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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

Dead
(sensitivity)

Survivor
(specificity)

1 |
65 75 85 95 105
Height-for-age
(% of median)

@ Adapted from reference 717 with the permission of the American Society for Clinical Nutrition.

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.

60

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 the population level.

3.3.1 Targeting interventions
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Targeting interventions to particular geographical areas or socioeco-
nomic groups is the most common and best known application for
anthropometric indicators, notably child indicators which are especially
well suited to the purpose. Broad-based development programmes, for
example, may well be targeted according to the prevalence of stunting
among children, which closely reflects local socioeconomic conditions.
In such cases, short stature is used as an indicator of socioeconomic
inequity, and may often be combined with other considerations, such as
literacy levels and housing quality (36). In economically disadvantaged
populations, short stature in adults could also be used as an indicator of
socioeconomic inequity.

As they relate to maternal anthropometry, socioeconomic indicators
would include BMI among women (non-pregnant and non-lactating, or
standardized for stage of pregnancy and lactation) as an overall indicator
of the factors that affect women’s energy balance (diet, workload,
morbidity, reproductive demands). The importance of nutritional status
as a factor in reproductive outcomes as well as maternal mortality makes
a strong argument for the validity and usefulness of maternal BMI as an
indicator of socioeconomic inequity. The same indicators may be used at
the individual level to rank women according to degree of deprivation and
to target resources to the most deprived, again using the underlying
concept of socioeconomic inequity. However, in populations not
characterized by energy deficiency (e.g. in developed countries), the
significance of anthropometric indicators may be quite different; indeed,



the correlation between BMI and socioeconomic status of adult women
in developed countries is likely to be the opposite of that in developing
areas.

Indicators of socioeconomic inequity are the simplest to develop because
they are required only to rank individual women or population groups
from lowest to highest with respect to the measurement. The
measurement may be chosen to reflect past inequities (height), recent
inequities (weight-for-height in undernourished populations), or current
inequities (dietary intake). The underlying assumption is that the
measurement reflects some or all of the proximal or distal causes of
maternal malnutrition (see Fig. 10), but no assumptions are made about
the functional consequences of low indicator values or likely responses to
the interventions proposed. For screening purposes, choice of cut-off
points for inequity indicators may be governed strictly by the availability
of resources for intervention.

By contrast, use of indicators of risk demands greater knowledge of the
functional consequences of low indicator values. For instance, short
maternal stature, low prepregnant BMI, and poor weight gain are all
indicators of risk for IUGR, as are non-anthropometric factors like
cigarette smoking and high altitude. Indicators of risk are often used
when the principal concern is to prevent a particular adverse outcome
(e.g. IUGR), or to ameliorate or prevent its consequences (e.g. neonatal
morbidity or mortality related to IUGR). Risk indicators are preferred
for the second of these purposes, unless the underlying reasons for the
risk are well understood or can be ascertained, and are amenable to
solution with the interventions available. They are often used for both
purposes on the sometimes questionable assumption that causes are
well known, can be ascertained. and are amenable to the available
interventions.

Indicators of risk identify women who are more likely than average to
have a specified outcome (e.g. IUGR); however, it does not necessarily
follow that these women will benefit from the available interventions. For
instance, short women are at risk for TIUGR, but the degree to which they
will benefit from supplementary feeding may actually depend less on
height than on BML. Risk indicators can be developed from observational
studies, whereas predictors of benefit must be developed on the basis of
intervention design and may vary according to the nature of the
intervention.

These distinctions between indicators of inequity, risk, and benefit have
important implications for how the indicators are used and interpreted.
As mentioned above, inequity indicators can be used to target broad-
based interventions designed to improve socioeconomic conditions.
However, use of maternal height (as an indicator of risk for [IUGR) to
target more narrowly-based interventions (e.g. supplementary feeding
programmes to prevent [IUGR) may represent a misuse of the indicator:
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Table 10
Summary of recommendations for screening populations of pregnant women for
interventions and monitoring response®

1 2 3 4 5
Uses: what will ~ For what Target What to Indices
be done for the purpose? group measure and
individual? ‘ . parameters

A. Targeting of interventions: one examination

Targeting for Ensure equit- Population Height Absolute;
equity those able accessto  with socio- means of
deprived of services and economic functional
access to social/ reduce causes  inequities and groups®
health/nutrition  of maternal poor energy

services malnutrition intake

Weight, height,  Absolute weight

gestational or BMI; Z-score,

age % of gestation-
specific mean®

Targeting inter-  Prevent IUGR or MUAC Absolute; pre-
ventions (supple- provide access valence below
mentary feeding, to neonatal care cut-off value
vouchers, new- of IUGR infants; (no correction for
born care reduce presumed gestational age)

facilities, etc.) to  causes of maternai
those at risk of  malnutrition and
poor pregnancy ameliorate poor
outcomes outcomes for new-
born or mother

Calf circum-
ference

Height

Weight, height

Absolute
weight or BMI

Weight, height,
gestational
age

Absolute
weight or BMI
for gestational
age®
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6 7 8 9
Stage of Criteria for Raticnale for Other factors for
pregnancy judgement anthropometry interpretation
{cut-offs)
Any time during Rank by mean Measure of past Cut-off to be age-
pregnancy values for functional  inequity; socio- adjusted for young
group/region; economic status teenagers
choice of intervention related to anthro-
group depends on pometry (70)
resources available
Measure of current BMI preferred if
inequities (9, 70) recent inequities are
o be considered
Any time Cut-off may be RR=2.6 for IUGR Only as good as
during population-specific, {70); assess body causal inference
preghancy ranking by composition

prevalence; choice
of intervention

groups depends on
resources available

High sensitivity for
IUGR /718}; assess
bcdy composition

RR=1.2 (23); assess
past nuirition/health
and sociceccnomic
status

Cut-off to be age-
adjusted for
teenage mothers

First trimester
measure or pre-
pregnant recall

RR=1.84 for BMI
RR=2.55 for weight
23

Recalls unreliable; ab-
solute weight includes
effects of short stature

During second
half of
pregnancy

RR=2.77 @

20 weeks,

3.03 @ 28 weeks

for weight;

RR=2.11 @ 20 weeks,
2.31 @ 28 weeks

for BMI {23)

75



Table 10 (continued)

1 2 3 4 5
Uses: what will  For what Target What to Indices
be done for the  purpose? group measure and
individual? parameters
Targeting inter-  Prevent IUGR Population with ~ Weight, height, ~ Absolute
ventions (supple- or provide socioeconomic  gestational weight or BMI
mentary feeding, access to neo-  inequities and age for gestational

vouchers, new-
born care facil-
ities, etc.) to

maximize benefit
by reducing poor

pregnancy
outcomes

natal care of
IUGR infants;
reduce pre-
sumed causes
of maternal
malnutrition and
ameliorate poor
outcomes for
newborn or
mother

poor energy
intake

age®

B. Assessing response to intervention: at least two examinations

Evaluating long-

term response
to nutrition
interventions,
to allow
subsequent
modification

To ensure
adequate
nutrients are
available to the
fetus®; to add
to mother’s
reserves for
lactation

Women with
nutritional
deficits

Weight,
gestational
age

Thigh skinfold

Weight gain,
kg/week, over
at least a
4-week period®;
prevalence
below cut-off;
mean rate can
also be used

Fat gain,
mm/week,

over at least a
4-week period”;
prevalence below
cut-off; mean rate
can also be used

2 The only uses listed in this table are for targeting interventions and assessing responses to
interventions. Ascertaining determinants and consequences of malnutrition with the population as a
unit of analysis has not been undertaken to any great extent. This type of ecological analysis is usually
a first step to guide further studies at the individual level, which provide more definitive indication of
the cause-effect relationship. Uses of nutritional surveilance are described in the text and are based
on the same rationale as that presented in this table.

® Indices/measurements recommended by the Cxpert Committee.

° This assumes that, in the evaluation of most interventions, the response will be observed in the
mother. The response is most likely to be reflected in the outcome of pregnancy; maternal
anthropometric changes reflect intermediate or mediating mechanisms.
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6 7 8 9
Stage of Criteria for Rationale for Other factors for
pregnancy judgement anthropometry interpretation
(cut-offs)
Cut-off may be No data: possibly First stage screen
population-specific,  the same indicators  for height improves RR
ranking by pre- as listed above for for weight to
valence; choice of targeting risk 3.3-3.5 (23)
intervention groups
depends on
resources available
20-32 weeks’ Change in means Significant maternal  Total weight
gestation or or prevalence of weight gain gain up to any
2nd and 3rd low values of following supple- date in late
trimesters weight gain mentation in pregnancy is
selected popu- also useful if
lations (33) prepregnant
weight is
available
25-35 weeks’ Change in means Racid changs in Subscapular
gestation or prevalence ci selected skinfolcs skinfold may

low values of
weight gain

during late preg-
rancy ‘6)

also be useful
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maternal stunting reflects conditions that prevailed during the women’s
early childhood and may have little relevance to their current nutritional
status. Thus, since maternal height is not necessarily predictive of
benefit, supplementary feeding may not be an appropriate intervention.
These theoretical considerations obviously need to be tested in
appropriate research involving both maternal and neonatal outcomes
(mortality and morbidity).

Targeting supplementary feeding programmes on the basis of maternal
BMI involves three implicit assumptions:

e Jow maternal BMI is caused by chronically low energy intake by
mothers in this population (rather than by morbidity-related factors
shown in Fig. 10);

e low intake is caused by inadequate access to food at the household
level (rather than by inequitable distribution of food within the
household); and

e the food provided by the programme will be preferentially available to
women (pregnant, lactating, or non-pregnant non-lactating) and will
not substitute for the home diet.

An additional assumption is that supplementary feeding is preferred as an
intervention to other measures that might be designed to reduce workload
(e.g. labour-saving technology or changes in organization of labour in
households and communities) or reproductive burden (child-spacing).
Thus, the targeting of a particular intervention on the basis of anthro-
pometric indicators presupposes that deficits in weight or height have
specific, well understood causes that will be successfully dealt with by
the intervention. In other words, assumptions are made about both
causality and the efficacy of the chosen intervention.

Another aspect of the distinction between indicators of risk and benefit
relates to the fact that two individuals (or populations) may attain the
same value for a given measurement in different ways, which has strong
implications for the types of intervention that would be most effective.
For example, there is a well known relationship between birth weight and
risk of mortality. Given that maternal diet and weight gain during
pregnancy are determinants of birth weight, it might be expected that
improved diet and weight gain would increase birth weight and decrease
infant mortality correspondingly. However, it is also well known that the
risk of neonatal mortality at a given birth weight is higher for preterm
infants than for those who are SGA (37, 38). It is therefore unlikely that
mortality in these two groups would be reduced to the same extent by a
given intervention such as dietary supplementation. At a population level,
it follows that the expected impact of improved maternal nutritional
status on infant mortality will vary according to the pre-existing
distribution of LBW across the SGA and preterm categories. This would
explain, for instance, why dietary intervention during pregnancy would



have little or no impact on infant mortality in the USA (where most LBW
is due to prematurity) but might have an important impact in populations
with widespread and severe energy deficiency (where most LBW is a
result of IUGR and a relatively large proportion of infant deaths can be
attributed to SGA).

The above examples illustrate the general point that a given anthropo-
metric indicator may be a valid indicator ot inequity or risk, but will not
necessarily predict benefit. Despite their profound implications, the
distinctions between the different types are not generally appreciated by
users of anthropometric indicators. As noted, development of indicators
of benefit requires the use of intervention designs in which the
differential impact of a given intervention can be examined across
subgroups of women defined according to anthropometric indicators or
other easily measured characteristics. Relatively little research has been
done in this area, and apparently none that relates to maternal mortality
as an outcome.

3.3.2 Assessing response to an intervention

Whereas predictors of benefit are useful for planning purposes in
identifying the individuals or population groups who should receive a
specific intervention, indicators of response are more valuable for
assessing the effects of an intervention. An indicator useful for the one
purpose may not necessarily be useful for the other. For instance,
supplementary feeding for women of short stature (an indicator of risk
for IUGR) will not increase their height but may well improve their
weight gain; thus weight gain is the better indicator of response. A less
obvious example is supplementary feeding of pregnant women with
moderately low BMI (an indicator of risk); depending upon the degree of
undernutrition in the population, the intervention may have more
significant impact on birth weights than on any index of maternal
anthropometry.

The concept of responsiveness of indicators is important because it
suggests alternative ways of evaluating the impact of interventions on
individuals and populations; it is also another factor to consider in
interpreting the results of evaluation. For example, Beaton & Ghassemi
(34) suggested that the failure of most studies to find any anthropometric
impact of child feeding programmes might be explained by the extra
energy provided by the dietary supplement being used for greater
physical activity rather than for growth: though conjectural, this serves to
underline the point that indicators used to screen individuals or target
populations may not be those in which an impact is expressed.

Thus, anthropometric indicators need not lie on the causal pathway
hnking two events. They may simply be convenient markers of causal
processes, which explains why they may indicate risk but may not be
predictive of benefit or responsive to intervention. Low birth weight is a
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good indicator of infant mortality risk, and in some populations a
proportion of LBW is a result of maternal undernutrition; in certain
settings, however, improvement of maternal nutritional status may have
no significant impact on infant mortality (39). Similarly, weight gain may
be poor among pregnant women in a population with a high incidence of
morbidity during pregnancy, and the latter may have important effects on
fetal development; in such a case, dietary intervention may well improve
weight gain yet fail to improve the outcome of pregnancy.

3.3.3 Ascertaining the determinants and consequences of malnutrition
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Anthropometric indicators are often used as outcome variables for
analysing the determinants of malnutrition in research and planning
settings. They are also used to ascertain the consequences of mal-
nutrition; in many cases they are well suited to this purpose but, as in
previous examples, problems may arise if anthropometry is equated too
closely and uncritically with nutritional status itself.

Small-for-gestational-age, for example, has several non-nutritional
causes (smoking, altitude, pre-eclampsia) and is also susceptible to
various nutritional influences that operate at different stages in the
mother’s life. In any given country it may be relevant to health policy to
determine the contribution made by maternal malnutrition to SGA. Short
maternal stature, low prepregnant BMI, and poor. weight gain during
pregnancy all reflect maternal malnutrition, and the contribution of all
three variables to the risk of SGA could be estimated by means of an
observational study (implying the use of risk indicators). However, a
study of the effects on fetal growth of dietary supplementation during
pregnancy may seriously underestimate the contribution of maternal
malnutrition to SGA, depending upon the relative influence of nutritional
and non-nutritional factors in the local population and upon the effects on
SGA of short stature and prepregnant BML. It is also essential to consider
the distribution of nutritional status in the population; dietary supplemen-
tation in a reasonably well nourished population would not be expected
to have an effect on birth weight. Theoretically, therefore, a study of the
contribution made by maternal malnutrition to SGA would require the
normalization of nutritional status at all stages of the mother’s
development, from infancy (and probably in utero) through adulthood
and pregnancy. This hypothetical study would inevitably yield different
results from the observational study described above. The anthro-
pometric indicators used in the latter case reflect a variety of non-
nutritional socioeconomic and health problems with independent effects
on SGA, and thus result in overestimation of the importance of nutrition.
Risk indicators, on the other hand, do not necessarily reflect the direct
effects that dietary intervention may have on fetal development, with no
corresponding response in maternal anthropometry, and the importance
of nutrition is therefore underestimated. :



3.3.4 Nutritional surveillance

Most experience in the use of anthropometry for nutritional surveillance
is based on children rather than on women in the reproductive years or on
newborn infants. The one notable and important exception is low birth
weight, which has been advocated as an important surveillance and
general health indicator. This section relates the principles of inequity,
risk, benefit, and response to the interpretation and use of LBW in
surveillance systems, and to the potential uses of maternal anthropometry
in different types of surveillance system.

It should be stressed that “surveillance” is used here primarily in the
context of assisting decisions that affect populations rather than
individuals; the use of anthropometry for patient screening and
monitoring is covered in section 3.2.2. The focus is on three types of
surveillance: for problem identification, for policy-making and planning,
and for programme management and evaluation (40).

Birth weight

Because it can be interpreted as an indicator of inequity, risk, benefit, and
response, low birth weight has numerous possible uses in surveillance. It
reflects inequities in the conditions affecting women (throughout life, not
only in pregnancy); it can predict (or be used as a proxy for) the risk of
neonatal and infant mortality; it can predict which population groups may
benefit from improved antenatal care of women and neonatal care of
infants; and, assuming that interventions are well chosen and properly
implemented, it can be a very responsive indicator for evaluation
purposes. However, the potential also exists for misusing the indicator.
This potential relates to the examples given earlier:

® LBW alone does not indicate the relative contribution made by
prematurity and SGA;

® prematurity and SGA have different causes and will respond
differently (or not at all) to various interventions; and

¢ prematurity and SGA have different consequences for the newborn
and require different forms of neonatal and infant intervention.

So long as these distinctions are recognized, and the relative
contributions of prematurity, SGA, and other, antecedent, causes are
known, the indicator is valuable for targeting and evaluating
interventions designed to prevent either LBW itself or its consequences
(e.g. mortality). The value of LBW as an indicator can be further
increased by careful selection of cut-off points and by means such as
restricting its interpretation to term infants only.

Maternal anthropometry

Although maternal anthropometry has not been used for population
surveillance to date, there are sound justifications for this application.
There is growing recognition of the significance of maternal nutritional
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status not only for successful reproduction but also for the health
and social status of women in general. Acceptance of maternal
anthropometric indicators as indicators also of socioeconomic inequity
can strengthen the advocacy needed to translate this recognition into
policy; implementation of policy, in turn, will be supported by the use of
the indicators for targeting and evaluation of interventions. The primary
application of maternal anthropometry is concerned mostly with
conditions of undernutrition rather than overnutrition, although this
depends on the context.

If interventions are to be targeted on the basis of a general concern about
socioeconomic inequity, the mean of labile maternal measurements or
prevalence of low values would appear useful. This assumes that
maternal stature reflects past conditions too distant in time to relate
reliably to current conditions. However, if interventions are to be targeted
on the basis of risk of adverse outcomes, the choice of indicators,
parameters (means vs. prevalence), and cut-off points becomes critical.
In this case, low (or very low) maternal stature may well be a strong
predictor of the risk of IUGR (or of delivery complications or maternal
mortality) and may be preferred to more labile indicators. Maternal
stature may also be a valuable indicator if the actions it is to guide relate
to improving obstetric and neonatal care facilities to prevent or
ameliorate the consequences of LBW (resulting from IUGR or preterm
delivery). Stature may be less useful than maternal BMI or gestational
weight gain if the actions relate to prevention of TUGR itself. For
evaluating the impact of interventions, the best indicator is the one that
is most responsive to the particular intervention; this would not be
maternal stature (except perhaps in relation to early adolescent
pregnancy), but could be one of several others, such as BMI at various
stages in the reproductive cycle, gestational weight gain, or postpartum
weight loss.

The principal distinction between the optimal maternal indicators of risk,
benefit, or response may be determined more by the choice of cut-off
point than by the choice of indicator per se. Depending on the situation,
the cut-off point that is optimal for predicting risk (providing maximum
sensitivity and specificity) may be higher or lower than that required to
predict benefit. Although there has been insufficient research on this
issue, the following considerations are obviously pivotal:

e the nature of the outcome (e.g. prematurity, IUGR, LBW, neonatal
mortality, delivery complications, maternal mortality, postnatal
maternal depletion);

e the nature of the intervention (e.g. energy supplementation, iron/folate
supplementation, reduced workload, child-spacing, malaria prophy-
laxis);

e the distribution of the anthropometric measurement in the population
(i.e. percentage of the population below various cut-off points);

® the prevalence of the outcome; and



® the importance in the population of the cause targeted by the
intervention relative to other causes (i.e. the population attributable
risk).

A single anthropometric indicator (e.g. weight at 20 weeks’ gestation)
may be used to predict who is at particular risk of a given adverse
outcome (e.g. IUGR), predict who will benefit from a given intervention
(e.g. energy supplementation), and identify those who have responded to
the intervention (e.g. prolonged child-spacing since the previous birth),
but the most efficient cut-off point for each will be different and will vary
according to various combinations of outcomes and interventions.
Unfortunately, in the absence of empirical evidence on this point, it is
usually assumed that the same cut-off point is relevant for all purposes.
For example, the cut-off point for LBW is generally set at 2500 g to
predict infant mortality, but the same cut-off is often used uncritically to
evaluate the impact of maternal dietary supplementation.

These considerations suggest that the impact of surveillance would be
enhanced by greater knowledge of the efficiency of various indicators
and cut-off points for predicting risk, benefit, and response. For example,
a great deal of policy-making and planning is (or should be) prompted
initially by concern about a particular pregnancy outcome (e.g. IUGR).
To describe the distribution of risk for IUGR (or its correlate, SGA) in a
population, a reasonable anthropometric indicator would be a maternal
characteristic (and cut-off point) that most efficiently predicts the risk of
IUGR (assuming that data on birth weight and/or gestational age
themselves are not available). This information would be useful in
allocating resources to programmes that ameliorate either the
consequences of IUGR or the particular causes of IUGR in the
population concerned. It would also be useful for allocating “block”
resources to decentralized levels, leaving the decision concerning
the most appropriate interventions to planners at those levels. In
other circumstances, however, it may be desirable to allocate resources
for a specific intervention (e.g. supplementary feeding). In this case
the most appropriate indicator, rather than one of risk, would be a
maternal characteristic (and cut-off point) that most efficiently predicts
the populations most likely to benefit from supplementary feeding. Use
of a combination of indicators, such as maternal height and weight
in pregnancy, maternal prepregnancy BMI and weight gain, or
maternal BMI and season (e.g. pre/post-harvest), may provide the best
prediction in some situations. In evaluating the effects of specific
programmes (e.g. dietary supplementation) over time, the characteristic
(and cut-off point) should be one known to be responsive to the particular
intervention.

Given that the maternal characteristics and cut-off points are reasonably
similar for each of the applications discussed above, the “best” choice for
surveillance purposes would be a single indicator, which would simplify
the process. However, if there are large differences between the “most
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efficient” characteristics and cut-off points for different purposes, the
cost and complications of using several indicators may be fully justified
by the improvements in targeting resources for maximum impact,
although there has been insufficient research on this topic to guide a
rational choice of indicators.

Population data management and analysis
Sampling considerations

At the population level the principal uses of anthropometry in the area of
public health and social development are:

¢ o determine the nature and extent of nutrition-related problems;

® to target resources to population groups, on the basis of equity
considerations according to the risk of abnormality, or according to
the probability that the population would benefit from the available
interventions; and

® to evaluate the response of the population to the chosen inter-
vention(s).

It is important to distinguish these three applications of anthropometry
from research on the development and testing of anthropometric
indicators. Research applications may require samples that are
representative of a known population group and longitudinal
measurements on the same individuals over time. These requirements
may or may not be relevant to public health applications involving
anthropometric indicators.

3.4.2 Problem identification

84

Maternal anthropometric indicators are nonspecific and simply reflect,
among other conditions, the nutritional status of women in the
population. They do not, of themselves, indicate the causes of any
imbalances, but may be used in conjunction with other information to
confirm the existence of public health problems. Problems may include
inadequate dietary intake of energy, protein, or other nutrients, and the
excessive physical demands of morbidity, heavy workload, or high
reproductive burdens. In formulating actions to improve maternal
anthropometry it is important to understand the relative importance of
these problems in the population. First, however, the emphasis should
be on documenting the extent of each problem in order to promote
awareness among policy-makers and stimulate interest in 1dent1fy1ng the
causes of and solutions to the problem.

For promoting awareness, samples can be cross-sectional and need not
always be representative; longitudinal samples are necessary only if
gestational weight gain is the indicator to be used, or if it is impossible
for women to recall important events needed for data standardization. In
documenting nutritional status during pregnancy, for example, it would



be important to know the gestational stage of each woman in the sample
in order to compare the measurements with reference values for the same
stage. If the conception date (or LMP) cannot be recalled with accuracy,
it may be necessary to obtain longitudinal data, note the date of delivery,
and use this as a reference point for assigning anthropometric
measurements made earlier to the appropriate stages of pregnancy.
Similar considerations apply to the postpartum and inter-partum periods
(although to a lesser extent by 6-12 months postpartum).

