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The following abbreviations are used in this report:

AGA
AMA
AMC
API
BMI
EF
IUGR
LBW
LGA
LMP
LPI
MUAC
NCHS
NHANES
OR
PIH
PPV
ROC
RR

SD

SE

SF
SGA
SP
VLBW

appropriate-for-gestational-age

arm muscle area

arm muscle circumference

adequate ponderal index

body mass index

etiological fraction

intrauterine growth retardation

low birth weight
large-for-gestational-age

last menstrual period

low ponderal index

mid-upper arm circumference
National Center for Health Statistics
National Health and Nutrition Examination Survey
odds ratio

pregnancy-induced hypertension
positive predictive value

receiver (or relative) operating characteristics
relative risk

standard deviation

sensitivity

symphysis-fundus (height)
small-for-gestational-age

specificity

very low birth weight



Introduction

The WHO Expert Committee on Physical Status: The Use and
Interpretation of Anthropometry met in Geneva from 1 to 8 November
1993. Dr E.S. Antezana, Assistant Director-General, opened the meeting
on behalf of the Director-General. This meeting was the culmination
of a two-year preparatory process, involving more than 100 experts
worldwide, which started in 1991 with the establishment of seven
subcommittees, and continued with a number of subcommittee meetings,
small group workshops, individual and working group contributions, and
external reviews. During this process, subcommittees not only reviewed
the latest knowledge in their areas, but also, in some cases, moved
forward by themselves contributing to the knowledge pool.

The subcommittees received support for their efforts from numerous
institutions, organizations, and governments. WHO takes pleasure in
drawing attention to these contributions, without which many of the
major preparatory activities would have been impossible. All individuals
and institutions who contributed to the work are recorded in the
Acknowledgements section (page 412).

Each year, 26 million babies are born too small to lead healthy lives,
because their mothers were either ill or malnourished. More than
230 million (43%) of all preschool children in the developing world
are stunted in their growth because of malnutrition caused by lack of
food and by disease. Today, it is expected that this malnutrition will kill
about seven million children a year, either directly or by worsening the
impact of infectious diseases.

About 15% of non-elderly adults are too thin because of malnutrition and
disease, which decrease their productivity and double their rate of
premature mortality. At the same time, 150 million adults are overweight,
of whom 15 million will die prematurely because of diseases resulting
from obesity. In some communities almost all cases of adult diabetes and
40% of cases of coronary heart disease are attributable to body weight in
excess of the optimum.

Data such as these on low birth weight, stunting, thinness, and
overweight are obtained from measurements of height and weight.
Anthropometric measurements assess body size and composition, and
reflect inadequate or excess food intake, insufficient exercise, and
disease. They demonstrate that deprivation and excess may coexist not
only across, but also within, countries and even households, and show too
that certain kinds of development and health policy enhance nutrition
while others do not. Simple body measurements also permit the selection
of individuals, families, and communities for interventions designed to
improve not only nutrition but health in general and thus survival.

Anthropometry is the single most universally applicable, inexpensive,
and non-invasive method available to assess the size, proportions, and
composition of the human body. Moreover, since growth in children and



body dimensions at all ages reflect the overall health and welfare of
individuals and populations, anthropometry may also be used to predict
performance, health, and survival. This report describes appropriate uses
and interpretation of anthropometry from infancy to old age. These
applications are important for public health and clinical decisions that
affect the health and social welfare of individuals and populations.

Over the years, WHO and other specialized agencies of the United Nations
system have sought to provide guidance on the appropriate uses of
anthropometric indices (I-6). Previously, attention has been focused largely
on infants and young children, because of their vulnerability, and on the
value of anthropometry in characterizing growth and well-being. Advances
during the past decade, however, have demonstrated the relevance of
anthropometry throughout life, not only for individual assessments but
also for reflecting the health status and social and economic circumstances
of population groups. In recognition of these developments, WHO
convened an Expert Committee to re-evaluate the value of anthropometric
indices and indicators at different ages in assessing health, nutrition, and
social well-being. The Expert Committee recognized different needs and
applications through the life cycle, and addressed these issues as they
relate to pregnant and lactating women, the newborn, infants and
children, adolescents, adults, and elderly people (aged 60 years or more).

Paediatricians have long used child growth as an important parameter in
evaluating the health and general well-being of children (7). In the
nutrition field, low height and/or weight relative to reference data have
been used as classic indicators of undernutrition for individuals and
groups; similarly, elevated body weight and thickness of subcutaneous fat
have become common indicators of overnutrition or obesity.

Recent research has expanded the applications of anthropometry to
include predicting who will benefit from interventions, identifying social
and economic inequity, and evaluating responses to interventions.
Importantly, it has become clear that different uses of anthropometry
require different properties of the most appropriate anthropometric
indicators, and that appropriate applications and interpretations of
anthropometric indicators may be different for individuals and for
populations. Further, appropriate indicators for a particular purpose may
vary according to the prevalence of a specific problem.

Principles of public health screening (8) and epidemiology are particularly
helpful in identifying appropriate anthropometric indicators, and specifying
optimum cut-off points for variables (9). Experience with surveillance (2)
has contributed to concepts and practices concerning community
assessments and “trigger-levels” as a basis for public health decisions.

The Expert Committee was requested to:

¢ develop recommendations for the appropriate use and interpretation
of anthropometry in individuals and populatjons in various
operational settings; :



¢ identify and/or develop reference data for anthropometric indicators
when appropriate;

® provide guidelines on how these reference data should be used; and

® identify new or unresolved issues and gaps in knowledge that require
further research.

The Expert Committee’s report is intended to provide a framework and
contexts for present and future uses and interpretation of anthropometry.
Technical aspects of this framework are presented in section 2, and
specific applications of anthropometry appropriate for a particular
physical status or for particular age groups are dealt with in subsequent
sections. For some groups, such as adolescents and the elderly, there has
been little previous research, and the report provides a basis and impetus
for future studies. For other age groups, such as infants and children, the
report provides a re-evaluation in the light of current research, and allows
for an integrated approach to anthropometry throughout life. It is
intended to furnish scientists, clinicians, and public health professionals
worldwide with an authoritative review, reference data, and
recommendations for the use and interpretation of anthropometry that
should be appropriate in many settings.
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2.1

2.2

Technical framework

Introduction

Anthropometry has been widely and successfully applied to the
assessment of health and nutritional risk, especially in children. Recent
publications have refined the interpretation of anthropometric indicators
in selected operational settings (1), but little guidance has been published
concerning other appropriate uses of anthropometry. The implications of
specific uses for the choice of indicators and interpretation of findings
are not fully understood, even though correct selection of the best
anthropometric indicators depends entirely on the purposes for which
they are used (2).

This section deals with the technical basis underlying the various uses of
anthropometric indicators, using principles of applied biostatistics and
epidemiology. For the broader audience, these principles are explained
without equations; readers interested in a technically more sophisticated
treatment are referred to the specialized readings cited.

Levels of body composition

Full appreciation of the utility of anthropometry requires an
understanding of the organizational levels of human body composition.
Recently, there have been major advances in conceptual models relating
anthropometry to body composition, which provide insight into the
physiological mechanisms represented by anthropometry (3).

The five organizational levels of body composition and their major
compartments are shown in Fig. 1. At the atomic' level, the major
chemical elements are oxygen, hydrogen, carbon, nitrogen, calcium, and
phosphorus. Whole-body measurements of these constituents are usually
made with research techniques such as neutron activation analysis, and
provide important information. For example, nitrogen balance is an
indicator of protein turnover, and total body calcium is an indicator of
total bone mineral.

The next level of body composition comprises the major molecular
compartments such as water, protein, glycogen, mineral (osseous and
non-osseous), and fat (Fig. 2). Water and osseous minerals can be
measured directly, but fat, protein, glycogen, and non-osseous minerals
must be estimated by indirect techniques. Each of the several methods
used to estimate this latter group of constituents relies on assumptions
that relate measurable aspects of body composition to the constituent of
interest. Anthropometric methods of estimating total body fat and fat-free
mass (FEM) are usually developed using one of these indirect techniques.

The cellular level of body composition consists of cells, extracellular
fluid (ECF), and extracellular solids (ECS). A widely used model



Figure 1

Five-level model of body composition®
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considers the total cellular mass to be composed of two components - fat
(a molecular-level compartment), and the fat-free cell mass referred to as
body cell mass (BCM), where most metabolic processes take place. Cells
are the body’s main functional compartments. Several equations based on
anthropometry have been developed to predict body cell mass at the
cellular level, although their accuracy is a matter of debate and none is
widely used.

The tissue-system level of body composition consists of the major
tissues, organs, and systems; thus body weight is equal to adipose tissue
+ skeletal muscle + bone + blood + residual (visceral organs, etc.).
Adipose tissue includes adipocytes, blood vessels, and structural
elements, and is the primary site of lipid storage. It is located mainly in
the subcutaneous and internal or visceral compartments, with its
distribution under hormonal and genetic control.

A steady-state relationship exists between the various body-composition
compartments. That is, there are stable quantitative relationships between
compartments at the same and different levels of body composition that
remain relatively constant over a specified time (usually months or
years). This permits information about body composition at various



Figure 2

The major components of body weight®

Water, protein, and mineral within the fat-free body mass occur in the average proportions
0.725, 0.195, and 0.08; glycogen is variable at 0.01 to 0.02; 50 to 55% of water is
intracellular, with the remainder in the extracellular space.
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levels to be derived from anthropometric measurements made at the
whole-body level: Both aging and disease affect these quantitative
relationships, and anthropometry provides a means of detecting the
resultant changes.

2.3 Anthropometric measurements, indices, and indicators

2.3.1 Measurements

The basic anthropometry measurements considered here are weight and
height, but principles derived from these measures may be applied to
other measurements. The methods for collectmg recommended data are
presented in Annex 2.



2.3.2 Indices .

Anthropometric indices are combinations of measurements. They are
essential for the interpretation of measurements: it is evident that a value
for body weight alone has no meaning unless it is related to an
individual’s age or height (4). Thus, for example, measurements of
weight and height may be combined to produce the body mass index
(weight/height®) or a ponderal index (weight/height®), or weight may be
related to height through the use of reference data. In children, the three
most commonly used anthropometric indices are weight-for-height,
height-for-age, and weight-for-age; other indices are used for different
age/physiological groups, such as pregnancy weight gain in pregnant
women.

The anthropometric indices can be expressed in terms of Z-scores,
percentiles, or percent of median, which can then be used to compare a
child or group of children with a reference population. These reporting
systems are defined as follows:

® Z-score (or standard deviation score) (5, 6) — the deviation of the
value for an individual from the median value of the reference
population, divided by the standard deviation for the reference
population:

(observed value) — (median reference value)

Z-score or SD-score = — -
standard deviation of reference population

A fixed Z-score interval implies a fixed height or weight difference
for children of a given age. A major advantage of this system is that,
for population-based applications, it allows the mean and standard
deviation to be calculated for a group of Z-scores.

® Percentile — the rank position of an individual on a given reference
distribution, stated in terms of what percentage of the group the
individual equals or exceeds. Thus a child of a given age whose
weight falls in the 10th percentile weighs the same or more than 10%
of the reference population of children of the same age.

Percentiles are commonly used in clinical settings because their
interpretation is straightforward. However, the same interval of
percentile values corresponds to different changes in absolute height
or weight, according to which part of the distribution is concerned,
and 1t is therefore inappropriate to calculate summary statistics such
as means and standard deviations for percentiles. Moreover, towards
the extremes of the reference distribution there is little change in
percentile values, when there is in fact substantial change in weight or
height status.

® Percent of median — the ratio of a measured value in the individual, for
instance weight, to the median value of the reference data for the same
age or height, expressed as a percentage.



The main disadvantage of this system is the lack of exact
correspondence with a fixed point of the distribution across age or
height status. For example, depending on the child’s age, 80% of the
median weight-for-age might be above or below -2 Z-scores; in terms
of health, this would result in different classification of risk. In
addition, typical cut-offs for percent of median are different for
the different anthropometric indices; to approximate a cut-off of
-2 Z-scores, the usual cut-off for low height-for-age is 90%, and for
low weight-for-height and low weight-for-age 80%, of the median
(7-9).

If the distribution of reference values follows a normal (bell-shaped or
Gaussian) distribution, percentiles and Z-scores are related through a
mathematical transformation. The commonly used -3, -2, and -1 Z-scores
are, respectively the 0.13th, 2.28th, and 15.8th percentiles. Similarly, the

~ 1st, 3rd and 10th percentiles correspond to, respectively, the -2.33,-1.88,
and -1.29 Z-scores. It can be seen that the 3rd percentile and the -2 Z-score
are very close to each other.

The main characteristics of the three reporting systems are summarized
and compared in Table 1. A detailed treatment of their limitations and
strengths is to be found elsewhere (9); the briet discussion above is
intended to outline the reasons for the Z-score being the preferred
system.

The use of indices derived from reference data is appropriate for many
purposes, but for other purposes there are better ways of adjusting
anthropometric values for age and sex, such as through multivariate
analysis (5) or residual analysis (/0). However, these methods are in
general more suitable for research applications and will not be further
discussed here.

It is important to note that all indices derived from age-specific reference
data depend for their precision on exact knowledge of age; when this
information is not available, use of age-based indices such as height-for-
age may result in misclassification (/7).

2.3.3 Indicators

The term “indicator” relates to the use or application of indices. The
indicator is often constructed from indices; thus, the proportion of
children below a certain level of weight-for-age is widely used as an
indicator of community status.

The anthropometric indices discussed here all relate to body size and
composition. Sometimes this is the only type of relationship that can
be inferred; indices should then be referred to as body size or body
composition indicators, rather than as nutrition or health indicators.
Depending on the circumstances, the same anthropometric index may be
influenced equally by nutrition and health, or more by one than by the



Table 1
Comparison of the characteristics of three anthropometric data-reporting
systems

Characteristic Z-score Percentile Percent of median

Adherence to reference

distribution Yes Yes No
Linear scale permitting

summary statistics Yes No Yes
Uniform criteria across indices Yes Yes No

Useful for detecting changes
at extremes of the distributions Yes No Yes

other; accordingly it may then be referred to as an indicator of nutrition,
or of health, or of both. In some cases, the index may be used as a distal,
or indirect, indicator of socioeconomic status or of inequities in
socioeconomic status; if the index is genuinely influenced by these
factors, even though indirectly through nutrition and health, it may then
be referred to as a socioeconomic or equity indicator.

A valid nutritional indicator owes a substantial proportion of its
variability to differences in nutrition. For any given indicator, however,
this proportion may vary across or within populations. For instance, body
mass index (BMI), the ratio of weight to the square of height, is a good
indicator of variability in energy reserves in individuals with a sedentary
lifestyle, but not in athletes; similarly, low birth weight reflects maternal
malnutrition in mothers who are too thin, but not in mothers who are
overweight.

