancy to
month 7

12. Weight gain: pre-pregnancy to
month 9

13. Pre-pregnancy BMI
14. Attained BMI by month 5
15. Attained BMI by month 7
16. Attained BMI by month 9

17. Pre-pregnancy weight
18. Attained weight by month 5
19. Attained weight by month 7
20. AKtained weight by month 9

21. Weight gain: month 5 to 7
22. Weight gain: month 5 to 9
23. Weight gain: month 7 to 9
24. Weight gain: pre-pregnancy to

month 5
25. Weight gain: pre-pregnancy to

month 7
26. Weight gain: pre-pregnancy to

month 9

27. Attained weight by month 5
28. Attained weight by month 7
29. Attained weight by month 9

30. Weight gain: month 5 to 7
31. Weight gain: month 5 to 9
32. Weight gain: month 7 to 9
33. Weight gain: pre-pregnancy to

month 5
34. Weight gain: pre-pregnancy to

month 7
35. Weight gain: pre-pregnancy to

month 9

were used to judge if the study was suitable for
inclusion in this project. Several previously agreed
considerations determined this, including study
design and data quality. A number of the prerequi-
sites are discussed in the study protocol, and are

commented upon in Chapter 2.

(iii) Grants were awarded to the selected collab-
orators between November 1990 and June 1991. In
all, 8 studies were supported at this stage by WHO; a

further 11 studies had previously been supported by
WHO or its Regional Offices. Finally, secondary
analysis of the remaining studies was undertaken by
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WT/5
WT/7
WT/9

WTg/5-7
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WTg/pp-5

WTg/pp-7
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BMlpp
BMI/5
BMI/7
BMI/9

WTpp(HT)
WT/5 (HT)
WT/7(HT)
WT/9(HT)

WTg/5-7(HT)
WTg/5-9(HT)
WTg/7-9(HT)

WTg/pp-5(HT)

WTg/pp-7(HT)

WTg/pp-9(HT)

WT/5(WT)
WT/7(WT)
WT/9(WT)
WTg/5-7(WT)
WTg/5-9 (WT)
WTg/7-9(WT)

WTg/pp-5(WT)

WTg/pp-7(WT)

WTg/pp-9(WT)
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Table 4: Studies available for meta-analysis as of the end of December 1991

Country Abbreviation Study

Argentina ARG Rosario
Botswana BOT WHO Hypertensive Disorders of Pregnancy study
China CHI WHO Hypertensive Disorders of Pregnancy study
Colombia COL Valle del Cauca Perinatal study
Cuba CUB Cuban Risk Approach Study
Gambia GAM Keneba Supplementation study (MRC-Dunn Nutrition Unit, Cambridge)
Guatemala GUA 'Oriente' study-INCAP
India (Pune) IN(P) WHO/SEARO Multicentre study on risk for low birth weight
India (Hyderabad) IN(H) NIN Hyderabad Anaemia Risk Study
Indonesia INO Bogor study on risk of low birth weight
Ireland IRE Rotunda study, Dublin
Lesotho LES WHO Hypertensive Disorders of Pregnancy study
Malawi MAL Malawi Maternal & Child Nutrition Study
Myanmar MYN WHO Hypertensive Disorders of Pregnancy study
Nigeria NIG Pregnancy risk study
Nepal (Rural) N(R) WHO/SEARO Multicentre study on risk for low birth weight
Nepal (Urban) N(U) WHO/SEARO Multicentre study on risk for low birth weight
Sri Lanka SL WHO/SEARO Multicentre study on risk for low birth weight
Thailand THA WHO Hypertensive Disorders of Pregnancy study
United Kingdom UK Aberdeen, Scotland
USA (CDC-Black) US/CDC(B) Pregnancy Nutrition Surveillance System (Centers for Disease Control)
USA (CDC-Hispanic) US/CDC(H) Pregnancy Nutrition Surveillance System (Centers for Disease Control)
USA (CDC-White) US/CDC(W) Pregnancy Nutrition Surveillance System (Centers for Disease Control)
USA (NCPP-Black) US/NCPP(B) National Collaborative Perinatal Project
Vietnam VIE WHO Hypertensive Disorders of Pregnancy study

the relevant national or international agencies. All
together these data sets represent information on
over 111 000 births in 25 studies from 20 countries.

(iv) Following completion of the re-analysis of
the various data sets by collaborators, individual
study reports were prepared by the investigators and
submitted to WHO (March 1991 through February
1992). Concurrent with this phase, investigators were
requested to provide their data for a joint analysis by
WHO. This enabled the testing and statistical control
of possible cross-study confounding factors (by
meta-analysis techniques, see Chapter 4), which
could account for some of the anticipated differences
in performance of individual or multiple predictive
indicators. Extensive checking, cleaning and prepara-
tion for the joint analysis of the multiple data sets
began around the middle of 1991 and continued
through December 1991. Preliminary analyses were
undertaken in preparation for a meeting of the col-
laborators that was held on 17-19 February 1992 in
Cali, Colombia. This meeting provided an opportu-
nity for the investigators to report on the re-analysis
of their data, and to finalize plans for the meta-analy-

sis and the preparation and content of the present
report.

A list of the data sets by country of origin is
given in Table 4. Abbreviations for study names
used throughout the text are also listed in this Table.

Structure of this presentation
The main results of the meta-analysis are presented
for three infant and three maternal outcomes in
Chapters 5 and 6, respectively. Within each section
selected anthropometric indicators are reported, with
results for all indicators being summarized at the
beginning of each chapter. The decision to include a
large amount of detail on the meta-analysis was dic-
tated by two considerations. First, meta-analysis is a
relatively recent set of methodologies and therefore
remains debatable; and the subject is still developing
at a rapid pace (6). The techniques employed in the
present study were first published as recently as
1992 (7). Consequently, it is recommended that all
meta-analyses be as fully documented as possible so
as to enable a proper assessment of the strength and
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limitations of the work. The potential application of
the results reported here requires compliance with
that recommendation. Given the stated objective of
this project, i.e., not only to ascertain the degree of
association between various indicators and preg-
nancy outcomes, but also to offer some guidance on
possible choices between these indicators, a second
reason for the level of detail presented is to enable
the findings to be assessed in relation to the read-
er's own context of interest-including geographic
area. Possible differences in findings, and the reasons
for these, may need to be accounted for before any

recommendations are considered for local adoption.
Nevertheless, it is certainly appreciated that for
some readers a simple and direct summary of the
findings is all that is required, and this has been
achieved by dividing the report into results sections
(for fetal and maternal outcomes, see Chapters 5 and
6, respectively), and conclusions and recommenda-
tions (Chapter 8). A section of technical notes (Chap-
ter 9) enables various methodological issues to be ad-
dressed without burdening the main text, and this is
followed by various appendices where more detailed
information can be found.
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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-

8 WHO Bulletin OMS: Supplement Vol. 73 1995
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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

WHO Bulletin OMS: Supplement Vol. 73 1995 9
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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.

WHO Bulletin OMS: Supplement Vol. 73 1995 11
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3. Secondary data analysis

Summary characteristics

Key outcome variables for the fetus

Recognition of basic differences between study set-
tings remains important in this analysis. For
example, the fetal and maternal outcomes that are the
subject of this investigation have very different prev-
alence rates across the 25 data sets. Some of the
studies derive from low-income and others from
high-income countries. As was seen in Chapter 2,
Table 6, the design, sample size, etc. of individual
studies varied significantly. This underlying diversity
is reflected in the percentages and means for the
main outcomes and indicators as shown in Tables 7
to 9. Cut-off points for the matemal anthropometric
indicators are given in the Appendices.

The prevalence of low birth weight ranges from
just over 4% for China and USA/CDC (Hispanic) to

28% for India (Pune), which also has the highest
full-term low birth weight (Table 7). IUGR varies
from a low of 5-7% for the USA/CDC and Ireland to
30-54% for a number of Asian countries. It will be
noted that IUGR rates often exceed LBW rates, par-
ticularly in southern Asian countries. In this project
IUGR was determined for meta-analysis by compar-
ing the reported birth weights with the reference
values derived from a high-income population (5).
This resulted in many births being classified as
IUGR with weights above 2500 g.

The highest recorded mean birth weight is for
Ireland (3436 g) and the lowest for India (Pune)
(2633 g), almost 800 g less. Over half the studies
have a mean birth weight in excess of 3000 g. The
mean gestational age at delivery clusters within the
range of 38-39 weeks, with two countries having a
mean of 40 weeks (Ireland and the United King-
dom). Botswana has a very low mean of 33.2 weeks

Table 7: Mean birth weight, gestational age at delivery, and percentages for selected birth outcomes for the fetus
LBW IUGR FT/LBW Preterm BWT Gestation

Country/data set (%) (%) (%) (%) (g) (weeks)
Argentina 6.3 9.7 3.4 7.2 3239 (535)8 39.1 (2.1)8
Botswana 12.5 8.8 _b 56.0 3031 (543) 33.2 (6.7)
China 4.2 9.4 2.4 7.5 3164 (424) 39.4 (1.9)
Colombia 16.1 17.8 6.8 15.7 3015 (658) 38.6 (3.2)
Cuba 8.1 14.7 5.0 7.2 3174 (544) 39.6 (2.4)
Gambia 12.1 13.5 5.2 13.5 2937 (410) 38.8 (1.6)
Guatemala 12.5 25.3 9.8 15.8 2996 (492) 39.0 (2.8)
India (Pune) 28.2 54.2 24.8 9.7 2633 (417) 38.9 (3.5)
India (Hyderabad) 15.3 _b - - 2782 (414) - -

Indonesia 10.5 19.8 8.0 18.5 2936 (415) 38.5 (2.6)
Ireland 5.6 6.9 2.6 6.2 3436 (612) 40.1 (2.4)
Lesotho 10.3 13.0 8.3 34.5 3078 (543) 36.7 (5.4)
Malawi 11.6 26.1 7.9 8.2 2977 (499) 39.3 (1.9)
Myanmar 17.8 30.4 12.7 24.6 2852 (469) 38.0 (4.9)
Nigeria 12.4 22.2 5.7 8.2 3052 (584) 39.4 (1.7)
Nepal (Rural) 14.3 36.3 11.8 15.8 2787 (416) 38.9 (3.1)
Nepal (Urban) 22.3 42.7 18.2 21.8 2760 (498) 36.4 (8.9)
Sri Lanka 18.4 34.0 15.8 14.0 2841 (458) 38.7 (4.0)
Thailand 9.6 17.0 6.9 21.3 3004 (462) 38.1 (4.6)
United Kindgom 6.2 12.3 3.6 4.6 3239 (505) 40.0 (1-9)
US/CDC (Black) 10.6 11.2 5.4 16.6 3144 (570) 38.4 (2.9)
US/CDC (Hispanic) 4.8 5.8 2.2 10.2 3347 (519) 39.0 (2.4)
US/CDC (White) 6.0 6.9 2.9 9.3 3355 (566) 39.1 (2.6)
US/NCPP (Black) 13.5 13.6 6.3 21.5 3058 (648) 38.3 (4.3)
Vietnam 5.2 18.2 4.2 13.6 2997 (369) 39.1 (3.0)
a Figures in parentheses are standard deviations (±SD).
b - = no information or too few observations.
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(with a high standard deviation of 6.2), which corre-
sponds with its very high pre-term birth rate (56%);
Nepal (Urban) is also rather low at 36.4 weeks (SD:
8.9). Gestational age is difficult to measure with
accuracy and this may have a direct bearing on major
variations in prevalence of preterm deliveries.

Key outcome variables for the mother

Mean maternal age ranges from just above 21
years for India (Pune) to around 27 years for China,
Ireland, Sri Lanka and Vietnam (Table 8). Assisted
delivery ratios are high at over 25% in Colombia,
Cuba and urban Nepal, while rural Nepal records the
lowest ratio of 2.2%. Pre-eclampsia is exceptionally
high in Colombia at 15.4%, while postpartum haem-
orrhage is high in Lesotho at 4.4%. The large num-
ber of studies for which no information is available
on maternal outcomes, especially for postpartum
haemorrhage, makes it difficult to make valid com-
parisons or draw useful conclusions. The generally

Table 8: Mean maternal age and percentages for selec-
ted pregnancy outcomes

Maternal Assisted Pre- Postpartum
Country/ age ± SD delivery eclampsia haemorrhage
data set (years) (%) (%) (%)

Argentina 24.5 ± 6 _a - _
Botswana 25.4 ± 6 8.5 7.3 -

China 27.3 ± 2 14.2 2.3 1.5
Colombia 24.0 ± 6 27.0 15.4 0.5
Cuba 23.8 ± 5 26.9 - -

Gambia 27.3 ± 7 - - -
Guatemala 26.9 ± 7 - -

India (Pune) 21.7 ± 4 3.6 <1.0
India (Hyderabad) 25.1 ± 5 - -

Indonesia 25.1 ± 5 8.5
Ireland 27.5±5 - - -

Lesotho 26.1 ± 6 9.3 5.5 4.4
Malawi 25.1 ± 7 - - -

Myanmar 26.5 ± 6 14.2 2.3 0.5
Nigeria 23.4 ± 5 14.4 - -

Nepal (Rural) 22.7 ± 5 2.2 <1.0 -

Nepal (Urban) 24.0 ± 5 27.6 5.3 -

Sri Lanka 27.5 ± 5 5.7 <1.0 -

Thailand 25.0 ± 5 16.8 6.1 1.0
United Kindgom 22.3 ± 4 - - -

US/CDC (Black) 22.7 ± 5 - - -

US/CDC (Hispanic) 24.2 ± 5 - - -

US/CDC (White) 23.4 ±+ - - -

US/NCPP (Black) 23.6 ± 6 - - -

Vietnam 27.2 ± 4 4.4 3.5 2.1
a - = no information or too few observations.

low prevalence rates for the various matemal out-
comes coupled with the small amount of data for
some categories pose problems for meta-analysis,
particularly with regard to the degree of precision
with which odds ratios can be estimated for individ-
ual studies. This point is raised in the discussion of
results in the relevant sections.

Maternal anthropometry
The means and standard deviations for several
maternal anthropometric indicators are presented in
Table 9 and Fig. 3. Four data sets (three from the US
and one from China) had a mean matemal height of
160 cm or above. At the other extreme, 7 studies
reported means of 150 cm or below; with the excep-
tion of Guatemala, these are from southern Asia or
south-east Asia. Weight patterns generally tend to
follow height patterns with one or two exceptions.
For example, although China has one of the highest
means for maternal height, pre-pregnancy weight is
near the middle of the range. Lesotho has the highest
mean pre-pregnancy weight and attained weight at
months 5, 7 and 9.
The distribution of means for key indicators in the
study are displayed graphically in Fig. 3.