The representativeness of samples may be an important issue in some
settings where a high degree of bias is suspected in “convenience”
samples (e.g. clinic populations), although this is not necessarily true
when data are collected simply for the purpose of identifying problems.

In countries with high attendance at antenatal clinics, the absolute
number of women with low anthropometric values may be sufficiently
high to indicate the existence of a serious problem, even if there is
sampling bias. Where clinic attendance is very low, it may be possible to
determine the direction of bias among clinic attenders; for instance,
comparison of maternal education levels may suggest that clinic
attenders are generally among the more educated, and this will indicate
the potential direction of bias in the prevalence of maternal malnutrition
derived from clinic data. Data from referral hospitals may have extreme
levels of bias (because patients are those who are very sick or at high risk)
and might best be analysed separately from non-referral clinics.

3.4.3 Policy and planning

The principal decisions involved in policy-making and planning concern
the targeting of resources towards population groups defined according to
various criteria: physiological (pregnant, lactating, or neither), demo-
graphic (maternal age, parity, reproductive history), socioeconomic
(occupation, ethnic group, income, social class), or geographical (region,
district, etc.). Physiological and geographical criteria are the most
commonly used. Each of these groups can be ranked according to the
prevalence of maternal anthropometric deficits to determine which
should receive priority “attention”. Attention may take the form of
specific interventions (e.g. supplementary feeding) if the causes of the
deficits are well known, of a “package” of basic maternal interventions,
or of more detailed investigation of the causes of deficits to facilitate
selection and design of the most appropriate interventions.

Longitudinal samples are unnecessary for these purposes unless there is
reason to suspect serious recall errors. Even where recall errors exist, the
ranking of the various population groups may not be affected unless the
degree of error varies across these groups. When the decisions to be made
are based on prevalence trends over time, rather than on cross-sectional
prevalence, time-series data will be necessary but need not rely on serial
measurements in the same individuals.
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The primary criterion for judging the importance of representativeness of
samples is the degree to which it may affect decisions that are based on
the ranking of population groups. If non-representative samples show the
same direction and extent of bias in all geographical regions, targeting
decisions will not be adversely affected. Similarly, if the direction and
extent of bias do not change over time, targeting decisions based on time
trends will not be adversely affected. Seasonal trends, however, represent
a special case of lability over time: the composition of clinic samples may
well vary according to seasonal incidence of morbidity and to constraints
of travel time or accessibility that affect attendance at clinics. In practice,
the direction and extent of bias, and its lability over time, are seldom
known, and representative samples are consequently preferable.

In many practical settings it may actually be preferable to use clinic
samples, despite the existence and variability of bias. This is because
many of the resources to be targeted are intended to be delivered at the
static health facilities rather than to the general population. In this case
the relevant statistics concern the number of needy women who attend
the clinics in each area and the types of service that they require. The
number of needy women in the catchment area as a whole is largely
irrelevant unless there are mobile clinics or other ways of reaching the
non-attenders. A strong case can be made for using the available resources
to reach the remote and underserved communities, but in reality few
countries have the infrastructure necessary to support such an approach.

3.4.4 Programme management and evaluation
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Anthropometric data have several potential uses in programme
management and evaluation:

e monitoring the degree of coverage (percentage of needy being
covered) and yield (percentage of those covered who are needy)
achieved by the programme;

¢ monitoring the degree to which prevalence is changing and moving in
the expected direction; and

e cvaluating the net impact of the programme (i.e. changes in
anthropometric indicators that are attributable to the programme).

The three applications have different sampling requirements and involve
different design considerations.

Coverage and yield

Coverage and yield are common process indicators (40). Yield can be
estimated from samples from the programme itself, whether or not these
are representative. Coverage, by contrast, requires population-based (i.e.
representative) samples from the catchment areas. By their nature,
programme management decisions based on these statistics require
certain longitudinal data, even if only in the form of a baseline
assessment and periodic reassessments. Yield can be easily assessed on
a regular basis, since it requires information only on programme
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participants; coverage is probably assessed less frequently because of the
need for community-based samples to achieve representativeness.

Adequacy evaluation
Adequacy evaluation can include process indicators like coverage and
yield; it can also involve evaluation of “gross impact” — the overall

change in outcome indicators of maternal anthropometry. Discussion
here focuses on the latter aspect. Programme managers and
administrators need to know whether the general trend in outcome
indicators is in the expected direction; even if such a trend cannot be
wholly attributed to the effects of the programme, it provides some
indication of whether the programme is having the intended impact. The
samples for analysis are drawn from among programme participants and
are thus not necessarily representative of the population as a whole.
Certain longitudinal data are essential. These may be obtained from
several measurements of the same women at different stages in the
programme cycle (on entry and at various points after entry), with the
“delta value” (i.e. change in anthropometry) aggregated for all women of
similar characteristics. They may also take the form of a single
measurement on each woman at a particular point of interest in the
programme cycle (e.g. on entry or at last visit). The specific requirements
will vary according to the nature of the programme and the degree to
which the design of the information system makes allowance for various
sources of bias and confounding.

Impact evaluation

Impact evaluation differs from adequacy evaluation principally in
attempting to determine the degree of change in outcome indicators that
is directly attributable to the programme. It therefore involves more
extensive sampling as well as a variety of other design and analytical
considerations, although requirements will vary according to the desired
Ievel of plausibility in the results. Clearly, the cost of impact evaluation is
closely related to the required level of plausibility.

Within this framework, the essential requirement of all impact evalua-
tions is that they estimate the change in outcome indicators among
programme participants compared with the levels of change among
non-participants. Thus, non-participants must also be sampled, and
measurements at two separate times are required in both groups to
provide longitudinal data. In general, these samples should be chosen
to be representative of a larger population of interest, although
circumstances frequently do not allow this.

Methods of taking measurements

Measurements recommended for use during pregnancy and lactation are
weight, height, mid-upper arm and calf circumferences, thigh skinfold
thickness, and symphysis-fundus height. Techniques for taking these
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measurements are described in Annex 2. For some of these measure-
ments, pregnancy imposes certain constraints. Specific problems related
to the reliability of skinfold thickness, for example, which is affected by
problems related to compressibility, have already been discussed (see
section 3.1.4). The measurement of SF height is unique to pregnancy and
has been described by Belizédn et al. (32), while measurement errors for
weight, height, arm and calf circumference, and skinfold in non-
pregnant women have been described elsewhere and generally apply to
measurements made during pregnancy. Estimates of measurement error
for most of the maternal anthropometric indicators have been reported by
Villar et al. (1), with interclass correlations for height, weight, SF height,
and gestational age in over 200 replicate measures of 0.82, 0.99, 0.92,
and 0.98, respectively.

Sources and characteristics of reference data

The reference data needed to evaluate maternal anthropometric indicators
are generally variable in quality; in some cases, there are no reference
data. For certain indicators (height, attained weight, mid-upper arm and
calf circumference) the interpretation is cross-sectional, while for others
(weight gain, skinfold change) it is longitudinal through different stages
of pregnancy. Nearly all reference data are normative, in that they are
based either on data from the general population or, in the case of attained
weight and weight gain, on data from women selected on the basis of
favourable pregnancy outcomes. Only prepregnancy weight-for-height
reference data have been established in populations with a proven health
risk, and then only on the basis of long-term mortality (see sections 7
and 8). Few of the reference data have been based on pregnancy or
postpartum outcomes, including maternal mortality, and none has
analysed the differences in the distribution of indicators between mothers
with favourable outcomes and those with unfavourable outcomes. Such
an analysis is essential for the selection not only of appropriate normative
data but also of the best cut-off values for each indicator relative to
specific outcomes.

Existing reference data and proposals for the development of more useful
references where necessary are discussed in the following section.

3.6.1 Existing reference data
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Reference data for the assessment of anthropometry in pregnant women
derive from several different sources, but there has been no attempt to
standardize them.

Height

Height has generally been evaluated relative to local reference standards.
In well nourished populations, most adults achieve their maximum linear
growth potential by the age of about 18 years, and reference standards
have been established from surveys of representative populations of



healthy, non-institutionalized individuals. In the USA, for example,
the age- and sex-stratified reference data from the National Health
and Nutrition Examination Surveys (NHANES) have been used (41).
Since mean final achieved height varies across developed countries
(42), locally derived reference data are probably necessary for some
population groups. However, there has been no test of differences in the
predictive value of specific height cut-off values for unfavourable
pregnancy outcomes such as SGA, preterm delivery, or the need for
assisted delivery across populations with similar or different mean
heights.

Assessment of height in undernourished populations, of whom a large
proportion fail to achieve maximum growth potential, poses different
problems. Short stature in these settings is more likely to reflect past
deficits, the causes of which still persist. Because variations in height
between well nourished and undernourished populations have different
causes, very different intervention strategies may be required to deal with
unfavourable outcomes (SGA, preterm delivery) that are apparently
similar yet perhaps of very different etiology. Moreover, the much higher
prevalence of the risk factor (i.e. short height) in undernourished
populations has implications for allocation of scarce resources in settings
where many women are identified as at-risk. The best cut-off points may
therefore differ according to outcome and underlying causes, as well as
with the availability of interventions that focus on maternal height. This
last factor is particularly important for population level assessments; the
best cut-off for height will be the value that selects only the number of
women for whom resources are sufficient to implement intervention. Of
course, this assumes that height is in fact the best indicator of risk for the
outcome of interest. In fact, for all the fetal outcomes examined by the
WHO Collaborative Study (23), weight was generally a better indicator
of risk than height. Only assisted delivery was predicted better by height
than by weight. However, the WHO analysis suggests that initial
screening on the basis of height can improve the predictive power of
other anthropometric indicators. This two-stage screening requires
further testing, first for misclassification (especially false-positives
whose taller stature would exclude otherwise high-risk women from
further consideration), and then for optimal cut-off values for height that
ensure the least misclassification and the best correlation of the second-
stage indicator with the outcome.

Prepregnancy or early pregnancy weight and weight-for-height

Reference data for prepregnancy or early pregnancy weight are generally
derived from the same types of survey as height references. It should be
recognized that weight used alone may also represent variation in height;
as a result its predictive power will be somewhat stronger than that of
weight adjusted for height. From the literature it is clear that larger
mothers have larger babies: what is less clear are the independent effects
of weight and height, and how they work together, perhaps with height
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modifying the effect of weight on various outcomes. The results of the
WHO Collaborative Study (23) suggest that both low prepregnancy or
early pregnancy BMI and short stature are significant independent risk
factors for LBW, SGA, and preterm delivery; the ORs for both indicators
are similar in magnitude but not as high as those for weight alone (Table
3). For clinical and public health applications the use of weight alone
may be sufficient, but for research into the biological relationships, the
independent, combined, and interactive effects of weight and height
require clarification.

The Institute of Medicine (9) recommends the use of BMI for assessment
of prepregnant nutritional status in well nourished populations. The
reference standards proposed are based on the Metropolitan Life
Insurance Company tables of desirable body weight-for-height (43). The
percentage of desirable weight-for-height is converted to BMI and the
cut-off values that distinguish underweight and overweight from normal
weight correspond to approximately 90% and 120% of the Metropolitan
Life reference. These desirable weights-for-height are based on a
functional relationship between weight and life expectancy, but there is
no indication that they also correspond to levels of obstetric risk for the
mother or fetus, or of postpartum maternal health or lactation perfor-
mance.

Attained weight during pregnancy

Attained weight measured at any time during pregnancy has generally
been compared with reference weight gain charts. These charts have a
long history, which has been described by Haas (37) and the Institute of
Medicine (9). The first chart to be widely used was derived from data
on 60 women from Philadelphia who were measured throughout
pregnancy, gained an average of 10.9 kg by term, and had healthy
pregnancy outcomes (44). A subsequent chart was based on 2868 healthy,
primiparous British women with good pregnancy outcomes, who gained
an average of 12.5 kg (45). These two became the basis for most weight
gain charts that are used in the USA today.

The Institute of Medicine (9) has proposed a series of provisional charts
(see Fig. 12) based on a nationally representative sample of US women
who delivered full term (39-41 weeks), normally grown (3000-4000 g)
infants without complications. The references were developed to reflect
different weight gains associated with three categories of prepregnancy
BMI. Ranges of accumulated weight gain are given only at term, since no
data existed at the time on variation in achieved weights at various stages
of pregnancy for an appropriate reference population. More recently,
longitudinal data have been tabulated on 1185 women from San
Francisco who had favourable pregnancy outcomes (Abrams,
unpublished data reported in 37). None of these normative reference
charts has been tested for the overlap of distributions in women with
favourable and unfavourable outcomes: the large variation in total weight
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Figure 13
Chart designed for use in monitoring weight gain during pregnancy, considering
prepregnancy weight-for-height as a percentage of a standard®
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gain from Institute of Medicine charts (9) suggests that it may not be
possible to detect clearly different distributions in populations of this
type. The 15th and 85th percentiles of total weight gain in the normative
data used to produce the Institute of Medicine recommendations are 7.3
and 18.2 kg, respectively. In the San Francisco normative data the
coefficient of variation in weight at various stages of pregnancy ranges
from 90% at 13-14 weeks to 30% in the third trimester (Abrams,
unpublished data reported in 37).

A reference chart based on theoretical calculations of proportional
weight gain has been proposed by Rosso (30) as an alternative to those
based on normative data. This chart (see Fig. 13) is based on the
assumption that total weight gain in most women should equal 20% of
the ideal prepregnant weight-for-height. Use of the chart requires a
knowledge of weight, height, and gestational age at any stage of
pregnancy. Given height, ideal body weight can be estimated from a
nomogram based on Metropolitan Life Insurance charts (43). Current
body weight is then presented as a percentage of the ideal weight and



plotted on the curve (see Fig. 13). The application of these curves to
undernourished populations, where prepregnancy BMI for a large
proportion of women is below 18.5, is of questionable validity. For many
of these women expectations of weight gain during pregnancy in order
to compensate for prepregnancy deficits may be unrealistic. The curves
are now being used to target women in Chile for a national food
supplementation programme; evaluation results were not available at the
time of preparation of this report.

The WHO Collaborative Study (23) provides insight into an approach for
creating reference curves of attained weight. Though provisional, the
curves produced show important features that are likely to be retained in
the final version.

As described in section 3.2.1, the studies were first assigned to groups by
cluster analysis according to the final weight achieved during pregnancy.
Four clusters or country groups were identified, ranked from the lowest to
the highest mean attained weight at 36 weeks of pregnancy. Each was
then divided into three subgroups on the basis of birth weight (<2500 g,
2500-3000 g, and >3000 g). The weight gain curves for each country
group according to birth weight are shown in Fig. 14. In all four, the
curves for birth weights over 3000 g are clearly distinct from those
for the two lighter birth-weight subgroups. Final attained maternal
weights for the heaviest birth-weight subgroups are 55, 61, 65, and 73 kg
for groups G1 to G4, respectively. It appears that women who deliver
infants weighing over 3000 g have very different weights throughout
pregnancy from mothers who deliver smaller infants, which suggests that
this subgroup may be a suitable basis for constructing a normative
reference.

As a next step, assuming that the definition of the normative population
for these indicators is satisfactory, more generic curves are prepared, to
reflect accumulated weight gain from the beginning of pregnancy. The
curves developed for each group are shown in Fig. 15; all four represent
the weight gain pattern of women who delivered infants weighing over
3000 g. Of these, the three curves from groups of less developed
countries (G1, G2, G3) are very similar, with a total weight gain of about
10.5 kg. In contrast, women from Ireland and the UK (G4) gain about
3 kg more, and their weight gain pattern is almost identical to that
proposed as a reference by the Institute of Medicine (9). The similarity
of the curves for groups G1, G2, and G3 might suggest that a single
reference could be appropriate for these undernourished populations.
However, it is important that this observation be validated with other
outcomes (such as obstetric complications and lactation performance)
before a definitive reference is recommended. Also, basing a reference on
“positive deviants” (i.e. those who do well despite an environment where
nutrition is not optimal, as in the countries of groups G1 to G3) is unwar-
ranted (see section 2.9). It is also important to recognize any additional
benefits of the extra 3 kg gained by the women in G4 (such as extra fat to
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Figure 14 :
Pregnancy weight gain curves, by country group, for mothers with infants in
different birth-weight (BW) categories®
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- support lactation). Even though the pregnancy outcome is comparable

across groups, G4 represents populations living in a “healthier”
environment, which might lend support to this group serving as a nor-
mative reference. The final reference curve should present the median
weight for gestational age of the normative population, along with lines
representing -2, -1, +1, and +2 SD units.

It would then be desirable to test different cut-off values of maternal
weight for their ability to identify women with poor pregnancy outcomes;
sensitivity, specificity, and PPV would be examined at various cut-off
values, at various gestational ages, relative to the risk of delivering an
infant weighing less than 3000 g. Depending on the reasons for using
maternal weight as the indicator (for screening for risk, response, or



Figure 15
Cumulative pregnancy weight gain by week of gestation for women delivering
infants of birth weight >3000 g, by country group?
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benefit, or for estimating population characteristics), different cut-off
points might be identified (see section 2) and could be added to the
curves presented in Fig. 15.

In the meantime, a practical approach to using the results currently
available is proposed, but should be fully field-tested and evaluated
before being widely used.

Screening for risk of SGA to identify individuals for supplementary
feeding can take advantage of the strong correlation shown in the WHO
Collaborative Study between attained weight measured after mid-
pregnancy and risk of SGA. As can be seen in Fig. 15, in countries with
significant rates of undernutrition in women (i.e. groups G1, G2, and
G3), the median weight gain was similar for all mothers whose infants’
birth weights were above 3000 g: approximately 2.3, 6, and 8.5 kg from
the time of conception to 20, 28, and 36 weeks, respectively. The 25th
percentile was approximately 4 kg below the median in each group. For
countries with no major undernutrition during pregnancy (group G4),
median weight gain by mothers whose infants’ birth weights were above
3000 g was 3, 7, and 10.5 kg, respectively, at 20, 28, and 36 weeks of
gestation. The 25th percentile was about 6 kg below the median. Using
these data to select the 25th percentile of attained weight at various stages
of pregnancy, attained weight can be estimated from the following
algorithm:

95



96

Estimation of 25th percentile attained weight at different stages of
pregnancy derived from median weight of non-pregnant women (Wnp)

Level of undernutrition Weight (kg) below which increased risk
in pregnant women of SGA is expected
20 weeks 28 weeks 36 weeks
ngh Whp - 1.5 Wnp +2 Whp + 4.5
Low Wnp -3 Wap + 1 Wap + 4.5

This calculation requires the median weight, Wi, of non-pregnant
women aged 20-29 years. This flgure should be available (or readily
measurable) for each ethnic group in each country. Use of the 25th
percentile as a cut-off point is based on its association with an increased
risk of SGA and its selection of a feasible proportion of women for
treatment; in situations where more or fewer resources are available, the
cut-off can be adjusted accordingly. Over time, a progessively smaller
proportion of women should fall below this cut-off; initially it should be
around 25%.

This approach to screening takes no account of other maternal
characteristics, such as height, that may affect its efficiency. Results from
the WHO Collaborative Study suggest that it should be possible to
improve screening efficiency by first choosing women who fall below the
population median height and then weighing them during pregnancy.
These cut-off values should be subjected to an analysis of
misclassification to test their efficiency in identifying women who would
benefit from supplementation, and to see to what extent a two-stage
selection procedure (height then weight) improves screening efficiency.

Weight gained during pregnancy

Although the charts described above are often referred to as “weight
gain” charts they are actually “weight accumulated” charts in that they
reflect what have been called “distance curves” (46). Actual weight gains
should be expressed per unit time and plotted as velocity curves; only one
true velocity curve has been published (47), and that relates to pregnant
adolescents. A more common and practical expression of weight gain is
the amount of weight gained between consecutive prenatal examinations
and expressed as weight gain per week or per month. The Institute of
Medicine (9) recommends a weekly gain of 0.4 kg during the second and
third trimesters for women of normal prepregnant BMI, 0.5 kg for those
who are underweight, and 0.3 kg for overweight women. Gains at the
upper end of the range (3 kg/month) are suggested as reason for further
evaluation of the mother; at the lower end of the range, gains of less than
0.5 kg/month by overweight women and less than 1 kg/month by women
of normal weight should be cause for concern.

In the WHO Collaborative Study (23), preliminary analysis of monthly
weight gain patterns in women delivering babies weighing more than



Figure 16
Mean monthly pregnancy weight gain and cumulative weight gain of mothers with
infants of birth weight >3000 g*

Note: Groups 1, 2, 3, 4 are the country groups shown in Fig. 14.
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3000 g suggests consistency with the recommendations of the Institute of
Medicine (Fig. 16). In developing countries gains of 1.5 kg/month during
the last two trimesters are consistent with good pregnancy outcomes,
while in developed countries gains of about 2.0 kg/month produce the
same outcomes relative to adequate birth weight. Monthly weight gain
seems to diminish somewhat in both populations from the second to the
third trimester of pregnancy. No information on the distribution (standard
deviation, percentiles) was reported for women with the more favourable
outcomes, but means and standard deviations for all women, irrespective
of pregnancy outcome, indicate considerable variation within clusters of
populations {(coefficient of variation 50 to 79% during mid-pregnancy).
Villar et al. (6) report average gains of 375.1 g/week after 16 weeks of
pregnancy for 105 healthy Guatemalan women who delivered infants
with a mean birth weight of 3211 g (LBW = 4.8%), which is the same as
that reported by the WHO Collaborative Study (23).
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Mid-upper arm and calf circumference

Reference data for mid-upper arm circumference have been discussed
at length by Krasovec & Anderson (/0). Local reference data were
generally used and based on cut-off values that range from 21 to 23 cm to
identify women likely to have LBW infants. While MUAC seems to

“increase somewhat during pregnancy, the mean increases reported by

Krasovec & Anderson are very small (generally less than 0.5 cm). These
authors also suggest that MUAC measured at any time during pregnancy
be used in place of maternal prepregnancy weight when scales are not
available. This approach, however, should be validated before reference
data are developed for application during pregnancy, since it implies that
MUAC, like prepregnant BMI, may be used as both a screening indicator
and a conditional factor for interpreting gestational weight gain. Recently,
maternal calf circumference has been suggested as an effective screening
indicator for risk of LBW and poor lactation performance (I/8), but no
reference data specific to pregnancy are available and there is some
question as to whether reference data for non-pregnant women are
applicable. The lack of normative data from populations in developing
countries where the measure may be most useful, and the fact that oedema
is likely to affect the measure (improving its correlation with outcomes),
suggests that more research is needed to evaluate the potential usefulness
of this indicator. If possible, such research should include maternal
mortality and morbidity outcomes in countries with poor health resources.

Skinfold thickness

Reference data on skinfold thickness specific to pregnancy have not been
developed. In the relatively few studies that have used skinfolds
throughout pregnancy (3, 6, 9), large changes in skinfold thickness at the
medial anterior thigh site have been noted. Changes in skinfold thickness
at many sites may be unrelated to body fat, especially during late
pregnancy, and reference data based on non-pregnant relationships
between skinfolds and total body fat are therefore not necessarily valid
for extrapolation to body fat during pregnancy. By extension, the
correlation between pregnancy outcomes and skinfold thickness (or its
change during pregnancy) may not be simply a reflection of the
mobilization of body fat stores to support fetal growth but may also
involve other factors, such as changing hydration levels.

3.6.2 Criteria for establishing reference data
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Criteria for describing normative reference data apply also to the
establishment of functional cut-off points depending on local needs,
resources, and applications.

Distance and velocity curves .

Velocity is the rate of change of an anthropometnc measurement and, by
analogy, distance is the current value of that measurement (46). Although
they are strongly correlated, the two should be considered separately.