It is not uncommon for an indicator to be erroneously interpreted as
reflecting nutrition or some other factor, when this is not the case. This
may lead to inappropriate targeting of intervention programmes. For
example, providing energy supplements to mothers in a particular area
on the basis of the prevalence of low birth weight alone will not succeed
if smoking is common in the area. For low birth weight to be useful
as an indicator of nutritional status within this population, it must be
“conditioned” on the nutritional status of the mothers. That is, other
factors must be taken into account in assessing the nutritional status
of populations from indicators thought to be nutritional. Thus, the
prevalence in the population of the nutritional or health factor of concern
conditions the interpretation of an anthropometric indicator.

Choice and conditioning of indicators should ultimately depend on the
decisions that will be made on the basis of the information they yield.
Throughout, this report attempts to relate the indicators to the actions that
will be taken on behalf of individuals or populations.



2.4 Selection of anthropometric indicators
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Anthropometric indicators can be classified according to the objectives
of their use, which include the following (the order of listing is dictated
by various methodological considerations discussed later):

® Identification of individuals or populations at risk. In general, this
requires data based on indicators of impaired performance, health, or
survival. Depending on the specific objective, the anthropometric
indicators must:

— reflect past or present risk, or
— predict future risk.

An indicator may reflect both present and future risk; for instance,
an indicator of present malnutrition may also be a predictor of an
increased risk of mortality in the future. However, a reflective
indicator of past problems may have no value as a predictor of future
risk; for example, stunting of growth in early childhood as a result of
malnutrition may persist throughout life (1), but with age probably
becomes less reliably predictive of future risk.

Indicators of this type might be used in the risk approach to
identification of health problems and potential interventions (12),
although, as discussed below, the risk approach may have little value
in predicting the benefit to be derived from interventions. An indicator
of risk could, however, be appropriately used to assign higher life-
insurance rates to obese individuals because of their increased risk of
death.

® Selection of individuals or populations for an intervention. In this
application, indicators must:

— predict the benefit to be derived from the intervention.

The distinction between indicators of risk and indicators of benefit
is not widely appreciated, yet it is paramount for developing and
targeting interventions. Some indicators of present or future risk may
also predict benefit, but this is not necessarily the case. Low maternal
height, for example, predicts low birth weight, but, in contrast to low
maternal weight in the same population, does not predict any benefit
of providing an improved diet to pregnant women. By the same token,
predictors of benefit may not be good predictors of risk.

Anthropometry provides important indicators of overall socioeconomic
development among the poorest members of a population. Stunting in
children and adults reflects socioeconomic conditions that are not
conducive to good health and nutrition: thus stunting in young
children may be used effectively to target development programmes.

® FEvaluation of the effects of changing nutritional, health, or
socioeconomic influences, including interventions. For this purpose
indicators must:

— reflect response to past and present interventions.



Change of weight-for-height is a good example of an indicator of
response in a wasted child being treated for malnutrition. At the
population level a decrease in the prevalence of stunting is an
indicator that social development is benefiting the poor as well as the
comparatively affluent. Similarly, a decrease in the prevalence of low
birth weight would indicate success in controlling malaria during
pregnancy (13).

In describing an indicator of response, the possible lag between the
start of an intervention and the time when a response becomes
apparent is an important consideration. At the individual level, a
wasted infant will respond to improved nutrition first by putting on
weight and then by “catching up” in linear growth. At the population
level, however, decades may elapse before improvements can be seen
in adult height (14).

® Excluding individuals from high-risk treatments, from employment, or
Sfrom certain benefits. Decisions regarding an individual’s inclusion in,
or exclusion from, a high-risk treatment protocol, consideration for
employment in a particular setting (e.g. an occupation requiring
appreciable physical strength), or admission to certain benefits (e.g.
low life-insurance rates) depend on indicators that:

— predict a lack of risk.

Anthropometric indicators of lack of risk were once presumed to be
the same as those that predict risk, but recent work has revealed that
this is not invariably the case (I15). In the cited studies, indicators of
poor growth were less effective in predicting adequate growth than
other indicators.

® Achieving normative standards. Assessing achievement of normative
standards requires indicators that:

— reflect “normality”.

Some activities appear to have no objectives beyond encouraging
individuals to attain some norm. For instance, moderate obesity
among the elderly is not associated with poor health or increased risk
of mortality, and weight control in this age group is therefore based
solely on normative distributions.

® Research purposes that do not involve decisions affecting nutrition,
health, or well-being. The indicator requirements for these objectives,
whether they concern individuals or whole populations, are generally
beyond the scope of this report. The need to build appropriate
biological, behavioural, and epidemiological models into the analyses
often means that some simpler indicators, including some discussed in
this report, may be inadequate for research purposes.

There may be differences in the interpretation of anthropometric
indicators when applied to individuals or to populations. For example,
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while a reflective indicator, such as the presence of marasmus, signifies
malnutrition in a given child today, a sudden increase of marasmus in a
population may be predictive of future famine. The appropriateness of
indicators thus depends on the specific objectives of their use, and
research is only just beginning to address this specificity and its
implications. Little is known, for example, about how the use of different
cut-offs for anthropometric indicators fulfils different objectives.
Consequently, this report must be largely tentative in its recommen-
dations concerning the coupling of indicators and applications, and
should be regarded as a basis for future improvements in research.

Sensitivity and specificity of indicators

A good indicator is one that best reflects the issue of concern or predicts
a particular outcome. Discussion of the methodology for choosing
appropriate indicators and cut-offs focuses on risks to health because
little work has been done on selection of indicators for other objectives.
Risk of mortality is used in the following examples.

Historically, two approaches have been used to identify anthropometric
variables that show an association with death. The first uses classical
statistical methods that describe relationships between anthropometric
indices and death (e.g. ordinary least squares, and logistic regression (3)).
The second, discussed below, is based simply on how well the indicator
separates those who will die from those who will survive, and is
intuitively more obvious to practitioners in public health who are
concerned with screening. The two approaches are, however, related (16).

A screening test identifies individuals at risk on the basis of an indicator
and a specific cut-off point. Of those who will die, the proportion who
are identified as cases by the test is a measure of the sensitivity of the
screening test. Sensitivity can be improved by changing the cut-off point
to identify more people as being at risk. This is illustrated in Fig. 3, which
shows the numbers of children at different height-for-age values who
died — that is, the sensitivity frequency distribution. As the value of the
cut-off point is raised from 65% of median to 100% of median, the
sensitivity increases from O to 100%, because more children are
diagnosed as being at risk. This sensitivity distribution is presented
cumulatively in Fig. 4.

Because the sensitivity of a test changes with the cut-off point, sensitivity
alone cannot be used in comparing indicators. It is also essential to
consider the performance of the screening test in accurately excluding
those who will not die. This is the specificity of the test; its frequency
distribution is also shown in Fig. 3. As the cut-off point is lowered from
105% of median to 67% of median, the proportion of individuals
excluded by the test rises, as shown in Fig. 4.

A considerable overlap in anthropometric values between the sensitivity
and specificity distributions is apparent in Fig. 3. This is to be expected,



Figure 3
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Figure 4
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since sensitivity and specificity are inversely related: increasing one (by
changing the cut-off point) results in a decrease in the other, as seen in
Fig. 4. o

Values for sensitivity and specificity are often assumed to be constant for
indicators, unaffected by the prevalence or incidence of the condition
of interest. Other descriptors of screening tests, however, such as
the positive predictive value, are affected by prevalence, which makes
them inappropriate for use in comparing indicators across different
populations (/8).

Specificity and sensitivity will be affected by the underlying biological
and behavioural processes that relate the indicator to the outcomes of
interest in different settings. For example, in a setting where low birth
weight is due mainly to prematurity — which is strongly associated with
the early neonatal death rate — its sensitivity as an indicator of mortality
will be greater than where it is due mainly to intrauterine growth
retardation, which is less strongly associated with the death rate. Thus,
for outcomes that may be influenced by several factors, variability in the
sensitivity .and. specificity distributions is to be expected (/9). More
consistency may be expected of indicators that predict or measure
response to an intervention with a well established outcome. For this
reason, changes in weight and mid-upper arm circumference are more
sensitive than height to short-term seasonal influences (20), but height is
generally more responsive than weight to improved food intake in the
long term (21).

Selection of a best indicator

The trade-off between sensitivity and specificity can be represented
graphically by plotting probability values for sensitivity against those for
specificity at various cut-off points (see Fig. 5) to produce a curve of
“receiver (or relative) operating characteristics” (ROC) that permits
a comparison of indicators over their whole range. The curves have been
linearized by the Z-transformation (5).

For a given specificity, height-for-age has greater sensitivity than weight-
for-height (Fig. 5) in identifying those who will die in the subsequent
2 years within the population studied. Accordingly, height-for-age
generates fewer errors of classification at every level of sensitivity and
specificity than weight-for-height. In this context, therefore, height-for-
age is the better indicator. If the curves in the Z-transformed ROC
presentation are parallel, one indicator is obviously best over all ranges;
if the ROC curves cross, however, one indicator is probably better over
one range of values, while the other is better over another range.

Statistical methods for selecting a best indicator have been outlined
elsewhere (16). When indicators are to be compared in an effort to select



Figure 5 :
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the best, results can be misleading if the cut-off point is chosen before
selection of a particular indicator: there is no a priori best cut-off for
purposes of comparison.

In the example above, death and survival were the basis for dividing the
population into sensitivity and specificity distributions respectively. For
identifying the best indicator of response, the population should be
divided on the basis of whether or not the treatment was administered
(22); to predict benefit, and to identify the characteristics associated with
best response, the population should be divided into those who respond to
the intervention and those who do not.
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Using anthropometry in individuals

At the level of the individual, anthropometry is used either to identify a
person as being in need of special consideration, or to assess that person’s
response to some intervention.

Screening with one measurement for targeting an intervention

Screening for malnutrition or disease is of value only if effective
treatment for the condition is available (23). This principle is frequently
overlooked in the context of anthropometric screening for malnutrition.
Moreover, the anthropometric screen may be the only step taken before
decisions on intervention are reached, particularly in emergencies.
Historically, however, screening has been viewed as simply a first step
(23, 24), i.e. as the first in a sequence of increasingly specific screens
leading to effective intervention. It is therefore clear that, the less specific
the initial screens are for the intervention envisaged, the more important
the subsequent screens become.

An anthropometric screen is based on an indicator for which a suitable
cut-off point (or points) is chosen to categorize individuals for different
decisions. The crucial questions to be answered by an anthropometric
screen are:

e Js the indicator the best one for the decision that must be made? and
® Are the cut-off points the best ones for selecting individuals and
ensuring the necessary action?

The first question was addressed in section 2.6; the following section -
deals with selection of cut-off points.

Selecting the best cut-off point ]
Universal cut-off points are often recommended but are appropriate only
if resources are adequate to handle all individuals selected for
intervention and if the intervention causes no adverse side-effects. In
such a case, it is unimportant that a high proportion of those who receive
the intervention will not benefit from it. The cut-off point should be set at
100% sensitivity, so that all those at risk who can benefit from the
intervention are treated.

Cut-offs are commonly set on the basis of experience in affluent
populations which shows that the proportion of individuals identified by
a screen who can benefit is sufficient to warrant further diagnostic steps.
These cut-offs are usually described in terms of Z-scores, percentiles, or
percent of a normative median because, historically, reference data from
healthy populations were used to establish these values. However, these
reference data give information only about healthy individuals who
cannot benefit from the intervention; they provide no indication of the
sensitivity that is relevant for setting the cut-off. Nonetheless, despite the



poor theoretical basis for using reference data in this way, these cut-offs
have been tested empirically in affluent populations and are now
conventional; they should not be abandoned until cut-offs based on
sounder principles have been validated.

In certain situations, the specificity distribution of those who cannot
benefit from an intervention is important: when the proportion of the
population who could benefit is low and the intervention causes adverse
side-effects. The introduction of supplementary feeding for a fully
breast-fed infant, especially in areas where food contamination and
infection are common, probably falls into this category, since the new
foods may pose unnecessary health risks to the child (25, 26). It may be
that some deficit in nutrition is less harmful than the introduction of
potentially contaminated foods, in which case specificity would be more
important than sensitivity in setting the cut-off.

Balancing needs and resources in a population

Where resources are insufficient to support intervention for all those who
might need it, cut-offs should be chosen to maximize the number of at-
risk individuals who can be treated. Ideally, screening for risk of death
should maximize the coverage of those at risk, and at the same time
maximize the proportion of those selected who are in fact at risk. The
coverage is directly reflected by the sensitivity of the screen. The term
“yield” (23) was formerly used for the proportion of those at risk among
the total selected, but this has been superseded by “positive predictive
value” (24, 27).

Sensitivity and positive predictive value can be readily confused, since
the numerator of each ratio (the number of individuals who are at risk and
who are identified by the screening test) is the same. This is illustrated in
Table 2, where those who are at risk are represented by B and b, and those
not at risk by N and n. Although the denominators of both proportions
include the B individuals, they differ in the remaining individuals they
include. For sensitivity, a proportion (b) of the at-risk individuals are
included, who should have been picked up by the screen and were not;
they are false-negatives, i.e. individuals falsely diagnosed as not at risk.
For the positive predictive value, a proportion (1) of the individuals not
at risk is included in the denominator; they are false-positives, i.e.
individuals falsely diagnosed by the screen as being at risk.

As stated above, the most important principle in screening for an
intervention where resources are limited is to select for treatment the
greatest number of those who most need it (/7). Thus, the screen should
identify those in greatest need, and also have the highest positive
predictive value. Such a screen will also capture the lowest proportion of
individuals who do not need intervention. As presently conceived in
anthropometry, the highest positive predictive value is best achieved by
moving the cut-off as far as possible from the reference median value.
Using risk of malnutrition as an example, the cut-off point for height-for-
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Table 2 ‘
Sensitivity, specificity, positive and negative predictive values, and prevalence

Truth

Will benefit Will not benefit Sum
Diagnosis Will benefit B n B+n
based on ‘ ‘
screen Will not benefit b N b+N

Sur‘n“ B+b ‘ n+N B+b+n+N

Sensitivity = B/(B + 5) True-positive = B
Specificity = N/{n + N) True-negative = N
Prevalence = (B + b)/(B + b +n + N) False negative = b
Positive predictive value = B/(B + n) False positive = n

Negative predictive value = N/(p + N)

age can be set so low that everybody chosen is malnourished. However,
there are many others in the population who are malnourished and who
would be identified by a higher cut-off. Unfortunately, the higher cut-off
also selects individuals who are small but not malnourished, and
therefore has a lower positive predictive value. Thus there is usually a
trade-off between the positive predictive value and the sensitivity. In many
circumstances, when selection for malnutrition is based on low height and
weight indices, each increment by which the cut-off is moved towards the
reference median delivers the next best positive predictive value compared
with the previous cut-off, and also selects those individuals who are the
next most malnourished. This is why the cut-off that selects exactly the
number of people that can be handled by the intervention selects the most
malnourished, with the best positive predictive value, and is therefore the
best that can be chosen where resources are limited.