Fig. 3. Dot plots of the variable means for countries
with data for height, weight (pre-pregnancy, month 5,
month 7 and month 9), and mid-upper-arm circumfer-
ence. The smallest and largest observations are labelled
with the corresponding study abbreviation.
GUA, Guatemala; US/CDC(W), USA/CDC (White); IN(P),
India (Pune); US/CDC(B), USA/CDC (Black); LES, Lesotho;
N(U), Nepal (Urban); and MAL, Malawi.
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Secondary data analysis

Table 9: Means of selected anthropometric measurements for maternal height, pre-pregnancy weight (WTpp), preg-
nancy weight at 5, 7 and 9 months, full-term weight gain, and arm circumference (MUAC)
Country/ Height WTpp WT5 WT7 WT9 WT gain MUAC
data set (cm) (kg) (kg) (kg) (kg) (kg) (cm)

Argentina 157 (5)a 57.6 (10) _b - - 10.8 (5) -
Botswana _b - 59.5 (9) 61.4 (9) 63.4 (10) - -

Myanmar 151 (5) 46.9 (8) 49.1 (6) 50.1 (6) 51.6 (7) - 23.3 (2)
China 160 (4) 50.5 (5) 52.1 (6) 56.0 (6) 59.3 (6) 11.7 (4) 23.6 (1)
Colombia 155 (7) 57.6 (10) 56.0 (10) 59.3 (9) 62.7 (9) 10.1 (5) -

Cuba 157 (6) 55.5 (10) - - - 4.6 (1) -

Gambia 157 (6) 50.1 (6) 52.0 (6) - 56.9 (7) 6.5 (3) 25.1 (2)
Guatemala 148 (5) 47.6 (6) 51.4 (5) 50.9 (6) 55.1 (6) 7.1 (3) 22.6 (1)
India (P) 150 (5) 42.1 (4) 44.0 (5) 45.8 (4) 47.5 (5) - 22.3 (1)
India (H) 150 (5) 45.9 (7) - - - - 22.4 (2)
Indonesia 149 (4) 46.0 (6) 47.4 (6) 50.3 (6) 52.7 (6) - 23.9 (2)
Ireland 158 (5) 58.8 (8) 60.0 (8) 63.4 (8) 66.8 (8) 11.0 (3) -

Lesotho 156 (7) 62.7 (11) 64.6 (9) 65.3 (10) 67.3 (10) - -

Malawi 155 (6) 51.1 (6) 53.5 (6) 55.6 (6) 56.6 (6) 4.7 (3) 25.4 (2)
Nigeria 156 (6) - - - - - -

Nepal (R) 150 (5) 43.0 (5) 44.9 (5) 47.0 (5) 48.8 (5) - 22.3 (2)
Nepal (U) 150 (5) 44.6 (6) 43.1 (9) 45.5 (5) 50.3 (6) - 21.9 (2)
Sri Lanka 150 (5) 43.5 (7) 44.3 (6) 47.0 (6) 49.3 (7) - 23.4 (2)
Thailand 153 (5) 49.9 (7) 51.5 (6) 53.9 (6) 56.4 (7) 8.0 (4) 24.8 (2)
UK 159 (6) 58.1 (8) 59.8 (8) 63.1 (8) 66.4 (9) 11.6 (3) -

US/CDC(B) 162 (6) 65.6 (16) - - - 13.5 (6) -

US/CDC(H) 158 (6) 62.3 (14) - - - 12.8 (6) -

US/CDC(W) 163 (6) 64.0 (15) - - - 14.4 (6) -

US/NCPP(B) 161 (6) 60.1 (12) - - - 10.5 (4) -

Vietnam 152 (4) 46.6 (5) 48.3 (9) 49.2 (4) 50.2 (4) 5.6 (3) 22.8 (1)
a Figures in parentheses are standard deviations.
b - = no information or too few observations.

WHO Bulletin OMS: Supplement Vol. 73 1995 17



4. Meta-analysis and selection of
preferred indicators

Introduction
Results are reported in Chapters 5 and 6, by out-
come, in the following order:
fetal outcomes-low birth weight, intrauterine
growth retardation, and preterm birth;
maternal outcomes-complications of delivery,
pre-eclampsia, and postpartum haemorrhage.

For each outcome, a summary table gives the
combined odds ratio (OR) for each indicator in the
order (and abbreviation) as given in Chapter 1, Table
3. This is followed by a more detailed review of
selected individual indicators with graphs of indica-
tor profiles (Fig. 4 is an example).

Interpretation of the profile plot

The centre of each indicator profile (Fig. 4) identifies
the estimated mean OR for that indicator. As the
curve is a probability plot, the width of each profile
indicates the spread of values about the mean. This
provides a visual check on the degree of uncertainty
associated with the estimate. The profile plot also
clearly identifies the similarities or differences be-
tween a set of related indicators-whether there is a
strong overlap between these or whether one or more
indicators stand apart. The ORs are calculated for
weight below the lowest quartile versus weight

Fig. 4. Odds ratios for combined profiles following
meta-analysis for IUGR by pre-pregnancy weight and
weight attained by months 5, 7 and 9.

Combined profile,
pre-pregnancy Combined profile,

month 5 (lunar)

mont Combined profile,
month 7 (lunar)

Combined profile,
month 9 (lunar)

1.0 1.75 2.5 3.25 4.0
Odds ratio

above the highest quartile.a In this plot the profile for
pre-pregnancy weight is clearly separated from the
pair of profiles for attained weight at months 7 and
9. Attained weight at months 7 and 9 overlap consi-
derably and a formal test would confirm no signifi-
cant difference between the means (ORs: 3.03 and
3.09, respectively) for these two distributions. The
profile for month 5 falls midway between both sets
(OR: 2.77). The profiles for months 5, 7 and 9 are
relatively broad, indicating that the mean OR is less
precisely estimated in these, compared with the
higher degree of precision (i.e., narrower profile) for
estimates of the mean OR for pre-pregnancy weight.

Test for homogeneity

In examining the summary tables (see Chapter 3,
Tables 7-9, pp. 15-17), it is important to recall the
caveat noted in Chapter 2 in relation to the estimate
of the odds ratio for the combined profiles. This is
based on the 'face value' analysis alone, the assump-
tion being that there is a single true value for the
parameter and that the observed differences in the
estimates are due simply to random error. A test for
homogeneity of results across studies will reveal
whether this is the case. If we are prepared to accept
the evidence at face value, then this summary table
provides the simplest indication of the expected
magnitude of the odds ratios for each indicator for
the given outcome.

If there is evidence of lack of homogeneity in
the results for a given indicator, a weighted regres-
sion analysis is normally conducted in which an

a This group has been selected for several practical reasons.
First, there is reasonable stability in the parameter estimates.
For the potentially higher risk group-those below the 10th per-
centile of the relevant anthropometric distribution-it was found
that the stability of the parameter estimates was affected by the
(often) very small numbers available for modelling in this catego-
ry. Although, by definition, 10% of the total sample size would
fall below this percentile, after observations had been classified
according to the outcome variable, the actual numbers present
for estimation in the sub-cells of the model could be relatively
few, hence the large uncertainty in the estimates, especially in
the small data sets. In addition, although not expected to have
as high a risk of an adverse outcome as the 10th percentile
group, those in the lowest quartile group should show a suffi-
ciently elevated risk compared with the highest quartile, if the
relationship between the indicator and the outcome is both of
practical significance and monotonic with increasing values of
the indicator.
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explanation of the inter-study variation in the ORs is
sought by reference to the study characteristics
described in Chapter 2, Table 6 (see pp. 12-14).
These include study design (prospective versus retro-
spective), prevalence level of the outcome, country
groups, regional groups (Africa, southem 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 matemal characteristics (mean matemal age,
mean gestational age at delivery), etc. A number of
these regressions are discussed in technical note B,
Ch. 9, page 47.

Interpretation. The follow-up adjustment for poten-
tial biases by weighted regression analysis may
often suggest an explanation-for example, under-
lying group differences. These could perhaps be due
to genuine differences in the strength of the relation-
ship between the indicator and the outcome, depen-
ding on the setting (e.g., the country, or character-
istics of the mothers), or a reflection of the
differences in study design and implementation, or
perhaps both. When the basic hypothesis is that the
strength of the underlying relationship between indi-
cator X and outcome Y holds in all situations,
observed differences need to be accounted for by
first appealing to variation in the study charac-
teristics before assuming that the differences are
biological. Moreover, it should be remembered that
even if the test for homogeneity is statistically signi-
ficant, the inter-study differences in ORs may have
little practical importance. This would certainly
seem to be the case for many of the relationships
studied.

Which indicator?
In the context of this study, the ideal indicator would
be based on:
- a simple single measurement (acceptable, low

cost);
- strong predictability or effect (high ORs);
- reliable (narrow confidence interval for OR);
- homogeneous (small inter-study variation);
- timely (permitting effective intervention, includ-

ing referral);
- sensitive and specific for screening;
- efficient in performance (low number of false

classifications).
It cannot be assumed therefore that the indica-

tors with the highest OR values for a given outcome
are the best as various other factors must be taken

into consideration. For example, in Table 12 (Chap-
ter 5) the highest single indicator OR for LBW relates
to weight at the 9th lunar month (OR = 2.5); this is
very late in pregnancy to initiate preventive action in
the form of food supplementation. Conversely, pre-
pregnancy weight and matemal height, while having
lower OR values than weight at 9 months, are avail-
able early enough to facilitate intervention.

Consideration of relevant factors

Assuming that an effective procedure is known and
available with which to respond to a predicted poor
pregnancy outcome, the selection of useful indicators
of risk must be govemed by a number of additional
considerations apart from a measure of predictive
association, such as the odds ratio. These would
include the sensitivity and specificity of the indica-
tor, the prevalence of the condition being tested for,
as well as the feasibility of obtaining the necessary
measurement. Several authors have considered the
issues conceming the selection of a 'best' indicator,
particularly Galen & Gambino (13) and Habicht and
co-workers (14-18). In this context, a critical ques-
tion is which numerical quantity associated with an
indicator is to be preferred? Should it be the highest
odds ratio, or the highest sensitivity, or the highest
specificity, or indeed the highest positive predictive
value? Additional summary measures have been
devised that combine a number of these qualities and
might also be considered (13).

High sensitivity is important in an indicator
when the condition under consideration is serious,
but treatable. For example, food and nutrient supple-
mentation of the mother may be employed where a
small-for-dates infants is anticipated; or there could
be early referral of a mother to a central facility if
pregnancy or delivery complications are considered
likely. In this case a significant proportion of false
positive results are felt to be acceptable because the
treatment is not harmful to the patient and the system
can cope with the extra service load.

On the other hand, a test with high specificity
should be considered if the outcome could be serious
but not necessarily curable and where false positive
diagnoses are distressing for the patient, e.g., when
testing for congenital or genetic abnormalities.

Positive predictive value is an important test
characteristic if the treatment of a false positive may
result in serious side-effects, such as in some can-
cers.

One additional summary measure might be con-
sidered: test efficiency. A test with high efficiency
minimizes the numbers of both false positives and
false negatives; this would be important when a con-
dition is serious and treatment carries some risk and
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both false positives and false negatives have equally
poor consequences.

In practice, anthropometric assessment should
be accompanied by a detailed obstetric history, phys-
ical examination and, where available, diagnostic
laboratory testing. Such additional information may
be more critical than anthropometry in reaching a
decision on risk status and case management. In
effect, a combination of anthropometry and obstetric
history will determine the joint sensitivity/specificity
of the clinical examination. However, it will be
recalled that the objective of this project concerns
the relative performance of matemal anthropometric
indicators alone. This will be especially relevant to
those settings in which decisions are currently being
made by a minimally trained health worker, particu-
larly in small rural health posts or at community or
home levels.

Finally, the scope of anthropometry to predict
adverse outcomes for the fetus and the mother is lim-
ited to those conditions principally determined by
maternal nutritional status, both past and current,
including fetal and infant growth and difficult or
obstructed labour. Other non-nutritional factors
including age, parity, obstetrical history and ante-
natal care have important implications for both the
fetus and the mother and are strongly associated with
both infant and maternal mortality.

The role of sensitivity and
specificity
We have stated that considerations other than effect
size (predictive power) have a bearing on the choice
of a preferred indicator for field application. These
are principally the sensitivity (Se) and specificity
(Sp) of the indicator, its positive predictive value
(PPV), and, of course, the feasibility of the measure-
ment(s) in the particular setting. 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 ad-
dressed on the basis of the original analysis format
for relative risk, i.e., comparison of lowest versus
highest quartiles, which implies two cut-off points
(the 25th and 75th percentiles). However, indicator
sensitivity and specificity are concerned with rates of
misclassification and must be based on a single cut-
off point as individual mothers will be screened posi-
tive or negative in relation to this point alone. Accor-
dingly, all analyses were rerun using the 25th
percentile cut-off point and the necessary measures
were derived.b Therefore in the discussion that fol-

lows, mention of sensitivity, specificity, positive pre-
dictive value and odds ratio is now with reference to
this analysis format.

ORs are more strongly related to the sum of sen-
sitivity and specificity rather than to either measure
alone (exemplified in technical note D in Ch. 9, page
50); and positive predictive value is high when Se +
Sp is high and declines when that sum falls. As will
be seen below, supplementing information on one
indicator with a second, e.g., attained weight coupled
with knowledge of pre-pregnancy weight or matemal
height, generally leads to a notable increase in the
OR, and this is associated with higher indicator sen-
sitivity, but usually at the expense of reduced speci-
ficity. So although higher ORs may result, this does
not automatically produce a preferred indicator.
Ideally, a useful indicator will combine a statistically
significant odds ratio with good specificity and sen-
sitivity.

Candidate lists for 'best' indicators
We are still left with the question of which measure
is to be preferred when choosing an indicator of
risk for a particular outcome. The 1980 paper by
Habicht (17) provides the most useful guidance in
our situation. He states that when "various indicators
of nutritional status are being compared [in order] to
choose the best... screening test, ... that one which
has the highest sensitivity at high levels of specifici-
ty, even if the sensitivity is lower than that of another
indicator at lower specificity", should be chosen.
This suggestion can be readily applied to our results.
For the anthropometric indicators, specificity rarely
exceeds 0.9 and is typically found in the range 0.65
to 0.8 while sensitivity ranges from 0.25 to 0.45. Se
and Sp values for each indicator and outcome combi-
nation from all studies were collated and if for LBW
and IUGR 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.

The results of the exercise were summarized and
the proportion of cases in which an indicator met the
Se/Sp criterion was calculated. A simple perform-
ance measure was decided upon: if an indicator met
the above criterion in over 40% of the data sets for
which it was available, it was considered a candidate
for 'best' indicator. The results are presented for each
outcome in the relevant section and summarized
in Chapter 8.

b Sensitivity and specificity were estimated using the methodol-
ogy of Coughlin et al. (19).
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5. Fetal outcomes
Low birth weight
Definition. Low birth weight (LBW) is a birth weight
of <2500 grams.

A summary of the odds ratios for each indi-
cator appears in Table 10. The OR values for the in-
dicators applied to all mothers are given in the first
column. The same indicators applied only to sub-
groups of mothers with a pre-existing height or
weight deficit are presented in the next two columns
respectively.

The relationship between maternal nutritional
status and low birth weight has been extensively
studied using standard maternal anthropometric indi-
cators based on height, weight, arm circumference,
and combinations of these. The relationship is less
direct than for IUGR (see below) since LBW can
result from two separate and probably independent
conditions: (i) the infant may be small-for dates
(IUGR), or (ii) it may be normal-for-dates, but deliv-
ered preterm (PTB). The IUGR component of LBW
is conceptually related to maternal nutritional status
and hence maternal anthropometry serves as a useful

Table 10: Summary of combined odds ratios for each
indicator of LBW. ORs refer to the relative risk for LBW
for the lowest quartile versus the highest quartile of the
indicator's distribution.