Distance measurements are height, prepregnant weight, weight at any
stage of pregnancy, MUAC, and skinfold thickness. Most weight gain
charts are actually distance curves, indicating attained weight at a given
point in pregnancy. However, if weight at conception is shown as zero,
these curves can be considered as measuring velocity from time zero
(usually date of LMP) to the point of measurement, provided that gain is
divided by the elapsed time.

The most widely used velocity measurement is velocity of weight gain.
For research applications, it is important to distinguish between gross
gain and gain net of infant and products of conception; for simple
prediction of risk, especially risk of LBW, IUGR, or macrosomia (rather
than maternal nutritional status per se), the distinction is probably less
relevant. Velocity of weight gain should also be adjusted for gestational
age, since it is not linear throughout pregnancy. There is a wide choice of
time intervals over which velocity can be measured, e.g. first, second, or
third trimester, weekly, monthly, etc., which should be compared when
charts are prepared. It is also important to consider measurement errors
and timing of normal antenatal checks.

Velocity can be adjusted for, or considered independently of, distance;
the two approaches may yield different results, so both should be
investigated.

Conditional standard

An alternative to distance or velocity is a conditional or regression-based
standard (48), which takes into account the possibility that optimal
velocity is linearly related to distance, as proposed by Rosso (30). The
conditional standard answers the question: What weight (or weight gain)
is to be expected at the end of pregnancy, given the prepregnant weight?

Choice of reference data

Population. The ideal reference population is one in which the incidence
of poor pregnancy outcomes is low. Assuming that obesity contributes to
adverse pregnancy outcomes, this is unlikely to be a European or North
American population, where overweight is a major problem. An African,
Asian, or Central or South American population would be suitable,
possibly one composed of relatively privileged people living in a healthy
environment. Although the reference may be defined for a selected
healthy population, it is essential that information is also collected on the
population that is excluded by reason of poor pregnancy outcomes; this
will permit the analysis necessary to establish functional cut-off points.

An alternative approach, and one that is easier to handle statistically, is to
use two contrasting populations, one to define the lower limits of normal
and the other the upper limits. The aim would be to identify ranges of
anthropometric values within which birth outcome is generally good.

A further option would be a very large study, such as that of Naeye (49)
with a sample size of 45000, which used perinatal mortality rate as the
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outcome measure. The large sample size ensures that the extremes of
maternal height, weight-for-height, and weight gain are adequately
represented. This is important if valid predictions are to be made for small
and/or thin women. The data used were collected between 1959 and 1966
by the Collaborative Perinatal Project, and strongly influenced the 1970
recommendations of the US National Academy of Sciences on pregnancy
weight gain. Although the data are now fairly old, they have the
advantage of being unaffected by the recent trend to increasing obesity.

A further advantage is the use of perinatal mortality, rather than birth
weight, as the outcome measure; since this is raised at both extremes of
maternal anthropometry, the optimal central region can be identified
unambiguously by fitting quadratic (U-shaped) regression curves relating
mortality to anthropometry. The WHO Collaborative Study on maternal
anthropometry (23) could also provide data to set these criteria, since it
had both a large sample size (111000) and a large number (25) of
different populations from many different countries.

Study design. 1deally, reference data should be based on longitudinal
studies, with anthropometric measurements made before and throughout
pregnancy, and for 6-12 months postpartum. Measurements should be
related to birth outcome, postnatal infant development, and maternal
postpartum nutritional status. A cross-sectional study relating prepreg-
nancy anthropometry to birth outcome would clarify the importance of
achieved anthropometric values, particularly height, weight, and upper
arm circumference.

Study size. For fully longitudinal studies with more common outcomes
(SGA, preterm birth, etc.), a sample of about 1000 women may be
adequate. A larger sample, of perhaps 2000, may be required for cross-
sectional studies of similar outcomes. Perinatal and infant mortality
studies require a very large sample, in excess of 10000. All of these
sample sizes are dependent on the prevalence of the outcome in the
population being studied.

Data. Desired measurements include height at the start of pregnancy (and
at the end for adolescent populations), weight throughout, and arm and
calf circumference, if possible. It is important to standardize measure-
ment techniques, with periodic inter- and intra-observer comparisons.
Data should also be collected on maternal race, parity, age, general
health, and pregnancy complications, and on birth weight, gestational
age, and sex of infants. Data of high quality are essential; this is
especially true of gestational age, since any indicator that changes during
pregnancy carries the potential for misclassification (§).

Analysis. Each available outcome measure should be used in turn for
each of the analyses. Birth weight and gestational age should also be
analysed as binary outcomes (LBW and preterm, respectively), and birth
weight should be related to gestational age (small (SGA), appropriate
(AGA), or large (LGA) for gestational age).



Cross-sectional regression analysis should be used to relate height and
prepregnant weight to outcome. Distinctions should be made between
weight alone, height alone, weight and height together, and weight
corrected for height (i.e. weight-for-height). For the last of these, it is also
possible to regress log weight on log height to determine whether BMI
is the best weight-for-height index, or whether another power of height,
e.g. (height)’, is better.

The results of this analysis can be used to identify ranges of weight
and/or height associated with an acceptable outcome. It is important to
look for non-linear relationships between anthropometry and outcome,
particularly U-shaped curves related to mortality, to simplify the search
for suitable cut-offs. For example, the probability of SGA or macrosomia
as it relates to maternal weight and height can be modelled to identify the
central region where the risks of both are low. Other maternal outcomes
can be similarly combined to generate an optimal anthropometric profile.

The analyses should be extended to include velocity, particularly of
weight gain during different periods of pregnancy. Velocity of gain in arm
circumference, however, is unlikely to be informative.

Gross weight gain during pregnancy includes the weight of the fetus and
products of conception. A more realistic impression of the correlation
between weight gain and birth weight is obtained by using net rather than
gross weight gain. However, this has little value in clinical or public
health applications where prediction of adverse pregnancy outcomes is
desired, since net gain cannot be calculated until after delivery.

The results of all analyses should be tested for their predictive power at
the individual level by calculating sensitivity, specificity, and positive and
negative predictive values. If these are not satisfactory there is little
justification for putting forward anthropometric recommendations,
unless it is made clear that they are for groups of women, not individuals.

3.6.3 Recommendations for new reference data

The recommendations in this section for reference data applied to
specific indicators are based on the general principles discussed in the
previous section.

Height

The reference for height of pregnant women should be cross-sectional
and, in order to test for secular trends, especially in undernourished
populations, and to examine when linear growth stops during
adolescence, should sample across the reproductive age span of 15 to
50 years. The sample for the reference should represent healthy women
who are likely to have reached their genetic growth potential, and who
have had a favourable pregnancy outcome (gestational age between
37 and 42 weeks, birth weight between 3000 and 4000 g, no complications
of pregnancy, labour, or delivery). It should be drawn from the general
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population to which the reference is to be applied, so that height
distribution can be compared for sub-populations with favourable
outcomes (the specificity distribution) and sub-populations with specific
unfavourable outcomes (the sensitivity distribution). This will allow the
relationship between height and outcomes to be tested and the utility of
height as an indicator of risk to be determined.

If height meets the criterion of significant correlation with outcome, the
sensitivity, specificity and positive predictive value can be estimated
from these data in order to compare height with other candidate
indicators and to determine the best cut-off point for any particular
proposed use (25, 50). This analysis should also take account of potential
modification of the height/outcome relationship by maternal age, parity,
and perhaps other known factors such as socioeconomic status or race -

" that may serve as useful first-level screening criteria. For example, it may

be necessary to use different cut-off values for adolescent and adult
mothers in screening for risk of cephalopelvic disproportion or SGA, or

‘height may prove to be a useful measure only for women of a specific -

population subgroup. The size of the sample drawn from the reference
population must be large enough to allow the third or fifth percentiles to.
be established with confidence. Selection of the total sample size to test-
for cut-off points must take into consideration the number of cases of
unfavourable outcome needed to produce clinically and statistically
significant measures of association. Data that meet many of these .
requirements arc available from the WHO Collaborative Study (23). . -

Height should be measured according to standard procedures (see
Annex 2). Careful note should be made of major deviations in technique,
such as whether the subject wore shoes, whether height was actually
measured or simply recalled, and the certainty of age.

It would be useful to compare the results of this analysis with those from
the general population of women of reproductive age in whom other
short-term and long-term health risks are predicted from height.

Prepregnant weight or body mass index

Determination of appropriate reference standards for prepregnant BMI or
weight should follow guidelines similar to those described for height.
Since BMI reflects different etiologies and thus different associations for
the same pregnancy outcomes, consideration should be given to the need
for population-specific references. For example, in populations with
marginal protein-energy nutritional status, variations in BMI reflect
variations in lean body mass and all of its correlates (iron status, energy
and protein reserves, physical activity, etc.). In contrast, BMI variation in
populations with adequate protein and energy intakes generally reflects
degrees of adiposity and obesity at one end of the distribution, and levels
of lean body mass that are often related to greater physical fitness (less
fatness) at the lower end of the distribution. The pregnancy-related
consequences of variation in BMI may therefore differ widely between



populations. The contribution made by inter-population variation in body
proportions (leg-to-trunk length ratio) to BMI variation, and the
functional significance of this during pregnancy, is unresolved. Other
issues that may have to be separately resolved for each population
include the choice between weight and BMI as an appropriate indicator,
which will also depend on the human resources needed to take and
interpret the measurements.

Reference data for MUAC should follow similar guidelines.

Achieved weight and weight gain

Since serial measures are required for reference data on both achieved
weight and weight gain during pregnancy, a longitudinal study is required
that links achieved weight and/or weight increments with outcomes.
Gestational age should be measured as accurately as possible: for
application of the references, interpretation of achieved weight requires .
good estimates of gestational age. Interpretation of short-term weight
gain does not require the same accuracy in gestational age, provided that
increments are measured over short time periods (4-6 weeks). It is

important to recognize that the relationship of weight or weight gain to
outcomes may differ depending on specific characteristics of the mother,

such as prepregnancy BMI, height, parity, age, and race. This should be

formally tested to determine whether certain subgroups require separate

references. Weight charts used to screen women at the first prenatal visit
should be constructed with a series of mean and median weights at
various weeks of gestation for a population with favourable pregnancy
outcomes. To determine optimal cut-off values at each stage of pregnancy
and for various outcomes. the trend line that is obtained by following
these points should be bounded on both sides by lines of risk determined
by the results of misclassification analysis. If optimal cut-off values have
not been determined, -2, -1, +1, and +2 standard deviations (SD) should
be plotted at each gestational age where a mean (or median) is known,
and lines drawn to connect similar SDs across gestational age. These
lines should be smoothed in wayvs similar to those described later for
child growth curves (see section 5). This approach has been described by
the Institute of Medicine (9).

Short-term weight gain may be expressed in two ways. A velocity curve
can be used, similar to those used to assess child growth. The difficulty
with this approach is that measures of variation or cut-off points of risk
will vary with the length of the measurement interval; catculations then
become necessary for every patient in whom measurements are taken
over a different time frame from that used in the reference. Generally,
where health care personnel have only minimal education and training,
velocity curves are not well accepted. A more acceptable approach is to
prepare a table of “optimal” weight gain that uses short (daily or weekly)
intervals from which the health worker can easily calculate optimal gain
over the time interval he or she is using. Alternatively, the table may be
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designed with recommendations expressed as various options depending
on the elapsed time between measurements; for example, there may
be separate columns for observations made every 1, 2, 3, or 4 weeks.
Regardless of how the recommendations are presented, however, it is
essential that they include upper and lower limits of risk or SDs based on
analysis similar to that described above for other indicators.

Skinfold thickness

Reference data for skinfold thickness can be constructed following
similar guidelines to those described for achieved weight, and perhaps for
weight gain, if a case can be made for a good association between
skinfold change and specific outcomes. A major limitation of this
approach is that it could result in a large number of reference curves or
tables, each one specific to a certain sub-population and to certain
outcomes. It would be valuable, but possibly difficult, to develop criteria
that allow multipurpose reference data to be used with maximal
efficiency.

Relationship between normative reference data and functional
outcomes

The distinctions between indicators of socioeconomic inequity, risk,
benefit, and response — discussed earlier — have profound implications
for the construction of reference data for anthropometry at all stages in
the life cycle, but little systematic attention has been given to these by the
international bodies responsible for constructing reference data and
advising on their appropriate uses. This section clarifies the issue and
suggests the type of research required for further development.

The concept that underlies the construction and interpretation of current
reference data is based on the specificity distribution for anthropometric
characteristics. In other words, current reference data describe the
distribution of anthropometric traits in an ostensibly healthy, well
nourished population with favourable pregnancy outcomes. This concept
has the greatest validity in the case of height of preschool children
because it is possible to identify populations (e.g. the USA) in which the
observed distribution and its moments can be assumed to reflect the
variation in genetic potential within a population reasonably iree of
disease and environmental deprivation. In the past, this approach has also
been used more uncritically for weight and weight-for-height of
preschool children, -although the existence of obesity among US infants
and children is now recognized and invalidates the assumption that the
population is “healthy and well nourished” in this respect. The definition
of the specificity distribution for weight, weight-for-height, and related
characteristics, in contrast to that for height, will require more knowledge
about the long-term consequences of deviations in these characteristics at
early ages. The situation is similar for anthropometry during pregnancy
where short-term (pregnancy outcomes, maternal morbidity and



mortality) and long-term (maternal depletion, obesity later in life)
consequences need to be examined.

It should be emphasized that the specificity distribution indicates only the
extent to which a particular woman deviates from the median of a healthy
population; it does not indicate the probability of suffering an adverse
outcome at some time in the future. The latter requires empirical
evidence on the sensitivity distribution, i.e. the probability of suffering a
given adverse outcome, which is in turn dependent on the prevalence of
the outcome. As shown in Fig. 17, this distribution may deviate from the
specificity distribution by a large or small amount, reflecting the
steepness of the rise in risk as deviation from the median increases. The
quantitative relationship between the two distributions (i.e. the distance
between them) can only be determined empirically.

The importance of this lies in the fact that the “conventional” cut-off
points based on the specificity distribution (e.g. 3rd percentile) have no
intrinsic value for predicting the risk of adverse outcomes such as SGA,
preterm delivery, obstetric complications, neonatal or maternal mortality.
In general, it is safe to assume that the risk of a given adverse outcome
increases at some point as deviation from the median of the specificity
distribution increases, but the location of that point and the steepness of
the increase in risk beyond that point cannot be predicted without
empirical support. It follows that the most efficient screening cut-off
point for predicting an outcome cannot be identified by using only the
specificity distribution; knowledge of the sensitivity distribution and the
prevalence of the outcome is also necessary.

As shown in Fig. 17, similar concepts apply to the development of
indicators of benefit. In this case it would be desirable to compare the
distributions of those who benefit from a given intervention and those
who derive little or no benefit with respect to a measurement taken before
intervention. For example, the mid-pregnancy weight of women who
benefited from supplementation could be compared with the weight of
those who did not. (“Benefit” might be defined as a higher birth weight or
postpartum maternal BMI than was predicted on the basis of other
characteristics, e.g. height, MUAC. previous LBW, poor socioeconomic
status.) With this information it would be possible to identify the most
efficient cut-off point for identifying women likely to benefit from
supplementation. Note that the definition of “benefit” can be based on the
same measurements as those used to predict who will benefit or on
different measurements; in this example, benefit might be defined
relative to SGA, or to maternal weight at some point after the
intervention.

Finally, indicators of response refer to characteristics that are capable of
changing in response to a given intervention. In the above example,
indicators of response may be fetal growth, maternal anthropometry
during or after intervention, or, less obviously, such characteristics as
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maternal physical activity. It is important to note that indicators of
response need not be the same as indicators of risk or predictors of
benefit; indeed, some indicators are intrinsically more responsive to
interventions in ways that do not necessarily conform to a priori
expectations. Beaton & Ghassemi (34) suggested that physical activity
might be a more appropriate indicator of response to supplementary
feeding in children than anthropometric indicators, even though the latter
may be useful in predicting who will benefit and are also good indicators
of risk of adverse outcomes such as mortality. Similarly, Wolgemuth et al.
(52) noted that dietary supplementation of road workers in Kenya did
not result in greater work productivity, but anecdotal evidence suggested
that workers were more active in the domestic sphere. It has also been
noted that height of infants or young children is more responsive to
supplementary feeding than is arm circumference or skinfold thickness
(53). As illustrated by these examples, the responsiveness of indicators is
a particularly important attribute for evaluation of programme impact.

In contrast to indicators of risk and benefit, there is no particular need for
reference data for indicators of response. Instead, it has been suggested
that responsiveness should be viewed as a continuous variable, such
that different indicators may be characterized as being more or less
responsive than others (53). The proposed formula for responsiveness is
0.5 (response/SD)z, where response is the difference between the mean
value of the indicator in treated and control groups and SD is the pooled
standard deviation of the two groups belore treatment. As more is learned
about the responsiveness of various indicators to different interventions,
it will be possible to select more carefully those that are appropriate in a
given situation.

It should be stressed that empirical evidence is not currently sufficient for
constructing reference data based on risk or benefit, nor is it adequate for
guiding the selection of the most efficient indicators of response. These
are priority areas for future research, especially as regards the
development of predictors of benefit. This can be addressed through
careful design of evaluation components in small- or large-scale
intervention programmes and appropriate analysis of data. In time, such
research would improve the targeting, screening, and evaluation of those
same programmes and would assist in similar activities in programmes
implemented elsewhere. Thus, it is suggested that these gaps in
knowledge be addressed in the context of action programmes rather than
separate research projects. Although this will require some increased
investment in evaluation and analysis, the cost-effectiveness of such an
approach is likely to be far greater than that of separate research.

Populations for which compiled reference data are not pertinent

Since the only compiled reference data currently in use are from
developed countries, there is some question of their usefulness in less
developed areas. Total gestational weight gains are generally 4-5 kg
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greater in advantaged than in disadvantaged or undernourished
populations. Moreover, when the two types of population are compared
on the basis of similar birth weights and gestational ages, women from
developed countries apparently gain about 3-4 kg more than those in less
developed areas who produce infants of the same size (Fig. 14),
suggesting that reference data for weight gain (either total or
incremental) derived from developed countries may be excessive. This
requires further investigation in relation to other pregnancy outcomes,
including maternal body stores necessary to support lactation and prevent
postpartum nutritional depletion and its sequelae.

The WHO Collaborative Study (23) provided reasonable evidence to
suggest that, for pregnancy risk, there are different absolute cut-off
values of maternal height for different populations. This should be
investigated more thoroughly, using the WHO collaborative data with
different cut-off values for each population represented in the data set.

For other measures, such as arm and calf circumference, there is
insufficient evidence in the literature to allow different reference data to
be recommended for different populations. Only after better information
is available on the relationship of these indicators to specific outcomes
can the question of reference data be considered.

Current reference data do not take into consideration potential modifying
factors that may influence the interpretation of risk in relation to cut-offs.
These factors include extremes in maternal age and parity, and pre-
existing or current diseases such as diabetes, malaria, and anaemia.

The use and interpretation of anthropometry in lactating women
Biological significance of anthropometry during lactation

Changes in weight and body composition that occur during lactation
underlie the biological basis for anthropometric assessment of lactating
women, and the same rationale that governs the use of anthropometric
measurements as indicators of nutritional risk or predictors of benefit
from intervention applies to lactating women. A lack of reference data,
however, limits the application of anthropometry to lactating women.

Lactation is the most energetically demanding phase of the human
reproductive cycle. The total energy cost of producing milk is estimated
to be 2930 kJ/day during the first 6 months of lactation and 2090 kJ/day
during the next 18 months (54). Normally, fat deposited during
pregnancy (about 4 kg, but this is highly variable) is mobilized
postpartum to meet the energy costs of lactation (55).

Fat seems to be deposited preferentially in pregnancy, notably in the back
and upper thighs, but not over the arms. This same pattern has been
observed in different populations (6, 56). However, the increase of
skinfold thicknesses cannot be attributed solely to deposition of fat,



since, in most body sites, it is followed by a decrease at the time of
parturition (6). During lactation lipolysis is higher in the femoral than in
the abdominal region.

Thereafter, weight loss is slow and stabilizes at about 4-6 months. This is
variable, however, and depends on socioeconomic status, weight gained
during pregnancy, energy intake, and pattern of breast-feeding. It is
useful to summarize the weight changes that occur at two levels of
nutritional status. In well nourished lactating women, changes are
generally minor and gradual. Weight losses are highest in the first
3 months of lactation (57-61) and are generally reported to be greater in
women who breast-feed exclusively (58-60, 62). Skinfold thickness also
tends to reflect weight changes, with most measurement sites showing
decreased thickness as lactation progresses (56-59, 63, 64). An exception
is the apparent gain in triceps skinfold thickness reported by several
authors (56, 58, 59, 63-65). Among undermourished women, gestational
weight gain and postpartum weight loss are lower than in well nourished
women (6, 66-75). Although published values for milk composition of
women from developing countries differ substantially, lower nutrient
levels have usually been found in undernourished women (57, 62, 68, 76).

3.9.2 Selection of individuals

At present, anthropometric measurements cannot be used effectively to
assess the nutritional status of individual lactating women. Moreover, no
anthropometric indicators of risk for undesirable outcomes or of benefit
from medical or nutritional interventions have been developed
specifically for lactating women (77).

Nutritional status of the mother during lactation depends on many factors
such as past nutritional status, weight gain in pregnancy, immediate
postpartum weight loss, duration and intensity of lactation, dietary
intake, and physical activity. Studies conducted worldwide have
consistently noted that weight loss during lactation is much greater in the
first month because of the shedding of extra water, tissue, and, to some
extent, fat accrued during pregnancy.

While the limited literature reviewed here on changes in maternal weight
is useful for establishing a basis for anthropometric assessment of
nutritional status during lactation. it is only a first step towards
developing anthropometric indicators. The purpose for which these
indicators will be used must be considered. If it is for screening women
at risk of poor postpartum outcomes. more extensive information on the
nature of these outcomes and how they are affected by maternal nutrition
will be required. Knowledge in this area is very limited at present and the
research conducted thus far has not reported results in a manner that is
easily interpreted for evaluation of indicators of risk. Even the definition
of desirable outcomes presents problems. Lactation performance is
certainly one area for investigation; however, the difficulties associated
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with evaluating the quantity and quality of breast milk as well as the
definition of optimal growth in breast-fed infants (see section 5) suggest
that more research is needed before progress can be made with
identification and validation of indicators of risk for lactating women.
Analysis of outcomes should also consider mothers’ health and well-
being during and after lactation. These considerations include
resumption of menstruation, depletion and repletion of nutritional stores,
and development of a risk profile for various chronic diseases.

3.9.3 Characteristics for the development of normative reference data
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Normative reference data are not available to identify nutritionally “at
risk” groups of lactating women (76). In populations in which
anthropometric indices reflect food availability, nutritional vulnerability
should be indicated by body weight, skinfold thicknesses, and arm and
calf circumferences. Poor gestational weight gain may predict poor

Jactation performance, because fat stores may be inadequate to subsidize

the energy costs of lactation. Although extensive data are available on the
milk production of women of varying nutritional status, they have not
been used to develop indicators of lactation performance.

Since no reference data exist for -assessing nutritional status during
lactation and very little research has been conducted in this area, only

‘provisional criteria can be recommended for lactating women. There is

evidence that poor maternal postpartum status, reflected in low BMI, is
associated with poor lactation performance and poor infant growth,
which suggests that BMI may be a useful indicator of postpartum
nutritional status. However, the level of BMI below which there is a risk
of poor lactation or infant growth has not been reported. It is possible
to estimate a level based on the lower limit of BMI (<18.5) suggested
for thin adults in section 8, adjusted for the average weight (4 kg) retained
by mothers following an acceptable pregnancy weight gain
(10.5-12.0 kg) and enough time for postpartum hydration to have
equilibrated (2-4 weeks). This results in an estimated cut-off for BMI of
20.3 at 1 month postpartum for women 150 cm tall. BMI may be
expected to decline steadily throughout the first 6 months of lactation, at
which point the non-pregnant non-lactating value of 18.5 can be used as
a cut-off for identifying women at risk.