For lack of an appropriate example in anthropometry, a clinical study has
been chosen to illustrate this point. The objective was to determine how
well early signs and symptoms among young children with diarrhoea
predicted the risk of subsequent life-threatening dehydration (26). The
sensitivity of each indicator (e.g. vomiting, fever, thirst, six or more
stools/day) was plotted against the proportion of all children in the study
population who would be selected for close follow-up and intensive
intervention. If resources were available for intensive intervention in 25%
of the children with diarrhoea, the indicator giving the highest sensitivity
for that proportion would be selected. Of course the positive predictive
values will change for all of these cut-offs as the prevalence of life-
threatening diarrhoea changes, but the order of sensitivity of the
indicators will be unchanged.

18



Effect of prevalence on positive predictive value and implications for
setting cut-off points

In contrast to sensitivity and specificity, the positive predictive value
(PPV) always depends on the prevalence of the issue of concern. The
higher the prevalence, the higher the PPV for a given cut-off.

The PPV is determined by the sensitivity and the specificity of the test
and by (he prevalence of the condition of interest in the population being
tested. As is evident from Table 2, the more specific a test, the better its
PPV (and thus the greater the confidence that an individual with a
positive test result has the condition of interest). The mathematical
formula relating PPV to sensitivity (SE), specificity (SP) and prevalence
(P) is based on Bayes’ theorem of conditional probability (29).

) (SE) (P)
B (SE) (P} + (1-SP) (1-P)

This formula shows that a screening test performs well, with moderately
high specificity (90%), if prevalence of the condition in the population
tested is relatively high. At lower prevalences, however, the PPV drops to
nearly zero for the same specificity, and the test is virtually useless for
screening purposes. In summary, the interpretation of a positive test
result varies from setting to setting, according to the estimated prevalence
of the disease or condition of interest.

In a population where malnutrition among children greatly exceeds 50%,
a wasted child is almost certainly malnourished and further diagnostic
screening is superfluous. However, more practical information may be
required before a specific intervention can be implemented. For instance,
if the underlying problem is one of maternal knowledge rather than
the unreliability of the food supply, the nature of the intervention will
differ.

Diagnostic screening for risk and etiological screening thus have
different (though related) objectives, but the primary determinant of
appropriateness in both cases is the positive predictive value.

The basic requirement for using the same percentile or Z-score as the cut-
off point is that it should have the same meaning in different individuals.
This can be true only if the positive predictive value of the test is
constant, which is rare. It must therefore be concluded that universal cut-
off points are less useful than those based on the principle of selecting for
intervention as many people as the available resources can handle. Thus,
where resources are insufficient to treat everybody who is in need, which
is the usual situation among both affluent and poor societies worldwide,
there is no universally ideal cut-off.

Simple, practicable methodologies for choosing cut-offs that take
account of local availability of resources as well as of the number of
people who need the intervention have yet to be developed. Any such
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methodology should also provide guidance about additional information
that may be needed, the nature of which will vary with prevalence, risk,
or benefits sought.

Comparing cut-offs for identifying risk with those for predicting benefit
Little research has examined the relationship between the most efficient
cut-offs used to screen for risk and those used to predict benefit, but it
seems likely that there are many circumstances in which the two are
entirely unrelated. In Fig. 6, for example, neonatal mortality rates at
different birth weights among the poor and a more affluent population of
the same country are compared. If risk were the only guiding criterion,
the most sensible intervention would target infants below, say, 2.5 kg,
whether from affluent or poor families. However, assuming that the most
efficient intervention would reduce mortality rates among the poor to the
levels among the affluent, consideration of potential benefit will direct
the intervention to those above this cut-off weight (30).

Thus, the choice and use of a cut-off to select individuals for special
consideration may differ radically, depending on whether selection is
based on prediction of death (risk indicator) or prediction of benefit from
improved services (indicator of predicted benefit). This suggests again
that the conventional approach of selecting on risk (/2) and then
following up with more specific screens (23) may generate conflicting
decisions.

Figure 6 ‘
Birth-weight-specific mortality of a poor and a more affluent population in the
same country
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Growth monitoring and screening: changes in size over time

Continuous monitoring is often undertaken for the early detection of
health and nutrition problems, particularly during periods when the risk
of malnutrition, morbidity, and death is high, as in early childhood or in
old age. Measures of satisfactory progress are healthy growth in children
and healthy maintenance of body mass in the elderly. In theory, both
should be more easily verified by repeated measurements than by
comparing attained size with the reference data.

This approach has been widely implemented among children within the
larger context of growth monitoring. It is usual practice to ascertain
whether the child is growing along a set percentile of reference data. At
present, these reference data are cross-sectional, which poses certain
problems, particularly in infancy and adolescence (31); further research
is needed to develop appropriate longitudinal reference data.

Drawing up such data for growth increments is a formidable task,
because the distribution of increments around the mean increment of the
reference data will depend on the exact intervals between measurements.
In practice, few children are measured at set intervals. In the future, it
may be possible to compare individual growth data with figures from
inexpensive computerized programs based on algorithms derived from
reference data.

Even less research has focused on the relationship of growth faltering to
responses to interventions than on small attained size, so that few
quantitative conclusions can be drawn about the sensitivity distributions
and positive predictive values essential for decisions on intervention. The
receiver operating characteristics may be much better for incremental
than for attained data: increments are a better reflection of present
remediable circumstances than is attained size, and may be subject to less
genetic variability. All these presumptions, of course, require empirical
verification.

In establishing and maintaining a growth monitoring system, a number of
other considerations may be just as important as the diagnosis of growth
faltering itself. These include increased attention to child health and
improvements in access to other services, in social networks, and in the
early detection of diseases unrelated to growth.

2.7.2 Assessing response to an intervention

In clinical practice change can be assessed from two or more serial
measurements in the individual. Public health practice, by contrast, deals
with populations and it is thus difficult reliably to assess change over
time at the individual level.

Change may also be verified on the basis of a child’s achieving some
threshold. For instance, a wasted child may be selected to participate in
a feeding programme. When the child has regained the level of a given
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cut-off point — perhaps the same cut-off used in screening for the
intervention — he or she can be discharged from the programme. This
method, whereby the same screen is used to select for the intervention
and to judge satisfactory response, usually shows a high rate of apparent
response. However, if individuals are selected for the second
measurement on the basis of the first, measuring the same individual
twice will often result in spurious improvement. The greater the deviation
of the first measurement from the population mean, the more likely it is
that the individual will move towards that mean for reasons other than
the intervention, including measurement errors and week-to-week
variability. Careful account must be taken of this regression towards the
mean (32). In one study in which they were considered in the context of
a feeding programme, these other factors accounted for most of the
response, even though prevalence of malnutrition was moderately high
(33). While this does not detract from the value of the method as a basis
for discharging children from a feeding programme, it must be taken into
account in judging the effectiveness of the programme.

Anthropometry may also be used for deciding to discontinue an
intervention in individuals who fail to respond. In such cases, medical
examination may disclose other treatable causes of poor growth.

Using anthropometry in populations
Uses related to decisions

In populations, as in individuals, the major decisions for which
anthropometric data are used relate to the types of intervention that
are foreseen. Typical applications include decisions on whether or not
intervention programmes are needed, to whom they should be delivered,
and what their nature will be. These applications are similar to those
involved in screening individuals; for populations, however, appropriate
decisions are rarely as well established. Programme management, and
timely warning and intervention systems to prevent famines and food
crises (34, 35), for which population approaches have long been used, are
probably exceptions to this general rule.

When the implementation of population interventions is planned, it is
important to differentiate between relative risk and attributable risk (or,
more specifically, the population attributable risk or etiological fraction).
The risk of death in a child with a severe anthropometric deficit may be
several times greater than that in a child with no deficit, while a child
with mild deficits is at an intermediate level of risk. These comparisons
refer to relative risks. In a population, however, the number of children
with mild deficits will tend to be much greater than that of severely
affected children. Thus, although severe deficits are associated with a
larger relative risk, the mild deficits may account for the majority of
deaths, which is the concept of attributable risk (24, 36). At the
population level, its implication is that the overall impact of an



intervention will be limited if the intervention is delivered only to the
most severely affected individuals.

A further important concept in the delivery of population interventions
is that displacement of the whole anthropometric curve (Z-score
distribution for the anthropometric indicator; see Fig. 7) often occurs in
areas where nutritional problems are present. For example, data from
many different countries show a very high consistency in the standard
deviation of weight-for-height among young children expressed as Z-
scores of the international reference. Even under conditions of extreme
famine, where the mean Z-score is two or three units below the reference,
the value of the standard deviation of Z-scores is very close to unity (38).
This shows that the entire distribution is shifted, as seen in Fig. 7, so that

Figure 7
Z-score distribution for height-for-age and weight-for-age of Chinese children
compared with the NCHS/WHO international reference®
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all individuals, not only those below a given cut-off point, are affected
(39). Interventions may consequently have to be directed at the whole
population, rather than only at those individuals who fall below a given
cut-off.

Appropriate use of anthropometry in populations must also take sampling
strategies into consideration, including the choice of age ranges, time
periods, geographical areas, and socioeconomic groups. Such technical
issues as the relationship of sample size to statistical power, specific
study designs, and confidence intervals are beyond the scope of this
report and are treated elsewhere (6, 40, 41). The summary tables of
appropriate uses of anthropometry provided in subsequent sections for
different age and status groups give initial guidance on some variables to
be considered for sampling purposes; however, specific expertise in
sampling should be sought before surveys are launched, to ensure that the
most important questions can be answered.

Considerations of sample size often result in the need to pool children of
different ages, but this procedure is justified only if observed deviations
from reference data have the same meaning relative to an intervention at
different ages. For example, the cumulative effects of stunting may have
ceased by the age of 3 years, so that prevalence values over a wide age
range may be difficult to interpret. Assessment of stunting among older
children, in whom there is a fixed deficit, will then yield more easily
interpretable information regarding the need for long-term intervention.
Because the intervention is to be directed towards young children, in
whom there is active stunting, rather than towards those who are already
stunted, this approach seems paradoxical. Nevertheless, older children
provide the sentinel signal for the population to be targeted, even though
they will themselves no longer benefit from the intervention. By
concentrating monitoring on these “sentinel” children, information can
be collected earlier and more cheaply, will be more understandable, and
will have greater relevance to decisions regarding actions with longer-
term impact.

Sampling considerations must include the appropriate timing of surveys;
this is particularly important in such contexts as the alleviation of
seasonal food crises. Timing is also a critical aspect of any decision-
making process based on anthropometry; the ability to meet deadlines for
the collection, compilation, analysis, and presentation of data may be as
important as any other consideration. Expertise in designing surveys that
are timely is essential if the collected data are to be transformed into
information that is relevant and useful for effective public policy and
action.

2.8.2 Targeting interventions

A screening tool can be used to estimate prevalence by counting the
number of individuals in a population who fall below a given cut-off
point. Anthropometric indicators can also be used to characterize the
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status of a population: the mean Z-score, for example, will provide a
more accurate estimate of poor anthropometric status than observed
prevalence (38), thus reducing the sample size needed for a nutritional
survey. In anthropometry, differences in means provide greater statistical
power than differences in prevalence in discriminating across target
groups (38). Examples of this approach are discussed in more detail in
section 5.

Sometimes comparison of the whole population distribution (as shown in
Fig. 7) is indicated, rather than just the mean Z-scores or the prevalence
below a given cut-off point. In a recent report on a refugee group (42), for
example, the death rate among the most severely malnourished was so
high that the lower end of the distribution was truncated, leaving the
mean hardly affected. A full discussion of appropriate determination of
prevalence is included in section 2.8.5.

In principle, targeting of populations, as of individuals, can be based not
only on a one-time measurement as discussed above, but also on repeated
measurements.

2.8.3 Assessing response to an intervention

Assessing the response to interventions requires at least two
measurements. If the intervention is likely to affect the anthropometric
characteristics of the individual, it is usually more efficient to measure
the same individuals twice than different individuals on two occasions,
because of the smaller sample size needed to identify a change. In other
circumstances, repeated measuring of the same individual makes little
sense, especially where prevention of a given condition is the objective of
intervention. In such cases, different individuals of the same age are
measured to assess reduction in prevalence. It is then essential to take into
account any factors that may distort comparability over time, such as
selective migration.

The problem of regression to the mean has already been discussed in the
context of repeated measurements in the individual. It is less well
recognized that the same phenomenon will occur in populations selected
for their low initial values, even if the second measurement is not taken in
the same individuals as the first.

The same Z-score deviations from the reference data do not necessarily
have the same meanings at different ages. It is therefore impossible to
interpret change properly unless the effect of age is taken into account.

When the response to specific interventions in a population is monitored,
the time delay before the chosen indicator shows evidence of change
must be taken into account. For instance, months or years are required to
assess the effect on birth weight of improved nutrition during pregnancy,
but decades for improvements in birth weight through prevention of
childhood malnutrition to become apparent.
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2.8.4 Ascertaining the determinants and consequences of malnutrition

In general, relating anthropometric indicators of malnutrition to the
determinants or consequences of the condition in populations requires
careful distinction between non-causal and causal associations. The
exception is in targeting, for which causal and non-causal relationships
can be equally useful. For example, stunting of an older sibling is a good
targeting indicator even though it is not a direct cause of malnutrition in
the younger child.

Efforts to infer causality from a single survey must take account of non-
causal associations arising from coincident changes across different birth
cohorts. For instance, in survey data collected at one specific time,
literacy and physical stature in adults may show an inverse relationship
with chronological age. The reason for this is that increases in both
stature and literacy are the consequences of secular improvements in
socioeconomic development that have affected younger adults. This
cohort effect, which is a characteristic problem in surveys of older
people, is discussed in more detail in section 9. The need for correct
modelling of relationships between indicators and determinants and
consequences has already been addressed.

2.8.5 Nutritional surveillance
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Anthropometry provides some of the most important indicators used
in nutritional surveillance. The following classification of nutritional -
surveillance (34) is based on the different types of survey mechanisms
and other procedures necessary to collect, analyse, and transfer
information for use in making decisions that affect nutrition.

Surveillance for problem identification and for policy and programme
planning

Prevalence estimates often play a pivotal role in the assignment of
government priorities to health problems. True prevalence can be
estimated from measured prevalence by taking sensitivity and specificity
into account (43), and this is often done for specific diseases for which
the sensitivity and specificity of a given indicator are precisely calculated
through comparison with a clinical or pathological “gold standard”. For
anthropometric indicators of nutritional status, however, the “gold
standard”, that is, appropriate nutrition, cannot be measured directly; this
presents a difficulty in nutritional surveillance.