Odds ratio for combined profiles

With With pre-
maternal pregnancy

Indicator LBW heighta weightb
Maternal height 1.7
Mid-upper-arm circumference 1.9
Pre-pregnancy weight 2.3c 2.6
Attained weight by month 5 2.4c 2.5 2.4
Attained weight by month 7 2.4c 2.6 2.7
Attained weight by month 9 2.5c 2.9 2.8

Pre-pregnancy BMI 1.8
BMI month 5 1.6
BMI month 7 1.9
BMI month 9 1.8

Weight gain:
Pre-pregnancy to month 5 1.5 1.9 2.6
Pre-pregnancy to month 7 1.5 2.0 3.4
Pre-pregnancy to month 9 1.6 2.2 3.2
Month 5 to month 7 1.6 2.6 2.0
Month 5 to month 9 1.7 2.7 1.6
Month 7 to month 9 1.2 1.8 1.7

a In mothers with below average maternal height.
b In mothers with below average pre-pregnancy weight.
c Highest ORs for the single indicator are given in bold type.

marker, but the route through which nutritional stat-
us influences the onset of labour and hence preterm
birth is less obvious (4). The magnitude of effect for
any given anthropometric indicator of LBW will
therefore be reduced compared with those reported
for IUGR. Nevertheless, as LBW and its frequency
are measures employed almost universally for both
clinical and public health purposes, it is useful to
establish the performance of this set of indicators
with respect to it. Furthermore, in conditions of
severe economic and environmental constraint with
relatively high LBW rates, a substantial proportion
of these will be attributable to IUGR. Thus in the
early stages of programme development when LBW
rates are relatively high, this outcome is useful for
evaluating the response to intervention directed pri-
marily at IUGR. Krasovec & Anderson (1) provide a
summary of the experience of previous investigators
in connection with LBW.

The simple, stable and potentially useful indica-
tors of matemal height (HT) and arm circumference
(MUAC) show relatively low ORs for predicting low
birth weight. The highest ORs for single indicators,
highlighted in the first column, are for pre-pregnancy
weight and attained weights at 5, 7, and 9 months.
These range from 2.3 to 2.5, indicating relatively
high associated risks. When these are applied to
selected subgroups with height and weight deficits
their power is increased moderately by 0.3 to 0.4 OR
units, but only by introducing a two-step procedure
involving pre-selection of the appropriate subgroups.
It will be seen that the largest change in ORs in the
subgroups is that associated with the weight gain
indicators which increase by between 0.3 and 1.0
unit.

Before concluding that these may be the best
predictors for this outcome, the reliability of these
OR estimates must be considered across the varying
genetic, environmental and service conditions repre-
sented by the 25 different study sites. Such variation
is expressed graphically in Fig. 5 as a confidence
profile.

Weight attained. For these weight indicators there is
more stability in the estimate at month 7 than is seen
at either month 5 or month 9 and this is noticeable in
the slightly tighter profile for the combined OR
(Fig. 5). The profile for the pre-pregnancy period is
narrower still, although the differences overall are
moderate. There is no clear progression in the mean
of the profiles across the periods as they display a
narrow range from 2.3 to 2.5.

Weight attained with maternal height. A comparison
of Fig. 5 and Fig. 6 shows the effect of incorpor-
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Chapter 5

Fig. 5. The combined OR profiles for attained weight
indicators and LBW are shown. Means (with 95%
confidence interval) are estimated as: WT pp: 2.3 (2.1-2.5);
WT/5: 2.4 (2.0-2.8); WT/7: 2.4 (2.1-2.7); and WT/9: 2.5
(2.2-2.9). The ORs are for weight below the lowest quartile
versus weight above the highest quartile.

Fig. 6. The combined OR profiles for weight attained
indicators and LBW are shown. Means (with 95% confi-
dence interval) are estimated as: WTpp: 2.6 (2.3-2.9);
WT/5: 2.5 (2.0-3.2); WT/7: 2.6 (2.2-3.1); and WT/9: 2.9
(2.5-3.4). The ORs are for mothers with low weight (below
the lowest quartile) and low height (below the median) ver-
sus weight above the highest quartile and above median
height.

1.0 1.75 2.5 3.25 4.0 0 1.0 2.0 3.0 4.0
Odds ratio Odds ratio

ating maternal height into the equation. Here we see
the profile for attained weight in the subgroup of
mothers of below average height. The various pro-
files are shifted to the right, although the size of the
shift is rather small. Again there is relatively little
difference in the mean ORs for these periods.

The highest subgroup ORs predictably tend to
be for indicators requiring measurement relatively
late in pregnancy such as the 7th and 9th lunar
months, although in this instance there is relatively
little separation between the profile peaks of these
indicators. In biological terms, it is to be expected
that indicators operating late in pregnancy and close
to the time of outcome will be relatively more
powerful predictors of adverse outcome, in this
case LBW. However, this also implies that identifi-
cation of the need for intervention, such as food sup-
plementation, is delayed and that the response to
such special care will be correspondingly reduced.
Given such operational requirements, WTpp and
attained weight by lunar month 5 (16 to <20 weeks) in
mothers of low height provide useful compromises,
giving reasonable ORs (effect size), with early warn-
ing of the need for intervention. Such choices may,
however, be further modified when the specificity
and sensitivity of the indicator are examined, as
discussed below.

Sensitivity and specificity
Plots of the ranges for sensitivity (Se) and specificity
(Sp) across data sets for all LBW indicators are pre-

sented in Fig. 7. The indicators are numbered 1 to 35
and follow the sequence shown in Table 11. The
horizontal lines in Fig. 7 mark the chosen minimum
levels of Se and Sp.

The trade-off between Se and Sp in individual
indicators is obvious from these figures; indicators
with low Se tend to have high Sp and vice versa,
e.g., for weight gain from pre-pregnancy to 5 months
(indicator 30). This indicator would successfully
exclude nearly all mothers likely to have normal
weight babies (high specificity) - and therefore will
not be needing special care - but would fail to iden-
tify many mothers who are due to deliver low-birth-
weight babies (low sensitivity) and who would ben-
efit from intervention. Maximum spread for Se is
shown by attained weight at 9 lunar months in moth-
ers with low pre-pregnancy weight (indicator 29),
with values ranging from 0.28 to 0.94. Clearly this
indicator has poor consistency in predicting LBW
across the 25 data sets. Minimum spread for Se is
shown by the weight gain from pre-pregnancy to 9
lunar months in mothers with a low pre-pregnancy
weight (indicator 35) with values of 0.12 to 0.31.
The latter has the second highest estimated OR at
3.2; however, this low Se range means that this indi-
cator would not meet the criterion for an acceptable
minimum Se (>0.35) with an Sp greater than 0.7.
The same problem arises for indicator number 34
(weight gain from pre-pregnancy to 7 lunar months)
which has the highest estimated OR for LBW of the
35 measures.
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Fetal outcomes

Table 11: Performance of indicators for LBW. The asterisked ones, having met the selection cri-
teria, are considered candidates for 'best' indicator.

Low birth weighta

Indicator No. Proportion Min Se Max Se

1. Maternal height 24 0.17 0.37 0.40
2. Pre-pregnancy weight 21 0.62* 0.35 0.47
3. Attained weight by month 5 15 0.53* 0.36 0.56
4. Attained weight by month 7 14 0.50* 0.38 0.52
5. Attained weight by month 9 17 0.47* 0.38 0.47
6. Mid-upper-arm circumference 14 0.14 0.36 0.39
7. Weight gain: months 5 to 7 12 0.08 0.37 0.37
8. Weight gain: months 5 to 9 13 0.00
9. Weightgain: months 7 to 9 13 0.15 0.36 0.45

10. Weight gain: pp to month 5 8 0.25 0.36 0.36
11. Weight gain: pp to month 7 8 0.25 0.35 0.35
12. Weight gain: pp to month 9 8 0.13 0.36 0.36
13. Pre-pregnancy BMI 21 0.38 0.35 0.40
14. BMI month 5 14 0.07 0.37 0.37
15. BMI month 7 13 0.08 0.36 0.36
16. BMI month 9 15 0.13 0.35 0.41

In mothers with low
matemal height:

17. Pre-pregnancy weight 19 0.11 0.49 0.56
18. Attained weight by month 5 13 0.15 0.42 0.50
19. Attained weight by month 7 13 0.15 0.39 0.42
20. Attained weight by month 9 13 0.08 0.67 0.67
21. Weight gain: months 5 to 7 11 0.09 0.40 0.40
22. Weight gain: months 5 to 9 12 0.08 0.38 0.38
23. Weight gain: months 7 to 9 12 0.25 0.36 0.44
24. Weight gain: pp to month 5 8 0.13 0.36 0.36
25. Weight gain: pp to month 7 8 0.13 0.36 0.36
26. Weight gain: pp to month 9 8 0.25 0.37 0.41

In mothers with low pre-
pregnancy weight:

27. Attained weight by month 5 8 0.13 0.47 0.47
28. Attained weight by month 7 8 0.13 0.43 0.43
29. Attained weight by month 9 8 0.00
30. Weight gain: months 5 to 7 6 0.00
31. Weight gain: months 5 to 9 6 0.17 0.39 0.39
32. Weight gain: months 7 to 9 7 0.29 0.38 0.40
33. Weight gain: pp to month 5 8 0.00
34. Weight gain: pp to month 7 8 0.00
35. Weight gain: pp to month 9 8 0.00
a No. is the number of data sets for which the indicator could be estimated. Proportion gives the proportion
of data sets in which the Se/Sp criterion was met. The asterisk denotes that the indicator met the criterion
(Sp >0.7 and Se >0.35) in over 40% of the studies. The observed maximum and minimum sensitivities
across studies that meet the Se/Sp criterion are recorded in the final two columns.
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Fig. 7. Ranges in computed sensitivity (left side) and specificity (right side) across all relevant data sets for all
indicators for LBW. The indicators are numbered 1 to 35 and follow the sequence shown in Table 11.
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In summary, the four indicators that meet the
full study criteria for consistency are pre-pregnancy
weight and attained weight by months 5, 7 and 9 (see
Table 11). In this group the maximum Se is 0.56 and
minimum, 0.35 (specificity >0.7 in all cases). BMIpp
falls just short of the final selection requirements at
38%. The acceptable indicators showed relatively
high ORs in Table 10, ranging from 2.3 to 2.5. While
ORs for these indicators increased when applied to
mothers of low height and low pre-pregnancy
weight, the Se/Sp values were not sufficiently con-
sistent across studies to permit their further consider-
ation. The profiles for the marked indicators confirm
that these have reasonable reliability across the stud-
ies. In service terms, pre-pregnancy or early preg-
nancy weights are difficult to obtain as registration is
often delayed until around the 20th week, particular-
ly in the low-income groups with the highest rates of
LBW. This leaves the attained weights at 5 or 7
lunar months as the most useful service indicators
for LBW, reflecting current practice in many set-
tings.

Intrauterine growth retardation
Definition: Intrauterine growth retardation (IUGR)
has occurred when a birth weight less than the 10th
centile of weight-for-gestational age is determined
during the analysis by comparing birth weight with
reference values derived from a high-income popula-
tion (5). This group includes infants who are full-
term (.37 weeks) growth retarded as well as preterm
(<37 weeks) growth retarded. In view of the com-

mon 'working definition' of a growth retarded infant,
i.e., full-term infant with birth weight less than
2500 g, the analysis was also undertaken for this
group of infants.

A summary of the ORs for each of the basic and
subgroup indicators, laid out in the same format as
for LBW, is presented in Table 12. In the final col-
umn, the odds ratios for low-birth-weight infants
delivered at full term (FT-LBW) are added.

The biological relationship between maternal
nutrition status and IUGR is more precise than for
LBW. The papers by Kramer (4) and Krasovek &
Anderson (1) discuss the mechanisms underlying this
relationship and also review the past experience of
investigators in this area. As stated in the previous
section, LBW contains a variable component of pre-
term births that are not growth retarded but which
have low weight at birth. The size of this component
will vary under different socioeconomic and health
care conditions. Determining the size of the compo-
nent is often difficult as service operations do not
necessarily record a diagnosis of IUGR for lack of
suitable reference tables and/or because the appropri-
ate service response does not require such discrimi-
nation. For the future, the routine recording of IUGR
as a component of LBW rates will greatly enhance
the value of service statistics to reproductive epidem-
iology and subsequent programme planning and
evaluation.

ORs for simple indicators range from 1.4
(WTg/7-9) to 3.0 (WT/7 and WT/9). Maternal
height and arm circumference show relatively low
ORs (1.9 and 1.6) which are similar to those found
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Fig. 7. Ranges in computed sensitivity (left side) and specificity (right side) across all relevant data sets for all
indicators for LBW. The indicators are numbered 1 to 35 and follow the sequence shown in Table 11.
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In summary, the four indicators that meet the
full study criteria for consistency are pre-pregnancy
weight and attained weight by months 5, 7 and 9 (see
Table 11). In this group the maximum Se is 0.56 and
minimum, 0.35 (specificity >0.7 in all cases). BMIpp
falls just short of the final selection requirements at
38%. The acceptable indicators showed relatively
high ORs in Table 10, ranging from 2.3 to 2.5. While
ORs for these indicators increased when applied to
mothers of low height and low pre-pregnancy
weight, the Se/Sp values were not sufficiently con-
sistent across studies to permit their further consider-
ation. The profiles for the marked indicators confirm
that these have reasonable reliability across the stud-
ies. In service terms, pre-pregnancy or early preg-
nancy weights are difficult to obtain as registration is
often delayed until around the 20th week, particular-
ly in the low-income groups with the highest rates of
LBW. This leaves the attained weights at 5 or 7
lunar months as the most useful service indicators
for LBW, reflecting current practice in many set-
tings.

Intrauterine growth retardation
Definition: Intrauterine growth retardation (IUGR)
has occurred when a birth weight less than the 10th
centile of weight-for-gestational age is determined
during the analysis by comparing birth weight with
reference values derived from a high-income popula-
tion (5). This group includes infants who are full-
term (.37 weeks) growth retarded as well as preterm
(<37 weeks) growth retarded. In view of the com-

mon 'working definition' of a growth retarded infant,
i.e., full-term infant with birth weight less than
2500 g, the analysis was also undertaken for this
group of infants.

A summary of the ORs for each of the basic and
subgroup indicators, laid out in the same format as
for LBW, is presented in Table 12. In the final col-
umn, the odds ratios for low-birth-weight infants
delivered at full term (FT-LBW) are added.

The biological relationship between maternal
nutrition status and IUGR is more precise than for
LBW. The papers by Kramer (4) and Krasovek &
Anderson (1) discuss the mechanisms underlying this
relationship and also review the past experience of
investigators in this area. As stated in the previous
section, LBW contains a variable component of pre-
term births that are not growth retarded but which
have low weight at birth. The size of this component
will vary under different socioeconomic and health
care conditions. Determining the size of the compo-
nent is often difficult as service operations do not
necessarily record a diagnosis of IUGR for lack of
suitable reference tables and/or because the appropri-
ate service response does not require such discrimi-
nation. For the future, the routine recording of IUGR
as a component of LBW rates will greatly enhance
the value of service statistics to reproductive epidem-
iology and subsequent programme planning and
evaluation.

ORs for simple indicators range from 1.4
(WTg/7-9) to 3.0 (WT/7 and WT/9). Maternal
height and arm circumference show relatively low
ORs (1.9 and 1.6) which are similar to those found
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Table 12: Summary of combined odds ratios for each
indicator of IUGR. ORs refer to the relative risk for IUGR
for the lowest quartile versus the highest quartile of the
indicator's distribution.