Only a limited number of studies have attempted to assess upper levels of
BMI during lactation. However, in the light of the recommendations for
modest gestational weight gain by overweight and obese women (9), it is
likely that the upper limits of BMI recommended for non-pregnant, non-
lactating women (see section 7) would apply to lactating women as well.

To develop normative reference data for individuals, anthropometric
measurements would have to be recorded longitudinally in a population
of well nourished, healthy, lactating women and related to their lactation
performance. Anthropometric changes in lactating women have been



documented in a number of studies, but few of these have assessed
lactation performance. Acceptable limits of postpartum weight and body
compositional changes would be defined on the basis of lactation
performance. In prolonged lactation, success would be at the expense of
maternal stores. Development of anthropometric reference data for
lactating women would require ancillary data on age, parity, prepregnant
weight, gestational weight gain, and the intensity (exclusive or partial)
and duration of breast-feeding. An evaluation of lactation performance
would require data on milk volume, milk composition, and growth in
infant weight and length.

Evidence to date does not suggest an association between maternal
anthropometric indices and early lactation performance in well nourished
populations. In prolonged lactation, maternal adipose stores may limit
lactation performance if dietary intake is restricted.

Normative reference data based on anthropometric changes in well
nourished populations are unlikely to be applicable to lactating women in
undernourished populations because of significant differences in height,
weight, and gestational weight gain between the populations. Moreover,
sensitive indicators may be population-specific; for example, the triceps
skinfold thickness is indicative of milk fat concentration in Bangladeshi
and Gambian women, but not in American women (67, 68).

Evidence of an association between poor nutritional status and
compromised lactation performance supports the development of
anthropometric indicators within populations of nutritionally vulnerable
lactating women. In undernourished populations, anthropometry will
reflect both past and present food availability. Critical anthropometric
thresholds should be definable, below which restricted maternal diet and
limited tissue reserves are inadequate to meet the energy demands of
lactation.

3.9.4 Research needs for lactating women

Reference data are needed for estimation of the prevalence of under-
nutrition among lactating women in the population, and can be developed
on the basis of available data from well nourished women. This should
take account of different patterns of weight gain during pregnancy and
different breast-feeding patterns. The same reference data would be used
to screen individual lactating women for interventions.

To predict risk of maternal malnutrition or of individual women
producing insufficient milk to maintain normal infant growth, there is a
need for risk indicators. No indicators of risk of adverse maternal or
infant outcomes are available at present, and research on their
development is essential. Candidate indicators include maternal body
weight or its change over a short period of time, maternal calf
circumference, change in maternal skinfold thickness over a short period
of time, and poor infant growth during exclusive breast-feeding.
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Indicators are also needed that will predict benefits to the individual
lactating woman or her breast-feeding infant of an appropriate
intervention. Candidate indicators include maternal body weight or
change in weight over a short period, maternal skinfold thicknesses or
change in thicknesses over a short period of time, infant milk intake, and
the ability to maintain exclusive breast-feeding of infants up to 6 months
of age.

Candidate indicators for evaluating the response of individual lactating
women to an appropriate intervention include changes in maternal body
weight and skinfold thicknesses, change in infant milk intake, and the
proportion of women who are able to breast-feed exclusively. Most of
these indicators have been used in a recent randomized study of
nutritional intervention in Guatemala (78).

3.10 Conclusions and recommendations

3.10.1 For practical implementation
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Conclusions

Anthropometry in some form will continue to be a routine part of
prenatal examinations throughout the world. This report has identified
several applications of anthropometry that are useful in specific
circumstances, depending on the availability of resources and the
potential for intervention to achieve favourable pregnancy outcomes. The
criterion of utility for most anthropometry examined in the report is a
degree of association between the anthropometric indicator and the risk
of a specific undesirable outcome such as SGA, preterm delivery,
delivery complications, and, to a lesser degree, postpartum maternal
depletion. In very few instances have the sensitivity, specificity, and
positive predictive value of these relationships been examined to test for
misclassification of individuals for risk of poor outcome or response
to interventions. Any recommendations for the use of specific anthropo-
metry summarized in Tables 9 -and 10 are therefore provisional. The
analysis of misclassification undertaken by WHO (23) is, conceptually,
an appropriate next step in the evaluation of indicators that show
significant association with pregnancy outcomes. However, there is a
need for further analysis of sensitivity, specificity, and positive predictive
value at different cut-offs for the various indicators. Within these
limitations, it is possible to rank the various indicators, as applied to
individuals in clinical settings, according to their ORs (Table 3),

~ sensitivities, and specificities (Table 4) for different outcomes and with

different levels of logistic support.

When resources are limited (i.e. no scales are available), short height may
be useful as a screening instrument owing to modest ORs (1.2 to 1.9) for
several outcomes. However, it is likely that the use of height will result



in considerable misclassification. The appropriate height cut-off for
screening will depend on local conditions, such as resources for
intervention. Calf circumference is a more promising indicator but must
be investigated in several different settings. Thus far, only maternal
height seems to be a reliable predictor of the need for assisted delivery;
research on its relationship to maternal mortality is needed, especially
among disadvantaged populations.

When scales are available and properly used, attained body weight at any
time during pregnancy appears to be the most useful screening indicator
for SGA. However, further testing of the potential for misclassification is
needed and, if the results are sufficiently promising, proper reference
data must be developed. Weight measurements should be taken early
enough in pregnancy to allow appropriate intervention. Attained weight
at 20 weeks of gestation is useful for screening for dietary
supplementation, although earlier assessment is preferred. Later
assessment can be useful for referring mothers for delivery to a health
facility where SGA and preterm infants can receive special care. The
utility of weight measured during pregnancy is improved if short height
is used as a first level of screening; body mass index alone is less useful
than this two-stage screening approach, and further analysis of
misclassification in two-stage screening is needed. Calf circumference
may also prove more useful than some of the more “sophisticated”
indicators. Weight gained between two examinations is less useful than
a single measurement of weight as a predictor of poor pregnancy
outcome. Change in thigh skinfold thickness appears to have greater
potential as a specific indicator of maternal body composition change,
and is related to fetal growth and postpartum maternal body stores.

Recommendations to countries

1. To screen women for risk of delivering SGA babies when scales are
unavailable, height should be measured at any stage of pregnancy and
deviations from local norms should be interpreted with regard to
resources available for supporting interventions.

2. When scales are available, women should be weighed as early in
pregnancy as possible to screen for risk of SGA babies. Maternal
weight for gestational age should be compared with a reference
similar to that shown in Fig. 15 for advantaged populations. Until
more appropriate references are available, the same reference may be
used for less well nourished populations, but cut-off levels for
screening individuals should be set lower and should take account of
local resource availability.

3. For monitoring the response of individuals in all populations to
interventions during pregnancy, weight changes between successive
examination should be determined during the final two trimesters
and compared with existing cut-off guidelines set by the Institute of
Medicine (9).
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4. Since the application and interpretation of anthropometry during

pregnancy are likely to differ from country to country, each country
should develop its own cut-off values for each relevant indicator,
using methodologies described in this report.

. Countries should develop nutritional surveillance systems that cover

the collection and analysis of data on national problems of pregnancy
and lactation, and appropriate action,

3.10.2 For future research and the collection of reference data
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1. Many of the practical recommendations in this report are based on the

composite analysis of 25 studies reported by the WHO Collaborative
Study (23). Further analysis of these data is required to establish the
precise ORs for different anthropometry versus different pregnancy
outcomes. Research of this type should also be undertaken using other
data sets not included in the WHO study in order to broaden
knowledge in this area; this should include analysis of sensitivity,
specificity, and positive predictive value of various indicators and cut-
off points for different pregnancy outcomes in relation to specific
purposes and the resources available in different settings.

. Most of the pregnancy outcomes used for the evaluation of maternal

anthropometry in this report are commonly reported in the research
literature, but other important outcomes in the areas of fetal, neonatal,
and maternal morbidity and mortality, as well as fertility, should also
be tested. More research is urgently needed on maternal postpartum
consequences of anthropometric variation during pregnancy,
especially in relation to lactation performance, resumption of ovarian
function, and repletion (or further depletion) of maternal nutrient
stores. Some of the common outcome measures should be refined.
Classifications such as SGA, preterm and assisted delivery, and
maternal morbidity are themselves subject to further subclassification,
and the resulting subgroups are likely to be more homogeneous with
regard to both causes and consequences; maternal anthropometry may
be more effective as an indicator of risk for some of the more specific
outcomes and unrelated to risk of others.

. Studies of anthropometric risk factors for poor pregnancy outcomes

will also benefit by expansion of the analysis to include both long-
term outcomes (infant death, poor postnatal cognitive development)
and important intermediate measures (SGA, risk of preterm delivery,
breast milk quantity and quality). This would allow more precise
causal pathways to be identified and the validity of using commonly
measured intermediate variables as outcomes to be established. In
general, research is needed to establish the biological bases of the
anthropometric correlates of specific pregnancy outcomes. For
example: What is short maternal stature actually measuring as it
relates to increased risk of SGA? What proportion of maternal weight



gain is represented by maternal tissues that will support the pregnancy
or later lactation?

4. Many of the newer applications of anthropometry have been validated
in only a few isolated situations. Validation of calf circumference and
thigh skinfold measurements should be extended to different
populations and settings. The recommended weight gain chart of
Rosso (30) should be tested for screening efficiency in populations
where maternal malnutrition is prevalent, and the algorithm proposed
by WHO to screen women for supplementation by using a single
weight measurement from the second half of pregnancy should be
evaluated. Systematic evaluation of multi-stage screening approaches
that employ a cascade, or sequence, of measurements is also needed.

5. The comprehensive treatment of maternal anthropometry of under-
nourished population groups should be extended to populations where
excess energy balance is more common. It is also important
to consider the effects of maternal obesity and high weight gain on
such pregnancy outcomes as SGA, macrosomia, preterm delivery,
complications of labour and delivery, postpartum maternal weight
retention, and infant and maternal morbidity. Some research
recommendations in this area were made by the Institute of Medicine
report (9), which focused primarily on gestational weight gain of
women from more developed countries, and more results are starting
to appear in the literature (79). An extensive list of research
recommendations for women from less developed countries has
already been compiled by Krasovec & Anderson (10).

Completion of even part of this research agenda will help to establish
criteria for reference data for assessing the nutritional status of women
during pregnancy. Continued analysis of data sets from the WHO
Collaborative Study (23) for misclassification relative to various
pregnancy outcomes is particularly important. Choice of indicators and
cut-off values requires an analysis of indicators relative to commonly
defined outcomes across a variety of clinical and public health settings
in several different population groups that reflect geographical,
demographic, ethnic, and socioeconomic variation.

3.10.3For WHO

1. WHO should facilitate research on anthropometry of women during
the reproductive years, based especially on the data from the WHO
Collaborative Study (23). Analysis of these data should be extended to
include different population groups and various maternal and infant
postpartum outcomes.

2. WHO should assist in the development of methods that will allow
countries to establish locally relevant cut-off values for the
anthropometric indicators recommended in this report. Data from the
WHO Collaborative Study could serve as a useful resource in this effort.
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4.

WHO should facilitate the development of simple algorithms for the
application and interpretation of anthropometry during pregnancy
and lactation, and for integrating anthropometry into health care
strategies.

. WHO should assist countries in establishing surveillance systems to

identify solutions to health and putrition problems in women of
reproductive age.
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The newborn infant

Introduction

It is universally acknowledged that size at birth is an important indicator
of fetal and neonatal health in the context of both individuals and
populations. Birth weight in particular is strongly associated with fetal,
neonatal, and postneonatal mortality, and with infant and child morbidity
(1, 2).

Size at birth reflects two factors: duration of gestation and rate of fetal
growth. It must therefore be considered with respect to gestational age,
otherwise the increase in size that occurs with age will lead to severe
confounding of growth and maturity. In general, bigger babies are more
mature babies and — since it is well known that immature infants
(particularly extremely preterm infants, i.e. those born at < 32 weeks) are
at much higher risk for mortality, morbidity, and impaired development —
failure to consider gestational age leads to major problems in
interpretation that can hinder decision-making at both clinical and public
health levels (3).

Growth is defined as an increase in size over time, and documentation of
increasing size thus requires two or more serial measurements. During
fetal life, however, serial measurements are feasible only with ultrasound
and have not proved to be sufficiently valid or precise (ultrasound
estimation of fetal weight has a high coefficient of variation) to serve as
a standard for assessing fetal growth (4). Moreover, ultrasound
measurements are not truly anthropometric and are thus beyond the scope
of this report.

Body size is obviously proportional to age, not only in the fetus but
throughout childhood until the time of skeletal fusion. Thus an infant’s
size at birth reflects the average growth rate for that infant from
conception to birth, although not necessarily a steady rate, since there
may have been periods of rapid and slow growth. Problems will arise,
however, if the distribution of size at birth of different infants born at
different gestational ages is used to make inferences about “normal” fetal
growth. It is important to stress the limitations of a cross-sectional
approach based on different infants, and to question how well any chart
derived in this way reflects the longitudinal growth of fetuses of the same
gestational age (5). There is some evidence that preterm infants are
somewhat smaller than fetuses of the same gestational age who remain in
utero (6-8). This may partly reflect the fact that some of the determinants
of fetal growth and length of gestation overlap: pre-eclampsia, for
example, and other hypertensive disorders that impair fetal growth also
increase the risk of preterm delivery (9, 10). Although this overlap may
reflect shared underlying biological mechanisms, it is common practice
in modern obstetrics for labour to be induced in mothers in whom poor
fetal growth has been diagnosed. Thus if infants whose delivery is
induced because of retarded growth are not excluded from the data, their
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smaller size for gestational age will reduce the average size of all infants
born at that age (/7).

At the other end of the gestational age spectrum, there is also some (albeit
more indirect) evidence that fetuses who remain unborn post-term may
not have grown at the same rate as those born earlier. Fetal size is
considered to be one of the determinants of the onset of labour, and the
flattening (or even negative slope) of some fetal growth curves after 40
or 41 weeks of gestation may reflect both the slowing of growth due
to placental insufficiency (as demonstrated by the presence of oligo-
hydramnios, placental grade III, meconial amniotic fluid, or abnormal
Doppler indices), and the earlier birth of faster-growing fetuses.

This inherent problem of deriving fetal growth standards from
anthropometric measurements of newborn infants may have less
relevance to the first 20-24 weeks of gestation, when elective, induced
abortions are performed for indications unrelated to fetal growth (i.e. for
reasons other than chromosomal or other genetic abnormalities of the
fetus). This should not affect measurements of fetal weight or other body
dimensions provided that abortion is induced by means of prostaglandin
or hysterotomy rather than saline (which dehydrates the fetus). The
situation changes, however, when all fetuses are included, since a large
number of births during weeks 20 to 24 are spontaneous and probably
related to factors that do affect fetal growth. From week 24 onwards,
however, it should be kept in mind that fetal growth curves based on
anthropometric measurements of different infants born at different
gestational ages may not be valid, particularly pre- and post-term.

The determinants of fetal growth have been the subject of considerable
research (2, 9, 12-17), and it is now clear that, despite some of the areas
of overlap alluded to above, these differ considerably from the etiological
determinants of gestational duration (10, 12, 15-19). In particular,
maternal stature, prepregnancy weight, and energy intake during
gestation all have important influences on the rate of fetal growth (9,
12-17), but much less, if any, effect on the duration of gestation (10, 12,
15-19). Genetic (including racial) and inter- generational effects also bear
primarily on fetal growth (12, 20-24); cigarette smoking affects both
fetal growth and gestational duration, but the effect is considerably
greater on the former (9, 10, 12, 19). Only a few other determinants, such
as infections (25, 26), maternal cocaine use (27, 28), and prepregnancy
and gestational hypertension (particularly severe pre-eclampsia) (9, 10)
also affect both outcomes.

Impairments in fetal growth can have adverse consequences in infancy
and childhood in terms of mortality, morbidity, growth, and performance
(1, 2, 29). It has even been suggested that restriction of fetal growth may
increase the risk of ischaemic heart disease, hypertension, obstructive lung
disease, and diabetes in adulthood (30, 31). This is an important area for
future follow-up studies of growth-retarded infants or, where reasonable
perinatal information is available, for retrospective cohort studies.



4.2 Using anthropometry in individual newborn infants

Weight-for-gestational-age at birth is often used to categorize an
individual infant as having experienced normal, subnormal (small-for-
gestational age or intrauterine growth retardation), or supranormal
growth in urero. The classification most frequently used is: small-for-
gestational-age (SGA or IUGR), appropriate-for-gestational-age (AGA),
and large-for-gestational-age (LGA), although, strictly speaking, SGA
and IUGR are not synonymous (33). Some SGA infants (e.g. those born
to short mothers) may merely represent the lower tail of the “normal”
fetal growth distribution, while other infants who have been exposed to
one or more growth-inhibiting factors may actually meet the criteria for
AGA (e.g. those born to tall, well nourished cigarette-smokers). In
individual cases, however, it is usually very difficult to determine
whether or not the observed birth weight is the result of true in utero
growth restriction, and classification of an infant as IUGR is therefore
based on the established cut-off for SGA. In fact, the higher the SGA rate,
the greater the likelihood that SGA is a result of IUGR.

Various criteria (i.e. cut-off points) have been used as the dividing lines
between these three categories. Those most commonly used are based on
percentiles of a distribution of birth-weight-for-gestational-age derived
from an accepted reference population; the 10th percentile is used most
frequently as the cut-off between SGA and AGA, and the 90th percentile
between AGA and LGA. Other definitions, such as < -2 or > +2 standard
deviations (Z-scores) from the reference mean, have also been applied.
One recent approach has based the classification on relative weight (the
so-called fetal growth ratio or, more correctly, “relative birth weight
ratio”), in which the birth weight of an infant is expressed as a fraction or
percentage of the mean birth weight (again derived from some reference
population) for that infant’s gestational age (32). Thus, infants who
weigh < 85% of the mean can be classified as SGA, and those weighing
>115% of the mean as LGA. These latter definitions are analogous to
those used to classify under- and overnourished populations of older
children and adults. However, although 85% of the mean birth weight at
term is very similar to the 10th percentile, for preterm infants this cut-off
could represent a much higher percentile. If this principle is applied
across a range of gestational ages, the prevalence of SGA and LGA will
vary with maturity. The use of 85% of the mean as a cut-off point
therefore cannot be recommended for use without evidence that the
coefficient of variation for birth weight remains fairly constant at
different gestational ages.

Regardless of which definition is used, the classification of a newborn
as either SGA or LGA has implications for diagnosis, prognosis,
surveillance, and treatment. SGA infants are more likely to have
congenital anomalies (34), and the observation that an infant is growth-
retarded often prompts a more careful phvsical examination or even
laboratory tests such as karyotype determination to ascertain whether
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such an anomaly is present. Laboratory cultures of biological samples
and serological tests of the mother and infant may occasionally reveal a
previously unsuspected intrauterine infection. The diagnosis of SGA may
also prompt closer examination of the placenta and reveal evidence of
infarction, single umbilical artery, velamentous insertion of the cord, or
previously unsuspected disease in the mother.

Regardless of the cause of the growth retardation, a severely growth-
retarded fetus or infant is at markedly increased risk of death, hypogly-
caemia, hypocalcaemia, polycythaemia, and neurocognitive complications
of pre- and intrapartum hypoxia (i.e. in utero malnutrition is associated
with in utero deprivation of oxygen) (2, 35). Close monitoring of blood
glucose, calcium, haematocrit (erythrocyte volume fraction), and
circulatory adequacy in the neonatal period will allow timely intervention
and should reduce the risk of adverse secondary sequelae. Diagnosis of
SGA should also prompt actions to support breast-feeding and — in
affluent populations where weaning foods are hygienically safe — may
indicate the need for instituting a high-energy diet to maximize the
potential for catch-up growth in the first few postnatal months. Over the
long term, growth-retarded infants may exhibit permanent mild deficits
in growth and neurocognitive development (2, 29).

The diagnosis of LGA can also be important for the individual infant.
Large infants are at increased risk of birth trauma (including clavicular
fracture and brachial plexus injury), and of asphyxia secondary to
obstructed labour. The most common concern is maternal diabetes, which
may or may not have been diagnosed before or during pregnancy; here,
too, monitoring (particularly for the development of hypoglycaemia)
may be important to permit prompt institution of glucose therapy and
thus prevent adverse sequelae.

Various proportionality indices have been used to relate different
dimensions of fetal growth, particularly among growth-retarded infants.
The most commonly used of these is Rohrer’s ponderal index, which is
defined as 100 times the birth weight (in grams) divided by the cube of
birth length (cm’). Infants with high ponderal indices are relatively heavy
for length (or, equivalently, relatively short for weight); those with low
ponderal indices are thin, with low weight-for-length. Although the
ponderal index at birth is usually evaluated with reference to the
gestational age of the SGA infant, it may be preferable to refer it to birth
weight (32). Since body proportions change during the course of
gestation, proportionality for size may provide a better index than
proportionality for age for assessing how growth following the onset of
some growth-inhibiting influence is distributed among different body
compartments, compared with its distribution in infants who continue to
grow normally.

Several publications have developed the concepts of proportionate (also
called Type 1, symmetric, or “stunted”) and disproportionate (Type 2,
asymmetric, or “wasted”) growth retardation (36-38), although the



importance of the distinction is still under discussion. Body
proportionality at birth may capture information about the timing of
growth retardation as well as the nutritional status of the newborn. Much
of the discussion about the effect of timing of onset of IUGR on body
proportionality has been based on early data from Streeter (39) and more
recent data from Gruenwald’s report on body weight, length, and
placental and organ weight (40), both of which are in agreement with
the diagrammatic velocity curves published by Tanner (4/). Recent
evidence indicates that proportionality among IUGR infants is strongly
confounded by the severity of the growth retardation or deficit in
nutritional status (32) and that, given reliable estimates of gestational
age, disproportionate IUGR infants tend to be more severely growth-
retarded than their proportionate counterparts. Analysis of data thus
requires that the severity of JIUGR be controlled. For example, data from
Canada demonstrate that, once severity has been accounted for,
proportionality appears to be of little if any etiological (9) or prognostic
(35) importance; in the latter study, however, an independent increased
risk of stillbirth was associated with a high length-for-weight ratio
(OR 1.24, 95% CI 1.03-1.48).

A recent small study that used three ultrasound measurements to monitor
the fetal growth pattern of 71 SGA infants (most of them with adequate
ponderal index), concluded that, given the birth weight and gestational
age of the newborn, body proportionality (e.g. ponderal index) does not
contribute further to the judgement of fetal growth rate (42). On the other
hand, several large studies from different populations support the
independent association between indicators of body proportionality at
birth and a number of important neonatal or infant health outcomes. In
the USA, Conlisk (43) studied the risk of neonatal mortality for
proportionate and disproportionate infants using stratified analysis
by 400-g groups and logistic regression analysis to control for birth
weight. The results showed that both black and white disproportionate
infants are at higher risk of mortality at lower birth weights than
proportionate infants, but at lower risk at birth weights above 2400 ¢g
(black) and 2800 g (white). Interaction of birth weight and proportionate
groups was significant for both blacks (P=0.05) and whites (P=0.04).
The effect of birth weight on mortality was significantly greater for
disproportionate than for proportionate infants at birth weights < 2200 g
(black) and < 2600 g (white); risk was lower at higher birth weights.

In a cohort of 5539 term newborns studied in Argentina (44), an
increased risk of postnatal morbidity was demonstrated in infants who
were SGA and of low ponderal index (LPI) compared with the groups of
normal birth weight and of SGA/adequate ponderal index (API), adjusted
for sex, birth weight, gestational age, and hospital of birth. A study of
3450 term SGA infants in Guatemala (45) again demonstrated that, after
adjusting by birth weight, the risk of neonatal morbidity was higher in the
SGA/LPI than in the SGA/API group. In both developing and developed
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countries, SGA newborns estimated to have experienced slow head
growth before the 26th week of gestation (as documented by serial
ultrasound measurements) and those with API at birth (indicating
proportionate retardation of growth in weight and length) have
consistently demonstrated the lowest developmental performance during
childhood (46-49).