The logic of an alternative method of estimating the true prevalence of
malnutrition is based on the assumption of a universally applicable
specificity distribution. This assumption is closely approximated in
young children (44), for whom this distribution corresponds to the
growth potential of all populations of young children in which there are
no stunting or wasting factors, currently represented by the NCHS/WHO



reference data.' The observed distribution of children in any population is
made up of those who have not been stunted or wasted and thus
correspond to the NCHS/WHO reference data (specificity distribution),
plus stunted and wasted children (sensitivity distribution). The prevalence
of stunting and wasting is the ratio of the children in the sensitivity
distribution to all children in the population; the sensitivity distribution
is obtained by subtracting the specificity population from the total
population (45). To the degree that other universally relevant reference
data for other healthy conditions (e.g. healthy thinness) can be defined,
these reference data can be used as the specificity distribution for
counting the unhealthy (e.g. the overweight) in conditions other than
childhood malnutrition.

Two new methods have been proposed for estimation of prevalence using
the reference data as the specificity distribution (46, 47). The more recent
of the two (47) implicitly takes account of the effect of prevalence itself
on the results, and is more accurate. This method is also the simpler, does
not require a computer, and has good precision when the mean Z-score of
the malnourished population is low. In other cases, however, a graphical
method (45) using the reference standards as the specificity distribution
might have better precision.

Computer methods are available that do not depend on an external
standard to define specificity (48). Because they take into account the
small genetic differences between populations, they should be
intrinsically more precise provided that the sensitivity and specificity
distributions are Gaussian.

All the above methods make the assumption that only a proportion of the
children are malnourished. Other methods (38), described in section 5,
may be used if all the children in the population can be assumed to be
malnourished.

It is a mistake to compare relatively precise estimates of malnutrition
prevalence derived from anthropometry in young children with those of
other diseases estimated less precisely or with estimates of malnutrition
based on other indicators. Dietary information derived by using cut-offs
is particularly misleading in this application (49).

In nutritional surveillance for policy development and programme
planning it is crucial to identify those of the most important causal
influences that are amenable to interventions. Clear differentiation
between analyses designed to identify interventions and those designed to
target interventions is essential.

' NCHS/WHO growth reference data: reference data for height and weight of US children,
originally collected by the National Center for Health Statistics and recommended by WHO
for international use (see Measuring change in nutritional status, Geneva, World Health
Organization, 1983).
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Timely warning and intervention systems

Child anthropometry has provided appropriate indicators for targeting
food distribution to prevent outright famines. In order to obviate the need
for the disruptive social and economic effects of food relief, timely
warning and intervention systems should also be capable of averting food
crises. Unfortunately, changes in the prevalence of wasting large enough
to give reliable warning usually occur too late to permit effective
preventive action against food crises (35); a longer lead time is essential
if the need for emergency food distribution is to be avoided.

The timeliness of information can be improved by preferential sampling
of “sentinels”, i.e. groups and individuals who signal the advent of food
crisis earlier than the rest of the population. However, this early warning
may lack specificity, in that it may occur seasonally even when there is no
subsequent food crisis in the population. It therefore becomes necessary
to follow this first screen with the collection of other more specific
information (34).

Anthropometric indicators are useful in the late stages of the evolution
of food crises (35). As famine progresses, however, selective mortality
of the most wasted children may make the affected population as a
whole appear less severely malnourished than it really is (42),
and anthropometry must therefore be complemented by mortality
information.

Surveillance for programme management

Programme managers require information both for targeting an
intervention and for evaluating its success: its efficacy in covering
everyone it should, and its efficiency in covering only those that it should.
These latter two aspects have very different implications for sampling.
Efficiency, or yield, can be determined by assessing the positive
predictive value on programme participants themselves; assessment of
coverage depends on determining sensitivity and thus also requires
information on non-participants, which presents a much more difficult
task.

Programme managers also need to ensure that the response of
participants is as expected. In defining expected responses in situations
where participants are screened by anthropometry, it is important to take
into account the positive predictive value and regression to the mean.

The impact of the intervention programme on participants is a matter of
concern, too, to those who provide the financial resources, who often fail
to realize that this cannot be assessed on the basis of data obtained from
participants alone. Assessment requires appropriate control groups, and
expertise is also needed to model the anthropometric impact properly.
Understanding this model is essential both for sampling the individuals
for measurement and for analysis of the data.



2.9 Characteristics of reference data

A reference is defined as a tool for grouping and analysing data and
provides a common basis for comparing populations; no inferences
should be made about the meaning of observed differences. A standard,
on the other hand, embraces the notion of a norm or desirable target, and
thus involves a value judgement. Concern has been expressed that,
because reference data embody certain characteristics or patterns of
normality, they have been widely and inappropriately used to make
inferences about the health and/or nutrition of individuals and
populations; that is, they have been treated as optimum targets, or
standards, and any deviation from these “standards” has been assumed to
have a fixed and particular meaning. Much of the justification for this is
provided by extensive evidence that, in populations, the effect of ethnic
differences on the growth of children is small compared with
environmental effects. Thus, for example, there is no reason to believe
that the 2-3 cm difference in median height between well nourished
18-year-olds in the Netherlands and France has any health implications,
nor that improving the health and nutrition of French youth would be
associated with any reduction in the height difference. By contrast, the
Expert Committee recommended a body mass index cut-off of 230 as a
provisional standard of grade 2 overweight (defined in section 7.2.1),
applicable to all adults, because available data on risks of morbidity and
mortality support this. For many other anthropometric characteristics,
however, there are insufficient data to permit the specification of
standards.

The Expert Committee recognized that release of references by WHO
makes it almost impossible to prevent their use as standards for judging
the nutritional status of individuals and populations. It is therefore
recommended that care should always be taken to choose references that
resemble, as far as possible, true standards, so that the same deviation
from the reference data has the same biological meaning. For example,
because the mean heights of young children from many affluent
populations differ little across ethnic groups compared with the
socioeconomic variability within a given ethnic group (44), it should be
possible to construct a standard that represents the growth potential of all
children. This may seem surprising in the light of the rather broad
distribution of attained heights and weights, generally felt to be of genetic
origin, within a well nourished population. However, across most
populations there seems to be very little difference in mean growth in
height or in its distribution around the mean that is attributable to
genetics. A universal standard of height distribution among young
children is therefore justified, but it must derive from a population that
has fully met its growth potential. For this reason, the most important
criterion in choosing the current set of WHO childhood height and
weight reference data (4, 6) was that it should come from a well
nourished population (50).
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The choice of a sample for developing references or standards thus raises
the question of what constitutes a healthy population. At least four
definitions exist:

(1) The population lives in a healthy environment. This is the type of
population from which the current childhood NCHS/WHO reference
data (4, 6, 7) have been drawn.

(2) The population lives in a healthy environment and contains no
overtly sick or very few clinically sick individuals. This is the type of
population from which many national paediatric reference data have
been drawn.

(3) The population lives in a healthy environment and contains only
individuals whose present good health will be demonstrated by
longevity or at least by survival for some years after measurements
are taken.

(4) The population lives in a healthy environment and contains only
individuals who live healthily according to present prescriptions, for
example infants who are breast-fed according to WHO recommenda-
tions.

A further definition might cover some combination of the above, such
as a population living in a healthy environment, excluding both those
who die within some specified time after measurement (see item 3 above)
and those who engage in unhealthy practices such as smoking (see
item 4).

The first of the above definitions prevailed for children in the past
because its advantages, principally total population representation, were
felt to outweigh the advantages of the second, especially since the
NCHS/WHO reference data were very similar to the best of previous
reference data sets based on the second definition. Little work has been
done in comparing populations that correspond to the first two definitions
with others; section 5 of this report, however, contains a comparison of
definitions (1) and (4) in the context of infants who are exclusively breast-
fed from birth to 4-6 months of age in accordance with WHO
recommendations (51).

A related question concerns the extent to which different standards
should be used to approximate the ideal, i.e. whether there should be
different standards of birth weight according to race, of growth data
according to parental size, or of body mass index according to body
frame. Possibly, this should depend upon the use to which the standards
will be put. For instance, different criteria for assessing mean birth
weight according to maternal smoking status might be useful: equal
degrees of intrauterine growth retardation have different prognoses for
children of smokers and non-smokers. However, in assessing the
prevalence of intrauterine growth retardation, controlling for a mother’s
smoking would be wrong as it would mask an important problem. The



theoretical advantage of using different standards for specific purposes
may thus be counterbalanced by equally strong theoretical disadvantages.
For this reason, when reference data are to be used to make decisions
about populations, it is better to use statistical methods to control for
differences (such as those associated with different altitudes) within or
across populations than to use different standards.

On the level of the individual, different standards have been proposed to
take into account intrinsic differences in the expected optimal size
associated with, for example, differences in altitude, parental heights, or
feeding practices (whether a child is exclusively breast-fed or not). The
utility of developing different standards for screening individuals
depends essentially on the prevalence of the condition being screened.
Unless its variability is low, prevalence has such a large effect on the
positive predictive value that errors arising from the lack of separate
standards are of little practical significance. In wealthy countries,
however, where prevalence is low and therefore shows little variability,
the use of separate standards might be justified. In such settings, the
positive predictive values of anthropometric screens are so low that
further screens generally become necessary. The trade-off between the
cost of using multiple standards and the savings made by avoiding further
screens remains to be investigated, but computerization of expected
optimal growth on the basis of various characteristics of individuals
will probably favour the use of individualized standards in wealthy
populations. In poorer populations, where the use of different standards
does not improve screening and poses considerable managerial problems,
single standards should continue to be used.

If reference data are to be used as standards, the criteria for the reference
population are of critical importance. The following criteria have been
established as desirable, and are briefly reviewed (50):

® “The sample should include at least 200 individuals in each age and
sex group”

This criterion relates particularly to the precision with which extreme
percentiles or Z-scores are calculated. A sample of this size would
provide the 5th percentile with a standard deviation of about + a
1.54 percentile, and is considered acceptable for individual-based
applications (such as screening). In population-based applications, the
sample size is also sufficiently large to allow differentiation between
environmental and genetic effects on growth (52).

® “The sample should be cross-sectional since the comparisons that will
be made are of a cross-sectional nature”

This is no longer considered essential, since longitudinal data can be
presented cross-sectionally with minor adjustments. On the contrary,
growth charts derived from cross-sectional data should not be used to
monitor longitudinal data (31). Where several measurements are made
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in the same individual, the slope of the line joining successive points
on the growth chart is a direct measure of growth velocity. If the slope
differs substantially from that of the neighbouring percentile curves,
so that the data appear to cross percentiles, this is taken to be an
indication of abnormal growth. However, since percentiles are derived
from cross-sectional data and are relevant only to single measure-
ments, their application to the interpretation of longitudinal data is
inappropriate. This is particularly true during infancy and puberty.
Correct interpretation of percentile crossing requires a different set
of percentiles, derived from longitudinal data (37). Unfortunately,
cross-sectional references continue to be widely misused for the

* interpretation of longitudinal data.

“Sampling procedures should be defined and reproducible”

“Measurements should be carefully made and recorded by observers
trained in anthropometric techniques, using equipment of well tested
design and calibrated at frequent intervals”

References should also include data on reliability and precision (as is
true of the current NCHS/WHO childhood reference) (53). Both inter-
observer variability and instrument error should be documented, and it
is useful, though not essential, to have separate estimates of within-
and between-observer components of reliability (54).

Where missing data have had to be “imputed” — that is, generated by
means of a statistical algorithm based on a number of assumptions —
they should be separately identified and the method by which they
were derived should be clearly documented. Any “cleaning”
procedures used to remove patently spurious data should also be
described. ‘

“The measurements made on the sample should include all the
anthropometric variables that will be used in the evaluation of
nutritional status”

The various measurements taken from a single individual should be
compared with reference data derived from a single population. This
avoids the inconsistencies that may arise from using several different
references for different measurements, such as weight and arm
circumference.

“The data from which reference graphs and tables are prepared
should be available for anyone wishing to use them, and the
procedures used for smoothing curves and preparing tables should
be adequately described and documented”

There have been many recent developments in techniques for
smoothing curves, which have implications for required sample sizes
and accurate representation of the data.
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3.

3.1

Pregnant and lactating women

Introduction

3.1.1 Background

Anthropometric evaluation of nutritional status during the reproductive
cycle, particularly during pregnancy, is a widely used, low-technology
procedure that may be expected to generate much valuable information,
yet it has seldom been rigorously evaluated (/,2). The biological
mechanism that underlies the relationship between women’s nutritional
status and reproductive outcomes is not fully understood except in
extreme situations (e.g. famine).

Unlike nutritional evaluation during other periods of life, which is
concerned only with the individual(s) in whom measurements are made,
measurements made during pregnancy and lactation are expected to
reflect both the nutritional status of the woman and, indirectly, growth of
the fetus and, later, the quantity and quality of breast milk.

At the clinic level, anthropometric measurements are routinely made on
all pregnant women at the time of first contact with the health services
and several times thereafter. Information obtained is also routinely
incorporated into medical records. The impact of these activities, in terms
of benefits for the health of the mother and the fetus or newborn, remains
to be demonstrated by randomized controlled trials and has recently been
challenged (2).

Measurements taken early in pregnancy should be used to evaluate the
nutritional status of the woman and to predict how well she can cope with
the physiological demands of pregnancy. Unfortunately, this objective is
usually neglected, despite clear evidence that, in developing countries,
pregnancy and lactation represent a major nutritional drain on the mother
(3). Among well nourished women, moreover, excessive weight gain
during pregnancy, followed by only a brief period of lactation, will be
associated with postpartum overweight, increasing the risk of chronic
diseases later in life. Measuring a woman’s height provides a proxy
indjcator of childhood growth and skeletal pelvic structure and a good
predictor of the risk of cephalopelvic disproportion and obstructed
labour, which is a major cause of maternal death in developing countries.

Thus, anthropometric measurements made during the reproductive
period should be designed to evaluate women’s capacity to deal with the
physiological stress of pregnancy, and to identify those women who
would benefit most from nutritional interventions.

Perhaps the most widespread use of anthropometric measurements
during pregnancy has been in evaluating the risk of fetal growth
retardation and selecting women or populations for nutritional
interventions aimed at improving fetal growth or prolonging gestation.
This application has unfortunately not lived up to expectations (4, 5).
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Intrauterine growth retardation (IUGR) of nutritional etiology can be a
consequence of both low availability of nutrients from a malnourished
mother and poor placental transfer of nutrients from a relatively well
nourished mother. The latter problem, however, is unlikely to be detected
by maternal anthropometry. The association between maternal nutritional
status and gestational age at birth is unclear (4). Moreover, the two
negative outcomes of principal interest, fetal malnutrition or intrauterine
growth retardation and prematurity, are heterogeneous syndromes (6, 7),
with maternal nutrition being only one of the causative factors.
Improving maternal nutritional status has a significant impact on birth
weight only under extreme conditions.