Odds ratio for combined profiles

With With pre-
maternal pregnancy Full-term

Indicator IUGR heighta weightb LBW

Maternal height 1.9 2.0
Mid-upper-arm circum- 1.6 1.9
ference
Pre-pregnancy weight 2.5c 2.9 2.8
Attained weight by 2.7 3.2 3.8 2.7
month 5

Attained weight by 3.0 3.5 4.0 3.3
month 7

Attained weight by 3.1 3.4 3.7 3.0

month 9

Pre-pregnancy BMI 1.8 2.0
BMI month 5 2.1 1.8
BMI month 7 2.3 2.1
BMI month 9 2.2 1.9

Weight gain:
Pre-pregnancy to 1.8 2.7 5.4 1.8
month 5
Pre-pregnancy to 1.8 2.8 5.2 1.8
month 7
Pre-pregnancy to 2.0 3.1 5.5 2.2
month 9
Month 5 to month 7 1.7 2.6 2.7 2.0
Month 5 to month 9 1.7 2.6 2.4 1.9
Month 7 to month 9 1.4 2.2 2.6 1.3

a In mothers with below average maternal height.
b In mothers with below average pre-pregnancy weight.
c Highest ORs for the single indicator are given in bold type.

for LBW; these remain virtually the same when
applied to full-term LBW. Attained weights at pre-
pregnancy and months 5, 7 and 9 show substantially
higher ORs which remain similar for full-term LBW.
When these indicators are applied to mothers of low
stature, they increase by about 0.5 OR units and for
low-weight mothers by about 1 unit. BMI shows
ORs around 2 which again remain about the same for
FT-LBW. Weight gain indicators are all relatively
low and are similar for FT-LBW. They increase
when modified for low height by about 1 unit and
markedly when modified for low weight in respect
of gain from pre-pregnancy to months 5, 7 and 9,
where they increase by about 2-3 units (although
this increase is not evident for the FT-LBW infants).
These latter values are very high (>5) and indicate

that low pre-pregnancy weight followed by consis-
tently poor relative weight gain results in a fivefold
risk of delivering a growth-retarded infant. These
indicators require measurements relatively late in
pregnancy; however, high risk defined by both
attained weight and weight gain at 5 lunar months
(around 16 to 20 weeks' gestation) provides suffi-
cient time to institute effective intervention where
service conditions permit. As with LBW, the reliabil-
ity of these OR values must be considered and pro-
file plots for the two sets of indicators with high OR
values have been selected for this purpose and are
presented below.

Weight attained. The combined OR profiles for
IUGR by each attained weight indicator are graphed
in Fig. 8. The modest progression in the rise in the
mean ORs from pre-pregnancy weight through to
weight at months 5, 7 and 9 is clear, as is the almost
total overlap between the profiles for months 7 and
9, signifying little predictive difference between
these. There is also substantial overlap between the
profile for pre-pregnancy weight and weight at
month 5. This latter indicator shows a broad profile
indicative of significant differences in computed
ORs for IUGR across the studies.

Weight gain in mothers of below average pre-
pregnancy weight. Fig. 9 visually confirms the sharp
contrast in performance between the two sets of weight
gain indicators for mothers of low pre-pregnancy
weight. The overlap between profiles for both sets of
indicators is small. The three cross-pregnancy gain

Fig. 8. The combined OR profiles for attained weight
indicators and IUGR are shown. Means (with 95% confi-
dence interval) are estimated as: WTpp: 2.5 (2.3-2.7);
WT/5: 2.7 (2.3-3.2); WT/7: 3.0 (2.7-3.3); and WT/9: 3.1
(2.7-3.4). The ORs are for weight below the lowest quartile
versus weight above the highest quartile.
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Fig. 9. The combined OR profiles for
cators and IUGR are shown. Means (v
interval) are estimated as: WTg/pp
WTg/pp-7: 5.2 (3.8-7.2); WTg/pp-
WTg/5-7: 2.7 (1.7-4.2); WTg/5-9: U
WTg/7-9: 2.6 (2.0-3.4). The ORs are ft
weight gain (below the lowest quarl
pregnancy weight (below the medie
gain above the highest quartile and
pregnancy weight.
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indicators have OR values around 5
high predictive power, whereas the
set are centred around 2.5. The O0
set show wide profiles (comparec
pregnancy set) indicating a higher
tainty in the estimated mean, ref
consistency across studies and the

r weight gain indi-
vith 95% confidence
-5: 5.4 (3.6-8.2);
.9: 5.5 (4.1-7.4);
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studies with relevant information on which to base
the combined estimate.

Sensitivity and specificity
e.4 .Dt-); anc Plots of ranges for sensitivity and specificity across
or mothers with low data sets for all indicators for IUGR appear in Fig.
an) versus weight 10. The indicators are numbered 1 to 35 and follow
above median pro- the sequence shown in Table 13. Again, the trade-off

between Se and Sp at the level of individual indica-
tors will be obvious in these figures. Maximum
spread for Se is observed for pre-pregnancy weight
(number 2), with values ranging from 0.10 to 0.85.
This would normally suggest poor consistency with
respect to this parameter across data sets; however,
the majority of data sets display a much smaller
range from just below 0.3 to just above 0.5. Mini-
mum spread for Se occurs for weight gain from

nths month 5 to month 7 in mothers with low pre-5 months
pregnancy weight (number 30), with values of 0.15
to 0.25. But these are unacceptably low and therefore
this indicator would not meet the criterion for an

| acceptable minimum Se with Sp >0.7. A similar
conclusion follows for virtually all of the other indi-

7.5 10.0 cators with high ORs, although a number meet the
required Se level but then fail to achieve the mini-
mum specificity.

Table 13 presents the frequency with which a
.0 indicating very given indicator met the Se/Sp criterion across the
e intra-pregnancy studies analysed. "Proportion" indicates the propor-
Rs for the former tion of studies in which this criterion was met and
I with the intra- provides a marker of the indicator's usefulness on a
degree of uncer- regional or global basis. However, it will be noted
lecting both less that this proportion achieves 40% or more for a very
small number of few indicators.

Fig. 10. Ranges in computed sensitivity (left side) and specificity (right side) across all relevant data sets for all
Indicators for IUGR. The indicators are numbered 1 to 35 and follow the sequence shown in Table 13.
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Table 13: Performance of indicators for IUGR. The asterisked ones, having met the selection cri-
terion (see text), are considered candidates for 'best' indicator.

Intrauterine growth retardationa

Indicator No. Proportion Min Se Max Se

1. Maternal height 23 0.17 0.36 0.41
2. Pre-pregnancy weight 20 0.50* 0.36 0.52
3. Attained weight by month 5 15 0.40* 0.38 0.49
4. Attained weight by month 7 14 0.36 0.36 0.55
5. Attained weight by month 9 17 0.53* 0.36 0.50
6. Mid-upper-arm circumference 13 0.08 0.37 0.37

7. Weight gain: months 5 to 7 12 0.00
8. Weight gain: months 5 to 9 13 0.00
9. Weight gain: months 7 to 9 13 0.00

10. Weight gain: pp to month 5 8 0.00
11. Weight gain: pp to month 7 8 0.13 0.38 0.38
12. Weight gain: pp to month 9 8 0.25 0.39 0.42
13. Pre-pregnancy BMI 20 0.30 0.38 0.46
14. BMI month 5 14 0.21 0.36 0.41
15. BMI month 7 13 0.23 0.36 0.41
16. BMI month 9 15 0.27 0.36 0.45

In mothers with low
maternal height:

17. Pre-pregnancy weight 18 0.06 0.60 0.60
18. Attained weight by month 5 13 0.31 0.37 0.47
19. Attained weight by month 7 13 0.15 0.42 0.47
20. Attained weight by month 9 13 0.15 0.50 0.52
21. Weight gain: months 5 to 7 11 0.09 0.36 0.36
22. Weight gain: months 5 to 9 12 0.08 0.45 0.45
23. Weight gain: months 7 to 9 12 0.17 0.36 0.38
24. Weight gain: pp to month 5 8 0.00
25. Weight gain: pp to month 7 8 0.13 0.38 0.38
26. Weight gain: pp to month 9 8 0.13 0.51 0.51

In mothers with low pre-
pregnancy weight:

27. Attained weight by month 5 8 0.00
28. Attained weight by month 7 8 0.13 0.51 0.51
29. Attained weight by month 9 8 0.00
30. Weight gain: months 5 to 7 6 0.00
31. Weight gain: months 5 to 9 6 0.00
32. Weight gain: months 7 to 9 7 0.14 0.44 0.44
33. Weight gain: pp to month 5 8 0.00
34. Weight gain: pp to month 7 8 0.00
35. Weight gain: pp to month 9 8 0.13 0.39 0.39
a No. is the number of data sets for which the indicator could be estimated. Proportion gives the proportion
of data sets in which the Se/Sp criterion was met. The asterisk denotes that the indicator met the criterion
(Sp >0.7 and Se >0.35) in over 40% of the studies. The observed maximum and minimum sensitivities
across studies that meet the criteria are recorded in the final two columns.
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In summary, it can be seen that pre-pregnancy
weight and attained weight by months 5 and 9 are
acceptable indicators on the basis of cross-study con-
sistency (Table 13). They have minimum and maxi-
mum sensitivity from 0.36 to around 0.5 (with speci-
ficity >0.7). It will be recalled that ORs for these
indicators range from 2.5 to 3.0, which represents a
relatively strong predictive capacity. In the same
indicator category, attained weight by month 7 is just
short of the full test criterion at 36%. Clearly, in
cases where fifth month information was unobtain-
able this would be a reasonable substitute carrying a
high OR of 3.0, rising to 3.5 and to 4.0 in mothers of
below average maternal height and maternal weight
respectively.

Preterm birth
Definition. Preterm birth occurs when the gestational
age at delivery was less than 37 weeks. A summary
for odds ratios is presented in Table 14. Indicators
measured in the 9th lunar month have not been inclu-
ded as the great majority of preterm births had
occurred at this stage (<37 weeks).

There is no obvious biological route through
which matemal nutritional status may affect gesta-
tional age at delivery or initiate preterm birth (PTB).
It will be recalled, however, that matemal anthropo-
metric indicators are analysed in this study for their

Table 14: Summary of the combined odds ratios for
each indicator. ORs refer to the relative risk for preterm
birth for the lower quartile versus the upper quartile of the
indicator's distribution.

Odds ratio for combined profiles

With With pre-
Preterm maternal pregnancy

Indicator birth heighta weightb

Maternal height 1.2
Mid-upper-arm circumference 1.2
Pre-pregnancy weight 1.4c 1.4
Attained weight by month 5 0.9 1.0 0.9
Attained weight by month 7 0.9 0.9 1.0

Pre-pregnancy BMI 1.3c
BMI month 5 0.7
BMI month 7 0.9

Weight gain:
Pre-pregnancy to month 5 0.4
Pre-pregnancy to month 7 0.7
Month 5 to month 7 1.4c 1.8 1.6

a In mothers with below average maternal height.
b In mothers with below average pre-pregnancy weight.
c Highest ORs for the single indicator are given in bold type.

predictive power, which does not necessarily imply a
causal relationship. Kramer's analysis of the litera-
ture does include an examination of anthropometric
indicators in connection with both gestational age
and prematurity (4). That study did not find any sta-
tistical relationship and he noted that the majority of
premature births remained unexplained.

The range of ORs is from <1 to a maximum of
1.8 (WTg/5-7 in mothers of below average height)
and it is evident that none of these indicators are
strongly predictive of a risk for this outcome.
Attained weight at months 5 and 7 and BMI at
month 7 have ORs around 1.0. This implies that
there is no evidence that risk to a mother of low
weight at these stages of pregnancy differs from a
mother of high attained weight. Matemal height, arm
circumference, pre-pregnancy BMI, and weight gain
between months 5 to 7 all have estimated mean ORs
exceeding 1.0 by a relatively small margin. The 95%
confidence intervals for these indicators are as fol-
lows (in the same order): 1.1-1.2, 1.0-1.3, 1.3-1.5,
1.1-1.4, and 1.1-1.7. Except for MUAC, the lower
interval value in each case is 1.1 or higher; this sug-
gests that the effect is real, but remains too small to
be of practical importance. Of the remaining general
indicators, three actually have estimated confidence
intervals wholly below 1.0: BMI at month 5 (0.6-
0.9), weight gain from pre-pregnancy to month 5
(0.3-0.6), and weight gain from pre-pregnancy to
month 7 (0.6-0.9). The stated objective of this pro-
ject is to establish useful indicators of risk in the
sense of preventing disease and disability. It is nev-
ertheless interesting to consider evidence for reduced
risk. For this outcome the evidence suggests that low
weight gain from pre-pregnancy to month 5, as com-
pared to a high gain during this period, reduces the
relative risk of a preterm delivery to about 40%. The
evidence is inconsistent however, as the next indica-
tor (gain for months 5 to 7), which represents the
same mothers at a different stage of pregnancy, indi-
cates a positive risk (OR, 1.4) which increases when
subgroups with low matemal height (1.8) and low
pre-pregnancy weight (1.6) are considered. The OR
profiles for the general indicator sets containing the
highest mean values are described below.

Maternal pre-pregnancy weight and weight attained
at month 5 and 7. The plot of the combined studies
profile for pre-pregnancy is well separated from the
other attained weight indicators (months 5 and 7)
and has a comparatively narrow spread indicating
good reliability (Fig. 11). Low pre-pregnancy or
early pregnancy weight therefore increases the rela-
tive odds of a preterm delivery slightly.
Body mass index. Within the BMI group, only pre-
pregnancy BMI had an OR exceeding 1 (Fig. 12).
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In summary, it can be seen that pre-pregnancy
weight and attained weight by months 5 and 9 are
acceptable indicators on the basis of cross-study con-
sistency (Table 13). They have minimum and maxi-
mum sensitivity from 0.36 to around 0.5 (with speci-
ficity >0.7). It will be recalled that ORs for these
indicators range from 2.5 to 3.0, which represents a
relatively strong predictive capacity. In the same
indicator category, attained weight by month 7 is just
short of the full test criterion at 36%. Clearly, in
cases where fifth month information was unobtain-
able this would be a reasonable substitute carrying a
high OR of 3.0, rising to 3.5 and to 4.0 in mothers of
below average maternal height and maternal weight
respectively.

Preterm birth
Definition. Preterm birth occurs when the gestational
age at delivery was less than 37 weeks. A summary
for odds ratios is presented in Table 14. Indicators
measured in the 9th lunar month have not been inclu-
ded as the great majority of preterm births had
occurred at this stage (<37 weeks).

There is no obvious biological route through
which matemal nutritional status may affect gesta-
tional age at delivery or initiate preterm birth (PTB).
It will be recalled, however, that matemal anthropo-
metric indicators are analysed in this study for their

Table 14: Summary of the combined odds ratios for
each indicator. ORs refer to the relative risk for preterm
birth for the lower quartile versus the upper quartile of the
indicator's distribution.

Odds ratio for combined profiles

With With pre-
Preterm maternal pregnancy

Indicator birth heighta weightb

Maternal height 1.2
Mid-upper-arm circumference 1.2
Pre-pregnancy weight 1.4c 1.4
Attained weight by month 5 0.9 1.0 0.9
Attained weight by month 7 0.9 0.9 1.0

Pre-pregnancy BMI 1.3c
BMI month 5 0.7
BMI month 7 0.9

Weight gain:
Pre-pregnancy to month 5 0.4
Pre-pregnancy to month 7 0.7
Month 5 to month 7 1.4c 1.8 1.6

a In mothers with below average maternal height.
b In mothers with below average pre-pregnancy weight.
c Highest ORs for the single indicator are given in bold type.

predictive power, which does not necessarily imply a
causal relationship. Kramer's analysis of the litera-
ture does include an examination of anthropometric
indicators in connection with both gestational age
and prematurity (4). That study did not find any sta-
tistical relationship and he noted that the majority of
premature births remained unexplained.