Finally, Williams et al. (50) classified JUGR infants by their ponderal
index at birth and followed them up at 7 and 18 years of age to study their
blood pressure patterns. At age 7 years, sex- and weight-adjusted systolic
and diastolic blood pressure were significantly higher in those who were
classified JUGR/APL. By age 18, the mean adjusted systolic blood
pressure was 121.8 mmHg (16.2 kPa) in the [UGR/API group compared
with 118.8 mmHg (15.8 kPa) in the TUGR/LPI group (P=0.13; n=29). No
differences were observed in diastolic blood pressure.

Proportionality indices may well prove to be useful for predicting outcome
in SGA babies, particularly where there is no reliable information on
gestational age, but further research is clearly needed on this subject.

Where valid assessment of gestational age is unavailable (as in many
settings in developing countries), size at birth, and particularly birth
weight, can be used as the basis for decisions regarding surveillance and
referral of small infants. Birth weight below 2500 g (LBW) is a reason-
able cut-off for instituting surveillance and/or referral for the detection
and treatment of early complications of preterm birth or IUGR. However,
it should be noted that, because of “rounding”, the prevalence of LBW
will be underestimated. In settings with a very high prevalence of fetal
growth retardation, a locally determined lower cut-off (e.g. <2250 g or
<2000 g) may be preferable to avoid overwhelming the health care
system with mildly growth-retarded infants who are at lower risk for
serious adverse sequelae. Local cut-offs and the methodology for their
selection have already been discussed in section 2.

Surveillance of LBW, preterm infants for complications should include
monitoring of oxygenation and respiratory status (including the signs
and symptoms of respiratory distress syndrome and neonatal apnoea),
indications of neonatal sepsis (e.g. apnoea, poor feeding, vomiting,
jaundice), and neurological -complications possibly caused by intra-
ventricular haemorrhage (coma, seizures, apnoea, or focal neurological
deficit). Where adequate surveillance and treatment are not possible
locally, or the response to treatment is unsatisfactory, infants should be
referred to an appropriate health care establishment. Surveillance and
referral are even more important for very-low-birth-weight (VLBW)
infants, i.e. those with birth weights below 1500 g, who are usually
extremely preterm.

Table 11 summarizes the recommendations for the use of anthropometric
measures in individual newborn infants.
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Neonatal anthropometric assessment in populations

The prevalence of SGA (based on a common reference population) can
be used to select populations that should be targeted for interventions.
Fetal growth is clearly influenced by maternal size, health, and nutrition;
data consistently show larger fetuses (particularly at term) in developed
countries than in developing countries (9). When SGA rates are
unavailable, the prevalence of LBW can be used as a proxy. Preterm birth-
rates also appear to be higher in developing countries (57, 52) and among
poor populations in developed countries (2), although most of the
difference in the incidence of LBW between developed and developing
countries is due to a disproportionately high incidence of LBW/SGA
(52). However, SGA prevalence is preferable both for targeting and for
assessing response, because few interventions have been found to prevent
preterm birth.

Recommended cut-off levels for triggering public health action have not
been established, but it seems reasonable to target those populations with
double the prevalence (i.e. >20% for SGA and >15% for LBW) found in
developed countries. Population-wide interventions might include
nutritional supplementation, antismoking campaigns, and malaria
prophylaxis. Within a given population, response to intervention can be
assessed by monitoring SGA rates (or VLBW and LBW if gestatlonal age
18 not available) over time.

Targeting of interventions and assessing response can also be based on
LBW and VLBW rates used not as proxies for SGA but as indicators of
the need for health care facilities to treat the complications of SGA or
preterm birth. LBW and VLBW rates in excess of 15% and 2%,
respectively, suggest a population at high risk for fetal and infant
mortality and morbidity, and for long-term adverse effects on childhood
growth and performance. Trends in developed countries over the past
20 years show that, with no reduction in the prevalence of LBW and
VLBW, fetal and infant mortality can be dramatically reduced by optimal
care of such infants. Momtorlng overall and birth- we1ght specific fetal
and infant mortality is therefore essential in assessing' the response to
interventions.

Anthropometric assessment of newborn infant populations is an
important research tool for studying the determinants and consequences
of impaired (or excessive) fetal growth. Although many of the
determinants (maternal height, prepregnancy weight, gestational weight
gain, smoking, etc.) and early consequences (stillbirth, birth asphyxia,
neonatal hypoglycaemia and hypocalcaemia, etc.) probably retain their
importance across different populations, their prevalence varies
considerably and so, therefore, does their public health importance as
reflected by the etiological fraction (population attributable risk).
Moreover, specific local factors may play an important etiological role
that would justify new epidemiological studies in settings where novel



4.4

4.4.1

risk factors are suspected, such as maternal tobacco-chewing, exposure to
indoor smoke, malaria or other tropical diseases, and HIV infection.

Similarly, although the immediate, life-threatening sequelae of severe
IUGR are probably similar in all populations, the longer-term
consequences for child growth, development, and performance may
differ across populations because of interaction with adverse postnatal
influences in disadvantaged populations, including socioeconomic and
nutritional factors as well as the level of medical care available.
Investigation of such environmental factors and of interventions that
reduce adverse health sequelae should receive high priority in developing
countries where the prevalence of SGA is high.

Anthropometric assessment of newborn infants can also be important
in the context of nutritional surveillance. Periodic assessment of a
population over time may reveal changes in the prevalence of SGA (or
LBW as a proxy) that could signal the effects of famine, epidemic
infectious disease, or other adverse environmental circumstances.

Table 12 summarizes the uses of anthropometric measurements for
assessment in populations.

Selection of anthropometric indicators
Gestational age

Although the assessment of gestational age does not come under the
heading of anthropometry, it is mentioned first because any size-for-age
measurement requires a reasonably valid and precise measure of age.
In most cases, particularly in developing countries, gestational age is
assessed by calculating the number of completed weeks since the
beginning of the last menstrual period (LMP). Because of potential
difficulties with maternal recall and biological problems such as delayed
ovulation, early non-menstrual bleeding wrongly interpreted as a period,
and undetected miscarriages (i.e. without bleeding), gestational age
calculated on this basis is often erroneous, particularly at the extremes of
the gestational age distribution (i.e. preterm and post-term) (53).

Early (<20 weeks) ultrasonic measurement of the biparietal diameter
(and/or femoral length, crown-rump length, or abdominal circumference)
could be considered the “gold standard” for assessment of gestational age
(53-56). Unfortunately, rigorous evaluation of this “better” assessment in
randomized controlled trials has failed to reveal any benefit to maternal
and perinatal health (37-60), and it cannot be recommended for routine
use in all pregnant women. Other methods, such as assessment of fundal
height or quickening, are often used in clinical practice to confirm
(or discredit) LMP-derived gestational age. Physical or neurological
examination of the newborn infant has also been commonly employed in
hospitals in both developed and developing countries, although this has
been found to produce significant overestimates of gestational age for
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very preterm infants (6/-63). Nevertheless, these methods, particularly
in some of their simplified versions (64, 65), could be most useful for
assessing gestational age of infants weighing 21500 g at birth in large
field evaluations where other methods are not available (45).

4.4.2 Birth weight

The most widely used anthropometric indicator of size is birth weight,
for which mechanical and electronic scales provide reasonably valid and
precise readings. As discussed above, most diagnostic classifications of
fetal growth for both individuals and populations are based on birth-
weight-for-gestational-age.

4.4.3 Birth length

Birth length is another indicator of neonatal size, which can be used when
birth weight is not available and which frequently provides useful
additional information, since some infants with low weight-for-age may
be of relatively normal length at birth. Several authors have argued that a
discrepancy between weight and length deficits may be of etiological and
prognostic importance. However, birth length is measured far less
precisely than birth weight (32), owing to variations in posture and
muscle tone among newborn infants, and considerable training is
required to obtain reasonably reproducible measurements.

4.4.4 Birth head circumference

Birth head circumference-for-age can be measured more reproducibly
than birth length (32, 66), although the presence of head moulding
(particularly after a difficult or forceps-assisted delivery) may affect the
measurement. As with birth length, head circumference (as an indicator
of brain volume) may provide important diagnostic and prognostic
information beyond that provided by birth weight alone.

4.4.5 Proportionality indices

The most commonly used index of neonatal body proportionality relates
birth weight to birth length: Rohrer’s ponderal index = 100 times the birth
weight (in grams) divided by the cube of birth length (cm®). Other
proportionality indices that relate head circumference to length, for
example, or chest circumference to length have been studied occa-
sionally, but further research would be needed to show that they offer any
advantage over the indicators already mentioned.

4.4.6 Other measurements

Skinfold thickness has been used to assess newborn adiposity, but the
determinants and consequences of variation in this measurement have not
been shown to differ from those of the anthropometric indices discussed
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in the foregoing paragraphs. Since measurement of skinfold thickness is
relatively imprecise, it is not currently recommended for purposes of
routine assessment.

In developing countries, where scales may be unavailable for measuring
birth weight, other anthropometric measurements — including chest, arm,
thigh, and calf circumferences — have been used as proxy measures of
newborn size (67-70).

Arm and chest circumferences were considered as surrogates for birth
weight in a recent multicentre WHO study of 400 births (67). Both
indicators demonstrated high correlation coefficients with birth weight
and high positive predictive values for LBW. The use of chest
circumference alone is recommended, however, because it is simpler to
measure and because little additional information is provided by the arm
measurement. Cut-offs of 29 and 30 cm are suggested, with <29 cm for
the identification of “highly at risk” and =229 but <30 cm for “at risk”
newborns. Studies in India (69, 70) have evaluated the usefulness of calf
circumference of the newborn as a proxy indicator for birth weight;
results showed a strong correlation between the two. The sensitivity of
calf circumference for identification of LBW infants is as high as 95%,
compared with 80-85% for other measurements, while specificity is
similar to that of other measurements, i.e. 80%. Using a cut-off of 10 cm,
it was possible to identify 98% of infants with birth weights below 2.5 kg
Thus, calf circumference can be also used as a simple screening tool for
LBW.

A recently published report established interesting data on abdominal
circumference at birth; small circumference was associated with raised
serum concentrations of low-density lipoprotein cholesterol in adult life
(71).

Reference data for size at birth
Criteria for evaluating existing references

Over the past 40 years, many investigators have proposed reference data
as standards for assessment of fetal growth by clinicians, public health
practitioners, and researchers. Most data have come from North America
or western Europe, but have varied considerably in terms of sample size,
representativeness (some being hospital- or clinic-based and others
population-based), racial and socioeconomic characteristics of the
population studied, sex stratification (unisex or sex-specific references),
inclusion or exclusion of multiple births and of infants with major
congenital anomalies or intrauterine infections known to reduce fetal
growth, and methods for assessing gestational age. Unfortunately, few
investigators have attempted to relate these reference data (or deviations
therefrom) to subsequent infant and child mortality, morbidity, and
performance.



Clear trade-offs in sample size, representativeness, and validity of
gestational age estimates are involved in choosing between hospital- and
population-based sources of reference data. For example, data derived
from a single hospital centre are likely to be based on relatively small
sample sizes that may or may not be representative of the larger
population of infants to whom the references are to be applied.
Differences between one hospital (or even one delivery room) and
another in calibration of balances, terminal digit preference, and
rounding practice may lead to small differences in birth weight
distributions. On the other hand, data quality control for gestational age
measurement is often better than for population-based measurements. In
most older references, gestational age was based on maternal recall of
LMP, whereas many recent references have modified the LMP estimates
by prenatal clinical assessment, exclusion of infants with improbable
birth weights for their gestational age, or, more recently, early (before 20
weeks) ultrasound measurement of the fetal biparietal diameter and/or
other body dimensions.

References derived from geographically-based populations usually rely
on information provided by birth certificates; these have the advantages
of large sample populations and improved representativeness. The large
numbers are essential for reasonably precise estimation of birth weight
(and other anthropometric measurements) at very early gestational ages,
particularly in the tails of the distribution (e.g. SGA and LGA).
Unfortunately, quality control of assessment of gestational age is often
much poorer than in studies based on a single hospital. Misleading
interpretations are likely unless it is recognized that data for pre- and
post-term births are less likely than data for term infants to provide valid
indications of average growth in utero.

These trade-offs in sample size, representativeness, and validity of
gestational age estimation are highlighted in discussion of specific
reference data in section 4.5.3. The references discussed do not comprise
a complete list, but represent a selection of those most frequently used
or mentioned by clinicians and researchers, or those with one or more
noteworthy characteristics.

4.5.2 Size at birth in early gestation

The most frequently cited early fetal growth reference is that for length
(and length velocity) suggested by Tanner (47) in his textbook on human
growth. Despite Tanner’s statement that “between 18 and 28 weeks, there
are almost no useful data”, several earlier and more recent studies based
on prostaglandin and hysterotomy abortions appear to provide pertinent
and valid information (72-74). Tanner’s curves, which he describes
as “diagrammatic, based on several sources of data”, include detailed
information from Gruenwald (40) and suggest a slowing of length growth
velocity by 20 weeks; other published studies, however, are extremely
consistent in showing no fall-off in velocity of linear growth (length,
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biparietal diameter) and continued exponential growth in weight from
6 or 8 weeks until well into the third trimester. Nevertheless, it is clear
from ultrasound measurements of biparietal diameter and crown-heel
length, as well as from anthropometric data on preterm newborns, that
length reaches 70% of its mean value at term by 26-28 weeks, while only
32% of the term weight is achieved by this time. Although the evidence
is fairly meagre, no large sex- or race-specific anthropometric differences
are apparent in the first two trimesters.

4.5.3 Size at birth in later gestation

138

Tables 13 and 14 summarize the relevant characteristics of selected fetal
growth references published in the literature. One of the earliest
references for later gestation is based on all births that occurred during
1947 in Birmingham, England, for which sex, birth weight, and
gestational age of the babies were known (n = 16749) (75). Because it is
population-based, the original reference sample (all Birmingham births
for 1947) is probably representative, at least of urban England at the time.
Unfortunately, however, the fact that gestational age was unknown for
nearly 25% of that original sample may have biased the curves upwards
if those infants were undergrown relative to those included in the
reference, whose gestational age was known. Moreover, gestational age
was apparently based on maternal recollection of LMP. The sample size
is reasonable, but the small number of births at low gestational age leads
to considerable instability of the curves at those gestations. Although the
curves are sex-specific, they are not restricted to singletons, and infants
with congenital malformations are not excluded.

A second reference that is still in common use, particularly in the United
Kingdom, is based on the weight of 46703 singleton births in Aberdeen,
Scotland, from 1948 to 1964 (76). Its advantages over the earlier
reference (75) include a larger sample size, restriction to singleton births,
fewer infants of unknown gestational age, and correction of uncertain
gestational ages (in completed weeks) on the basis of available obstetric
information. It also provides separate references according to parity. (As
discussed below, it is clear that average birth weights are lower in first
than in subsequent births, but less clear whether birth-weight-specific
mortality, morbidity, and other health outcomes differ according to parity
and therefore whether parity-specific references should be used.)

Perhaps the most widely used reference is that of Lubchenco et al.
(77, 78), which is derived from a single hospital and constructed from
weights, lengths, and head circumferences of 5635 liveborn Caucasian
infants of white and Hispanic mothers of predominantly low socio-
economic status living at moderately high altitude near Denver,
Colorado, USA. Multiple births were included, but infants with
incompatible birth weight/gestational age combinations were excluded.
Gestational ages are based on LMP and reported to the nearest week. The
appeal of this reference is twofold: the published graphs are easy for
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clinicians to use, and birth weight/gestational age categories are related
to neonatal mortality (79) and long-term morbidity (80). Despite

“recognition that the curves are considerably lower than the other

references under discussion, because of the low socioeconomic status of
the reference sample and the fetal growth-restricting effect of high
altitude, they continue to be used by many clinicians and researchers.

Gruenwald (81) developed a birth weight reference from singleton births
in the late 1950s and early 1960s, based on a combination of data on 1232
surviving infants obtained in an earlier study and on 12500 consecutive
births at a single hospital in Baltimore, Maryland, USA. Estimation of
gestational age (to the nearest week) was based on corrected LMP; the
modest sample size results in few births at early gestational ages.
Gruenwald was one of the first investigators to note the apparent bimo-
dality of the birth weight distribution in preterm infants and to attribute
this to errors in gestational age assessment based on LMP. He was able to
smooth the reference curves for early gestational ages by basing them on
the predominant distribution at each gestational age, which suggested
that the higher, second mode was the result of underestimation of true
gestational age in a significant proportion of the births alleged (on the
basis of LMP) to be preterm.

Usher & McLean (82) based their reference curves on liveborn,
singleton, white infants at a single hospital in Montreal. Gestational age
to the nearest week was estimated on the basis of LMP. The sample size
was only 300, and there was no separation of the sexes. Although
consecutive births were used for higher gestational ages during a single
year (1959), recruitment of subjects continued for four additional years to
increase the numbers of infants born at low gestational age. Despite its
very small sample size, this study has the advantages of including birth
length, head and chest circumference, and a variety of proportionality
indices, and of relying on a single trained observer using standardized
measurement techniques.

One popular American birth weight reference is based on nearly 40000
singleton, liveborn, Caucasian infants of middle-class mothers delivering
in two maternity hospitals in Portland, Oregon, USA, in 1959-1966 (83).
Gestational age was calculated to the nearest week from maternal recall
of LMP. Birth weight distributions at early gestational ages did not
exhibit true bimodality, but were positively skewed.

A study of 30722 singleton, liveborn infants without malformations at
a single hospital in Cleveland, Ohio, USA, from 1962 to 1969 (73)
provides another popular American birth weight reference. Breech
deliveries and infants of mothers with pre-eclampsia were excluded. All
gestational ages were based on LMP and reported to the nearest week.
The sample was about half white and half black; most white, but few
black, mothers were private patients. Sex- and race-specific references
are not provided, but “correction factors” are given to adjust the single
curve for these variables.



A more recent multiracial birth weight reference has the dual advantages
of being population-based and of using an extremely large sample (more
than two million births in California over the study period 1970-1976
(84)). Gestational ages are reported in completed weeks; a computer
algorithm was used to adjust any that seemed suspicious (those
associated with high birth weights belonging to a second mode, as
previously reported (87)). Curves are presented separately for singleton
boys and girls (Figs. 18 and 19) and for multiple births (Fig. 20). Race-
specific curves are not presented, but data are provided for non-Hispanic
whites. A distinctive feature is the availability of neonatal mortality at
various gestational ages and birth weights.

In a population-based reference of all live births 1975-1977 in North
Carolina, USA, a computer algorithm was again used to correct
underestimated LMP-based gestational ages (in completed weeks) of
preterm infants (85). However, this approach resulted in the exclusion of,
rather than adjustment for, infants whose birth weights appeared to
correspond to a second (higher) mode. The resulting curves are unisex
and not race-specific.

A recently published Swedish reference (86, §7) is based on birth weight,
length, and head circumference measurements in 362280 “healthy”
Swedish infants born 1977-1981. Stillbirths and multiple births were
excluded, as were infants with congenital malformations and those
whose mothers had growth-inhibiting complications of pregnancy. One
major advantage of this reference is that gestational age (in completed
weeks) was based on LMP only when the LMP estimate was in
agreement (+2 weeks) with the results of ultrasound or other clinical
assessment. Statistical techniques were used to transform the skewed
distributions of birth weight into normal distributions and to derive
objectively smoothed curves. However, the exclusion of infants whose
mothers experienced pregnancy complications appears to have resulted in
reference curves that are somewhat higher at term than the others under
discussion. Moreover, there is no information on perinatal viability in the
various birth-weight-for-gestational-age categories.

Over one million births in Canada from 1986 to 1988 have provided
another recent reference (88). Gestational ages in completed weeks were
reported by mothers or, in Quebec, by the attending physicians, and
thus reflect ultrasound and other obstetric estimates as well as LMP.
Exclusion from the analysis of infants with birth weights more than two
interquartile ranges above the 75th percentile or below the 25th percentile
reduced the otherwise falsely elevated 90th percentile curves for preterm
infants. No statistical or other smoothing procedures were used.

Two additional references are currently under development. In Montreal,
Usher and colleagues are deriving a new reference based on more recent
births at the same hospital as their earlier reference (82), but using a
much larger sample size and sex stratification. Most importantly, data are
being restricted to infants whose gestational age, estimated by LMP, has
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Figure 18 ‘
Birth weight percentiles and perinatal mortality rates (per 1000} for single female

births®

Note: The mean birth weight-gestational age combination is marked with a black dot. Down the right-
hand side are the birth-weight-specific rates for all gestational ages, and across the top are the
gestational-age-specific rates for all birth weights. The birth-weight/gestational-age-specific
mortality rates, computed on the basis of 2-week gestation and 250-g weight intervals, are
plotted within the square corresponding to the appropriate intersection of the birth-
weight/gestational-age grid. For example, the perinatal mortality rate for infants weighing
between 3251 and 3500 g and of 40 and 41 completed weeks of gestation is 3.1. The perinatal
mortality rate for the birth-weight group 3251-3500 g for all gestational ages is 4.0 per 1000,
and the perinatal mortality rate for the 40- to 41-week gestational age group for all birth weights

is 5.0.
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Figure 19

Birth weight percentiles and perinatal mortality rates (per 1000) for single male

births®

Note: For explanation, see Fig. 18.
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Figure 20
Birth weight percentiles and perinatal mortality rates (per 1000) for multiple births®

Note: For explanation, see Fig. 18.
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been confirmed (+7 days) by ultrasound, early in the second trimester.
This reference would be most applicable to infants whose mothers are
confident of their menstrual dates and those whose gestational age has
been determined by early ultrasound. However, the routine use of
ultrasound is rare in developing countries and may decrease in developed
countries in the light of recent published clinical trials that have shown it
to produce no improvement in perinatal outcomes (57-60).

A very different, but equally valuable, approach is being taken by Yip and
colleagues (unpublished data) at the Centers for Disease Control in the
USA. Sex-, race- and altitude-specific references are based on vital
records of singleton, socially advantaged infants for the whole USA over
the period 1980-1987; this is highly advantageous in terms of both
sample size and representativeness. Problems with determining
gestational age are dealt with by a regression approach that allows
extrapolation of growth curves from newborns of higher gestational ages
to those (such as preterm deliveries) whose gestational ages have been
overestimated.

Despite the many differences in calendar time, population characteristics,
exclusions, and methods of estimating gestational age, the similarities
among the various references are more striking than their differences
(Tables 13 and 14). Several distinct patterns emerge. Girls weigh less
than boys, even at 28 weeks of gestation, and the difference increases
with advancing gestational age. The references of Lubchenco et al. (77,
78) and Brenner et al. (73) begin to lag behind the others by 32 weeks. In
the former, the lag is probably caused by the growth-restricting effect of
moderately high altitude, although low socioeconomic status may also
play a role (probably mediated, at least in part, by maternal cigarette
smoking). (The high 10th percentile values at 28 weeks suggest a
systematic overestimate of gestational age.) In the latter case, the lag is
probably due to the large proportion of black infants born to mothers of
low socioeconomic status. The low 10th percentile values at 28 and 32
weeks in the reference from North Carolina (85) probably reflect the
algorithm-induced exclusion of higher-weight infants at those gestational
ages. Birth weights in the recent Swedish (86, 87) and Canadian (88)
references do not exceed those of the other tabulated references until
term; higher post-term birth weights may reflect the increasing
availability of obstetrically confirmed gestational ages in those countries.

Conclusions

Because the effects on fetal growth of differing sex, race, and exposure L0
growth-promoting and growth-inhibiting environmental influences do
not appear to diverge until the late second or early third trimesters, any
of the recently published early-gestation reference curves (or a meta-
analysis based on several of them) could be used for developing a single
fetal growth standard up to at least 24-26 weeks (72-74). In later
gestation, however, the existing curves differ to some degree. The fact
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that growth varies according to fetal sex and race, and maternal height,
weight, parity, gestational nutrition, cigarette smoking, and numerous
environmental influences does not necessarily mean that separate curves
are required for each specific combination of these determinants. Indeed,
the recent suggestion that fetal growth curves should be “customized”
according to maternal determinants (89) simply begs the question as to
whether an infant who is small for age because the mother is short is
“equivalent” to an infant who is small because the mother is from India,
was thin before pregnancy, or smoked cigarettes during pregnancy.