Important methodological issues should be considered when the use of
anthropometry during pregnancy is evaluated. There is a strong
correlation between preterm delivery and inadequate maternal weight
gain, but the fetal contribution to total maternal weight gain cannot be
separately determined during pregnancy. Estimation of gestational age, a
fundamental issue when considering repeated anthropometric measure-
ments, requires special facilities not usually provided in clinical settings
(8), and a high percentage of women are uncertain of the date of their last
menstrual period. Failure to give appropriate consideration to issues of
this nature has obscured the interpretation of research findings on
maternal anthropometry and its clinical application.

In this report, the use and interpretation at the individual and population
level of single and serial anthropometric measurements during the
reproductive cycle are discussed in the context of both adequate and
severely limited health service resources. This approach, combined with
a critical evaluation of the literature, is expected to contribute to the most
effective, yet practical, use of these important clinical and public health
tools.

Implementation of screening programmes and referral systems based on
anthropometric measurements during pregnancy may be more feasible
than improving the socioeconomic conditions of the population, but
should never be considered as a substitute for such improvements.

3.1.2 Methodology
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Several recent publications have discussed in detail methodological
issues related to anthropometry during pregnancy (9, /0). In anthro-
pometric terms, pregnancy is unique in two respects: the period of
observation is relatively brief and anthropometric indices change rapidly.

Prepregnancy values of maternal weight, height, or skinfold thickness are
only seldom available, although similar values of height will be obtained
regardless of when measurements are made. Body weight measured no
more than 2 months before conception is an acceptable approximation of
prepregnancy weight. If this value is unavailable, a proxy for measured
prepregnancy weight may be based on maternal recall or on a measure-



ment made during the first trimester of pregnancy (9). Most epidemi-
ological studies consider that use of recalled prepregnancy weight
introduces recall bias, and that use of body weight measured in early
pregnancy introduces first trimester weight-gain bias. However, in a
study of a group of adolescents in the USA, recalled prepregnancy weight
correlated closely with measured weight (11). Moreover, recalled
prepregnancy weights obtained by hospital staff and then by research
project staff were in close agreement, with an intraclass correlation
coefficient of 0.95 (95% confidence interval 0.94-0.96) (). Prepreg-
nancy weight can be used as an indicator of the need for maternal weight
gain and as a predictor of fetal growth, and may contribute to under-
standing of the biological mechanism of the interaction between nutrition
and reproduction.

Total weight gain during pregnancy, perhaps the most commonly used
maternal anthropometric indicator, is determined by subtracting prepreg-
nancy weight (or weight in early pregnancy) from the weight in late
pregnancy (usually measured just before delivery). Unfortunately, the
value of anthropometry in late pregnancy for predicting risk or selecting
individuals or populations for interventions is limited; measurements are
made after most of the fetal growth has been achieved and interventions
to increase birth weight are less effective. It is of greater value for
decisions on referral of patients to appropriate facilities for labour,
delivery, and neonatal care, and — during lactation — for selecting
individuals for interventions.

Additional considerations relevant to components of the weight gain
indicator include:

® accuracy of gestational age calculations

¢ fetal contribution to total weight gain

¢ the use of postpartum net weight gain vs. late pregnancy weight gain
minus fetal weight

® rate of weight gain.

Length of gestation is most commonly estimated from the date of the last
normal menstrual period (LMP) as recalled by the woman at the time of
her first prenatal visit. The accuracy of this method and its potential for
misclassification of growth-retarded and preterm infants have been
extensively discussed in the literature (7, 8, 12). However, the effect of
errors in recall of LMP or in calculation of gestational age on the rate of
weight gain between two prenatal visits appears to be minimal after the
first trimester, i.e. from 14 weeks to term (9). In clinical practice in
developed countries and in research settings, measurements taken by
ultrasound techniques early in pregnancy (16-18 weeks) could improve
the accuracy of gestational age estimations. Agreement (to within
2 weeks) between gestational age estimated by early ultrasound measures
such as biparietal diameter and femur length or newborn physical
evaluation and gestational age estimated by the date of last menstrual
period has been used to select the study populations for epidemiological
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studies of maternal nutrition (8, 13). Where ultrasound is unavailable or
women Teceive no prenatal care until the latter half of pregnancy,
symphysis-fundus (SF) height and recalled time of first fetal movements
may complement LMP as means of estimating gestational age.

The contribution made by fetus and placenta to total maternal weight gain
is almost 40%, and represents approximately 9% of the weight gain
before 10 weeks, 23% from 10 to 20 weeks, 41% from 20 to 30 weeks,
and 54% from 30 to 40 weeks (I4). There is a positive association
between total weight gain and fetal growth (or duration of gestation);
however, since total weight gain reflects both fetal weight and maternal
tissue gain, the weight of the fetus is included in both sides of the
prediction equation. '

To eliminate the fetal contribution to total weight gain, the use of net
weight gain has been suggested, obtained either by subtracting birth
weight from total maternal weight gain (9) or by measuring maternal
weight immediately after delivery (6, 15). The former method, however,
takes no account of other products of conception or of maternal oedema,
which together can represent up to 3 kg of the net weight gain (6). The
second approach yields a measure of retained maternal weight. These
approaches are of greater importance for research on the determinants of
pregnancy outcome than for practical applications such as screening for
intervention during pregnancy.

The extent of the correlation between total maternal weight gain and low
birth weight (LBW) is probably distorted by the inclusion of preterm
deliveries in many reports; the lower total weight gain in women who
deliver preterm is likely to be a function of the shorter gestation. It has
therefore been suggested that use of weight gain per week of gestation
or rate of net weight gain during gestation has greater validity (9).
Calculations can be made for the total gestational period, or more
appropriately, by periods of pregnancy, if available. As is the case for
total weight gain, the influence of fetal weight on the rate of weight gain
will be less during the first part of pregnancy. Total or net weight gain is
divided by the length of gestation and expressed as grams per week of
gestation. During the period of linear weight deposition (from about 15
weeks to term) it is more appropriate, if tedious, to perform simple linear
regression analysis, using three or more weight values for each woman,
and to calculate the rate of weight gain from the linear regression
coefficients of weight versus gestational age (6). Although this approach
can be used for further statistical calculations in the context of research,
it is impractical in clinical settings.

3.1.3 Biological significance of anthropometry during pregnancy

Some of the changes that occur during normal human pregnancy can alter
the biological meaning of anthropometric measurements. Many of these
changes relate to the growth of the fetus and of maternal tissue such as
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Figure 8
Pattern and components of maternal weight gain during pregnancy®
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the breasts and uterus; others include the increases in body hydration and
blood volume that occur quite early in pregnancy. The pattern and
components of maternal weight gain during pregnancy are illustrated in
Fig. 8.

3.1.4 Anthropometry as an indicator of nutritional and health status

Anthropometric indicators may be reflective of past events, predictive of
future events, or indicative of current nutritional status. They may also
indicate concurrent socioeconomic inequity, risk, or response to an
intervention, or predict which individuals will benefit from an
intervention. The distinctions between these different types of indicator
are fundamental to their usefulness in the context of clinical application,
programme implementation and management, and policy and planning.

Indicators of past and present status

Assessment of maternal status during pregnancy is commonly based on
height, weight, mid-upper arm circumference, and various measures of
skinfold thickness. In addition, maternal weight gain and fundal height
may reflect fetal growth status.

Height in adults is a reflection of the interaction of genetic potential for
growth and environmental factors that influence realization of that
potential. In the more developed countries, genetic potential is the
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primary determinant of height, since environmental constraints, such as
acute and chronic disease, malnutrition, and socioeconomic deprivation,
are minimized during the years of linear growth. In less developed
countries, by contrast, much of the variation in adult height is the result
of environmental influences on linear growth, especially those that affect
growth in the first few years of life (16).

Use of maternal height as an indicator of health and nutritional status
must therefore take account of the environmental context in which
growth occurred. For example, a short woman in a developed country
may be at risk of obstetric complications: her relatively small pelvis may
be a constraint on vaginal delivery of a normally grown infant. A short
woman in a less developed country, on the other hand, may be at high risk
of bearing a poorly grown fetus if a poor childhood environment has
persisted into her adult years, influencing her current pregnancy. The
environmental conditions that lead to poor maternal linear growth may
also result in poor growth and suboptimal development of the anatomical
and physiological systems that sustain optimal fetal growth or maximize
maternal health.

The biological changes that occur during pregnancy may affect the
interpretation of maternal height relative to the non-pregnant state. The
normal lordosis of pregnancy, for example, has been found to reduce
maternal height as pregnancy progresses. This effect is significant
enough to conceal increases in maternal height, associated with growth,
in teenage mothers (7). In very young adolescents, in whom significant
linear growth potential remains, some increase in height may be observed
during pregnancy (I7), but is likely to be very small (less than 1 cm).
Adolescents may be misclassified as being at risk for poor pregnancy
outcomes because of short stature relative to adults, when in fact the
greater risk derives from other factors associated with adolescent
pregnancy.

Body weight measured at various times during pregnancy has been
widely used to assess maternal health status. In as much as weight is
generally strongly correlated with height, it may serve as a general
reflection of the past growth performance of the mother. However, since
weight is changeable in adulthood and therefore variable within a given
height category, this measure also reflects recent and concurrent health
and nutritional status. Because body weight changes rapidly during
pregnancy, gestational weight changes are routinely monitored as part of
the prenatal care in many settings worldwide (9, 10). Interpretation of
these weight changes is constrained by the fact that the various
components of body weight may vary differentially depending on health
and nutritional status, stage of gestation, and physiological condition, and
according to genetic determinants. While total weight may be sensitive to
these factors, it lacks specificity as an indicator.

The large variation in weight within a specific height category has given
rise to various expressions of weight-for-height, such as the body mass



index (BMI). The exact significance of BMI is often difficult to
determine. It may be used as an overweight index, on the assumption that
excess weight for height reflects excess adiposity; however, while this
may be valid for the upper extremes of BMI, it is less reliable for the
middle of the population distribution in developed countries. In both
developed and less developed countries, a very low BMI is a fairly
accurate reflection of severe wasting of both fat and lean tissue (see
sections 7 and 8).

Mid-upper arm circumference (MUAC) also reflects past and current
status, but is less responsive than weight to short-term changes in health
and nutritional conditions. It is relatively stable throughout pregnancy
(10) and, even when measured relatively late in pregnancy, may be more
reflective than weight of prepregnancy conditions. Other measures of
limb circumference, such as of the calf (/8) and thigh (6), have been
proposed as indicators of status during pregnancy. These sites may
involve more dynamic tissue, with changes in circumference reflecting
changes in fat, muscle, and/or water specific to pregnancy. Oedema is
increasingly common as pregnancy advances. Most pregnant women
develop a degree of dependent oedema in the legs, which is considered
normal during pregnancy (although pathological oedema can also occur);
measurements of the lower body, specifically leg circumferences, may
therefore be increased, particularly in late pregnancy.

Measurement of skinfold thickness at one or several sites is an
increasingly common method of assessing nutritional status, but its use
depends on several assumptions. First, skinfolds are assumed to reflect, at
least to some degree, the overall distribution of subcutaneous fat. This
approaches validity only if skinfold measurements are made at several
sites. It is also assumed that the relationship between subcutaneous and
total fat is sufficiently constant among populations (or that the factors
that influence it are known and controllable) to allow total body fat to be
estimated from skinfold measurements. In pregnancy, it is assumed that
the relationship between skinfolds and total body fat described for non-
pregnant women also applies, since normative data for pregnant women
have not been reported. None of these assumptions, however, is likely to
be universally valid.

In any individual, the proportion of body fat situated subcutaneously
is variable according to certain influences (pregnant/non-pregnant,
well/poorly nourished, etc.). In non-pregnant women with unusual fat
distributions, skinfold measurements may thus yield very poor
indications of total fat. In pregnancy, the situation is complicated by the
influence of the various physiological changes on fat distribution and
hence on skinfold thickness. Repeated measurements in pregnant women
would therefore be unlikely to produce an accurate picture of the changes
taking place in total body fat.

Relocation of existing fat stores from central to peripheral sites may
occur during pregnancy to facilitate accommodation of the fetus in the
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abdominal cavity. Thus, increased skinfold thickness on the arms, on the
legs, or even on the back may not reflect an increase in the total body fat
of a pregnant woman, although these sites are also believed to store the
additional fat gained by many women during pregnancy. As pregnancy
progresses, the enlarging abdomen makes it increasingly difficult to
measure the abdominal skinfold reliably. The skinfold may appear very
“thin” where it stretches over the uterine compartment, but since the
abdominal skin is having to cover an increasing volume it may actually
include an increased amount of subcutaneous fat compared with the
prepregnant state.

As mentioned above, oedema may also affect skinfold measurements,
particularly those made on the lower extremities in late pregnancy, by
changing the composition and compressibility of subcutaneous adipose
tissue. In undernourished populations, however, in whom the normal
increases in plasma volume may be inhibited by malnutrition, the normal
oedema of pregnancy may not be apparent.

Variation in skinfold thickness and circumference of the lower limbs may
reflect the hydration status of the mother in middle to late pregnancy.
Under the influence of increasing estrogen levels, changes in the water-
holding capacity of subcutaneous ground substance allow more water to
be held by the skinfold without overt oedema. This may increase the
resistance of the skinfold to compression, resulting in an increased
skinfold thickness, even when subcutaneous fat has not increased.
Decreases in skinfold measurements observable in the first few weeks
postpartum may reflect a reversion of the tissues to the non-pregnant
hydration level, rather than an acute decline in fat stores.

Symphysis-fundus (SF) height has long been used to gauge the size of the
pregnant uterus. Though originally used to assess gestational age (19), SF
height has been evaluated as an indicator of fetal growth on the premise
that the height of the uterus reflects its overall size and that this in turn
reflects the size of uterine contents, which are dominated by the fetus by
the second half of gestation. SF height has also been used to assess fetal
growth deviations at both extremes (small and large for gestational age).
In clinical settings its use has relied on single and serial measurements
from mid-gestation to term. A recent review of 12 studies (20) concluded
that SF height was of variable value as a predictor of IUGR. However,
large values of SF height in late pregnancy have been used successfully
to predict complications of delivery and problems with the newborn (2.).

Indicators of risk, benefit, and response

In addition to their ability to reflect past and current health and nutritional
status, all the measures discussed above have been shown to be related,
with differing degrees of association, to various pregnancy outcomes.
The ability of measures such as prepregnancy BMI and gestational
weight gain to predict risk of LBW and pregnancy complications has led
to their widespread acceptance as clinical tools. Later in this section,



results are presented of an extensive analysis of the degree to which some
of these measures predict obstetric and neonatal risks. First, however, it is
important to discuss the distinction between pregnancy-specific indicators
of risk, indicators of benefit, and indicators of response. This requires
some consideration of the role of anthropometry in the causal chain that
leads from maternal health and nutritional status to pregnancy outcome.