The range of ORs is from <1 to a maximum of
1.8 (WTg/5-7 in mothers of below average height)
and it is evident that none of these indicators are
strongly predictive of a risk for this outcome.
Attained weight at months 5 and 7 and BMI at
month 7 have ORs around 1.0. This implies that
there is no evidence that risk to a mother of low
weight at these stages of pregnancy differs from a
mother of high attained weight. Matemal height, arm
circumference, pre-pregnancy BMI, and weight gain
between months 5 to 7 all have estimated mean ORs
exceeding 1.0 by a relatively small margin. The 95%
confidence intervals for these indicators are as fol-
lows (in the same order): 1.1-1.2, 1.0-1.3, 1.3-1.5,
1.1-1.4, and 1.1-1.7. Except for MUAC, the lower
interval value in each case is 1.1 or higher; this sug-
gests that the effect is real, but remains too small to
be of practical importance. Of the remaining general
indicators, three actually have estimated confidence
intervals wholly below 1.0: BMI at month 5 (0.6-
0.9), weight gain from pre-pregnancy to month 5
(0.3-0.6), and weight gain from pre-pregnancy to
month 7 (0.6-0.9). The stated objective of this pro-
ject is to establish useful indicators of risk in the
sense of preventing disease and disability. It is nev-
ertheless interesting to consider evidence for reduced
risk. For this outcome the evidence suggests that low
weight gain from pre-pregnancy to month 5, as com-
pared to a high gain during this period, reduces the
relative risk of a preterm delivery to about 40%. The
evidence is inconsistent however, as the next indica-
tor (gain for months 5 to 7), which represents the
same mothers at a different stage of pregnancy, indi-
cates a positive risk (OR, 1.4) which increases when
subgroups with low matemal height (1.8) and low
pre-pregnancy weight (1.6) are considered. The OR
profiles for the general indicator sets containing the
highest mean values are described below.

Maternal pre-pregnancy weight and weight attained
at month 5 and 7. The plot of the combined studies
profile for pre-pregnancy is well separated from the
other attained weight indicators (months 5 and 7)
and has a comparatively narrow spread indicating
good reliability (Fig. 11). Low pre-pregnancy or
early pregnancy weight therefore increases the rela-
tive odds of a preterm delivery slightly.
Body mass index. Within the BMI group, only pre-
pregnancy BMI had an OR exceeding 1 (Fig. 12).
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Fig. 11. The combined OR profiles for attained weight
indicators and PTB are shown. Means (with 95% confi-
dence interval) are estimated as: WTpp: 1.4 (1.3-1.5);
WT/5: 0.9 (0.8-1.1); and WT/7: 0.9 (0.8-1.0). The ORs are
for weight below the lowest quartile versus weight above
the highest quartile.
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The corresponding profile is to the right and entirely
above 1.0, suggesting a modest increased risk. This
is in line with the value for pre-pregnancy weight in
the subgroup of mothers with low matemal height
(OR, 1.4).
Pregnancy weight gain in subgroups. The profile
for low weight gain between months 5 and 7 for a
mother with below average height is on the right of
Fig. 13. It shows a group mean OR of 1.8 with a rea-
sonable spread corresponding to a 95% confidence
interval of 1.4 to 2.4; as such it is a moderately good
predictor of risk of PTB. The evidence for the same
indicator applied to women with below average pre-
pregnancy weight suggests a small, but less certain
effect, as indicated by a broader spread (embracing
1.0), due, at least in part, to the limited data available
for this subgroup of mothers.

Sensitivity and specificity results

Plots of computed ranges for sensitivity and specifi-
city across data sets for all indicators for PTB are
shown in Fig. 14. The indicators are numbered 1 to
35 and follow the sequence shown in Table 14.

Indicators showing the highest levels of sensitiv-
ity tend to be associated with wide cross-study varia-
tion, for example, WT5/WTpp (indicator number
27). Often this will reflect one or two studies with
outlying values of Se. Conversely the narrowest
spread is usually found in those with low overall val-
ues, e.g., WTg/pp-7 (number 34).

It may be seen from Table 15 that the indicators
for preterm birth that met the consistency criteria for

Fig. 12. The combined OR profiles for attained BMI indi-
cators and PTB are shown. Means (with 95% confidence
interval) are estimated as: WTpp: 1.3 (1.1-1.4); WT/5: 0.7
(0.6-0.9); and WT/7: 0.9 (0.7-1.0). The ORs are for weight
below the lowest quartile versus weight above the highest
quartile.
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Se/Sp across studies are pre-pregnancy weight and
pre-pregnancy BMI. Minimum sensitivity is 0.31 for
both indicators, while maximum sensitivity for
BMIpp is only 0.39 which is relatively low, while
WTpp reaches 0.54 (specificity >0.7). The ORs for
these two indicators are significant but modest: 1.4
for WTpp and 1.3 for BMIpp. None of the "reduced"
risk indicators (mean ORs and CIs less than 1) met
the consistency criteria for selection.

Fig. 13. The combined OR profiles for weight gain indi-
cators and PTB are shown. Means (with 95% confidence
interval) are estimated as: WTg/5-7/HT: 1.8 (1.4-2.4);
WTg/5-7/WTpp: 1.6 (1.0-2.6). The ORs are for mothers
with low weight gain (below the lowest quartile) versus
weight gain above the highest quartile in the respective
subgroups.
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Chapter 5

Table 15: Performance of Indicators for preterm birth. The asterisked ones, having met the
selection criterion (see text), are considered candidates for 'best' indicator.

Preterm birth"

Indicator No. Proportion Min Se Max Se

1. Maternal height 23 0.09 0.32 0.36
2. Pre-pregnancy weight 20 0.45* 0.31 0.54
3. Attained weight by month 5 15 0.33 0.30 0.47
4. Attained weight by month 7 14 0.29 0.30 0.50
5. Attained weight by month 9 - - - -

6. Mid-upper-arm circumference 13 0.08 0.31 0.31

7. Weight gain: months 5 to 7 12 0.17 0.31 0.47

8. Weight gain: months 5 to 9 - - -

9. Weight gain: months 7 to 9 - -

10. Weight-gain: pp to month 5 8 0.00

11. Weight gain: pp to month 7 8 0.00

12. Weight gain: pp to month 9 - - - -

13. Pre-pregnancy BMI 20 0.40* 0.31 0.39

14. BMI month 5 14 0.14 0.31 0.33

15. BMI month 7 13 0.00

16. BMI month9 - - - -

In mothers with low
matemal height:

17. Pre-pregnancy weight 18 0.00
18. Attained weight by month 5 13 0.08 0.31 0.31
19. Attained weight by month 7 13 0.15 0.32 0.46
20. Attained weight by month 9 - -

21. Weight gain: months 5 to 7 11 0.18 0.40 0.48
22. Weight gain: months 5 to 9 - - - -

23. Weight gain: months 7 to 9 - -

24. Weight gain: pp to month 5 8 0.00
25. Weight gain: pp to month 7 8 0.00
26. Weight gain: pp to month 9 - - - -

In mothers with low pre-
pregnancy weight:

27. Attained weight by month 5 8 0.13 0.44 0.44
28. Attained weight by month 7 8 0.00
29. Attained weight by month 9 - - - -

30. Weight gain: months 5 to 7 6 0.33 0.40 0.42
31. Weight gain: months 5 to 9 - - - -

32. Weight gain: months 7 to 9 - -

33. Weight gain: pp to month 5 8 0.00
34. Weight gain: pp to month 7 8 0.00
35. Weight gain: pp to month 9 - -

a No. is the number of data sets for which the indicator could be estimated. Proportion gives the proportion
of data sets in which the Se/Sp criterion was met. The asterisk denotes that the indicator met the criterion
(Sp >0.7 and Se >0.30) in over 40% of the studies. The observed maximum and minimum sensitivities
across studies that meet the Se/Sp criterion are recorded in the final two columns.
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Fetal outcomes

Fig. 14. Ranges in computed sensitivity (left side) and specificity (right side) across all relevant data sets for all
indicators for preterm birth. The indicators are numbered 1 to 35 and follow the sequence shown in Table 15. The hori-
zontal lines mark the minimum allowable Se (0.3) and Sp (0.7) values.
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6. Maternal outcomes

Assisted delivery
Definition. Any delivery which was coded (in this
study) as non-spontaneous, including caesarean sec-
tion, is an assisted delivery: this working definition
includes a range of delivery complications; pro-
longed labour was considered for inclusion but
eventually discarded since few studies had explicitly
noted this condition.

A section summary for odds ratios is presented
in Table 16. It should be noted that ORs computed
for subgroups (i.e., mothers of low height or low
pre-pregnancy weight) are not reported for the mater-
nal outcomes since these have very poor reliability
owing to the sparse data reflecting low prevalence
rates.

The need to bring together a number of different
conditions, probably of diverse etiology, under the
broad heading of 'assisted delivery' was dictated by
a combination of low prevalence within studies and
fewer studies reporting uniformly on relevant infor-
mation. While all data sets had information on LBW
and 24 out of 25 had information on IUGR, only 14
included an indicator of delivery status (see Table 8,
Chapter 3, page 16). As far as possible (with the
original data in hand), precautions were taken to
ensure that this variable was equivalently defined
across studies. This resulted in a reported range of
2% to 27% in the frequency of assisted delivery.

While combining delivery outcomes in this man-
ner increases the available data for analysis, it might
also dilute the effect being measured. For example,
there is a recognized relationship between maternal
height and the risk of cephalo-pelvic disproportion
(CPD)a (20-22), and this could be extended to pre-
pregnancy weight since maternal height and weight
are correlated (1). Yet interventions can and do occur
for other reasons, some of which may not depend on
maternal nutritional status, and the strength of the
relationship with anthropometry would be corre-
spondingly decreased. Whether for this or other rea-
sons, the summary (Table 16) suggests that only
maternal height is predictive of a risk of assisted
delivery.

a Low maternal height may reflect early constraints on growth
for the mother; this in turn can lead to poor pelvic development
as the woman matures. If subsequent pre-pregnancy nutritional
status is adequate and the fetus is growing normally during
pregnancy, then the infant may grow too large for a normal
delivery and intervention will be necessary.

Table 16: Summary of the combined odds ratios for
each Indicator. ORs refer to the relative risk for assisted
delivery for the lower quartile versus the upper quartile of
the indicator's distribution.

Odds ratio for
Indicator assisted delivery

Maternal height 1.6a
Mid-upper-arm circumference 0.8
Pre-pregnancy weight 1.0
Attained weight by month 5 1.0
Attained weight by month 7 0.9
Attained weight by month 9 0.8

Pre-pregnancy BMI 0.7
BMI month 5 0.7
BMI month 7 0.6
BMI month 9 0.7
Weight gain:
Pre-pregnancy to month 5 1.0
Pre-pregnancy to month 7 0.7
Pre-pregnancy to month 9 0.7
Month 5 to month 7 0.7
Month 5 to month 9 0.8
Month 7 to month 9 0.9

a Highest OR for this indicator.

The combined mean OR for height is 1.6, with a
95% confidence interval of 1.5-1.7. Most indicators
have estimated combined odds ratios below 1, and
several have confidence intervals between 0 and 1.
For example, pre-pregnancy BMI and BMI attained
by months 5, 7, and 9 have upper 95% CIs of 0.8 or
lower. This implies that a low BMI relative to a high
BMI is associated with a reduction in risk for this
outcome. Considering the CPD component, this is
plausible in so far as a low BMI indicates a thin
mother, probably with limited calorie intake, for
whom fetal growth is likely to be constrained, thus
reducing the likelihood of an assisted delivery. The
pregnancy weight gain indicators lend support to
this, in that most have ORs and confidence intervals
below 1 (namely, pre-pregnancy to months 5 and 7,
and gain during months 5 to 7).

Maternal height. Fig. 15 shows the profile for com-
bined OR for matemal height.

Height is the only anthropometric indicator that
indicates a small but significant relative risk for
assisted delivery. The spread of the curve is narrow
with confidence intervals of 1.5-1.7, indicating a
high degree of consistency across studies for this
indicator.
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Maternal outcomes

Fig. 15. The combined OR profiles for maternal height
and assisted delivery Is shown. Mean (with 95% confi-
dence interval) is estimated as: HT: 1.6 (1.5-1.7). The OR
is for height below the lowest quartile versus height above
the highest quartile.
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Body mass index. It will be observed (Fig. 16) that
mean ORs for these indicators cluster between 0.6
and 0.75, with all 95% confidence intervals below
1.0. In the context of this analysis, there is a statisti-
cal association between low BMI pre-pregnancy and
during pregnancy and a lower-than-average relative
risk of assisted delivery. This finding may be of
importance in the context of "eating down" during
pregnancy to avoid the hazard of difficult labour (23,
24).

Fig. 16. The combined OR profiles for attained BMI indi-
cators and assisted delivery are shown. Means (with
95% confidence interval) are estimated as: BMlpp: 0.78
(0.6-0.8); BMI/5: 0.74 (0.6-0.8); BMI/7: 0.6 (0.5-0.7); and
BMI/9: 0.7 (0.6-0.8). The ORs are for BMI below the lowest
quartile versus BMI above the highest quartile.
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Fig. 17. Ranges in computed sensitivity (left side) and
specificity (right side) across all relevant data sets for all
indicators for assisted delivery. The indicators are number-
ed 1 to 16 and follow the sequence shown in Table 17.
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Sensitivity and specificity
Several indicators have study sensitivity values
below 0.05, e.g., HT (number 1), WTg/5-7 (number
7), and WTg/5-9 (number 8); while two have maxi-
mum sensitivities above 0.6 - WT/5 (number 3)
and BMI/5 (number 14) (Fig. 17). The across-study
Se spread among the latter as well as for maternal
height (number 1) is very pronounced. This is due to
a single study result in which the Se estimates are
computed from very small numbers and hence are
very suspect.b Minimum spread was observed for
WT/pp-9 (number 12) although the magnitudes are
modest, stopping short of the cut-off point of 0.3.
Comparatively few indicator/study sensitivities exceed
the cut-off level. The majority of indicator/study
specificities reached the 0.7 cut-off point.

Table 17 presents information on the perfor-
mance of all indicators in respect of their sensitiv-
ity/specificity and acceptability for use as a screen-
ing tool.

It will be seen that no indict tor met the test cri-
teria in the requisite number of data sets for assisted
delivery. Maternal height is predictive of elevated
risk for this outcome (OR, 1.6; 95% CI, 1.5-1.7) but
met the test criterion in only 38% of the 13 data sets,
just failing to meet the minimum requirement of
40%. Indicators apparently predictive of reduced risk
(e.g., BMI) achieved the Se/Sp criterion in only 10%
of data sets (1/10) and therefore cannot be consid-

b This arises for outcomes that are relatively rare (e.g., maternal
outcomes) in certain data sets, coupled with very small numbers
for the given indicator. Hence, a single study result can exagge-
rate the range of Se or Sp.
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Table 17: Performance of indicators for assisted delivery

Assisted delivery

Indicator Counta Min Sea Max Sea

1. Maternal height 5/13 0.30 0.52
2. Pre-pregnancy weight 3/10 0.30 0.42
3. Attained weight by month 5 2/11 0.38 0.67
4. Attained weight by month 7 2/11 0.30 0.33
5. Attained weight by month 9 1/12 0.35 0.35
6. Mid-upper-arm circumference 0/9

7. Weight gain: months 5 to 7 1/9 0.46 0.46
8. Weight gain: months 5 to 9 1/8 0.38 0.38
9. Weight gain: months 7 to 9 1/10 0.47 0.47

10. Weight gain: pp to month 5 0/9
11. Weight gain: pp to month 7 0/8
12. Weight gain: pp to month 9 0/8
13. Pre-pregnancy BMI 2/10 0.31 0.32
14. BMI month 5 1/10 0.31 0.31
15. BMI month 7 1/10 0.33 0.33
16. BMI month 9 1/10 0.32 0.32
a 'Count' gives the fraction of data sets in which the Se/Sp cri-
terion was met. The absence of an asterisk, denotes that no
indicator met this criterion (Se >0.3 and Sp >0.7) in more than
40% of the relevant studies. The observed maximum and mini-
mum sensitivities across studies that meet the Se/Sp criterion
are recorded in the final two columns.

ered reliable indicators of a lowered probability of
assisted delivery in the context of this study. It is
perhaps surprising that maternal height does not
emerge as a stronger indicator of assisted delivery,
given service experience of risk associated with low
maternal height (22). It will be recalled, however,
that odds ratios calculated in this study are estimated
on the basis of comparison of outcome frequency
between the lower and upper quartiles of the indica-
tor distribution. The 25th percentile cut-off would
contain women of low, as well as critically low
(<140 cm) stature, thus diluting the expected high
risk of cephalo-pelvic disproportion and consequent
need for assisted delivery. Analysis using upper and
lower deciles do show a more powerful predictive
capacity for maternal height.