Until more is known about determinant-specific fetal and child health
outcomes, the use of determinant-specific growth curves may result in
“controlling” out the adverse effects of growth-inhibiting influences
during gestation, and lead to the under-identification of individual infants
and populations in need of intervention. Such specific curves are
therefore not recommended. Moreover, regional and international
comparisons are facilitated by the use of a single reference (or, at most,
a small number of references) for fetal growth.

The case for sex-specific curves, however, appears unassailable. Starting
at about the third trimester, female fetuses are, on average, smaller than
male fetuses. All else being equal, however, the prognosis for mortality
and morbidity of girls is better than that of boys born at the same weight-
for-gestational-age.

Many investigators have also argued for race-specific curves. Several
within-country studies have shown that, before 34-36 weeks’ gestation,
black infants are larger than white infants; thereafter the pattern reverses
(2, 90-92). A similar pattern was recently reported among Hawaiian,
Filipino, and Japanese infants (93). However, most of these studies have
relied on gestational age estimated from LMP, and it is therefore possible
that some gestational ages before 36 weeks may have been
underestimated in black infants, although a very recent study of native
and immigrant Chinese infants with gestational age confirmed by early
ultrasound shows a similar trend (Wen SW, Kramer MS, unpublished
data).

Although it has not been possible to distinguish nature from nurture in
explaining the differences in mean birth-weight-for-gestational-age
between different racial groups, it is difficult to imagine any
environmental influence that would lead to faster growth early in the
third trimester and slower growth later on. Unless evidence is produced to
the contrary, differences in the rate of growth at different periods of
gestation seem likely to be genetically determined. Such differences
appear to support the case for race-specific curves, although a multiplicity
of standards would hinder comparison at the international level. As
Goldenberg et al. have shown (94), differences in method of assessing
gestational age, socioeconomic status, and altitude, use of singleton
versus multiple births, and inclusion versus exclusion of stillbirths or



infants with congenital anomalies are probably far more responsible than
race for the differences between the existing reference curves.

In summary, race-specific references should not be used where race is
associated with other risk factors, such as poor nutrition or low
socioeconomic status. Current knowledge does not confirm large genetic
differences in birth weight among various populations and therefore does
not support the use of separate, race-specific reference curves.

Further research is needed to identify those determinants of fetal growth
that influence mortality, morbidity, and performance independently of
their effects on growth. Although it is quite clear that the use of sex-
specific reference curves is justifiable, additional research is needed
using large populations and ultrasound confirmation of gestational age to
assess whether infants of different races born at a particular weight-for-
gestational-age are at substantially different risks for important health
outcomes. Similar research is needed for infants born to mothers of
different parity and stature, to determine whether infants who are born
small because their mothers are primiparous or of short stature are at the
same risk for adverse sequelae as those of equivalent size who are small
because their mothers have pre-eclampsia or smoke cigarettes. Until the
answers to those questions are available, the use of a single, sex-specific
international reference has much to recommend it.

Although none of the reference curves published or under development
meets all desirable criteria (Table 13), several appear to come close. The
best are probably those from California (84), Sweden (86, 87), and
Canada (88) (see Table 15). The Canadian reference is the most recent,
but there are irregularities in extreme percentiles at low gestational ages
because no smoothing technique was used. The Swedish reference is
slightly dated, but the statistically smoothed curves and presentation of
means plus and minus multiples of the standard deviations make it quite
useful for the diagnosis of SGA and LGA. As this is based on a selected
“healthy” population (of mothers and newborns) it could be of value
when a growth chart from a population that has achieved a high level of
its growth potential is needed for purposes of international comparison.

The Committee considered that the multiracial reference of Williams et
al. (84) represents the best option presently available. Of the total births,
9.9% were blacks, 25.8% whites with Spanish surnames, 59.2% non-
Spanish whites, and 5.1% other non-white minorities. The reference is
well known, it is based on a large sample size at the lower end of the
gestational age distribution, and it is comparable to many other candidate
curves. More importantly, perhaps, it provides data on the relationship
between birth-weight-for-gestational-age and neonatal mortality
(unfortunately, not presented by sex). Thus, the criteria for diagnosis of
SGA and LGA can be based on perinatal risk rather than arbitrary
statistical cut-offs, as well as on considerations of cost that will
ultimately determine the proportion of newborns for whom interventions
can be made available (see section 2).
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Table 15

Comparison of three selected reference data sets for newborn infants

Criteria

Williams et al. (84)

Lawrence et al. (86)
Niklasson et al. (87)

Arbuckle et al. (88)

Years of data collection 1970-1976

Sample size

Representativeness

Validity of
gestational age

Smoothed for
suspicious GAs

Race

Socioeconomic status

Stratification by sex
Multiple births

Congenital
malformations

Maternal pathologies
and intrauterine
infections

Quality of data source

Relates reference data

to outcome

From a population
where neonatal care
and outcomes are
“reasonably good”

Level of current use

2288 806

Population-based

LMP and clinical
estimation

Yes

Multiracial (9.9% black,
25.8% Hispanic whites,

59.2% non-Hispanic
whites, 5.1% other)

All births
Yes
Stratified

Included

Included

Birth registration
certificate
Yes

Yes

Wide

1977-1981
362 280

Population-based, of
“healthy” newborns

LMP in agreement
with ultrasound and
clinical estimation

Yes

Single-race
(Swedish}

High

Yes
Excluded
Excluded

Excluded

Birth registration
certificate
No

Yes

Very limited

1986-1988
1110093

Population-based

LMP, ultrasound,
and clinical
estimation

No

Multiracial
(9% “visible

. minorities”)

~ All births

Yes
Stratified

Included

Included

Birth registration
certificate
No

Yes

Very limited -

Reference curves for singleton boys and girls, as well as multiple births,
are provided in Figs 18-20.

The way in which a reference is interpreted and the clinical and public
health decisions that will be based upon it are probably more important
than the choice of reference. Criteria for diagnosis of SGA or LGA
should be based on evidence of increased risk for mortality, morbidity, or
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impaired performance. Future research should therefore attempt to
identify a range of fetal growth associated with optimal long-term health
outcomes, as well as ranges associated with specific adverse outcomes.
These results may lead to the use of cut-offs other than the traditional
10th and 90th percentiles, these new cut-off points may vary with
gestational age. New references should provide the 3rd, 5th, 10th, 15th
and 25th percentiles so that health planners and practitioners can identify
the portion of the population they need to work with, and should also
present the information according to Z-scores (e.g. -3, -2, -1, 0 (mean),
+1, +2, and +3) since the Z-score system will probably be more widely
used in the future. Where management decisions for individual infants
are based on their size for age, available options for intervention should
be rigorously tested and shown to do more good than harm. Similarly,
public health policy-makers should ensure that interventions designed to
“improve” an abnormal fetal growth distribution are truly beneficial to
mothers and their infants.

Based on all the above considerations, recommendations for specific
activities and future research are made in section 4.7.

Recommendations
General

1. Any of the recently published data on early gestation can be used up
to 26 weeks.

2. No “customized” curves or curves specific to particular determinants
of birth weight should be used.

3. The birth-weight-for-gestational-age, sex-specific, single/twins curve
developed by Williams et al. (84) is recommended. The 10th percen-
tile of the curve should be used for the classification of SGA.

4. Race-specific curves are not currently recommended for most
situations. However, the appropriateness of using race-specific
reference data for some populations with low infant mortality should
be evaluated.

4.7.2 For individuals

1. Percentiles of a distribution of birth-weight-for-gestational-age are
recommended as the ideal indicator, with cut-offs at the 10th (SGA)
and 90th (LGA) percentiles.

2. Where gestational age is unavailable, birth weight <2500g is
recommended as the LBW cut-off. However, in settings with a very
high prevalence of SGA, a cut-off of <2250 g or even <2000 g can be
applied to avoid overwhelming the health services. A cut-off of
<1500 g is recommended as the VLBW cut-off for identifying
newborn infants who should be given highest priority for referral to
higher levels of care.
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3.

If scales are unavailable and birth weight cannot be determined, chest
circumference should be measured; newborns with chest circum-
ference <29 cm should be designated as “highly at risk” and those
with circumference =229 cm but <30 cm as “at risk”. It should be
noted, however, that this measure has been validated only in terms of
its relationship to birth weight and not to perinatal outcomes.

4.7.3 For populations

1.

Prevalence of SGA in excess of 20% is recommended as the cut-off
for triggering public health action. In the absence of information
on gestational age, prevalence >15% of either LBW or chest
circumference < 29 cm may be used as a proxy cut-off.

As indicators of the need for health facilities (rather than as a proxy
for SGA), LBW prevalence exceeding 15% and VLBW prevalence
exceeding 2% are recommended.

Birth-weight-specific fetal and infant mortality should be monitored
for evaluating response to interventions.

4.7.4 For WHO

The Expert Committee recommends that WHO should promote the
research needed in the following areas:

1.

Assessment and development of fetal growth reference data suitable
for international applications.

Birth weight coefficients of variation by gestational age.

. Further development of the LBW/SGA databank at present organized

by WHO.

Assistance to Member States in improving their reporting systems for
data on birth-weight-for-gestational-age.

. Producing the means and SDs (Z-scores) from the reference of

Williams et al. (84).

4.7.5 For Member States
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The Expert Committee recommends that Member States should:

1.

Encourage the systematic collection of population-based data on
birth-weight-for-gestational-age (or its proxy indicators).

Implement simplified data collection systems for all deliveries.

Encourage the collation of birth weight records and infant death
certificates to  relate birth-weight-for-gestational-age data to
population-based outcomes.



4.7.6 For future research

The Expert Committee recommends research to:

1. Explore how risk factors that affect fetal growth influence newborn
mortality, morbidity, and performance, independently of fetal growth
effects.

2. Explore further the relationship between maternal morbidity and
newborn anthropometric measurements.

3. Explore the association between size and proportionality at birth and
long-term physical and developmental outcomes, including health
conditions into adulthood.

4. Explore the association between birth-weight-for-gestational-age and
newborn outcomes in developing countries.
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Infants and children

Introduction

A number of reports have addressed the appropriate use and
interpretation of anthropometry in infancy and childhood (Z-4). This
section is intended to update these reports and to discuss topics that they
did not cover fully.

The use and interpretation of growth measurements may differ
significantly according to whether they concern the individual (for
clinical purposes) or an entire population (for public health purposes).
The structure of this section reflects this important difference. Emphasis
is placed on the assessment of physical status by measurement of height,
weight, and mid-upper arm circumference. Other anthropometric
measurements may be of relevance in specific clinical and research
settings, particularly in developed areas, but these are not covered in
detail. Greater emphasis is also given to problems of less developed
areas, to children under 5 years old, to problems of undernutrition (rather
than overnutrition), and to public health considerations rather than
clinical applications, all of which are relevant to most of the world’s
children, particularly those at greatest health and nutritional risks.

The proper assessment and interpretation of physical status are of little
value without appropriate action to improve the health and nutritional
status of the individual child or of the population of interest. This section
of the report therefore focuses on the applications and interpretation
of anthropometry, although its scope does not include the detailed
prescription or subsequent evaluation of intervention activities. It also
addresses the growth patterns of infants fed according to current WHO
recommendations and the relevance of such patterns for the development
of growth curves. Increased recognition of the immediate benefits of
breast-feeding for health, nutrition, and child-spacing has led to
widespread efforts to promote exclusive breast-feeding from birth to
4-6 months of age; thereafter, children should continue to be breast-fed,
while receiving appropriate and adequate complementary foods, up to
2 years of age or beyond (9).

Anthropometric indices are used as the main criteria for assessing the
adequacy of diet and growth in infancy. Application of these criteria,
however, has become difficult as the scientific and clinical communities
have realized that growth patterns observed over the past 30-50 years,
among presumably normal infants, vary according to diet (6). This is
especially problematic when failure to understand these variations may
lead to inappropriate decisions on supplementary feeding of fully breast-
fed infants — a dangerous change where the new foods may be
contaminated or of poor nutritional quality. The outcomes of premature
weaning are an increased risk of infectious illness, the replacement of
human milk by foods of inferior nutritional value, and reduced
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contraceptive protection for the mother. On the other hand, too long a
delay in introducing complementary foods may result in wasting and
stunting.

In the light of the importance of these issues, the growth of breast-fed
infants living under favourable environmental conditions has been
examined to determine whether it differs substantially from accepted
international references for weight-for-age, height-for-age, and weight-
for-height, and whether any differences are of practical significance to
clinical practice and public health policy. The relative merits of
references based upon current practices compared with those derived
from populations following current health-related recommendations
were of particular importance to these considerations.

Terminology and clarification of commonly used terms

Three commonly used anthropometric indices are derived by comparing
height and weight measurements with reference curves: height-for-age,
weight-for-age, and weight-for-height. Although these indices are
related, each has a specific meaning in terms of the process or outcome of
growth impairment. Moreover, the ranges of the deficit of physical status
based on each index vary significantly across populations. In non-
emergency situations, prevalence levels of low height-for-age tend to be
substantially greater than those of weight-for-height, even in the Indian
subcontinent where low weight-for-height is particularly prevalent (7).

Deficits in one or more of the anthropometric indices are often regarded
as evidence of “malnutrition”. However, it should not be assumed that
such deficits are solely the result of nutrient or energy deficit (often, in
turn, equated with a lack of food intake). A significant deficit in a
physical measurement, indicating past or current malnutrition at the
cellular level, could be due to a primary lack of food, to an increased rate
of nutrient utilization (as in many infectious diseases), and/or to impaired
absorption or assimilation of nutrients. The combination and interaction
of these processes contribute to much of the deficit in growth or physical
status observed in less developed areas. Thus, anthropometric findings
alone do not define the specific processes that are leading to malnutrition:
interpretation of a growth deficit depends on the indices used, on the
causes of the deficit, and on the socioeconomic status of the population
under study.

To some, “malnutrition” implies the severe form of wasting characterized
by the clinical conditions of marasmus and kwashiorkor. However, the
term also encompasses milder forms of undernutrition, characterized
by a significant deficit in one or more of the anthropometric indices.
The terms ‘“malnutrition”, “undernutrition”, and ‘“protein-energy
malnutrition” have all been widely used to describe abnormal anthro-
pometric findings and have an important role in advocacy, but their use



should be properly qualified whenever possible. In particular, they should
not be equated exclusively with hunger or inadequate dietary intake.
Furthermore, abnormal anthropometric findings related to excess intake,
with resulting overweight or obesity, also indicate a form of malnutrition.
It would be helpful to qualify the term “malnutrition” with specific
anthropometric parameters, for example by describing results as
“malnutrition based on low weight-for-height”.

Whenever the term “malnutrition” is used without qualification in this
section, it refers to the syndrome that results from the interaction between
poor diet and disease and leads to most of the anthropometric deficits
observed among children in the world’s less developed areas.

Table 16 summarizes the most useful terms for describing anthro-

pometric abnormalities.

Table 16

Common terms for height- and weight-based anthropometric indicators

Anthropometric Terms describing  Terms describing
indicator outcomes process Explanation
Low height-for-age Shortness — Descriptive
Stunted Stunting (gaining Implies long-term
insufficient height malnutrition and
relative to age) poor health
Low weight-for-height ~ Thinness — Descriptive
Wasted Wasting (gaining Implies recent
insufficient weight or continuing
relative to height, current severe
or losing weight) weight loss
High weight-for-height Heaviness — Descriptive
or high body mass
index Overweight Gaining excess weight Implies obesity
relative to height, or
gaining insufficient
height relative to weight
Low weight-for-age Lightness - Descriptive
Underweight Gaining insufficient Implies stunting
weight relative to age, and/or wasting
or losing weight
High weight-for-age Heaviness - Descriptive
Overweight Gaining excess weight Implies overweight

relative to age

as a result of
obesity
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Height-for-age

Height-for-age reflects achieved linear growth and its deficits indicate
long-term, cumulative inadequacies of health or nutrition. Two related
terms — length and stature — are also used. Length refers to the
measurement in a recumbent position, and is often used for children
under 2-3 years of age who cannot stand well. Standing height
measurement is often referred to as stature. For simplification, the term
height is used here to cover both measurements.

Low height-for-age: shortness and stunting. “Shortness” is the descrip-
tive definition of low height-for-age. It implies nothing about the reason
for an individual’s being short, and can reflect either normal variation or
a pathological process. “Stunting” is another commonly used term but
one that implies that shortness is pathological; it reflects a process of
failure to reach linear growth potential as a result of suboptimal health
and/or nutritional conditions.

In less developed areas, where the prevalence of low height-for-age is
substantial, it may be safely assumed that most short children are stunted;
it is therefore appropriate to use the term stunting to represent low height-
for-age. However, where the prevalence of low height-for-age is low (that
is, near the expected level), most children with low height-for-age are
genetically short, and it is then inappropriate to assume that short
children are stunted.

The worldwide variation of prevalence of low height-for-age (below
-2 SD of the NCHS/WHO reference) is considerable, ranging from 5 to
65% among the less developed countries (7). In many such settings,
prevalence starts to rise at the age of about 3 months; the process of
stunting slows down at around 3 years of age, after which mean heights
run parallel to the reference.

In areas of high prevalence, therefore, the age of the child modifies the
interpretation of height-for-age. For younger children (under 2-3 years),
low height-for-age probably reflects a continuing process of “failing to
grow” or “stunting”; for older children, it reflects a state of “having failed
to grow” or “being stunted” (4).

Because height deficits result from a long-term process, the term
“chronic malnutrition™ is often used to describe low height-for-age and
seems to imply that poor nutrition or inadequate food consumption is the
cause of the observed deficit. It fails to differentiate between a deficit
associated with a past event and one associated with a long-term,
continuing process, yet this differentiation has major implications for
intervention. For these reasons, general use of “chronic malnutrition™ as
a synonym for low height-for-age should be discouraged.

High height-for-age: tallness. High height-for-age, or tallness, is an
indicator with little public health significance and is not discussed in this
report. It may, however, be of clinical concern, especially in developed



areas, since rare endocrine disorders such as growth-hormone-producing
tumours may be manifest as excessive linear growth.

Weight-for-height

Weight-for-height reflects body weight relative to height. Its use carries
the advantage of requiring no knowledge of age (which may be difficult
to assess in less developed areas). Howeyver, it is important to note that
weight-for-height does not serve as a substitute for height-for-age or
weight-for-age, since each index reflects a different combination of
biological processes: although they may share common determinants,
they cannot be used interchangeably.

Low weight-for-height: thinness and wasting. The proper description of
low weight-for-height is “thinness”, a term that does not necessary imply
a pathological process. The term “wasting”, on the other hand, is widely
used to describe a recent and severe process that has led to significant
weight loss, usually as a consequence of acute starvation and/or severe
disease. Children may also be thin as a result of a chronic dietary deficit
or disease; for those in whom thinness is known to be due to one of these
pathological processes, use of the term wasting is appropriate. The term
can also be applied to populations in which the prevalence of thinness
substantially exceeds the 2-3% expected on the basis of normal
distribution; in such populations, it is probable that most thin children
will be wasted.

In contrast to low height-for-age, low weight-for-height in non-disaster
areas is of relatively constant prevalence, usually less than 5% (7) (see
Table 17). The Indian subcontinent, where higher prevalences are found,
is an important exception. Typically, the prevalence of low weight-for-
height shows a peak in the second year of life.

The terms ‘“acute malnutrition”, “current malnutrition”, and “severe
malnutrition” — like chronic malnutrition — are often wrongly used as
synonyms for wasting or low weight-for-height. Lack of evidence of
wasting in a population does not imply the absence of current nutritional
problems: stunting and other deficits may be present (§). On the other
hand, low weight-for-height may not always be of recent onset; it may be
the result of a chronic condition in some communities.

High weight-for-height: overweight and obesity. “Overweight” is the
preferred term for describing high weight-for-height. Even though there
is a strong correlation between high weight-for-height and obesity as
measured by adiposity, greater lean body mass can also contribute to high
weight-for-height. On an individual basis, therefore, “fatness” or
“obesity” should not be used to describe high weight-for-height. However,
on a population-wide basis, high weight-for-height can be considered as
an adequate indicator of obesity, because the majority of individuals with
high weight-for-height are obese. Strictly speaking, the term obesity
should be used only in the context of adiposity measurements, for
example skinfold thickness.
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Table 17

Height-for-age, weight-for-height, and weight-for-age Z-scores

% below Mean
Country Year Age (years) -2 Z-scores Z-score SD
Height-for-age Z-scores

Armenia 1993 0.5-5 6.2 -0.41 117
Bolivia 1982 0.5-5 40.5 -1.66 1.31
1989 0.5-3 29.1 -1.43 1.36
Brazil 1986 0.5-3 24.7 -1.32 1.32
Burundi 1987 0.5-3 40.9 -1.75 1.34
Colombia 1986 0.5-3 21.0 -1.19 1.19
Dominican Republic 1086 0.5-3 16.5 -1.02 1.31
Egypt 1980 0.5-5 36.2 -1.62 1.14
1988 0.5-3 24.1 =1.20 1.34
El Salvador 1988 0.5-5 32.9 -1.51 1.15
‘ 1993 0.5-5 24.3 -1.24 117
Ghana 1088 0.5-3 24.8 -1.31 1.28
Guatemala 1987 0.5-3 56.7 -2.156 1.31
Irag 1992 0.5-56 24.6 -1.23 1.22
Jordan 1974 0.5-3 25.6 -1.23 1.21
1978 0.5-3 23.3 -1.23 1.16
1984 0.5-3 16.7 -0.91 1.20
1990 0.5-3 7.2 -0.61 1.05
Lebanon 1978 0.5-3 211 -0.88 1.39
1990 0.5-3 6.9 -0.48 1.15
Morocco 1987 0.5-3 21.5 -1.24 1.36
Nepal 1975 0.5-5 69.0 -2.60 1.26
Nigeria (Ondo) 1087 0.5-3 30.9 -1.46 1.28
Occupied Palestinian 1974 0.5-3 19.3 -1.10 1.13
Territories (Gaza) 1978 0.5-3 211 -1.13 1.21
1984 0.5-3 20.4 -0.99 1.28
1990 0.5-3 7.6 -0.49 1.1
Occupied Palestinian 1978 0.5-3 25.0 -1.23 1.28
Territories (West Bank) 1984 0.5-3 15.5 -0.94 1.11
1990 0.5-3 6.3 -0.42 1.15
Romania 1991 0-2 7.3 -0.29 1.16
. 1991 2-5 8.5 -0.44 1.23
Senegal 1986 0.5-3 22.5 -1.20 1.18
Sri Lanka 1978 0.5-5 574 -2.26 1.18
1987 0.5-3 268.3 -1.38 1.15
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Table 17 (continued)