One view of these relationships is presented in Fig. 9, taken from a recent
report by the Institute of Medicine (9). This figure was developed to
focus attention on the causes and consequences of variation in gestational
weight gain. However, it also demonstrates the role played by other
anthropometric factors in relation to pregnancy outcomes and as potential .
confounders or modifiers of the effects of weight gain on these outcomes.

The use of terms such as “determinant” and “consequence” implies
causality, and all the relationships shown in Fig. 9 between maternal -
weight gain and its determinants or consequences are in some way-
assumed to be causal. This is important because any clinical or public
health intervention designed to affect a particular anthropometric
indicator will be ineffective in improving outcome for the mother or
fetus/child if the associations between that indicator and the outcome(s)
are not causal. Notwithstanding, the anthropometric indicator may still
be valuable if it helps to identify women who might benefit from the
intervention. Short maternal height in a chronically undernourished
population, for example, may help to identify those at risk of LBW
although it will not be influenced by an intervention that improves dietary
energy intake during pregnancy. An indicator such as low weight gain
during pregnancy, on the other hand, may identify women whose fetuses
would benefit from a dietary intervention, and the intervention in turn
may also improve the mothers’ weight gain.

Another view of the distinctions between the concepts of risk, benefit,
and response at the population level is illustrated in Fig. 10. As shown,
maternal anthropometric deficits and physiological changes are among
the several consequences of maternal malnutrition.

The more direct, or proximal, nutrition-related causes of these are past and
current dietary intake, morbidity, physical activity, and the reproductive
experience, which affect the state of maternal nutritional depletion or
repletion. Non-nutritional causes include smoking and pregnancy-
induced hypertension (PIH), which affect maternal physiology and
neonatal development. More distal causes relate to maternal knowledge and
behaviour, household resources, and environmental conditions. Although
causal frameworks like this are commonplace, their more subtle
implications for choosing and interpreting indicators are often overlooked.

Malnutrition as such is not shown in Fig. 10 because it is not directly
measurable. Anthropometric deficits are often used as indicators of
malnutrition, but for heuristic purposes it is best to consider these as
consequences of poor diet and health status, along much the same lines as
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Figure 9
Schematic summary of potential determinants, consequences, and effect
modifiers for maternal weight gain®
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Figure 10

Selected causes and consequences of maternal malnutrition
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other consequences. The common practice of placing malnutrition in the
centre of such a diagram can be misleading when, as is often the case,
malnutrition is assumed to be fully or largely captured in anthropometric
characteristics. Conversely, the figure explicitly shows ‘“‘maternal
physiology” and “fetal development” as outcomes of nutritional and non-
nutritional influences, even though they are not directly observable; they
are important factors which may mediate, modify, or confound the
relationships between causal indicators and indicators of consequences.

Using anthropometry in individuals

In choosing an indicator of maternal status during pregnancy from a
number of candidate indicators, the crucial question is, “For what
purpose will the indicator be used?”

3.2.1 Choosing an indicator

Anthropometric indicators have two primary uses — the targeting of
interventions and the assessment of response to interventions. Matching
indicators to application thus involves recognizing that a particular
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disease is relevant, determining whether there is a treatment and how to
identify (screen) women for the treatment, and evaluating the effect-
iveness of the treatment. The process of identifying the screening and
response indicators necessarily involves assessing the degree to which a
screening indicator identifies a subgroup that is more responsive to the
treatment or, in epidemiological terms, the degree of effect modification
achieved by the screening indicator. This can be done by several methods,
but must recognize the prevalence of the poor outcome that is to be
affected and the percentage of the population that is identified as at risk
by the indicator. Finally, the selection of indicators will depend on
practical and logistic considerations that include the availability of
human and material resources, the timing and frequency of prenatal
visits, and the acceptability of the measuring procedure to the women
concerned.

This approach has been extensively developed for screening preschool-
age children for malnutrition (22) and to a lesser degree for screening
individual pregnant women (10). In a WHO collaborative study, this
rationale also served as the basis for the analytical design applied to the
evaluation of maternal anthropometry and pregnancy outcomes (23).
This multicentre study supplements the findings in recent reviews on
maternal anthropometry (9, 10) and on determinants of LBW (24), and
serves as an excellent source of information to assist in the selection of
appropriate maternal anthropometric indicators for screening.

None of the current literature has addressed the selection process as
thoroughly and systematically as described above. Most of the previous
emphasis has been on screening individuals at risk of. poor pregnancy
outcomes; the following discussion of indicators for screening individual
women relies heavily on the published results of the WHO Collaborative
Study with occasional reference to other supporting work.

The WHO Collaborative Study

The WHO Collaborative Study on Maternal Anthropometry and
Pregnancy Outcomes (23) examined the relationships between maternal
anthropometry and various pregnancy outcomes in separate studies of
25 population groups located throughout the world. Data were collected
by local investigators from 1959 to 1989. They represent approximately
111 000 women for whom anthropometric data were collected repeatedly
from early pregnancy to term. Among the various outcomes included in
the data set, the most commonly reported are birth weight, gestational
age, and pregnancy complications. The relative risks (or odds ratios
where appropriate) of various deleterious outcomes based on maternal
anthropometry were computed for each study. The results across studies
were then combined into a meta-analysis.

The following outcomes were examined: LBW (<2500 g), preterm
delivery (gestation < 37 weeks), small for gestational age (SGA) or [IUGR
(birth weight <10th percentile for gestational age), assisted (non-



spontaneous) delivery, pre-eclampsia (diastolic pressure >90 mmHg'
with proteinuria and/or oedema), and postpartum haemorrhage (during
first 24 hours). Fetal outcomes were fairly easily defined, but maternal
complications were more difficult; in many studies there were no records
of complications or the criteria (e.g. pre-eclampsia) were poorly
specified. For these analyses, only the studies that yielded reliable data
were included.

The maternal anthropometric indicators used were: height, weight, and
BMI before pregnancy or during the first trimester, and at the 20th, 28th,
and 36th weeks; weight gain between these various time points; and mid-
upper arm circumference (MUAC) in early pregnancy.

Sample size for the 25 studies varied from 286 to 16 481, with a mean of
about 4200; all but four studies had over 1000 subjects. Sample mean
birth weights ranged from 2633 to 3355 g. The prevalence of LBW
ranged from 4.2 to 28.2%, of SGA from 5.8 to 54.2%, and of preterm
delivery from 4.6 to 56%. In the 14 studies that reported it, assisted
delivery ranged from 2.2 to 27.6%; pre-eclampsia ranged from <1 to
15.4% in 11 studies, and postpartum haemorrhage from 0.5 to 4.4% in six
studies. The individual studies produced similarly variable mean values
for anthropometry. Mean maternal height ranged from 148 to 163 cm
in 24 studies and mean prepregnancy weight from 42.1 to 65.6 kg in
23 studies. In 17 studies, mean weight at 20 weeks ranged from 44.0 to
64.6 kg, at 28 weeks from 45.5 to 65.3 kg, and at 36 weeks from 47.5 to
67.3 kg. Mean MUAC ranged from 21.9 to 25.4 cm in the 13 studies that
reported it.

Odds ratios (ORs) were computed for each outcome by each indicator for
each study that yielded relevant data. Since the values for each indicator
varied greatly, the various studies were organized into between three and
five groups, or clusters, identified according to similar statistical
distributions of the indicator within the cluster. The distribution of the
indicator was described for each cluster and the lowest 25% identified as
the “at risk” portion of the sample.

Logistic regression was used to compute ORs for each study sample
based on the risk of an outcome in the lowest quartile relative to the risk
of the outcome in the highest three quartiles. The individual study ORs
were then combined and an overall OR was computed for each of five
pregnancy outcomes by each indicator.

The results of this analysis are summarized in Table 3. The first six
indicators listed represent basic anthropometry in different stages of
pregnancy. These are followed by a second set of derived indicators, such
as BMI and weight gain, computed from the basic anthropometric data.
The third set represents the results of an analysis of all the indicators in

190 mmHg = 12.0 kPa.
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the first two sets, but only for those subjects in each study whose heights
were below the population median height. This simulates a two-stage
screening process, and is an indirect test of how the indicators would
perform in the most stunted members of a population. Finally, the fourth
set of results also simulates the two-stage screening, but uses
prepregnancy weight below the population median weight as the first
level of screening. The numbers enclosed in boxes represent combined
ORs that are relatively high and for which the 95% confidence interval
does not include 1.0, i.e. an indication of a significantly greater risk than
expected by chance. Numbers that are underlined indicate a significant
“protective effect” of the lower values of an indicator.

For almost all indicators, ORs are significantly greater than 1.0 for SGA
and, therefore, for LBW. As pregnancy progresses towards term, ORs
increase for measures of attained weight and weight gains from the
prepregnancy period. The measures of weight gain appear to be more
strongly related to risk of LBW and SGA if they include the initial weight
measured at 20 weeks. Generally, the ORs increase substantially from the
single-level screening to the two-level screening in which either short
stature or low prepregnancy weight is considered as the first screening
indicator. For predicting preterm delivery, measurements taken before
pregnancy or in the first trimester have significant ORs in the range
1.20-1.49. Indicators related to weight gain vary widely, with some
indicators (weight gain from 20 to 28 weeks) showing ORs between
1.43 and 1.86 and others (weight gain from prepregnancy to 20 or
28 weeks) showing ORs below 1.0, suggesting a protective effect
of low cumulative weight gain.

Anthropometric indicators are less strongly related to complications of
pregnancy and labour than to fetal growth. In general, ORs are less than
1.0; significant ORs suggest a reduced risk of complications in subjects
with indicators in the lower quartile compared with the upper three
quartiles of anthropometry. An important exception is the increased risk
of assisted delivery in short women (OR = 1.61).

Interpretation of these results should take account of certain limitations to
the analysis. Meta-analysis has been applied only recently in
epidemiology, and there is still considerable debate about its validity and
utility. In addition, potential bias in the combined ORs may be introduced
by the method used to establish the cut-off points for each of the
indicators examined in this study.

While ORs provide valuable quantitative estimates of the relationship
between several anthropometric indicators and important outcomes of
pregnancy, they represent only the first step in testing the utility of the
indicator. The next step is to determine the optimum cut-off point for
discriminating between women destined to have adverse outcomes and
those destined to have favourable outcomes. This requires an analysis of
the sensitivity, specificity, and positive predictive values (PPV) for those
indicators with the best ORs (25, 26).



Table 3
Summary of estimated combined odds ratios (ORs) from the WHO Collaborative
Study?

Note: Indicators with relatively high ORs for elevated risk are outlined; indicators predictive
of low relative risk are underlined.

Predictors IUGRor LBW Preterm Assisted Pre- Postpartum
SGA delivery eclampsia haemorrhage

Basic anthropometry

Maternal height 1.91 1.72 1.20 1.61 0.88 0.72
Mid-upper arm

circumference 1.63 1.93 1.22 0.88 0.69 0.65
Prepregnancy weight 2.55 2.38 1.42 1.00 0.71 0.71
Attained weight by

week 20 2.77 2.43 0.99 1.04 — 0.96
Attained weight by

week 28 3.03 2.41 0.89 0.91 0.87 0.97
Attained weight by

week 36 3.09 2.59 — 0.87 0.71 0.68
Derived indicators
Prepregnancy BMI 1.87 1.87 1.33 0.76 0.75 0.87
BMI by week 20 2.11 1.66 0.75 0.73 1.30 1.40
BMI by week 28 2.31 1.90 0.91 0.67 1.22
BMI by week 36 2.26 1.88 — 0.68 0.69 1.08
Weight gain: pp® to

week 20 1.87 1.53 0.47 1.00 1.13 0.63
Weight gain: pp to

week 28 1.85 1.53 0.78 0.75 0.82 0.81
Weight gain: pp to

week 36 2.06 1.68 — 0.73 0.60 0.63
Weight gain:

weeks 20 to 28 1.71 1.64 1.43 0.73 0.79 1.04
Weight gain:

weeks 20 to 36 1.75 1.72 — 0.81 0.29 1.15
Weight gain:

weeks 28 to 36 1.47 1.24 — 0.89 0.66 0.72

{.
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Table 3 (continued)

Predictors

IUGR or
SGA

|BW Preterm Assisted Pre-

delivery  eclampsia

Postpartum
haemorrhage

Mothers of small stature

Prepregnancy weight 2.99 2.63 1.49
Attained weight by

week 20 3.24 2.59 1.09
Attained weight by

week 28 3.56 2.65 0.95
Attained weight by

week 36 3.46 2.97 —
Weight gain: pp® to

week 20 2.79 1.96 —
Weight gain: pp to

week 28 2.85 2.09 —
Weight gain: pp to

week 36 3.20 2.30 —
Weight gain:

weeks 20 to 28 2.64 2.68 1.86
Weight gain:

weeks 20 to 36 2.67 2.82 —
Weight gain:

weeks 28 to 36 2.24 1.82 —
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Sensitivity, specificity, and PPV all depend on the relationship between a
risk factor and a given outcome. However, the risk factor may be a
statistical “marker” of the outcome without necessarily being the cause of
it. To the extent that the success of an intervention depends on the causal
link between the risk factor and the outcome, the etiological fraction (EF;
also called the population attributable risk) will also be important. The
EF is the proportion by which the incidence rate of the adverse outcome
in a given population would be reduced if exposure to the risk factor were
eliminated. It depends on both the relative risk (or OR) associated with
exposure and the prevalence of exposure in the population. The EF is
particularly important for those anthropometric indicators that will be
targets for intervention, such as weight and BMIL For example, the EF
associated with low gestational weight gain will indicate the maximum
impact in reducing the incidence of a given outcome achievable by an
intervention capable of ensuring adequate weight gain for all pregnant
women in the population. EFs are therefore useful in defining the



Table 3 (continued)

Predictors

[UGR or
SGA

LBW

Preterm  Assisted Pre-
delivery eclampsia

Postpartum
haemorrhage

Mothers of low prepregnancy weight

Attained weight by

week 20 3.87 2.50 0.97
Attained weight by

week 28 4.02 2.75 1.07
Attained weight by

week 36 3.79 2.83 —
Weight gain: pp° to

week 20 5.58 2.71 —
Weight gain: pp to

week 28 5.36 3.49 —
Weight gain: pp to

week 36 5.63 3.36 —
Weight gain:

weeks 20 to 28 2.81 2.15 1.71
Weight gain:

weeks 20 to 36 2.49 1.68 —
Weight gain:

weeks 28 to 36 2.68 1.77 —

 Reference 23.
® pp = prepregnancy.

magnitude of expected effect of public health action designed to reduce
adverse outcomes in a given community.

Finally, the feasibility of any risk assessment/management programme
depends on the proportion of women who will be identified as at risk;
adequate facilities, economic resources, and numbers of personnel must
be available to deal with their subsequent referral and treatment. The
anthropometric measurements chosen for risk assessment, as well as the
cut-off points used to define risk, must take account of these practical
aspects to avoid overburdening the health care system and to promote the
efficient use of limited resources.