Pre-eclampsia
Definition. No generally accepted definition for
hypertensive disorders of pregnancy exists. The
WHO Hypertensive Collaborative study recommen-
ded the following diagnostic criteria: diastolic pres-
sure >90 mmHg, proteinuria, and/or presence of oede-
ma. Only 11 data sets were analysed with respect to this
outcome-the WHO collaborative studies and the
data from Colombia, to ensure equivalent definitions.

Prevalence ranged from below 1% to 15% (see Table
8, Chapter 3, page 16). As oedema is associated with
the development of pre-eclampsia, rapid weight gain
during the latter half of pregnancy may be observed.
As such, our analysis might be expected to show a
low relative risk for those mothers with low weight
gain in mid to late pregnancy. The summary table
(Table 18) shows the range of combined ORs for
each indicator in relation to this outcome.

It is evident that none of the indicators are
strongly predictive of risk for pre-eclampsia. The
highest ORs are just above 1 and as such indicate
negligible risk. The rest of the indicators have values
below 1, including those based on late pregnancy
weight gain as predicted above. The extreme exam-
ple of this effect is weight gain from months 5 to 9,
with an OR of 0.3 and a 95% CI of 0.2-0.4, suggest-
ing that high weight gain, compared with low weight
gain, over this period is associated with a threefold
increase in the relative risk of developing pre-
eclampsia. Excluding weight indicators in pregnancy
as a whole, the ORs for maternal height, arm circum-
ference, pre-pregnancy weight and BMI all have
values of less than 1 (0.6-0.8), indicating a neutral
or marginally negative relationship to pre-eclampsia.
Evidently, poor maternal nutritional status is asso-
ciated with a reduced risk of pre-eclampsia. Scien-
tific evidence for nutritional factors in the etiology
of pre-eclampsia is, however, weak (25).

Table 18: Summary of the combined odds ratios for
each Indicator. The ORs refer to the relative risk for pre-
eclampsia for the lower quartile versus the upper quartile of
the indicator's distribution.

Odds ratio for
Indicator pre-eclampsia

Maternal height 0.8
Mid-upper-arm circumference 0.6
Pre-pregnancy weight 0.7
Attained weight by month 5
Attained weight by month 7 0.8
Attained weight by month 9 0.7

Pre-pregnancy BMI 0.7
BMI month 5 1.2
BMI month 7 0.9
BMI month 9 0.6

Weight gain:
Pre-pregnancy to month 5 1.1
Pre-pregnancy to month 7 0.8
Pre-pregnancy to month 9 0.6
Month 5 to month 7 0.7
Month 5 to month 9 0.3
Month 7 to month 9 0.6
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Table 17: Performance of indicators for assisted delivery

Assisted delivery

Indicator Counta Min Sea Max Sea

1. Maternal height 5/13 0.30 0.52
2. Pre-pregnancy weight 3/10 0.30 0.42
3. Attained weight by month 5 2/11 0.38 0.67
4. Attained weight by month 7 2/11 0.30 0.33
5. Attained weight by month 9 1/12 0.35 0.35
6. Mid-upper-arm circumference 0/9

7. Weight gain: months 5 to 7 1/9 0.46 0.46
8. Weight gain: months 5 to 9 1/8 0.38 0.38
9. Weight gain: months 7 to 9 1/10 0.47 0.47

10. Weight gain: pp to month 5 0/9
11. Weight gain: pp to month 7 0/8
12. Weight gain: pp to month 9 0/8
13. Pre-pregnancy BMI 2/10 0.31 0.32
14. BMI month 5 1/10 0.31 0.31
15. BMI month 7 1/10 0.33 0.33
16. BMI month 9 1/10 0.32 0.32
a 'Count' gives the fraction of data sets in which the Se/Sp cri-
terion was met. The absence of an asterisk, denotes that no
indicator met this criterion (Se >0.3 and Sp >0.7) in more than
40% of the relevant studies. The observed maximum and mini-
mum sensitivities across studies that meet the Se/Sp criterion
are recorded in the final two columns.

ered reliable indicators of a lowered probability of
assisted delivery in the context of this study. It is
perhaps surprising that maternal height does not
emerge as a stronger indicator of assisted delivery,
given service experience of risk associated with low
maternal height (22). It will be recalled, however,
that odds ratios calculated in this study are estimated
on the basis of comparison of outcome frequency
between the lower and upper quartiles of the indica-
tor distribution. The 25th percentile cut-off would
contain women of low, as well as critically low
(<140 cm) stature, thus diluting the expected high
risk of cephalo-pelvic disproportion and consequent
need for assisted delivery. Analysis using upper and
lower deciles do show a more powerful predictive
capacity for maternal height.

Pre-eclampsia
Definition. No generally accepted definition for
hypertensive disorders of pregnancy exists. The
WHO Hypertensive Collaborative study recommen-
ded the following diagnostic criteria: diastolic pres-
sure >90 mmHg, proteinuria, and/or presence of oede-
ma. Only 11 data sets were analysed with respect to this
outcome-the WHO collaborative studies and the
data from Colombia, to ensure equivalent definitions.

Prevalence ranged from below 1% to 15% (see Table
8, Chapter 3, page 16). As oedema is associated with
the development of pre-eclampsia, rapid weight gain
during the latter half of pregnancy may be observed.
As such, our analysis might be expected to show a
low relative risk for those mothers with low weight
gain in mid to late pregnancy. The summary table
(Table 18) shows the range of combined ORs for
each indicator in relation to this outcome.

It is evident that none of the indicators are
strongly predictive of risk for pre-eclampsia. The
highest ORs are just above 1 and as such indicate
negligible risk. The rest of the indicators have values
below 1, including those based on late pregnancy
weight gain as predicted above. The extreme exam-
ple of this effect is weight gain from months 5 to 9,
with an OR of 0.3 and a 95% CI of 0.2-0.4, suggest-
ing that high weight gain, compared with low weight
gain, over this period is associated with a threefold
increase in the relative risk of developing pre-
eclampsia. Excluding weight indicators in pregnancy
as a whole, the ORs for maternal height, arm circum-
ference, pre-pregnancy weight and BMI all have
values of less than 1 (0.6-0.8), indicating a neutral
or marginally negative relationship to pre-eclampsia.
Evidently, poor maternal nutritional status is asso-
ciated with a reduced risk of pre-eclampsia. Scien-
tific evidence for nutritional factors in the etiology
of pre-eclampsia is, however, weak (25).

Table 18: Summary of the combined odds ratios for
each Indicator. The ORs refer to the relative risk for pre-
eclampsia for the lower quartile versus the upper quartile of
the indicator's distribution.

Odds ratio for
Indicator pre-eclampsia

Maternal height 0.8
Mid-upper-arm circumference 0.6
Pre-pregnancy weight 0.7
Attained weight by month 5
Attained weight by month 7 0.8
Attained weight by month 9 0.7

Pre-pregnancy BMI 0.7
BMI month 5 1.2
BMI month 7 0.9
BMI month 9 0.6

Weight gain:
Pre-pregnancy to month 5 1.1
Pre-pregnancy to month 7 0.8
Pre-pregnancy to month 9 0.6
Month 5 to month 7 0.7
Month 5 to month 9 0.3
Month 7 to month 9 0.6
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Fig. 18. The combined OR profiles for selected Indica-
tors and pre-eclampsia are shown. Means (with 95%
confidence interval) are estimated as: HT: 0.88 (0.7-1.0);
MUAC: 0.69 (0.5-0.8); WTpp: 0.71 (0.6-0.8). The ORs are
for mothers below the lowest quartile for the indicator ver-
sus mothers above the highest quartile for the indicator.
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Maternal height, pre-pregnancy weight and arm cir-
cumference. Profiles for maternal height, MUAC
and pre-pregnancy weight are jointly displayed in
Fig. 18.

Body mass index. Attained BMI by month 5 dis-
plays the highest estimated OR for all indicators
examined, 1.2, but the 95% confidence interval is 0.8
to 1.5; therefore a low BMI at this stage of pregnan-
cy is effectively neutral with respect to this outcome.
In contrast, pre-pregnancy BMI, and attained BMI

Fig. 19. The combined OR profiles for attained BMI Indi-
cators and pre-eclampsia are shown. Means (with 95%
confidence interval) are estimated as: BMlpp: 0.7 (0.6-0.9);
BMI/5: 1.2 (0.9-1.7); BMI/7: 0.9 (0.7-1.0); and BMI/9: 0.6
(0.5-0.8). The ORs are for BMI below the lowest quartile
versus BMI above the highest quartile.
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by months 7 and 9, all have small estimated mean
ORs ranging from 0.6 to 0.9. The profile plot (Fig.
19) indicates that the profiles corresponding to pre-
pregnancy and month 9 are well within the 0-1
range.

Sensitivity and specificity
Only BMI/9 (number 16) has a minimum study Se
value of 0.05 (Fig. 20). However, several indicators
show study sensitivities dropping below 0.1 WT/5
(number 3) has both the highest recorded Se and
consequently the largest spread of values across
studies. As will be noted from the specificity plot, a
large proportion of study specificities-across nearly
all indicators-fall below the 0.7 cut-off value.

Table 19 shows the reliability of the Se/Sp
characteristics across studies. It will be seen that
for pre-eclampsia the single candidate (based on only
5 data sets) is the pre-pregnancy body mass index
(reported OR is 0.75; 95% CI, 0.6-0.9). Pre-pregnan-
cy weight (OR, 0.7; 95% CI, 0.6-0.8) achieved the
Se/Sp criterion in only 2 out of 6 data sets.

The overall conclusion is that maternal anthro-
pometry is a poor predictor of increased risk of pre-
eclampsia, in part because of the confounding effect
of late pregnancy oedema on weight and weight
gain. For this reason it could be concluded, at first
sight, that the majority of indicators show a small
protective effect for low nutritional status. It must be
bome in mind, however, that if high weight status/
gain is a consequence of disease, rather than a cause,
then low gain is not necessarily protective against
this outcome.

Fig. 20. Ranges in computed sensitivity (left side) and
specificity (right side) across all relevant data sets for
all indicators for pre-eclampsia. The indicators are num-
bered 1 to 16 and follow the sequence shown in Table 19.
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Chapter 6

Table 19: Performance of indicators for pre-eclampsia.
Asterisked indicators, having met the selection criteria, are
considered candidates for 'best' indicator.

Pre-eclampsia

Indicator Counta Min Sea Max Sea

1. Maternal height 3/8 0.31 0.47
2. Pre-pregnancy weight 2/6 0.36 0.50
3. Attained weight by month 5 2/8 0.35 0.38
4. Attained weight by month 7 1/8 0.54 0.54
5. Attained weight by month 9 0/9
6. Mid-upper-arm circumference 0/9

7. Weight gain: months 5 to 7 0/6
8. Weight gain: months 5 to 9 0/6
9. Weight gain: months 7 to 9 0/7

10. Weight gain: pp to month 5 0/6
11. Weight gain: pp to month 7 0/6
12. Weight gain: pp to month 9 0/6
13. Pre-pregnancy BMI 3/5* 0.31 0.50
14. BMI month 5 1/8 0.35 0.35
15. BMI month 7 1/7 0.50 0.50
16. BMI month 9 0/7
a 'Count' gives the fraction of data sets in which the Se/Sp cri-
teria was met. The asterisk denotes that the indicator met this
criterion (Se >0.3, Sp >0.7) in over 40% of the studies. The
observed maximum and minimum sensitivities across studies
that meet the Se/Sp criterion are recorded in the final two
columns. Where only one study has met the criteria, the min
and max figure for Se will be the same.

Postpartum haemorrhage
Definition. Bleeding during the first 24 hours post-
partum. As with prematurity, there is no known bio-
logical basis for a relationship between maternal
nutritional status and postpartum haemorrhage.
Maternal anthropometric indicators are therefore
examined solely for any predictive capacity.

The six studies that had uniformly defined infor-
mation on this condition are identified in Table 8,
Chapter 3 (page 16), where it will be seen that the
prevalence of this condition across studies is very
low: 0.5-4.4%. Table 20 provides a summary of the
combined odds ratios derived from the eligible stud-
ies.

As with assisted delivery and pre-eclampsia, all
estimated ORs are below 1 with the exception of
attained BMI indicators which show a marginal ele-
vated risk (but with 95% CIs embracing 1.0) (Fig. 21).
Apart from attained weight by month 9 and MUAC,
confidence intervals for all other indicators include
1, suggesting that these are neutral in respect of risk
prediction. Attained weight by month 9 has an OR of
0.6 with a 95% CI of 0.4-0.8 and MUAC has an OR
of 0.6 with a 95% CI of 0.5-0.8, implying prediction

Table 20: Summary of the combined odds ratios for
each indicator. The ORs refer to the relative risk for post-
partum haemorrhage for the lower quartile versus the upper
quartile of the indicator's distribution.

Odds ratio for
postpartum

Indicator haemorrhage

Maternal height 0.7
Mid-upper-arm circumference 0.6
Pre-pregnancy weight 0.6
Attained weight by month 5 0.9
Attained weight by month 7 0.9
Attained weight by month 9 0.6

Pre-pregnancy BMI 0.8
BMI month 5 1.2
BMI month 7 1.1
BMI month 9 1.0

Weight gain:
Pre-pregnancy to month 5 0.5
Pre-pregnancy to month 7 0.7
Pre-pregnancy to month 9 0.6
Month 5 to month 7 0.9
Month 5 to month 9 0.9
Month 7 to month 9 0.7

of a reduced risk, but more data would be required
before this could be considered to be reliably deter-
mined. For this reason a larger number of studies of

Fig. 21. The combined OR profiles for attained weight
and postpartum haemorrhage are shown. Means (with
95% confidence interval) are estimated as: WTpp: 0.6
(0.4-1.1); WT/5: 0.9 (0.4-1.7); WT/7: 0.9 (0.6-1.5); and
WT/9: 0.6 (0.4-0.8). The ORs are for weight below
the lowest quartile versus weight above the highest
quartile.
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Table 19: Performance of indicators for pre-eclampsia.
Asterisked indicators, having met the selection criteria, are
considered candidates for 'best' indicator.

Pre-eclampsia

Indicator Counta Min Sea Max Sea

1. Maternal height 3/8 0.31 0.47
2. Pre-pregnancy weight 2/6 0.36 0.50
3. Attained weight by month 5 2/8 0.35 0.38
4. Attained weight by month 7 1/8 0.54 0.54
5. Attained weight by month 9 0/9
6. Mid-upper-arm circumference 0/9

7. Weight gain: months 5 to 7 0/6
8. Weight gain: months 5 to 9 0/6
9. Weight gain: months 7 to 9 0/7

10. Weight gain: pp to month 5 0/6
11. Weight gain: pp to month 7 0/6
12. Weight gain: pp to month 9 0/6
13. Pre-pregnancy BMI 3/5* 0.31 0.50
14. BMI month 5 1/8 0.35 0.35
15. BMI month 7 1/7 0.50 0.50
16. BMI month 9 0/7
a 'Count' gives the fraction of data sets in which the Se/Sp cri-
teria was met. The asterisk denotes that the indicator met this
criterion (Se >0.3, Sp >0.7) in over 40% of the studies. The
observed maximum and minimum sensitivities across studies
that meet the Se/Sp criterion are recorded in the final two
columns. Where only one study has met the criteria, the min
and max figure for Se will be the same.