% below Mean
Country Year Age (years) -2 Z-scores Z-score SD
Height-for-age Z-scores (continued)
Syria 1978 0.5-3 20.3 -1.12 1.13
1990 0.5-3 15.7 -0.97 1.14
Thailand 1987 0.5-3 18.0 -1.07 1.08
Togo 1977 0.5-5 33.5 -1.53 1.22
1988 0.5-3 243 -1.31 1.29
Trinidad and Tobago 1987 0.5-3 4.6 -0.28 1.09
Uganda 1989 0.5-3 38.4 -1.73 1.37
USA (American Indian) 1989 2-5 4.8 -0.13 1.1
USA (Asian refugee) 1980 2-5 18.4 -0.94 1.18
1984 2-5 12.2 -0.72 1.14
1989 2-5 7.7 -0.32 1.18
USA (black) 1989 2-5 3.3 -0.10 1.12
USA (Hispanic) 1989 2-5 3.3 -0.14 1.17
USA (white) 1989 2-5 5.1 -0.23 1.09
Yemen 1979 0.5-5 57.6 -2.21 1.24
Zimbabwe 1989 0.5-3 27.2 -1.39 1.18
Weight-for-height Z-scores
Armenia 18823 0.5-5 1.0 0.20 0.91
Bolivia 1982 0.5-5 G.8 0.35 0.88
1982 0.5-3 1.4 0.21 1.04
Brazil 1986 0.5-5 1.0 0.i7 0.94
Burundi 1987 0.5-3 6.3 -0.49 1.02
Colombia 1988 0.5-3 1.6 017 1.03
Dominican Republic 1986 0.5-3 2.5 -0.04 0.97
Egypt 1980 0.5-5 4.1 -0.32 0.97
1988 0.5-3 1.5 0.17 0.98
El Salvador 1088 0.5-5 2.2 -0.183 1.01
1993 0.5-2 1.3 -0.09 0.91
Ghana 1988 0.5-3 10.2 -0.72 0.95
Guatemala 1987 0.5-8 2.4 -0.01 0.93
Haiti 1978 0.5-5 9.1 -0.74 0.98
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Table 17 (continued)

% below Mean
Country Year Age (years) -2 Z-scores Z-score SD
Weight-for—height Z-scores (continued)
Iraq 1992 0.5-5 2.8 -0.32 0.97
Iraq (Kurds)® 1991 0-2 8.9 -0.80 0.96
2-6 - 1.5 -0.11 0.89
Jordan 1974 0.5-3 6.3 -0.47 1.04
1984 0.56-3 1.7 0.09 1.09
Lebanon 1978 0.5-3 4.7 -0.27 1.07
1990 0.5-3 4.2 -0.32 0.97
Morocco 1987 0.5-3 2.6 -0.02 1.02
Nepal 1975 0.5-5 13.2 -1.09 0.84
Nigeria (Ondo) 1987 0.5-3 7.2 -0.55 0.94
Occupied Palestinian 1974 0.5-3 5.0 -0.44 0.97
Territories (Gaza) 1978 0.5-3 2.4 -0.03 0.99
1984 0.5-3 2.0 0.20 1.09
1990 0.5-3 1.8 -0.01 0.94
Occupied Palestinian 1978 0.5-3 3.9 -0.12 1.08
Tertitories (West Bank) 1984 0.5-3 1.6 -0.02 0.92
Romania 1991 0-2 2.8 -0.13 1.01
1991 2-5 2.3 -0.17 0.93
Senegal 1986 0.5-3 6.2 -0.47 1.07
Somalia® 1993 0.5-6 37.1 -1.74 1.17
Sri Lanka 1978 0.5-5 21.5 -1.38 0.80
1987 0.5-3 16.5 -0.98 0.89
Sudan (southern)? 1993 0.5-6 71.9 -2.58 1.1
Syria 1978 0.5-3 1.9 -0.33 0.85
1990 0.6-3 4.4 -0.39 0.97
Thailand 1987 0.5-3 6.4 -0.56 0.98
Togo 1977 0.5-5 4.5 -0.52 0.90
1988 0.5-3 3.9 -0.27 1.11
Trinidad and Tobago 1987 0.5-3 4.0 -0.25 1.13
Uganda 1989 0.5-3 2.0 0.06 0.96
USA (American Indian) 1989 2-5 0.8 0.47 1.00
USA (Asian refugee) 1980 2-5 3.6 -0.17 1.00
1984 2-5 3.1 -0.15 1.04
1989 2-5 2.7 -0.04 1.01

¢ Survey conducted during emergency or under disaster conditions.
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Table 17 (continued)

% below Mean
Country Year Age (years) -2 Z-scores  Z-score SD
Weight-for-height Z-scores (continued)
USA (black) 1989 2-5 2.1 0.07 1.08
USA (Hispanic) 1989 2-5 1.2 0.29 1.07
USA (white) 1989 2-5 1.8 0.11 0.98
Yemen 1979 0.5-5 11.3 -0.95 0.88
Zimbabwe 1989 0.56-3 1.4 0.19 1.08
Weight-for-age Z-scores
Armenia 1993 0.5-5 4.7 -0.34 1.04
Bolivia 1982 0.5-5 12.4 -0.84 1.07
1989 0.5-3 1.4 -0.73 1.20
Brazil 1986 0.5-3 10.2 -0.71 117
Burundi 1987 0.56-3 32.5 -1.53 1.21
Colombia 1986 0.5-3 8.7 -0.62 115
Dominican Republic 1986 0.5-3 9.5 -0.66 1.15
Egypt 1980 0.5-5 23.6 -1.27 1.15
1988 0.5-3 1.6 -0.72 118
El Salvador 1988 0.5-5 16.8 -1.04 1.01
1993 0.5-5 1.5 -0.86 1.01
Ghana 1988 0.5-3 25.2 -1.36 117
Guatemala 1987 0.5-3 30.4 -1.44 117
Haiti 1978 0.5-3 37.C -1.60 1.19
Iraq 1992 0.5-5 13.2 -0.82 1.16
Jordan 1972 0.5-3 20.3 -1.17 1.08
1978 0.5-3 17.2 -1.03 1.00
1984 0.5-3 5.5 -0.54 1.02
1990 0.5-3 5.2 -0.55 0.97
Lebanon 1978 0.5-3 157 -0.78 119
18990 0.5-3 7.9 -0.61 1.04
Morocco 1987 0.c-C 12.3 -0.79 1.23
Nepal 1975 0.c-2 089.4 -2.39 0.93
Nigeria (Ondo) 1987 0.2-8 28.9 -1.34 1.10
Occupied Palestinian 1974 0.5-3 “8.2 -1.06 1.07
Territories (Gaza) 1978 0.2-3 1.1 -0.75 1.08
1984 0.5-3 8.0 -0.49 0.99
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Table 17 (continued)

% below Mean
Country Year Age (years) -2 Z-scores  Z-score SD
Weight-for-age Z-scores (continued)
Occupied Palestinian 1978 0.5-3 14.9 -0.93 1.08
Territories (West Bank) 1984 0.5-3 7.5 -0.63 0.98
Romania 1991 0-2 4.9 -0.25 1.08
1991 2-5 6.2 -0.49 1.04
Senegal 1086 0.5-3 18.1 -1.10 1.10
Sri Lanka 1978 0.5-5 78.3 -2.38 0.91
1987 0.5-3 38.3 -1.65 1.08
Syria 1978 0.5-3 12.8 -0.97 0.95
Thailand 1987 0.5-3 19.0 -1.13 1.1
Togo 1977 0.5-5 26.2 -1.36 1.04
1988 0.5-3 16.2 -1.01 1.37
Trinidad and Tobago 1987 0.5-3 6.6 -0.43 1.22
Uganda 1989 0.5-3 17.7 -1.06 1.21
USA (American Indian) 1989 2-5 1.5 0.20 1.18
USA (Asian refugee) 1980 2-5 12.3 -0.77 1.20
1984 2-5 8.4 -0.61 1.24
1989 2-5 4.7 -0.31 1.21
USA (black) 1989 2-5 3.3 0.10 1.12
USA (Hispanic) 1989 2-5 1.8 0.09 1.26
USA (white) 1989 2-5 5.1 -0.23 1.09
Yemen 1979 0.5-5 56.1 -2.09 0.96
Zimbabwe 1989 0.5-3 10.4 -0.72 1.12
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Weight-for-age

Weight-for-age reflects body mass relative to chronological age. It is
influenced by both the height of the child (height-for-age) and his or her
weight (weight-for-height), and its composite nature makes interpretation
complex. However, in the absence of significant wasting in a community,
similar information is provided by weight-for-age and height-for-age, in
that both reflect the long-term health and nutritional experience of the
individual or population. Short-term change, especially reduction in
weight-for-age, reveals change in weight-for-height.

Low weight-for-age. “Lightness” has been proposed as a descriptive term
for low weight-for-age, while “underweight” has been used to refer to the
underlying pathological process. Although there is some inconsistency



with the use of overweight (which refers to excessive weight-for-height),
the term underweight has been widely used to describe the condition in
high-prevalence areas, just as stunting and wasting are employed in the
context of low height-for-age and low weight-for-height.

Because low weight-for-age reflects low height-for-age, low weight-for-
height, or both, the term “global malnutrition” has been used to describe
this indicator, which may encompass “chronic malnutrition” and/or
“acute malnutrition”. For the reasons discussed above, this term should
be avoided.

The worldwide variation of low weight-for-age and its age distribution
are similar to those of low height-for-age (7).

High weight-for-age. High weight-for-age is seldom used for public
health purposes because other indicators, such as high weight-for-height,
are more useful in the evaluation of overweight as a proxy for obesity.
The proper descriptive term for high weight-for-age would be “heavi-
ness” (for consistency with lightness for low weight-for-age). Because
few children have high weight-for-age as a result of tallness, for practical
purposes high weight-for-age reflects high weight-for-height or over-
weight.

Other anthropometric indices

Some of the large number of available anthropometric indices are
described below, although few have achieved such widespread use as the
height- and weight-based measurements already discussed.

Mid-upper arm circumference. Mid-upper arm circumference (MUAC)
has been proposed as an alternative index of nutritional status for use
where the collection of height and weight measurements is difficult,
including emergency situations such as famines or refugee crises.
In these situations, low MUAC, based on a fixed cut-off point such as
12.5 cm, has been used as a proxy for low weight-for-height or wasting.
Comparisons of the two indicators, however, show that they are poorly
correlated (9, 10). In community-based studies, on the other hand,
MUAC appears to be a superior predictor of childhood mortality
compared with height- and weight-based anthropometric indicators
(11-14). This has led to the proposal of MUAC as an additional screening
tool in non-emergency situations.

The key operational advantages of MUAC include the portability of
measuring tapes and the fact that a single cut-off value (12.5 or 13.0 cm)
can be used for children under 5 years of age. The use of a fixed cut-off
value was based on the observation in normal, well fed Polish children
that MUAC increased by only about 1 cm between the ages of 1 and
4 years (15, 16). However, this assumption of age independence may
not reflect the true pattern of mid-upper arm growth, and the use of
a fixed cut-off may result in wasting being overdiagnosed among
younger children and underdiagnosed among older ones (17).
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Mean MUAC values across ages for the NCHS sample of children in the
USA and for a cohort of Malawian children are shown in Fig. 21. Both
populations show a definite age-dependent increase of approximately
2 cm in MUAC between the ages of 6 and 59 months. When a unisex
MUAC-for-age reference was constructed from the NCHS data (see
Annex 3) and applied to the Malawian children, important differences
were observed between the age-specific prevalences of low MUAC-for-
age Z-scores and of low MUAC based on a cut-off of 13.0 cm (Fig. 22).
A fixed MUAC cut-off therefore resulted in a large proportion of young
children being identified as positive cases, which explains the apparently
poor correlation of low MUAC with low weight-for-height. Since
mortality among infants and younger children, regardless of their
anthropometric status, is higher that than among older children, low
MUAC based on a fixed cut-off seems to have been an excellent predictor
of childhood mortality in many studies (//-14).

A one-year follow-up of the Malawian children provided an opportunity
to examine the predictive value of MUAC for mortality, with and without
taking age into account. Table 18 compares the sensitivity, specificity,
and positive predictive value of eight indicators divided into two groups:
those using absolute cut-offs (MUAC, weight, height, and age) and those
that are age-adjusted (MUAC-for-age, height-for-age, weight-for-height,
and weight-for-age). To ensure comparability, the cut-offs were chosen to
correspond to the 20th percentile for the distribution of each index, so
that 20% of the children would be screen positives. It is evident that the

Figure 21
Mean mid-upper arm circumference for children in the USA (NCHS) and in Malawi,
aged 6-59 months

18

'y e 'y
[, [o)] ~

Mean MUAC (cm)

—
N

13

172

—O=— Malawi
L --@--. USA (NCHS) g
o

WHO 94608

AR RIS N NP N T T SO A N Y O TR U |

0 6 12 18 24 30 36 42 48 54 60

Age (months)



Figure 22
Age-specific prevalences of low MUAC in Malawian children aged 6-59 months,
according to two different cut-offs
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superior performance of MUAC declined significantly after adjustment
for age (low MUAC-for-age). In fact, the MUAC performance in
predicting mortality is comparable to that of age, height, or weight based
on fixed cut-offs (Table 18). The recommended reference data (see
Annex 3) include the MUAC-for-age reference based on children in the
USA aged 6 to 60 months from the samples collected for the first and
second National Health and Nutrition Examination Surveys (NHANES I
and II).
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Table 18
Comparison of the performance of age and of various anthropometric indicators
in predicting one-year mortality among a cohort of Malawian children aged

6-59 months
Positive predictive
Sensitivity (%) Specificity® (%) value (%)

Fixed cut-offs

Age <14.2 months 41.5 81.1 6.0

MUAC <13.5 cm 37.0 80.1 5.1

Height <72.6 cm 45.7 80.8 5.9
Weight <8.3 kg 43.9 81.3 6.4

Age-adjusted cut-offs (Z-scores} ‘
MUAC-for-age <-1.97 30.9 806 4.4

Height-for-age <-3.28 28.4 80.2 3.5
Weight-for-age <-2.49 27.2 80.5 3.9
Weight-for-height <-1.19 271 80.6 3.6

@ All cut-off points were chosen to select approximately 20% of the children as screen positives.

174

Although MUAC is confounded by age when a fixed cut-off is used, it is
still of value for certain applications. For example, it seems to perform
nearly as well as height-, weight-, and age-based measurements and may
be easier to determine in many situations. In many settings, too, it is
desirable to give priority to younger children who are more vulnerable to
morbidity and mortality. However, for proper interpretation of MUAC
with regard to nutritional status or to its etiological relationship to
functional outcomes, the application of an MUAC-for-age reference is
indicated, because of the significant increase of MUAC up to the age of
5 years. .

Current evidence from Bangladesh (Bloom M, personal communication)
suggests that MUAC-for-age provides comparable information to weight-
for-height in the context of nutritional surveillance of populations. The
usefulness of MUAC-for-age underlines the need to evaluate properly the
less commonly used index of MUAC-for-height, including the use of the
QUAC stick (I8), which is a simple means of adjusting MUAC cut-offs
according to height; MUAC-for-height might prove to be an adequate
proxy for MUAC-for-age.

Using MUAC-for-age reference data in the field is no more complicated
than 'using a weight-for-height reference, which is commonly done
during rapid nutrition surveys. Moreover, the equipment required to



measure MUAC is much simpler than that for measuring weight and
height. One disadvantage of using MUAC-for-age in the field, however,
is the need to determine age, which is often difficult. Another limitation
worth noting is the relatively large variability in MUAC measurements,
especially when they are made by inexperienced field workers; an error -
of 0.5 cm is small in terms of height measurements but has much greater
significance for MUAC. For this reason, more time and effort are needed
for proper staff training and standardization of MUAC. The height-based
QUAC stick, however, is much easier to use than an anthropometer
because it does not require reading of a measurement.

Body mass index. Body mass index (BMI) is calculated by dividing
weight in kilograms by the square of height in metres. In adults it is used
with age-independent cut-offs to define overweight or thinness (see
sections 7 and 8). It has also been used for older children and adolescents,
but not widely used for young children because of its variation with age.
Thus, in addition to the calculation or use of a table or nomogram
required to obtain the BMI value, it is also necessary to refer to a BMI-
for-age curve to interpret the calculated value. Furthermore, there is no
widely-used paediatric BMI reference, nor does the development of one
seem useful at this stage.

Skinfolds. Skinfold measurements assess the thickness of subcutaneous
tissue and are widely used for assessing obesity among adults. Used
alone, however, they are of limited value for assessing the degree of
wasting because they fail to take into account changes in muscle mass. In
addition, high intra- and inter-individual variation, the cost of equipment,
and the lack of widely acceptable reference data preclude their
application for children for the diagnosis of either over- or under-
nutrition, unless highly skilled individuals are available to perform the
measurements.

Head circumference. Head circumference (occipital-frontal circum-
ference) is often used in clinical settings as part of health screening for
potential developmental or neurological disabilities in children. Both
small and large circumferences are indicative of health or developmental
risk. The measurement is of less value for assessing nutritional status or
for monitoring the response to nutritional interventions. except in infants

(19).

Proxies for length. There are methodological and practical limitations
to obtaining accurate measurements of infant length, particularly in
environments where equipment and personnel are inadequate for
undertaking measurements as currently standardized. Potential proxies
include leg (or fibular) and arm (or ulnar) length, as well as head
circumference. If these proxies are valid indicators of length throughout
infancy and can be shown to be easier to measure accurately, they
would permit indirect assessments of stunting without cumbersome
measurements of total length. This issue merits further research.
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5.1.2 Expression and interpretation of anthropometry
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Evaluation of the anthropometric status of an individual or of a
population requires the use of growth standards or references. As
mentioned above, WHO has recommended the use of height and weight
reference data for populations studied by the US National Center for
Health Statistics — the NCHS/WHO reference (2). For the reporting of
height-for-age, weight-for-height, weight-for-age, and MUAC-for-age
relative to the reference, three different systems are commonly used:
Z-scores (standard deviation scores), percentiles, and percent of median
values. These are discussed in section 2 and summarized below.

The Z-score or standard deviation value system

The Z-score system expresses the anthropometric value as a number of
standard deviations or Z-scores below or above the reference mean or
median value. A fixed Z-score interval implies a fixed height or weight
difference for children of a given age. For population-based uses, a major
advantage is that a group of Z-scores can be subjected to summary
statistics such as the mean and standard deviation.

The percentile system

The percentile refers to the position of an individual on a given reference
distribution. 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.
Statistical calculations, such as the mean and standard deviations, are
thus inappropriate for percentile values. Moreover, the lack of change in
percentile values near the extremes of the reference distribution, when in
reality there is a substantial change in weight or height status, represents
a further disadvantage of this system.

The percent of median system

Anthropometric measurements can also be expressed as a percentage of
the median value of the expected reference. The principal disadvantage of
this system is a 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, and could therefore be taken to indicate different risks in terms
of health. Also, the proposed cut-offs for percent of median are different
for each of the three common indices. For example, to approximate a cut-
off of -2 Z-scores, the commonly used cut-off for low height-for-age is
90% of the median, while for low weight-for-height it is 80%.

The key features of the three reporting systems for height-, weight-, and
MUAC-based indices (20) have already been summarized in Table 1. Of
the three systems commonly used for expressing anthropometry, the
Z-score system is to be preferred. This is consistent with an earlier
recommendation of a WHO working group (3).



5.1.3 Biological and social significance of anthropometry

Malnutrition is often portrayed as part of a vicious cycle that also
includes poverty and disease, the three components being interrelated
and each contributing to the occurrence and persistence of the others.
Anthropometric deficits may therefore act through the other two
components of the cycle and lead to further malnutrition. Socioeconomic
and political changes that improve health and nutrition conditions can
break the cycle, as can specific interventions in the areas of nutrition,
health, and related sectors. A detailed review is beyond the scope of this
report, but the proper interpretation of anthropometry requires a general
understanding of these issues.

Biological and social determinants of anthropometry

In environments where there are no adverse influences on growth, small
differences in the growth patterns of children of different ethnic groups
result in a worldwide height variability of about 1 cm in 5-year-old
children (27). By far the greatest part of worldwide variation can be
attributed to differences in socioeconomic status: a review of data on
preschool children from several countries revealed differences of up to
12% in height and 30% in weight according to socioeconomic class (22).

Of the major determinants of, or events leading to, malnutrition, some are
more distant (or distal) and some are more immediate (or proximal) to the
outcome. The proximal factors are inadequate dietary intake and disease.
The distal factors are socioeconomic in nature and do not influence
anthropometric status directly, but do so through intermediate and
proximal determinants via a number of causal pathways. For example,
poverty can lead to low levels of parental education, poor water supply
and sanitation, scarce resources for buying food, poor food availability,
and inadequate health care, all of which contribute to a greater risk for
disease and poor energy and nutrient intake. Cultural factors, influenced
by social and economic background, also play an important role in the
etiology of poor growth. Examples include the duration of breast-
feeding, hygiene practices that lead to food contamination, and child-care
practices, including food taboos. These intermediate-level determinants
will lead to the most important proximal determinants of poor growth,
namely inadequate dietary intake and infectious diseases.

In general, the causes of a high prevalence of wasting, including acute
food shortage, increased rates of diarrhoea, or economic crises, are
obvious. The causes of elevated prevalences of stunting, other than the
general socioeconomic status of the population, are less easily identified.

Energy and nutrient intake. It is widely accepted that much of the global
childhood stunting and wasting is the result of deficiencies in energy and
protein intake, hence the term “protein-energy malnutrition”, commonly
used to describe growth deficits. Dietary intake includes the consumption
of energy, macronutrients, and micronutrients, and its impact on linear
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growth, ponderal growth, and attained height and weight of children has
been demonstrated in supplementation trials (23). Because the food
provided in these trials contained energy, macronutrients, and micro-
nutrients, it is not possible to separate the effects of energy on anthro-
pometry from those of specific nutrients. The major role of inadequate
energy intake in the anthropometric deficits observed in less developed
areas is well known, but there is increasing evidence that deficiencies of
micronutrients such as vitamin A, iron, and zinc may also play a
significant role (24-26).

Infectious disease. The role of infectious diseases in determining growth
has been studied extensively in recent years. Infections may adversely
affect growth by reducing appetite and thus food intake, decreasing
nutrient absorption, increasing metabolic requirements, or causing direct
nutrient loss (23). Of all infectious diseases, diarrhoea has the most
marked effect on anthropometric status, and several longitudinal studies
in different parts of the world have reported its negative impact on child
growth (27). Food supplementation may offset the negative impact of
diarrhoea on attained height (28). At the population level, the relative
effects of diarrhoea on anthropometric status are greater at higher
baseline prevalences (23). Although upper respiratory infections do not
seem to affect growth, pneumonia and other lower respiratory tract
infections have a deleterious effect (29). Measles and malaria have been
associated with poor growth in the Gambia (30), and anthelminthic
treatment of intestinal parasitcs has been shown to improve child growth.

Biological and social consequences of abnormal anthropometry
Abnormal anthropometry, including deficits in weight and height gain as
well as excess weight gain, has significant short- and long-term health
consequences. The framework for examining the consequences of
abnormal anthropometry is outlined in the following paragraphs.

Short- and long-term consequences. To a large extent, the time-span
studied depends on the indicator being considered. For acute
anthropometric deficits such as wasting due to diarrhoea, the very short-
term consequences, including mortality, may occur within days. Using
childhood obesity as an example, the most immediate prediction is that of
risk of obesity during adolescence and, later, in adulthood. The next level
of prediction is the risk of hypertension, diabetes, and hyper-
cholesterolaemia. The third level is the risk of developing ischaemic
heart disease, and the final level the risk of mortality. This chain of events
must be taken into account when studying the predictive value of
abnormal anthropometry.

Age. The prevalence of anthropometric deficits changes with age. Low
weight-for-height, for example, peaks in the second year of life, while
low height-for-age may start very early, at around 3 months of age, with
prevalence decreasing at around 3 years. The same anthropometric
indicator, therefore, has different meanings or different predictive values



at different ages. A high prevalence of low height-for-age among 1-year-
olds indicates current health and nutrition problems in the population
(stunting). Among 5-year-olds, it reflects a past problem in the children
already affected (stunted), but may also indicate that there is active,
concurrent stunting among younger children in the population.

Low weight-for-age among young children is more likely to reflect the
prevalence of low weight-for-height, but at later ages it is more closely
associated with the prevalence of low height-for-age.

Nature of the outcome. The major outcomes of malnutrition may be
classified in terms of morbidity (incidence and severity), mortality,
psychological and intellectual development, and consequences in adult
life (adult size, work and reproductive performances, and risk of chronic
diseases).

® Childhood morbidity. Several authors have examined the association
between anthropometry and morbidity. While there is some debate
about whether malnutrition leads to a higher incidence of diarrhoea,
there is little doubt that malnourished children tend to have more
severe diarrhoeal episodes in terms of duration, risk of dehydration or
hospital admission, and associated growth faltering (27-29, 31). The
risk of pneumonia is also increased in these children (32).