Relatively few studies have considered any of these factors, and none
has considered all of them, in making recommendations for the use of
maternal anthropometry. An analysis of misclassification was undertaken
in the WHO Collaborative Study. While the analysis is rather restrictive
and suffers from some of the same limitations as the estimates of ORs,
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the results are informative. With cut-off values fixed at the 25th
percentile of the cluster in which it was placed, each individual study was
examined for sensitivity (SE) and specificity (SP) for each indicator
relative to each outcome. If more than 40% of the studies met the criteria
of SP>7 and SE>.35 for a given indicator versus LBW and SGA
(SE>.30 for preterm), the indicator was tagged as potentially useful for
screening. The analysis is summarized in Table 4.

For predicting LBW, maternal prepregnancy weight and achieved
weights at 20, 28, and 36 weeks performed equally well; about 50% of
the studies met the criteria and had similar ORs in the range 2.4-2.6.
When LBW is broken down into its components of SGA and preterm
delivery, the results are generally as expected. The indicators that
perform well in predicting LBW also perform well in predicting SGA,
with similar sensitivity and slightly higher ORs. For predicting risk of
preterm delivery, only prepregnancy weight and prepregnancy BMI met

Table 4
Summary of preliminary sensitivity (SE) and specificity (SP) analysis of various
anthropometric indicators in pregnancy in 21 studies in the WHO Collaborative
Study?®

Anthropometric indicator ~ No. of 9% of studies Min. SE? Max. SE® OR (95% ClI)f

studies® mesting criteria® (%) (%)

Outcome = low birth weight

Prepregnancy weight 21 62 35 47 2.38 (2.1-2.5)
Attained weight at 20 weeks 15 53 36 56  2.43(2.0-2.8)
Attained weight at 28 weeks 14 50 38 52 2.41 (2.1-2.7)
Attained weight at 36 weeks 17 47 38 47  2.59 (2.2-2.9)

Outcome = small for gestational age

Prepregnancy weight 20 50 36 52 2.55(2.3-2.7)
Attained weight at 20 weeks 15 40 38 49 2.77 (2.3-3.2)
Attained weight at 36 weeks 17 53 36 50  3.09 (2.7-3.4)

Outcome = preterm delivery
Prepregnancy weight 20 45 31 54  1.42(1.3-1.5)
Prepregnancy BMI 20 40 31 39 1.33 (1.1-1.4)

® Reference 283. ‘

b Number of studies for which data exist for both outcome and indicator.
° Percentage of eligible studies with SP>.7 at cut-off of 25th percentile.
9 | owest sensitivity observed in studies with SP>.7. ‘

¢ Highest sensitivity observed in studies with SP>.7.

 Gombined odds ratio of all studies with 95% confidence interval (C).
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the criteria in over 40% of the studies. These same indicators had
moderate combined ORs (1.33 and 1.42).

The major limitation of this analysis is that it does not allow for different
cut-off values of the indicators across individual studies. The fact that the
specificity criteria were met in 40% of the studies provides strong support
for the general applicability of these predictors across many populations.
However, the data should be re-examined using a series of common cut-
off values, and the results compared across studies at the same cut-off
values. This would help in determining the type of reference that should
be developed: a reference with a common absolute cut-off, several
references with a common relative cut-off value, or several (perhaps
regional) references with different relative and absolute cut-off values.

Other evidence

The results of the analysis by the WHO Collaborative Study (23)
generally confirm the findings of another meta-analysis in which the
determinants of LBW were examined (24) (summarized in Table 5). This
analysis relies on a thorough review of 895 studies published between
1970 and 1984. Strict criteria were applied to select studies with
appropriate study design including variables that allow inference of
potential causal determinants of LBW. However, relatively few studies
provided the information needed to estimate relative risk (RR).
Determined on the basis of low prepregnancy weight, the RR of preterm
delivery was 1.25 compared with the OR of 1.42 in the WHO
Collaborative Study. Kalkwarf (27) reports significant ORs of 1.42 (95%
confidence interval = 1.25-1.60) and 1.37 (CI = 1.27-1.49) for
prepregnancy BMI below 18.5 for 7312 white and 6730 black births,
respectively, in the US National Collaborative Perinatal Project (NCPP).
Kramer found no studies published before 1984 that showed a convincing
relationship between the risk of preterm delivery and either maternal
height or weight gain. However, in the NCPP Kalkwarf (27) has shown
ORs of 1.65 (CI = 1.42-1.92) and 1.62 (CI = 1.46-1.79) for white and
black women, respectively, for risk of preterm delivery when gestational
weight gain was 100 g/week (the population 10th percentile) between
20 weeks and delivery. This compares with an OR of 1.43
(CI = 1.1-1.7) for weight gain between the 20th and 28th weeks in the
WHO Collaborative Study.

In examining the risk of SGA from low anthropometric values, Kramer
(24) reported RRs of 1.27 for maternal height, 1.84 for prepregnancy
weight, and 1.98 for total gestational weight gain, compared with ORs
from thc WHO Collaborative Study of 1.91, 2.55, and 2.06, respectively.
Kalkwarf (27) reported ORs of 1.83 and 1.44 for SGA in white and black
women, respectively, from maternal prepregnancy BMI below 18.5,
which are similar to the OR of 1.87 reported for the WHO Collaborative
Study. Current evidence suggests the existence of biologically important
correlations between many anthropometric indicators and fetal outcomes
of pregnancy.
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Table 5
Summary of anthropometric “determinants” of preterm delivery and intrauterine

growth retardation®

Preterm delivery UGR®
Anthropometric indicator RR° EF @ prevalence® RR°  EF @ prevalence®
(no. of studies) (no. of studies)

Maternal height 1.0 (4) - 1.27 (2) 6.3% @ .25
<158 cm 14.5% @ .63
‘ 18.5% @ .85
Prepregnancy weight 1.25 (3) 6.3% @ .27 1.85 (1) 11.8% @ .15
<54 kg 10.3% @ .46 19.6% @ .29
14.0% @ .65 28.7% @ .48
Total gestational weight . 1.0(1) - 1.98 (2) 13.6% @ .16
gain <7 kg 36.6% @ .59

¢ Source: reference 24.

b As inferred from SGA.

° Relative risk; number of studies mesting criteria for inclusion in meta-analysis is given in parentheses.
9 Etiological fraction (%) at various prevalence rates; not computed if RR = 1.0, i.e. EF = 0.

In addition, Kramer (24) computed the EF for the three anthropometric
indicators used in Table 5, reporting results only for those rclationships
found to be significant. Since EF varies as a function of prevalence of the
risk factor in the population, results are reported for several prevalence
rates. As an example of the interpretation of Table 5, intervention in a
population where the prevalence of low body weight was 27%, resulting
in the elimination of prepregnant weights below 54 kg, would reduce the
incidence of preterm deliveries by 6.3%. Elimination of low prepregnant
weight in a population of similar prevalence (.29) would resultin a 19.6%
reduction in the incidence of SGA.

3.2.2 Applications of anthropometry for screening pregnant women
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On the basis of information provided by the WHO Collaborative Study
(23), the detailed literature reviews of the Institute of Medicine report (9),
and the Pan American Health Organization publication on maternal
anthropometry (/0), criteria were identified for the selection of
nutritional indicators to be applied to individuals. These are listed in
Table 6.

For anthropometric measurements made only once during pregnancy,
generally at the time of a woman’s first contact with the health care
system, mid-upper arm circumference, height, weight (prepregnancy or
early pregnancy, and attained weight at any stage during pregnancy),
weight-for-height, and calf circumference were identified as of possible
value in predicting maternal and fetal outcomes.



Table 6
Considerations in the selection of a nutritional indicator during pregnancy and
lactation

1.

o A~ o

Why is an indicator needed?

® Screening for a nutritional intervention for the mother during pregnancy or lactation
— to improve her nutritional state if she is underweight
— to minimize complications during pregnancy (e.g. toxaemia, prolonged labour,
need for assisted delivery)
— 1o minimize maternal mortality.

* Screening for a nutritional indicator to improve fetal health by:
— reducing growth retardation
— reducing preterm delivery
— reducing morbidity/mortality.

Which instruments (scales, measuring tapes, etc.) are available?
What constraints are there on the availability of personnel and/or services?
Which nutritional indicators are available?

Is there any evidence of an association between these indicators and the outcomes
of interest?

What are the biological bases for these associations? For what are these indicators
proxy measures?

What is the minimum number of measurements required?

Are there reference data:
® normative?
® predictive of risk?

How are these references expressed? What data must be collected?

Is there any evidence that when applied to individuals or at clinic level the primary
outcome is improved (randomized clinical trials)?

Mid-upper arm circumference is largely independent of gestational age
and regarded as a proxy indicator of maternal prepregnancy weight or
early pregnancy weight; it changes very little during pregnancy (10).
Although the correlation between prepregnancy weight and MUAC is
statistically significant, in most of the studies reported by WHO (23) this
association is too weak to permit MUAC to substitute for prepregnancy
BMI in individuals.

Table 7 lists sensitivity and specificity for several proposed MUAC cut-
off points for the identification of pregnant women at risk of LBW, SGA,
and neonatal morbidity. In Brazil, with an LBW rate of 23%, Lechtig (28)
used a cut-off point of <23.5 cm and calculated a positive predictive
value of 45% (n = 445, sensitivity 77%, specificity 71%). Thus, even
where incidence of LBW is high, using this indicator to target
interventions (to increase either birth weight or referrals for delivery at
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Table

7

The use of maternal arm circumference for the prediction of neonatal outcomes®

Country MUAC (cm) RR Sensitivity (%) Specificity (%) Outcome
Bangladesh <225 - 73 41 Neonatal morbidity
Brazil <235 - 77 71 Low birth weight
Chile 24 2.6 - - IUGR®
Guatemala <225 1.5 24 84 - Low birth weight

(14 days postpartumj

2 Adapted from reference 70 with permission. Copyright Pan American Health Organization,
Washington, DC.
® As suggested by SGA.

tertiary centres) yields a high percentage of false-positive cases, i.e.
women who are unlikely to benefit from the interventions.

" Short maternal height has been associated with an increased risk of IUGR
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in several populations, and cut-off points between 140 cm and 150 cm
have been proposed for screening. The WHO Collaborative Study (23)
reports individual ORs and confidence intervals for the prediction of
LBW from a cluster-specific definition of short maternal stature in each
of 24 studies. Results are illustrated in Fig. 11. In most studies ORs are
above 1.5 and the lower limits of the confidence interval are consistently
above 1.0; exceptions are Guatemala, Lesotho, Malawi, and Viet Nam.
The OR for all studies combined is 1.7 with a 95% confidence interval of
1.6-1.8 (see Table 3). Unfortunately, although specificity exceeded 70%
in only four of the studies, sensitivity was very low (36-41%) for the
detection of SGA at a height cut-off equal to the 25th percentile of a
cluster-specific distribution.

Short maternal height has also been shown to be associated with an
increased risk of surgical delivery and intrapartum caesarean section
among primigravidae (29). It could be of practical use for referring
women for hospital delivery in areas where there are many home
deliveries.

Results from the WHO Collaborative Study show that there is a strong
correlation between a single measure of maternal weight late in
pregnancy and SGA and LBW. While weight alone has a higher OR than
BMI, it is a particularly good indicator when applied only to short women
or those with low prepregnancy weights (Table 3). Rosso (30) also
reports a strong relationship between weight-for-height at term and birth
weight (Table 8). This indicator, even measured late in pregnancy, could
be used for referral of women for delivery at facilities offering special
care for the newborn.



Figure 11

Estimated odds ratios and 95% confidence intervais for low birth weight by

maternal height®

Note: The ORs are for maternal height below the lowest quartile cut-off point vs. height above the

highest quartile cut-off point.
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Much of the foregoing discussion of these studies is summarized in
Table 9, which provides a structure for evaluating various anthropometric
indicators for screening pregnant women. The table is divided into four
parts, of which two (A and B) pertain to single examinations in settings
with either low or adequate resources, the third (C) to multiple
examinations where resources are adequate, and the fourth (D) to
assessment of responses to interventions. Columns 1 and 2 deal with the
purposes of screening or of evaluating an intervention and with what will
actually be done for the individual woman as a result. The target
populations and the type of anthropometric measurements are covered in
columns 3 and 4, anthropometric indices and units of measurement in
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Table 8
Influence on birth weight of weight-for-height of healthy, low-income Chilean
women at term?®

Mean birth weight

Weight-for-height No. of subjects Mean birth weight® (SD)  adjusted for height
(% of standard)} (@) (@)
<105 360 3224 (402) 3328
105-109 290 3219 (387) 3323
110-114 220 3264 (347) 3368
115-119 260 3327 (370) 3431
120-124 273 3419 (361) 3523
125-129 212 3501 (402) 3605
130-134 178 3486 (375) 3590
135-139 140 3555 (389) 3659
> 139 235 3642 (403) 3746

2 Reproduced, with permission, from reference 70 (p. 179). Copyright Pan American Health
Organization, Washington, DC.
® |iveborn, full-term infants; both sexes combined.
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column 5, and the stage of pregnancy at which measurements should be
made in column 6. Only the indices known to be related to the specific
outcomes of interest are reported; in many cases, further evaluation of
sensitivity, specificity, positive predictive value, and etiological fraction
in specific applications and for particular situations would be necessary
before final recommendations could be made. However, where current
knowledge has identified a best index for a particular purpose, this is
identified in the table.

Column 7 deals with reference data and criteria for judgement, i.e. the
cut-offs applied to the various indices; these are not necessarily the
references and cut-offs recommended by the Expert Committee, but
those used by specific authors to generate the results summarized in
column 8. Further information that may be relevant to the interpretation
of anthropometric measurements is presented in column 9.

Where screening has involved multiple examinations of pregnant women
(parts C and D of Table 9), the most common anthropometric measure-
ment has been weight change. Depending on the purpose of screening,
weight change may be determined over a short (several weeks) or long
(the whole of gestation) period. Short-term weight change is generally
determined early enough in pregnancy to allow for intervention to
improve fetal growth; in the longer term, weight change may be used to
identify women who should be referred to appropriate facilities for
labour and delivery or for neonatal care.



In general, correlation between pregnancy outcome and weight change is
weaker than that between outcome and a single determination of weight
at any stage during pregnancy. This may be partly explained by greater
error of measurement in determining weight change than in determining
a single weight, and by the fact that a single weight determination also
includes variation due to height. The WHO Collaborative Study (23)
reported very high ORs (5.4-5.6) for the risk of SGA determined on the
basis of weight gain from a low prepregnant value to 20, 28, or 36 weeks.
Although many weight-gain charts have been used in prenatal care (9,
31), no single chart has proved to be useful over the whole range of
applications covered by Table 9.