Postpartum haemorrhage
Definition. Bleeding during the first 24 hours post-
partum. As with prematurity, there is no known bio-
logical basis for a relationship between maternal
nutritional status and postpartum haemorrhage.
Maternal anthropometric indicators are therefore
examined solely for any predictive capacity.

The six studies that had uniformly defined infor-
mation on this condition are identified in Table 8,
Chapter 3 (page 16), where it will be seen that the
prevalence of this condition across studies is very
low: 0.5-4.4%. Table 20 provides a summary of the
combined odds ratios derived from the eligible stud-
ies.

As with assisted delivery and pre-eclampsia, all
estimated ORs are below 1 with the exception of
attained BMI indicators which show a marginal ele-
vated risk (but with 95% CIs embracing 1.0) (Fig. 21).
Apart from attained weight by month 9 and MUAC,
confidence intervals for all other indicators include
1, suggesting that these are neutral in respect of risk
prediction. Attained weight by month 9 has an OR of
0.6 with a 95% CI of 0.4-0.8 and MUAC has an OR
of 0.6 with a 95% CI of 0.5-0.8, implying prediction

Table 20: Summary of the combined odds ratios for
each indicator. The ORs refer to the relative risk for post-
partum haemorrhage for the lower quartile versus the upper
quartile of the indicator's distribution.

Odds ratio for
postpartum

Indicator haemorrhage

Maternal height 0.7
Mid-upper-arm circumference 0.6
Pre-pregnancy weight 0.6
Attained weight by month 5 0.9
Attained weight by month 7 0.9
Attained weight by month 9 0.6

Pre-pregnancy BMI 0.8
BMI month 5 1.2
BMI month 7 1.1
BMI month 9 1.0

Weight gain:
Pre-pregnancy to month 5 0.5
Pre-pregnancy to month 7 0.7
Pre-pregnancy to month 9 0.6
Month 5 to month 7 0.9
Month 5 to month 9 0.9
Month 7 to month 9 0.7

of a reduced risk, but more data would be required
before this could be considered to be reliably deter-
mined. For this reason a larger number of studies of

Fig. 21. The combined OR profiles for attained weight
and postpartum haemorrhage are shown. Means (with
95% confidence interval) are estimated as: WTpp: 0.6
(0.4-1.1); WT/5: 0.9 (0.4-1.7); WT/7: 0.9 (0.6-1.5); and
WT/9: 0.6 (0.4-0.8). The ORs are for weight below
the lowest quartile versus weight above the highest
quartile.
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Maternal outcomes

sufficient size will need to be incorporated into the
meta-analysis before more precise estimates can be
obtained for this outcome and thus provide a clearer
indication of the predictive power of these indica-
tors.

The profile for attained weight at month 9 is
based on all six studies and has a low OR of 0.6 with
a confidence interval in the 0-1 range. This reduced
risk-finding parallels that for MUAC (OR, 0.6; 95%
CI, 0.5-0.8) and the same interpretation and caution
must be applied to both.

Postpartum haemorrhage is a serious and life-
threatening condition requiring immediate and effec-
tive response. Most of the indicators examined here
are of insufficient strength and reliability to be useful
predictors of increased risk from a service point of
view. Of the two that potentially indicate reduced
risk, the evidence is insufficient to justify any
assumptions of more favourable status in respect of
this outcome.

Sensitivity and specificity
Accepting these limitations on predictive capacity,
Se/Sp analysis is rather academic, but for the record
the results are shown in Fig. 22 and Table 21. Sensi-
tivities will be seen to vary substantially across the
few available studies for many of the indicators; a

Fig. 22. Ranges in computed sensitivity (left side) and
specificity (right side) across all relevant data sets for
all indicators for postpartum haemorrhage. The indica-
tors are numbered 1 to 16 and follow the sequence shown
in Table 21.
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Table 21: Performance of indicators for postpartum
haemorrhage. Asterisked indicators having met the selec-
tion criteria, are considered candidates for 'best' indicator.

Post-partum haemorrhage

Indicator Counta Min Sea Max Sea

1. Maternal height 0/7
2. Pre-pregnancy weight 1/5 0.36 0.36
3. Attained weight by month 5 0/4
4. Attained weight by month 7 2/5* 0.43 0.50
5. Attained weight by month 9 0/7
6. Mid-upper-arm circumference 0/4

7. Weight gain: months 5 to 7 1/3 0.50 0.50
8. Weight gain: months 5 to 9 0/3
9. Weight gain: months 7 to 9 1/4 0.33 0.33

10. Weight gain: pp to month 5 0/3
11. Weight gain: pp to month 7 1/2* 0.38 0.38
12. Weight gain: pp to month 9 0/4
13. Pre-pregnancy BMI 2/5* 0.31 0.50
14. BMI month 5 0/5
15. BMI month 7 2/6 0.32 0.50
16. BMI month 9 1/6 0.45 0.45
a 'Count' gives the fraction of data sets in which the Se/Sp cri-
terion was met. The asterisk denotes that the indicator met this
criterion (Se >0.3, Sp >0.7) in over 40% of the studies. The
observed maximum and minimum sensitivities across studies
that meet the Se/Sp criterion are recorded in the final two col-
umns. Where only one study has met the criteria, the min and
max figure for Se will be the same.

single study can exaggerate the range considerably.
For example, Se for indicator number 10
(WTg/pp-5) will be seen to encompass a range from
just above 0.1 to almost 1.0; the latter point is due to
a single atypical outlier. Most study sensitivities are
below the cut-off point of 0.3. In contrast, the ma-
jority of the study specificities exceed 0.7.

It will be seen from Table 21 that the indicators
meeting the study criteria are: weight attained by
month 7, weight gain from pre-pregnancy to month
7, and pre-pregnancy BMI. However, as the numbers
of studies available for this summary are very limit-
ed indeed, there can be little or no confidence in the
selection criteria in this instance. In addition, it will
be recalled that all of these indicators had already
been excluded as potential predictors because the
confidence intervals for associated ORs included 1,
implying no evidence for a risk relationship with this
outcome.
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7. Weight gain curves

Introduction
An important purpose in bringing the data sets to-
gether on a single computer was to be able to construct
appropriate reference curves of weight gain during
pregnancy for populations with different characteris-
tics. Such curves could then be used as tools to
monitor pregnant women at the community and
household level and would have immediate applica-
tions in the development of weight-gain curves for
WHO's prototype home-based maternal record (2).a
The construction of sample curves is discussed in
terms of (a) 'specificity' curves reflecting weight
gain in relation to observed birth weight outcomes,
and (b) in the derivation of a 'high-risk' curve for
use as a diagnostic tool and for meeting defined sen-
sitivity and specificity criteria. Analysis was carried
out on the basis of country groups (Table 22) as-
sembled from studies that shared similar anthro-
pometric characteristics, as described in Chapter 2.

Results
Fig. 23 shows the average cumulative weight gain
for women with low-birth-weight infants and those
with infants whose birth weight (BWT) exceeded
3000 g. There is a difference of around 1 kg at term
between the country groups for BWT <2500 g; how-
ever, in the second plot for BWT >3000 g there is
little difference between Groups 1 and 3, but Group
4 (Ireland and United Kingdom) gained substantial-
ly more weight by the end of pregnancy, mainly due
to continuing high gain in the last trimester.

Weight-gain curves by country groups are pre-
sented in Fig. 24. These curves were constructed for
each group for different birth weight ranges: a
median curve, corresponding to a birth weight of
between 2500 g and 3000 g; an upper curve for
BWT >3000 g; and a lower curve, corresponding to
the gain curve for BWT <2500 g.

It can be seen that although there are major dif-
ferences in pre-pregnancy weight between the four
groups, the three curves follow similar trajectories
throughout the course of pregnancy. While the lower

a A frequently encountered limitation to the utility of weight-gain
curves is the late first presentation of the mother at the ante-
natal clinic. If information on pre-pregnancy weight was available
for this mother from the home-based record, then two points
could be entered onto her chart and some indication of her pat-
tern of weight gain would be available. The role of MUAC in pre-
dicting pre-pregnancy weight for this purpose is examined in
technical note C, Chapter 9, pages 49-51.

and median weight-gain curves are closely compar-
able, the upper, or optimal, birth weight curve is sub-
stantially and consistently higher in all four groups.
This implies that maternal nutritional status expres-
sed by weight gain cannot differentiate readily be-
tween low and lower normal birth weight outcomes,
particularly when pre-pregnancy weights are high. It
also indicates that attainment of optimal birth weight
requires a quantum difference in nutritional status
starting before pregnancy and maintained throughout
gestation. In service terms this implies that discrimi-
nation between adequate and inadequate maternal
nutritional status in respect of desired birth weight
outcome should be based on the upper, rather than
on the median, curve. Two further sets of graphs
(Fig. 25a and 25b) show cumulative weight-gain
curves superimposed on mean monthly weight-gain
columns for the original three birth weight categories
(<2500 g, 2500-3000 g, and >3000 g) for the four
country groupings.

For groups 1 and 2 (Fig. 25a), peak weight gain
occurs in lunar month 6 (from 20 to under 24 weeks)
for low and median weight births but extends to
month 7 for high weight births, while in groups 4
and 5 the peak gain occurs in the seventh month with
all birth weight outcomes. In respect of peak gain
values, these are consistently higher in group 4
(about 2 kg) across all birth weight outcomes; in all
other groups and categories the peak values are simi-
lar and lower (about 1.5 kg), with the exception of
the high birth weight in group 1 where the gain in
the 7th month is close to 2 kg. These figures suggest
that the extension of weight gain increase into the
7th lunar month could be a useful marker of a more
favourable fetal outcome where service conditions
permit such detailed levels of observation. These
findings are consistent with the ORs for attained
weight in the 7th lunar month as an indicator of low
birth weight and intrauterine growth retardation,
shown in Chapter 5 (pp. 21, 24).

Table 22: Countries listed by group for weight-gain
curvesa

Countries

Group 1 India (Pune), Sri Lanka, Nepal (Urban), Nepal (Rural)
Group 2 Indonesia, Myanmar, Thailand, Vietnam
Group 3 China, Colombia, Malawi
Group 4 Ireland, United Kingdom
a Groups determined by cluster analysis.
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Weight gain curves

Fig. 23. Cumulative pregnancy weight gain (kg) by lunar month for women with low-birth-weight infants and those
with infants whose birth weight exceeded 3000 g, by country group.
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A 'high-risk' weight-gain curve for LBW

Ideally a 'high-risk' weight-gain curve for LBW
would be one that best separates mothers likely to
deliver 'normal' birth weight infants from those like-
ly to deliver low-birth-weight infants. Such a curve
would be based on the cut-off point that minimizes
the total number of false classifications in relation to
the number of actual cases arising in the population
(i.e., minimize (FP + FN)/TP) and would not be
expected to correspond to either the 10th or 25th
centile curves.b Such a 'minimum error' curve is a
good choice if the effects of false negative and false
positive assignment (alpha and beta errors) are assu-
med equally costly to the patient and/or the health
care system. A selection of curves to illustrate the
results for each group are shown in Fig. 26.

b Haas (26, and references therein) discusses a range of issues
in connection with the construction of weight-gain curves. For
this project the construction of a 'minimum risk curve' requires
the computation of a sequence of logistic regressions with birth
weight dichotomized (low versus normal) as the dependent vari-
able, and with maternal weight as the independent or predictor
variable, also dichotomized (above or below a selected cut-off
point). This cut-off point is then incremented gradually and the
analysis repeated for a range of maternal weights. From each
regression the odds ratio (OR) of LBW, plus the sensitivity (Se),
specificity (Sp) and positive predictive value (PPV) may be cal-
culated at each maternal weight.

The top curve corresponds to the mothers with
infant birth weights >3000 g and curves correspond-
ing to the 25th and 10th centiles are also shown with
the minimum error curve. The latter be seen to cross
the 25th centile curve for groups 1 and 3, exceed the
lower quartile curve in group 2 and exceed the 10th
centile curve in group 4. A practical difficulty in
using this test in a service context is that a 'best'
curve (based on Se/Sp profiles or the minimum
error) exceeded the 25th centile curve for three
groups, implying that more than a quarter of women
seen would be classed as 'at risk'. If all of these
women were referred, and the referrals completed,
this would place an unacceptable burden on facilities
at the next level of care, particularly in low-income
countries with severe resource constraints. The
reason why this arises is that the distribution of
weight gain across studies is highly variable and
there is a very considerable overlap in weight gain
distributions associated with birth weights below
2500 and above 3000 g.

In practical terms and considering resource
implications for low-income countries, it is recom-
mended that either the 10th or 25th centile gain
curve (or indeed, a centile within this range, say the
15th) be used for the WHO prototype home-based
matemal record. This accords with accepted service
planning principles, i.e., when resources are restric-
ted, select the cut-off point which will deliver the
number of referrals that the system can handle.
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Chapter 7

Fig. 24. Monthly (lunar) pregnancy weight-gain curves for mothers with infants in different birth weight categories,
by country group. The initial weight is based on the average pre-pregnancy weight for that group. (N.B. The curves are not
on the same vertical scale; to do so would cause loss of detail between the lower and middle curves).
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Weight gain curves

Fig. 25. Mean monthly (lunar) maternal pregnancy weight gain and cumulative weight gain, by birth weight outcome,
for three categories of birth weight and for groups 1-4.
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Chapter 7

Fig. 26. Maternal pregnancy weight-gain curves associated with risk of low birth weight - 25th and 10th centile and
minimum error curves. The curve for pregnancy weight gain by mothers with infants with birth weight >3000 g is
shown for comparison.
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8. Service applications

Introduction
Some 30% to 80% of births in the developing world
take place in the home, usually assisted by a birth
attendant who is illiterate and without formal train-
ing. Under these conditions there is often little
contact with the health system prior to pregnancy,

while the first antenatal visit is often delayed until
the third trimester and is not always repeated. At this
point it is critical for the peripheral worker to take
full advantage of any opportunity to determine the
woman's health and nutritional status, to detect any

existing abnormality, and to determine the risk of
adverse outcome for the mother and the fetus. Based
on such an assessment, a decision can be made
regarding the need for special attention and for refer-
ral to higher levels of care at the appropriate time. It
is also the key opportunity to provide information
and guidance on self-care and to emphasize the need
to continue service contacts and make arrangements
for safe delivery.

Obstetrical monitoring and assessment of risk
are based on a series of routine observations made
during the antenatal visit. Age, parity, history, physi-
cal health, and gestational progress are basic clinical
observations, while nutritional status assessment pro-

vides essential corollary information which further
improves risk prediction. Such assessment must be
carried out at the lowest level in the health care

system if the principles of early detection and timely
intervention are to be applied. Given that the major-
ity of primary care systems operate under basic con-

ditions and that nutritional status is an important
source of fetal and matemal risk, it is essential to
identify which indicators can be used under different
service conditions. Such conditions include the
timing and frequency of antenatal contact, the avail-
ability of weighing scales, the ability of the worker
to carry out simple calculations and to make decisions
based on defined thresholds. All of this presupposes
the existence of effective interventions that can be
applied at the lowest possible level in the system.

Selection of indicators: practical
considerations
For the above reasons it is appropriate to examine
the range of indicators identified in terms of com-
mon constraints on their use under field conditions,
using the same operational framework discussed in
Chapter 1 (Table 2, page 3). As previously, Table 23
identifies situations characterized by:

(i) contact frequency - ranging from a one-
time only attendance at a clinic to two or more
opportunities for measurement;

(ii) technical equipment - the availability or
not of reliable weighing scales for routine use; and

(iii) service delivery - which may be con-
strained by late registration (around 30 weeks),
restricted outreach, and limited ability or inadequate
training of the health worker.

In Table 23 the 'worst case scenario' corresponds
to case A: a single contact late in pregnancy, with no
weighing scales available; this rules out the use of all
weight indicators regardless of the health worker's
competence. A more typical situation is illustrated
by a single contact in the second half of pregnancy,
with weighing scales available and measurements
made by a minimally trained worker (case C). In
such a setting, weight attained by month 7 (24-27
weeks) or month 9 (32-35 weeks) are feasible meas-
urements; however, weight gain or early pregnancy
weight cannot be considered unless pre-pregnancy
weight can be accurately predicted from arm circum-
ference (see Chapter 9, pages 48-50). An optimal
situation would be multiple contacts starting in pre-
pregnancy or early in pregnancy, taking place at a
health centre that had weighing scales and was
staffed, for example, by an auxiliary nurse midwife
with basic numerical skills (case H). Detailed com-
ments are presented in and below Table 23.

1. No scales/one or more contacts!
constraints: yes/no
Rows A & B and E & F (Table 23). If no scales are
available, only matemal height and arm circumfer-
ence measurements are feasible. Neither of these in-
dicator variables were asterisked in the second stage
of the analysis as they did not meet the Se/Sp criteri-
on in more than 40% of the data sets for any of the
three outcomes. Height as an indicator for LBW
and IUGR comes closest but the odds ratios are not
notably high for either outcome (Chapter 5, see
pp. 21, 24). For preterm birth, both variables have
lower confidence limits of 1 or just above 1 and so
may be regarded as neutral. Clearly, for case F, there
is no advantage in repeatedly measuring either height
or MUAC.

2. Scales available/one contact/delivery
constraints
Row C (Table 23). Assuming scales are available,
but the first service contact is at about 30 weeks of
pregnancy, attained weight by month 7 (WT/7) and
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Chapter 8

Table 23: Preferred Indicators for predicting Increased relative risk for the specified outcomes for different opera-
tional settingsa
Frequency Service
of contact Scales delivery LBW IUGR PTB

SINGLE No scales Some constraints A HT HT

No constraints B HT HT
MUAC

Scales Some constraints C WT/7 WT/9
WT/9 WT/7

No constraints D WTpp WT/pp WT/pp
WT/5,/7,/9 WT/5 BMIpp
BMIpp WT/9

WT/7

MULTIPLE No scales Some constraints E Not applicable Not applicable Not applicable
No constraints F HT, MUAC HT, MUAC

Scales Some constraints G As C As C
WTg/7-9/HT WTg/7-9/HT -
or WTpp or WTpp

No constraints H As D As D As D
WTg/7-9/HT WTg/pp-9 WTg/5-7/HT
or WTpp WTg/5-7
WTg/pp-9/HT
WTg/pp-5
WTg/pp-7

a Within each cell, the indicators are listed in preferred order, i.e., (i) indicators in bold type meet the final selection criterion discussed
in Chapter 4, p. 20 (Se > 0.35 and Sp > 0.7, in .40% relevant data sets); and (ii) indicators in italics that do not reach the full selection
requirements, but represent the best available alternatives. Outcomes and indicators are shown as abbreviations (PTB: pre-term birth),
with numbers referring to lunar months (WTg/7-9: weight gain between lunar months 7 and 9). Line F indicators do not require multiple
measurements.

by month 9 (WT/9) are the preferred indicators for
LBW with ORs of 2.41 and 2.59, respectively.
Weight by month 9 (WT/9) is the only acceptable
indicator for IUGR with an OR of 3.09 because
weight by month 7 does not meet the final selection
criterion. No month 9 indicator has been considered
for predictive purposes for PTB as a significant pro-
portion of such deliveries will have occurred by this
time.

3. Scales available/one contact!
no constraints
Row D (Table 23). With scales available and a first
contact occurring in the first or second trimester
(prior to 20 weeks) or even pre-pregnancy, there are
three preferred indicators for both LBW and IUGR:
pre-pregnancy weight and weight by months 5 and 9,
with weight by month 7 also for LBW. ORs are as
follows: for LBW - WTpp, 2.3; WT/5, 2.4; WT/7,
3.0; WT/9, 2.5; and for IUGR - WTpp, 2.5; WT/5,
2.7; WT/9, 3.0. For PTB, pre-pregnancy weight and
pre-pregnancy BMI were asterisked, with estimated
ORs of 1.4 and 1.3, respectively.

Row E (Table 23) for IUGR, LBW and preterm birth.
In a setting with no scales and service delivery con-
straints, it is assumed that no possibility exists for
multiple contacts.

4. Scales available/multiple contacts/
delivery constraints

Row G (Table 23). For IUGR, LBW and PTB the
preferred indicators are as in case C. The late
contact rules out any viable indicator for preterm
birth. Possible altematives for LBW and IUGR (not
asterisked, but with a reasonable percentage meeting
the selection criterion across studies, see Chapter 5,
pages 23, 27) are weight gain between months 7 and
9, for mothers of below average maternal height or
pre-pregnancy weight.

5. Scales available/multiple contacts/
no constraints
Row H (Table 23). For IUGR, LBW and PTB, if the
first contact is either pre-pregnancy or in the first or
second trimester (prior to 20 weeks), case D selec-
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tion applies; no additional indicators met the final
selection criterion for any of the three outcomes.
Though falling somewhat short of the cross-study
specification, several weight gain indicators are
listed which might be considered as alternatives. In
the case of IUGR and LBW, these indicators met
the selection criterion in 25% of relevant data sets,
whereas for preterm birth the percentages recorded
are around 17% (see Chapter 5).

It is rather striking that no weight gain or sub-
group indicators met the selection criterion for the
final list in Table 23; some were close and may be
worth considering if local experience suggests as
much. Although having comparatively higher ORs,
these indicators do not often have the required joint
levels of specificity and sensitivity which are felt to
be desirable.

Implications for primary health care:
use as a screening test
All selected indicators have only moderate sensitivi-
ties, usually between 0.35 and 0.55. The implications
of this may be conveniently explored by supposing
that 100 mothers attend an antenatal clinic where the
chosen indicator (e.g., weight attained by month 5)
has the following characteristics: Se = 0.4, Sp = 0.78.
If the prevalence of IUGR is 20%, then the results of
this screening test are as set out in Table 24, with the
relevant measures shown below the Table.

Se and Sp are pre-defined; because Se is rela-
tively low, the positive predictive value (PPV, or
proportion of those screened positive who were truly
positive) of this test is poor and will decrease further
where the prevalence of IUGR is lower for the same
Se/Sp. On the other hand, because Sp is reasonably
good, the negative predictive value (NPV, or propor-
tion of those screened negative who were truly nega-
tive) of this test is quite high at 0.84. The overall test
efficiency (eff), i.e., the proportion of mothers cor-
rectly classified by the test is 0.71. Twelve of the
twenty mothers eventually delivering an IUGR infant
would be missed by being improperly screened as
negative for IUGR in this situation - a function of
low test sensitivity. On the other hand, as specificity
is 78%, 17 of the 25 mothers screened positive will
eventually deliver a non-IUGR infant and may
receive an inappropriate intervention. As most nutri-
tion interventions are relatively innocuous this does
not pose a therapeutic hazard; however, they could
have serious cost implications and constitute an inef-
ficient use of limited resources.

For the same pre-set specificity and prevalence
rates, improved sensitivity and positive predictive
value could only be obtained in theory by raising the

Table 24: Hypothetical results of an anthropometric
screening test for IUGR with Se = 0.4, Sp = 0.78, and an
outcome prevalence level of 20%a

IUGR Non-IUGR
Infant Infant Total

Screen positive
(below 25th centile) 8 (TP) 17 (FP) 25
Screen negative
(above 25th centile) 12 (FN) 63 (TN) 75

Total 20 80 100
a TP true positives; FP. false positives; FN, false negatives; TN,
true negatives; PPV, positive predictive value; NPV, negative
predictive value; eff, efficiency; N, total number.

TP
Se =

TP + FN

TN
Sp =

TN + FP

x 100 = 0.40

x 100 = 0.78

TP
PPV= x 100 = 0.32

TP + FP

TN
NPV =

TN + FN

TP + TN
eff =

N

x 100 = 0.84

x 100 = 0.71

cut-off point for a positive screen - for example, to
perhaps the 30th percentile (Se would now equal
0.65 with PPV = 0.43), at a cost of increasing the
number of mothers apparently needing intervention.
In practice, a higher cut-off point for these indicators
will improve sensitivity but will also result in a
reduction in specificity and consequently in a higher
rate of false positives.

For the meta-analysis, estimated ORs and the
conclusions based upon these have been a function
of the comparison between mothers with anthropo-
metric measurements in the lowest quartile as com-
pared to an assumed low-risk category, i.e., those
mothers with measurements in the highest quartile of
the relevant indicator's distribution. From further
analysis undertaken, but not reported here, alterna-
tive comparisons of predictive capacity, e.g., 10th
centile versus the highest quartile, may result in
larger ORs and higher specificities. Certainly, high-
er ORs were computed for the 10th centile cut-off
point for various indicators and outcomes, but were
less satisfactory in that the estimates are much less
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reliable. Also, as discussed in some detail above,
higher specificity is usually gained only at the
expense of lower sensitivity.

Conclusions
This meta-analysis has brought together a significant
number of data sets from around the world and has
attempted to quantify and compare the performance
of a number of commonly used indicators in relation
to selected infant and maternal outcomes. The first
stage of the analysis confirmed the inherent value of
maternal weight (measured before and during preg-
nancy), height, arm circumference, and body mass
index as predictive of specific infant and/or maternal
outcomes, while subsequent analysis considered
indicator sensitivity and specificity so that these indi-
cators could be ranked in order of preference for
primary health care planners and managers. Pre-
pregnancy weight and attained weight by months 5,
7 and 9 were found by and large to meet the selec-
tion criteria for LBW and IUGR. Of the remaining
indicators, weight gain (months 5-7 or 7-9, in
mothers with low maternal height), while not match-
ing the full selection requirements, represented the
best of the alternatives; however, the prediction of
maternal risk was found to be relatively weak, with
the exception of assisted delivery. Some of the con-
straints for field application of these indicators with
typical levels of Se and Sp were presented to illus-
trate the limitations of anthropometry alone as a
screening tool. In considering these conclusions,
there are a number of caveats to bear in mind re-
garding the scope of the analysis and the application
of the guidelines proposed:

(1) Although some 25 data sets were incorpora-
ted into this meta-analysis, it is unclear whether this
is a sufficient number to guarantee a representative
sample embracing varied operational settings and
responses of relevance to the project and its conclu-
sions. Several further data sets have been acquired
since the analysis began, and it is intended to incor-
porate these into the data bank and to continue build-
ing on the available information to refine the results
discussed above and to address other important
issues.

(2) Several other anthropometric indicators
(e.g., various skinfold thicknesses and limb circum-
ferences) are currently proposed as feasible and use-
ful alternatives to the standard indicators. Also, other
combinations of the traditional measurements of
height and weight are now being recommended (27)
in certain settings. To our knowledge, no meta-
analysis has yet been conducted on the utility of
these indicators.

(3) This analysis has been confined to relatively
simple models, ignoring the relevant confounding
effects relating to the mother's demographic profile
and obstetric history, etc. As was made clear in the
statement of the objectives, the specific concern of
this work was to investigate the predictive power of
anthropometry per se, irrespective of other factors.
On the other hand, the unique advantage of this pro-
ject has been the ability to wield a large measure of
control over the definition of variables, choice of
cut-off points, and modes of analysis.

Accepting these caveats, this meta-analysis has
indicated the strength of maternal anthropometry in
predicting fetal outcomes and its relative weakness,
apart from height for assisted delivery, in predicting
the selected maternal outcomes. The strength of
maternal anthropometry to predict other important
maternal outcomes such as lactation performance
and general morbidity, for which a clear biological
relationship exists, is beyond the scope of this study
but could be of great importance to maternal health
and reproduction in a wider perspective.

The fetal outcome of most importance to maternal
and child health services is intrauterine growth retar-
dation for which acceptable and effective interventions
exist. Indicators useful for IUGR can also be applied
to LBW where IUGR is prevalent, as in poor popula-
tions. This analysis has confirmed that pre-pregnancy
weight and attained weight at 5, 7, and 9 lunar months
are useful predictors of fetal risk. Weight gain can also
be useful, particularly if the pre-pregnancy weight is
available. It did not, however, offer any major advan-
tages over attained weight, while the requirement for
two measurements increases the operational complex-
ity. The application of these indicators to the low
height and weight subgroups clearly strengthens the
predictive capacity, even though it adds to the com-
plexity of assessment. The study also noted (discussed
in Chapter 9, pages 48-50) the poor precision of arm
circumference as a predictor of pre-pregnancy weight
for individual mothers.

The study raised the interesting possibility of
indicators of reduced risk for maternal outcomes.
There is a reasonable biological argument for sup-
posing that conditions that may be favourable to the
mother in the short term (low risk of assisted deliv-
ery) will be unfavourable to the fetus and newborn in
the longer term (increased morbidity and mortality in
the first year). These "reduced risk" indicators will
require further consideration and an examination of
the short and long term trade-offs between maternal
and infant health and survival.

The simple procedures and equipment required
to apply the indicators selected by this meta-analysis
in a service context make them particularly suitable
for use by community health workers. The related
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interventions to prevent and correct IUGR are effec-
tive and feasible at the primary care level.

This study systematically applied the lower
quartile as the cut-off point for each indicator, which
may limit specificity and produce a yield for inter-
vention that is in excess of resources. The use of
more stringent criteria, such as a 10% cut-off, would
increase the power and specificity of these indicators
on the one hand and, on the other, limit the demand
for intervention to those most seriously in need.
However, these are clearly decisions best made at a
regional or local level based on identified needs and
service conditions.

The study has also provided practical informa-
tion on optimal and minimal pregnancy weight-gain
values that can be applied to the design and use of
maternal health records, particularly home-based
models. Gestational weight-gain curves will enable
community health workers to track the nutritional
response to pregnancy in a simple and reliable man-
ner. They will also provide valuable material for
health education of the mother and family on repro-
ductive health.

The operational value of the findings of this
study can only be demonstrated through their suc-
cessful application in service settings on a large
scale. Information collected systematically from pro-
gramme sources will verify the assumptions and con-

clusions derived from the meta-analysis of project
data. In turn, however, the successful application of
these indicators will be critically dependent on the
availability of effective interventions. A substantial
body of knowledge has been accumulated on the
fetal and maternal response to food and nutrient sup-
plementation at different stages of pregnancy; how-
ever, much less is known of the efficiency of nutri-
tion interventions prior to pregnancy or in the first
trimester. Similarly the value of indirect interven-
tions, such as infectious disease and parasite control
and the reduction of energy expenditure in late preg-
nancy, needs to be established under a range of oper-
ational conditions.

The programme effectiveness of the indicators
derived from this analysis should be demonstrated in
the more efficient use of resources and by the
improvement in conventional outcome measures of
maternal, fetal and infant health. It will be the task of
service directors, in collaboration with national and
international agencies, to undertake a comprehensive
review of these long-term effects in the coming
years.

The work discussed here must be seen as the
first critical step in a two-stage process. For the sec-
ond stage, these results will provide the means for
analysing and quantifying the expected benefits of
specific interventions for selected situations.
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