3.2.3 Assessing response to an intervention

Evaluation of the response of an individual woman to a nutritional or
health intervention during pregnancy requires at least two anthropometric
measurements — before and after the intervention. The indicator selected
for the evaluation must be one that exhibits sufficient variation during
pregnancy to be sensitive to intervention. Changes in values may be
expressed as net difference between the two measurements, as percentage
change from the baseline value, or as rate of change. Suitable indicators
for the purpose are weight gain during pregnancy, changes in thigh and
subscapular skinfolds, and changes in symphysis-fundus height, all of
which are roughly linear after the first trimester of pregnancy (6, 9, 32).
Normative data are available for these indicators, and the reports cited
here present rates of change, with standard deviations, by week of
gestation.

For clinical applications, it has been recommended that a sequential plot
be made of maternal weight or weight increase for comparison with rate
of weight gain of reference populations (9). Rate of weight gain can be
calculated from the individual plots and compared with rates reported for
normal healthy women who give birth to infants of normal birth weight

(6).

Data on the effects of dietary changes on weight gain during pregnancy in
six studies of maternal supplementation have recently been reviewed
(33). It appears that unequivocal changes in maternal weight gain are
seen only among women near starvation and, to a lesser degree, those
who are clinically undernourished. For other women, even those at
socioeconomic risk, the effects of these supplements on weight gain have
been very modest and related to diet in early pregnancy, type of
supplement, and prepregnancy weight (35). The use of these indicators
for evaluating the impact of interventions aimed at improving maternal
weight at the individual level require further evaluation, and it is not yet
clear at this point whether the practice of weighing pregnant women at
every prenatal visit should continue, particularly among healthy, well
nourished women (2).
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Table 9
Summary of recommendations for screening individual pregnant women
for interventions

1 2 3 4 5
Uses: what will ~ For what Target What to indices
be done for the  purpose? group measure and units

individual?

A. Low resource settings (no scales available), one examination to screen

for poor pregnancy outcomes

Refer for further Prevent IUGR Population Mid-upper Absolute; cm
evaluation if or treat newborn  at risk arm circum- (independent
available; to prevent of IVUGR ference of gestational
advise on or morbidity/death age)
supplement diet :
Calf circum- Absolute; cm
ference (independent of
gestational age)
Height® Absolute; cm
(independent of
gestational age)
Refer for delivery Prevent neo- Population at Height® Absolute; cm
at facility with natal morbidity/  risk of preterm (independent of
neonatal care death due to delivery gestational age)
prematurity
Refer for Prevent Primiparas Height? Absolute; cm
delivery labour/delivery  and history (independent of
complications of dystocia gestational age)
Advise on or Prevent Population Calf Absolute; cm
supplement depletion of with chronic circumference  (independent
mother’s diet maternal stores  undernutrition of gestional age)

for lactation
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6 7 8 9
Stage of Criteria for Rationale for Other factors for
pregnancy judgement anthropometry interpretation
(cut-offs)

Any time during

<20.7 cmor

For IUGR: RR=2.6 (70),

Limited value; modest

pregnancy < 23 cm; limited RR=1.6 (23). sensitivity and specificity
criteria for Assesses body
judgement (23, 70) composition; proxy for
prepregnancy weight
Late in Not reported (78)  Best SE at 0.5 SP Promising, but not
pregnancy for IUGR (78); may common measurement

reflect fat and lean
tissue, also oedema
{may be harmful or
beneficial)

Any time during
pregnancy

Population-specific

reference;
likely cut-offs
147-153 cm (23)

RR=1.91 (23)
RR=1.27(24)

Proxy for past nutrition/
health status and SES

Limited use alone;
poor sensitivity and
specificity

Any time during
pregnancy

Population-specific

cut-offs,140-
150 cm (23)

RR=1.00 for
preterm (24)
RR=1.20 (23}

Limited use; poor
sensitivity and specificity

Any time during
pregnancy

Population-specific

cut-offs, 140-
150 cm (23)

RR="1.62 for assisted
delivery (23)
Proxy for small pelvis

Any time during
pregnancy

None cited (78)

ldentifies women who
respond to postpartum
supplement to improve
lactation (78)

Mid-upper arm
circumference may also
be used but was not
tested
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Table 9 (continued)

1 2 3 4 5
Uses: what will  For what Target What to Indices
be done for the  purpose? group measure and units

individual?

B. Adequate resources (scales available), one examination
(by early in second trimester) to screen for poor pregnancy outcomes

Refer for further Prevent IUGR Population at Weight BMI
evaluation; advise or treat new- risk of IUGR (measured or
on diet; dietary  born to prevent recalled) and
or medical morbidity/death® height
intervention
Weight Absolute; kg
Weight Weight for
gestational
age®; % of
reference; kg
Weight and BMI
height
Prevent preterm Prevent new- Population Weight and BMI?
delivery or refer  born morbidity/  at risk of height
for neonatal care death due to preterm
prematurity® delivery
Weight Absolute; kg
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6 7 8 9
Stage of Criteria for Rationale for Other factors for
pregnancy judgement anthropometry interpretation
(cut-offs)
Measured during  Population-specific RR=1.87 for BMI Recalled weights may
first trimester 25th percentile 23 not be reliable

(or recalled early
enough to
intervene)

(17-21 pre-
pregrancy) (23)

Popuiation-specific
25th percentile
{40-53 kg) (23)

For absolute weight:
RR=2.55, high sensi-
tivity and specificity
(23); RR=1.84 (24).
Indicates general
body composition
and health status

Absolute weight better
than BM; first screen for
short stature improves
RR for weight to 2.9 (23)

Measured during
second trimester

Below % reference
cut-offs (9), below
population-specific
25th percentile
(40-53 kg @

20 weeks

43-57 kg @

28 weeks) (23)

Population-specific
25th percentile
(19-22 @

28 weeks)

RR=2.77 @

20 weeks,
RR=3.03 @

28 weeks,
good sensttivity
and specificity

RR=2.11-2.31 for
BMI, good sensttivity
and specificity (23)

First-stage screen for
short stature improves
RR for weight to
3.2-3.5 (23)

Absolute weight better
than BMI

Measured during
first trimester
(or recalled weight}

Population-specific
25th percentile
(17-21 prepreg-
nancy) (23)

Population-specific
25th percentile
(40-53 prepreg-
nancy) (23)

RR=1.33, moderate
sensitivity and
specificity for
prepregnant BMI

RR=1.42, moderate
sensitivity and
specificity for
preoregnant weight
(23); RR=1.25 (24)

Best prediction in
populations with
lowest mean BMI

Prediction not improved
by first screen for
short stature
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Table 9 (continued)

1 2 3 4 5

Uses: what will  For what Target What to Indices
be done for the  purpose? group measure and units
individual?
Refer for delivery Prevent Population at risk Weight and BMI
at facility with labour/delivery  of complications height
neonatal care complications®  and of limited

access to

assisted delivery
Advise on or Prevent Population Weight and BMI
supplement diet depletion of with chronic height

maternal stores  undernutrition

for lactation®

C. Adequate resources (scales available), multiple examinations (by mid-
pregnancy and at least twice before delivery) to screen for poor pregnancy

outcomes

Refer for further
evaluation;
advise on diet;
dietary or medical
intervention

Prevent IUGR®  Population Weight Absolute rate
at risk of of weight gain;
IUGR kg/week
Absolute gain
from prepreg-
nancy weight; kg
Weight and Absolute rate
height of weight gain;
kg/week
Prevent [IUGR Population Uterine SF height
or refer for at risk of (symphysis- relative to
newborn care IUGR fundus) height®  gestational
1o prevent age; cm
morbidity/death®
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6 7

8 9

Stage of Criteria for
pregnancy judgement
{cut-offs)

Cther factors for
interpretation

Rationale for
anthropometry

Measured during
first trimester
(or recalled weight)

Population-specific
25th percentile
(17-21 prepreg-
nancy) (23)

RR=0.76 for BMI Height performs better
v. assisted delivery (23) than BMI.
Note low BMI reported
as “protective”

Below % reference
population

Any time during
pregnancy

No observation found in
literature

Low body mass before
or during pregnancy
may persist after
delivery

Up to 30 weeks’
gestation

Population-specific
25th percentile
(0.05-0.30 kg/
week between 20
and 28 weeks) (23)

Population-specific
25th percentile
from weight gain
chart (1 kg at 20
weeks, 3 kg at

28 weeks) (23)

Not tested at other
cut-off values

RR=1.7 for weight
change between
20 and 28 weeks

RR=1.8 for total
weight gain up to 20
or 28 weeks (23).
Measures maternal
and fetal tissue gain

Up to 30 weeks’  As above for weight

For short women: Not tested at other

gestation gain between 20  RR=2.64 for weight cut-off values
and 28 weeks, and change from 20 to
total weight gain 28 weeks; RR=2.8
to 20 or 28 weeks, for total weight gain to
but only in women 20 or 28 weeks (23).
of height or pre- RR=5.6 for women
pregnant weight with lowest prepreg-
below population  nant weight (23)
mean
20-40 weeks’ Below 10th Proxy for fetal size. Useful in low resource
gestation percentile for SE=0.5-0.7, area with multiple

gestational age
(various reference
data used) (20}

SP=0.8-0.9 from
12 studies (20)

visits
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Table 9 (continued)

1 2 3 4 5
Uses: what will  For what Target What to Indices
be done for the  purpose? group measure and units

individual?

Refer for further  Prevent pre-
evaluation; term delivery
advise on diet;

dietary or

medical inter-

vention

G

Absolute rate
of weight gain;
kg/week

Absolute total
weight gain; kg

Absolute total
weight gain; kg

Refer for delivery Prevent new-
at facility with
neonatal care death due to

JUGR®

born morbidity/

Population at Weight*
risk of preterm
delivery
Weight and
height®
Population at Weight®

risk of IUGR
and with access
to neonatal care

Absolute total
weight gain; kg

Absolute rate
of weight gain:
kg/week
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6 7 8 ]
Stage of Criteria for Rationale for Other factors for
pregnancy judgement anthropometry interpretation
(cut-offs)
20-40 weeks’ Population-specific RR=1.43 for weight
gestation 25th percentile change from 20 to
(0.05-0.3 kg/ 28 weeks, RR=0.47
week) (23} for total weight gain to
20 weeks, poor sensi-
tivity and specificity (23).
Population-specific RR=1.6 for weight Low total weight gain
25th percentile gain after 20 weeks reported as “protective”
(0-1 kg by @27.
20 weeks) using
provisional weight
gain charts (23)
As above, but in RR=1.86 for weight
women below change 20 to 28 weeks
population mean  in shortest women (23)
height
20-40 weeks’ Population-specific RR=2.06 for total preg- Allows use of measure-
gestation 25th percentile nancy weight gain, ments late in pregnancy,

(3.0-7.6 kg) for
total weight gain
to 36 weeks from
provisional charts
@3

Population-specific
25th percentile
(0.05-0.32 kg/
week) for weight
gain 20-36 weeks
@3)

First screen on
height or prepreg-
nant weight below
population mean

RR=1.71 for weight
change from 20 to
36 weeks

RR=3.20 for total
pregnancy weight gain,

RR=2.67 for rate of gain

from 20 to 36 weeks
in shortest women

RR=£.63 for total
pregnancy weight gain,

RR=2.49 for rate of gain

from 20 to 36 weeks
in women with lowest

prepregnant weight (23)

assuming there is a
facility available for
neonatal care
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Table 9 (continued)

1 2 3 4 5
Uses: what will  For what Target What to Indices
be done forthe  purpose? group measure and units

individual?

D. Assessing response to an intervention during pregnancy:
adequate resources (scales available), mothers seen periodically from early
pregnancy (examined at least twice before delivery)

Refer for further
evaluation;
advise on diet;
dietary or
medical inter-
vention

Prevent Population Weight, Rate of weight
adverse effects  at risk of gestational gain®, kg/wesek
on fetus (UGR, adverse age

preterm pregnancy

delivery) outcomes

Prevent Population Weight, Rate of weight
maternal at risk of gestational gain; kg/week
complications complications age

(e.g. toxaemia)

Prevent Population at Weight, Rate of weight
depletion of risk of under- gestational gain; kg/week
maternal tissue  nutrition or with  age

for postpartum
adaptations

low initial weight
for gestational
age

Thigh skinfold,
gestational age
(25-35 weeks)

Rate of fat
gain; mm/week

# Indices/measurements recommended by the Expert Committee.
b Indicators listed in Part A may also be used.
¢ Indicators listed in Part B may also be used.
¢ Multiple measurements over time improve reliability.
¢ Indicators listed for preventing IUGR (column 2) may also be used.

3.3

70

Unfortunately, there are no published data documenting the rate of
change in thigh and subscapular skinfolds or symphysis-fundus height
after a nutritional or health intervention during pregnancy that would
support its use for monitoring individualis.

Using anthropometry in populations

For many years anthropometric indicators have been used for assessing
the nutritional status of populations in the context of surveys at national
or community level, as a component of surveillance or monitoring



6 7 8 9

Stage of Criteria for Rationale for Other factors for

pregnancy judgement anthropometry interpretation
(cut-offs)

20-35 weeks' Rate of weight Expected Amount of weight

gestation gain greater than  accumulation of gained will depend on
average (to allow  maternal/fetal tissue the intervention and
for compensation) due to intervention its effects on specific

components (fat,
muscle, water, fetus)

Mid-pregnancy Rate of weight Expected changes in
to term gain within normal  hydration following
range treatment
Throughout Sufficient excess  Correction of inad-
pregnancy weight gain to equate balance of
(especially compensate for dietary intake, energy
last trimester) deficiency expenditure, and fetal

demands, which leads
to imbalance/depletion
of fat and muscle

Positive gain Subscapular skinfold
may also be useful

systems, and for evaluating supplementary feeding programmes (34) or
more general health/nutrition programmes (35). They are justifiably
considered to bc valid and practical indicators of the overall
socioeconomic and environmental conditions of populations, especially
young children, and have become increasingly accepted as such by
international organizations and national governments (22).

While the widespread use of anthropometric indicators as tools in
planning and policy-making is a positive trend in general, their value in
programmes designed to improve the nutritional status of a population is
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potentially far greater than is currently realized. Two major factors
constrain achievement of this potential. First, there is a need for much
greater perceptual clarity concerning the interpretation and use of
anthropometric indicators for different purposes. Second, much of the
research on anthropometric indicators fails to address the most urgent
gaps in knowledge concerning their use in the context of policy and
planning.

The conceptual issues discussed in this section relate primarily to
maternal and fetal health, and research needs are highlighted as
appropriate.

Figure 10 illustrates the relationship between nutritional and non-
nutritional causes and consequences of maternal malnutrition and the
way in which maternal anthropometric indicators may be used as
measures of both outcomes and risk factors at the population level. Using
a format identical to that of Table 9, Table 10 summarizes
recommendations for the use of maternal anthropometry in populations.
Much of the “evidence” that supports these uses is indirect and therefore
extrapolated to 