® Childhood mortality. A number of studies carried out during both
emergency and non-emergency situations have demonstrated the link
between increased mortality and increasing severity of anthropo-
metric deficits (33, 34). Data from six longitudinal studies on the
correlation between anthropometric status and mortality of children
aged 6-59 months have been recently subjected to a meta-analysis
(35), which revealed a strong log-linear or exponential association
between the severity of weight-for-age deficits and mortality rates in
all studies with adequate sample size and appreciable baseline
mortality. The excellent fit of the log-linear model suggests that there
is no clear threshold on the weight-for-age scale for increased
mortality (see Fig. 23).

Since mild to moderate deficits are by far the most common, the actual
proportion of deaths (population attributable risk) due to such deficits
is greater than that due to severe deficits (35), even though the relative
risk is greater in individuals with severe deficits.

At the conventional cut-off level, weight-for-age had the highest
predictive ability, followed by height-for-age; weight-for-height was
the weakest predictor of long-term mortality. It should be noted,
however, that the predictive capacities for death were low for all
anthropometric indicators (34).

This analysis also revealed a synergism, with the effect of
malnutrition being greatest in populations with high morbidity and
mortality, and vice versa. The correlation between anthropometry and
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Figure 23
Log of mortality per 1000 children per year, by weight-for-age status, based on six
different studies®
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mortality is therefore expected to vary according to the death rate
among well nourished individuals in cach population, since
malnutrition does not increase the incidence of disease as much as it
increases the case-fatality rate.

® Child development and school performance. There is good evidence
that poor growth or smaller size is associated with impaired
development (36), and a number of studies have also demonstrated
a relationship between growth status and either school performance
or intelligence (37). This cannot be regarded as a simple causal
relationship, however, because of the complex environmental or socio-
economic factors that affect both growth and development. An
intervention study in Jamaica indicated that the developmental status
of underweight children can be partly improved by food
supplementation, but that greater improvements are achieved through
intellectual stimulation (38).

® Adult-life consequences. Childhood stunting leads to a significant
reduction in adult size, as clearly shown by a follow-up of Guatemalan
infants who, two decades earlier, had been enrolled in a supple-
mentation programme (39). One of the main consequences of small
adult size resulting from childhood stunting is reduced work capacity
(40), which in turn has an impact on economic productivity at the
national level.

Maternal size is associated with specific reproductive outcomes. Short
women, for example, are at greater risk for obstetric complications
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because of smaller pelvic size. There is also a strong association
between maternal height and birth weight which is independent of
maternal body mass (47). There is thus an inter-generation effect (42),
since low-birth-weight babies are likely to have anthropometric
deficits at later ages (43).

Limited evidence has also been produced to link overweight in
childhood to adult morbidity and mortality (44-46).

5.1.4 Issues in using anthropometric measurements as indicators of
nutritional and health status

Anthropometric measurements have been used widely as indicators or
proxies for various conditions related to health and nutrition. On an
individual basis, abnormal anthropometry itself does not generally
provide specific etiological information. For example, a child may be
“abnormally” short as a result of infection, inadequate food intake, or
psychosocial deprivation, or because of endocrine, metabolic, or other
diseases. In areas with a high prevalence of low height-for-age, however,
it 1s reasonable to classify most short children as stunted or malnour-
ished. In such settings, reduction in stature is probably a generalized
phenomenon, not restricted to children who fall below the cut-off for low
height-for-age (47). In other words, the height distribution of the entire
population is shifted downward. Strictly speaking, therefore, a diagnosis
of growth failure should not be restricted to children below the cut-off but
should be applied to almost all children. Evidence for population-based
changes of anthropometric status is provided in sections 5.4.5 and 5.4.6.

The need for index-specific interpretation

On a population basis, both the prevalence of abnormal anthropometry
and the mean Z-score serve as useful indicators of the health and nutrition
problems of the community. A high prevalence of low height-for-age
indicates poor nutrition, high morbidity from infectious disease, or — most
often — both. A high prevalence of low weight-for-height is indicative of
severe recent or current events, for example starvation or outbreaks of
infectious diseases such as diarrhoea or measles. Such “diagnostic”
information provides the basis for assessing the nature and severity of the
problem, which can be helpful for planning appropriate action. Each
anthropometric indicator thus has a different meaning, and indicators
should not be used interchangeably.

o
=

Defining abnormal anthropometry

In general, abnormal anthropometry is statistically defined as an
anthropometric value below -2 standard deviations (SD) or Z-scores
(< 2.3rd percentile), or above +2 SD or Z-scores (>97.7th percentile)
relative to the reference mean or median. These cut-offs define the central
95% of the reference distribution as the “normality” range. In some
cases, the 5th and 95th percentiles are used, with the central 90% as the
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normality range. It should be noted that the convention of using the
central 90% or 95% of a given distribution to define cut-offs or reference
ranges does not truly define the “normal” range from the point of view of
health or nutrition; rather, it is used as a guide to facilitate clinical
screening or population-based surveillance. Obviously, a child who was
originally at +2 Z-scores and falls to, say, -1.5 Z-scores because of
malnutrition will show wasting despite remaining above the -2 cut-off
(48). The presence of oedema in kwashiorkor will also affect a child’s
body weight (49).

Anthropometric measurements as process and outcome indicators

In the selection and application of anthropometric indices, it is useful to
distinguish between their multiple roles as indicators of health and
nutrition problems. Anthropometry may be related to past exposures
(reflective), to present processes (concurrent), or to future events
(predictive); anthropometric indicators may also predict risk, benefit, or
response. Moreover, anthropometric outcome indicators may be close to
(proximal or direct) or distant from (distal or indirect) the events of
interest.

The sensitivity, specificity, and predictive value of an indicator also
depend on its nature, the cut-off used, the specific risk under
consideration, the age of the child, and the prevalence of the condition
in the population. The functional 'classification of anthropornetric
measurements as indicators of health or nutntlonal events is discussed in
detail in section 2. ;

5.1.5 Conditioning the interpretation of anthropomelry
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The interpretation of abnormal anthropometry will vary according to a
number of circumstances. The most important factor is the prevalence of
the condition of interest within a glven population, since the posmve
predictive value of the indicator is related to prevalence. This is
particularly relevant because health and nutrition problems differ
markedly in their prevalence in developed and less developed areas.

Age is a clear effect-modifier in the interpretation of anthropometry. For
example, the predictive value for mortality of a given anthropometric
indicator tends to decrease with age. Since age is a strong predictor of
mortality, independent of anthropometric status, it may also confound
this relationship.

In some parts of the world, sex is an important factor in the evaluation of
anthropometric status, because boys and girls may be treated differently
in matters that affect their health and nutrition. Further, as discussed in
section 5.1, feeding mode in infancy also conditions the interpretation of
anthropometry.



5.2 Using anthropometry in individuals
5.2.1 Introduction

The interpretation of abnormal anthropometry in an individual child
varies according to the prevalence of malnutrition in the community,
while the appropriate follow-up action depends on the availability of
resources. Thus, although there are common principles that guide the use
of anthropometry in individuals, a clear distinction should be made
between developed and less developed settings.

The main applications of anthropometry to individuals are listed in
Table 19. For practical purposes, most of these applications are concerned
with the nutritional care of infants and screening for high-risk children,
including growth monitoring, selection of children for supplementary
and therapeutic feeding, and diagnosis of failure to thrive and of
overweight. Children who are selected for intervention may require
further evaluation to determine the causes of poor growth and to provide
treatment when applicable. Once intervention measures have been
initiated, anthropometry may also be used to assess response.

5.2.2 Screening children for health and nutritional disorders

Applications in less developed areas

Growth monitoring. Valuable anthropometric information can be
obtained from repeated measurements of each child or from growth
monitoring (row A in Table 19). Although growth charts are based
on cross-sectional data, they are also useful for following the growth
pattern of individuals, particularly during childhood. During infancy
and adolescence, however, percentile crossing is common and does
not necessarily indicate abnormal growth (50). Incremental growth
references or growth velocity curves can also be applied when there is a
need to monitor children who have already been found to have significant
deficits in growth status or growth patterns that cause concern.

All the major conditions that give rise to most growth deficits in
developed areas (see below) also occur in less developed areas. However,
their relative contribution to the overall high prevalence of stunting or
wasting is small; instead, recurrent common childhood diseases,
especially diarrhoea, as well as poor intake of energy, proteins, and
micronutrients, are the main contributing factors. For this reason, the
overall approach to screening, follow-up, and intervention in less
developed areas for children with abnormal growth patterns is very
different from that applied in developed settings, even though
anthropometry is still used to screen for those children at greater risk of
concurrent health and nutritional disorders. Because malnutrition is
common, the positive predictive value of anthropometric deficits is high.
It is then reasonable to embark on specific interventions without further
evaluation for other possible organic disorders or normal variability.

183



Table 19

Summary of recommendations for use of anthropometry in individual infants

and children

1 2 3 4 5
Uses: what will For what Target What to Indices
be done for the purpose? group and measure, what
individual? setting information
to collect, and
how often
Screening for interventions
A Identification of To prevent Attenders at  Weight Deviations
infants/children malnutrition. growth- Length or from curves of:
with poor health To sustain or monitoring height (if e weight v. age
and nutrition for improve: centres, possible)
interventions e health including: Age Attained
specifically e growth e community  Sex (if sex- status in
tailored to causes e psychomotor weighing specific growth e weight-for-age
of poor growth: development posts curves are e weight-for-
e breast-feeding e well-being e maternal used) height
support e future pro- and child e height-for-age
e nutrition ductivity and health At least two
education reproductivity clinics measurements
® supplementation e primary as part of growth-
of infant/child health care  monitoring and
and mother * clinics promotion pro-
e prevention and Communi- gramme: every
treatment of ties in less 1-3 months
diarrhoea developed depending on
areas .age and need
B Identification of To prevent Attenders at:  Weight Weight-for-height
infants/children malnutrition. e growth- Length or MUAC-for-age
who need To improve: monitoring  height (for children
supplementary e survival centres MUAC 1-5 years of age)
food and e health e maternal Age
treatment for e development and child
disease e well-being health clinics One or multiple
(particularly e primary * Measurements
diarrhoea) health care |
clinics
e food
distribution
centres
o feeding
centres
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6 7 8 9
Demographic Criteria for Rationale for Other factors
characteristics judgement anthropometry for interpretation

(cut-offs)
Infants and Depends on Adequacy of weight Sociceconomic
children: resources. gain; additional status
e commonly Common information often Feeding practices
under 5 years conventions: required 1o assess Birth weight
of age e direction of causes Sanitary practices

e priority under curve {flat; Health care practices
3 years of age downwards) {e.g. immunizations)
e No growth Current health status
> twice Other nutritional
e <-2 Z-scores disorders
of curve
e <2.3rd percentile
of curve
Infants and Depends on Adequacy of food Feeding practices
children: resources. intake relative to Immunization status
e commonly Common for needs Morbidity
under 5 years moderate pre- Other nutritionat
of age valence situation: disorders

e priority under
3 years of age

e <-2 Z-scores
of weight-
for-height or
MUAC-for-age

e locally set
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Table 19 (continued)

1 2 3 4 5
Uses: what will For what Target What to Indices
be done for the purpose? group and measure, what
individual? setting information
to collect, and
how often
Screening for interventions. (continued)
B Identification of To prevent Communities  Weight Weight-for-height
infants/children malnutrition. in developing Length or . MUAC-for-age
who need To improve: areas with height {for children
supplementary e survival poor avail- MUAC 1-5 years of age)
food and e health ability or Age
treatment for e development  distribution of
disease e well-being food (including One or multiple
(particularly disasterand  measurements
diarrhoea) refugee camps)

C Identification of To treat severe  Attenders at:  Clinical signs of Weight-for
infants/children malnutrition e nutrition marasmus and  height
who need thera- and related rehabilitation kwashiorkor MUAC
peutic feeding and  conditions, centres Weight MUAC-for-age
treatment for To improve: e hospitals Length or Clinical signs
disease (particu- e survival Rapid surveys height (oedema, etc.)
larty diarrhoea) e health of disaster MUAC
in.emergency e development andrefugee  Age
situations e well-being camps

Disaster and  One measure-

refugee ment

situations in

developing

areas
D Identification of To improve Attenders at:  Weight Deviation from
infants/children growth e paediatric Length or curves of:
with organic To treat under- clinics height e weight v. age
diseases or lying diseases e hospitals Age e height v. age
“failure to thrive” Sex
who need treat- Developed Absolute or
ment for under- areas with One or multiple  relative change
lying diseases adequate food measurements  in:

availability e weight-for-age

e height-for-age
e low weight-
for-height
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6 7 8 9
Demographic Criteria for Rationale for Other factors
characteristics judgement anthropometry for interpretation.

{cut-offs)
Infants and Depends on Adequacy of food Feeding practices
children: resources. intake relative to Immunization status
e commonly Common for needs Morbidity
under 5 years moderate pre- Other nutrition
of age valence situation: disorders

e priority under
3 years of age

e <-2 Z-scores
of weight-
for-height or
MUAC-for-age

e locally set

Infants and
children:
e Under
5 years of
age

Depends on
resources.
Common for severe
prevalence
situation:

e ciinical signs

e <-3 Z-scores

Risk of death in the
short term

of weight-for-height

or MUAC-for-age

Clinical diseases
Other nutritional
disorders

e <11.5 cm MUAC
e locally set

Infants and
children:
e birth to 10 years

Depends on
resources.
Common
conventions:

e direction of
curve (flat;
downwards)

e no growth in
> 2 periods

e <-2 Z-scores

Need for inter-
vention against
cause of growth
failure

Feeding practices
Current health status
Other nutritional
disorders

Family interactions
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Table 19 (continued)

1 2 3 4 5
Uses: what will For what Target What to Indices
be done for the purpose? group and measure, what
individual? setting information
to collect, and
how often
Screening for interventions (continued)
E Identification of To prevent future Attenders at:  Weight Weight-for-height

infants/children morbidity, such e paediatric Length or height
who are over- as heart disease  clinics Skinfold
weight for inter- or diabetes. e school thicknesses
ventions to To improve: health pro-  Age
promote modifi- e health grammes Sex
cations in diet and e well-being
increased physical e long-term- One
exercise survival measurement
Assessing response to an intervention
F Monitoringthe  To improve Attenders at:  Weight Following
growth of infants/  nutrition and e growth- Length or curves of:
children diagnosed health until monitoring  height e weight-for-age
with malnutrition adequate and Age Attained status
or growth faltering  growth status promotion  Sex in:
for continuation, is achieved centres e weight-for-age
modification, or Monthly e weight-for-
discontinuation of Communities  measurements height
growth promotion in developing e height-for-age
interventions areas with

growth-

monitoring

and promotion

programmes
G Monitoring To improve Attenders at ~ Weight Following
response of nutritional supplementary: Length or curves of:
severely malnour-  status until risk e feeding height e weight-for-age
ished infants/ of death is centres Clinical signs Achieved
children to thera-  minimized and e food dis- Age status in:
peutic feeding for  supplementary tribution Sex e weight-for-
continuation, food no longer centres height
modification, or needed e nutrition Weekly to e weight-for-age
discontinuation of rehabilitation monthly e clinical signs
feeding and centres measurements (oedema, etc.)

disease treatment
{(mainly diarrhoea)

e other thera-

peutic feeding

centres, includ-

ing hospitals
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6 7 8 9
Demographic Criteria for Rationale for Other factors
characteristics judgement anthropometry for interpretation
(cut-offs)
Infants and Weight-for- Need for intervention Skinfold measures
children: height >+2 based on extent Dietary intake and
e all ages Z-scores of obesity feeding patterns
Exercise patterns
Current health status
Other nutritional
disorders
Family interactions
[nfants and Depends on Effectiveress of Changes in practices
children: resources. growth-monitoring identified as leading
e commonly Common programme in to growth failure
under 5 years conventions achieving weight Current health status
of age for discon- gain and catch-up Other nutritional
e priority under tinuing: growth disorders
3 years of age e direction of
curve (upwards)
e positive Z-score
trend
infants and Depends on Adequacy of Supplementary
children: resources. supplementary food intake
e commonly Common 1o meet nutritional Home dietary
under 5 years conventions needs and improve intake
of age for discharge: anthropometric (substitution)
e Z-score above status Immunization status

e priority under
3 years of age

-2 8D
e locally set

Current health status
Other nutritional
disorders

189



Table 19 (continued)

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

to collect, and
how often

Assessing response to an intervention (continued)
G Monitoring To improve Communities  Weight Following
response of nutritional in.developing  Length or curves of:
severely malnour-  status until risk  areas or height e weight-for-age
ished infants/ of death is disaster Clinical signs Achieved
children to thera-  minimized and  and refugee  Age status in:
peutic feeding for  supplementary camps Sex e weight-for
continuation, food no longer height
modification, or needed Weekly to e weight-for-age
discontinuation of monthly e cfinical signs
feeding and measurements (oedema, etc.)
disease treatment
{mainly diarrhoea)
H Monitoring re-  To improve Attenders at:  Weight Following
sponse to therapy  nutritional, e paediatric Length or curves of:
of infants/children  psychological, clinics height e weight-for-age
treated for organic  and health e hospitals Age e height-for-age
disorders or status until risk Sex Absolute or
“failure-to-thrive”,  of “failure-to- Developed relative
for continuation, thrive” is mini-  areas Weekly until change in:
modification, or mized discharge e weight-for-age
discontinuation of {but daily for e weight-for-
treatment for hospitalized height
underlying disease infants) o height-for-age
and/or family/
social interactions
1 Monitoring re- To reduce Attenders at:  Weight Weight-for-height
sponse of over- health risks e paediatric Length or
weight infants/ associated with  clinics height
children to exer- overweight - school Skinfold
cise and modifica- health pro-  thicknesses
tions in diet, for grammes Age
continuation, Sex
modification, or Developed'
discontinuation of and Monthly until
efforts to promote developing® discharge
these areas

" Generally lower socioeconormic status.
2 Generally higher socioeconomic status.
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6 7 8 9
Demographic Criteria for Rationale for Other factors
characteristics judgement anthropometry for interpretation

{cut-offs)
[nfants and Depends on Adequacy of Supplementary
children: resources. supplementary food intake
e commonly Common to meet nutritional Home dietary
under 5 years conventions needs and improve intake
of age for discharge: anthropometric (substitution)
e Z-score above status Immunization status
e priority under -28D Current health status
3 years of age e locally set Other nutritional
disorders
Infants and Discontinuation Adequacy of therapy Changes in
children: based on for improving practices that led
e birth to establishment of anthropometric to growth failure
10 years satisfactory status Current health status
growth pattern Other nutritional
disorders
Infants and Reduction Adequacy of efforts Changes in skinfold
children: of weight-for- to promote dietary thicknesses
e all ages height Z-score changes and Changes in food

exercise to reduce
body fat

intake and eating
pattern

Exercise patterns
Current health status
Other nutritional
disorders

Family interactions
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Growth monitoring as part of prlmary health care represents the major
individual-based screening effort in less developed areas.

A growth-monitoring programme can be described as periodic
assessment of child growth and, when indicated, the institution of
appropriate action to maintain or improve growth and health. The
principal measurement is usually weight, and plotting the values on a
growth curve constitutes the main screening activity in the primary health
care setting. The position of a single measurement on the weight chart is
of less importance than the pattern of growth over time. Growth faltering,
or a significant deviation from the expected weight gain, is a matter for
concern and warrants evaluation, treatment, or both, even though the
measurement may still be above the established cut-off. A general rule of
thumb for clinical purposes is crossing more than one of the percentile
lines (of the NCHS/WHO growth chart). Failure to gain weight between
two successive measurements is another. indicator of possible health
problems. Such empirical recommendations are likely to be subject to
variation in different age ranges and according to the frequency of the
measurements. There has been no comprehensive evaluation of this type
of screening practice.

Growth monitoring should be regarded as part of overall intervention or
promotion activities in the areas of health and nutrition (57). Educational
activities include breast-feeding support, and timing and selection of
complementary food and appropriate weaning foods. Likely reasons for
individual growth faltering must be determined by the health worker,
who can also provide immunizations and treatment for infections.
Ideally, growth monitoring should not be a stand-alone activity, but part
of a broader community-based programme to improve primary health
care, education, and sanitation. It remains to be shown that growth
monitoring by itself is effective without other, concurrent efforts to
improve health and nutrition, or that growth monitoring is essential when
other programmes are fully functional (52). There are, however, a few
well documented cases of a reduction in malnutrition in areas where
growth monitoring is part of an integrated project for health and nutrition
improvement; the Tamil Nadu Integrated Nutrition Programme in India
and the Iringa Project in the United Republic of Tanzania are two
examples (53, 54).

Interventions should be initiated for children attending growth-
monitoring programmes who are diagnosed with growth faltering or
malnutrition, and response must be assessed (row F in Table 19). Weight
gain is the primary response indicator, while achieved weight-for-age,
height-for-age, and weight-for-height may also contribute to decisions on
whether to continue, discontinue, or modify the intervention. ’

Screening for supplementary or therapeutic feeding. In many situations
in less developed areas, particularly during emergencies, longitudinal
assessment of growth may not be possible, and a single measurement
should then be used to determine the need for intervention.



A child’s anthropometric status relative to the reference, whether
expressed as a Z-score or as a percentile, represents a probability
statement of that child being part of the healthy distribution (specificity).
It is not a statement about the probability that the child is unhealthy
(positive predictive value). However, the further away a measurement is
from the central part of the distribution, the greater the likelihood of
health and nutritional disorders, although this depends on the prevalence
of the disorders in the population (55). The cut-off points commonly
used, based on the central 95% of the distribution (-2 to +2 Z-scores),
were selected for screening purposes and to facilitate population-based
monitoring. For individual-based applications, the cut-offs can be
adapted according to the local prevalence of malnutrition and the
availability of resources for intervention. The major exception to this is a
situation in which the risk of morbidity and mortality below a particular
cut-off value is markedly increased: the identification of very wasted
children (e.g. weight-for-height below -3 Z-scores) for therapeutic feeding
is an example.

In areas with a high prevalence of malnutrition, it is common practice to
select children with low weight-for-height (or sometime low weight-for-
age) for preferential enrolment in feeding programmes. The underlying
assumption is that these anthropometric indicators are capable of
predicting benefit from the intervention. On the other hand, selecting
children for a feeding programme on the basis of height-for-age or
weight-for-age in the absence of wasting is difficult to justify because it
1s not clear that these children will benefit.

During emergency or refugee situations, high rates of severe malnutrition
justify a programme in which very malnourished children are kept at the
feeding centre for intensive feeding. Such an approach, commonly
referred to as a therapeutic feeding programme (row C in Table 19), may
be life-saving for severely wasted children (weight-for-height below
-3 Z-scores). For less severely affected children, the provision of extra
food to individuals or families (beyond the normal family ration) is often
called a supplementary feeding programme (row B in Table 19). The
choice of a cut-off for accepting children in the programme will
be affected by the availability of resources for supplementation,
but whenever possible all children under 3 years of age should be
supplemented. The effectiveness of such programmes as part of
emergency relief efforts has not been fully evaluated. Age is an important
factor for predicting the benefits of supplementation: younger children
are likely to show improvement in growth, older children less likely. This
has been shown in supplementation studies in Guatemala (56).

In most feeding programmes, weekly weight gain is the main parameter
used to indicate response (row G in Table 19). Other indicators, such as
achieved weight-for-age or weight-for-height and the presence of oedema
or other clinical signs may also be useful.
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Applications to developed areas

Malnutrition is rare in developed areas, and the positive predictive value
of anthropometric screening for the condition is therefore very low. More
complex screens are necessary to differentiate between malnutrition and
other causes of small size in affluent populations.

Diagnosis of failure-to-thrive. In developed countries, the main purpose
of routine growth measurements in clinical settings is to screen children
for medical conditions that would improve with medical therapy or
intervention (row D in Table 19). Upon further evaluation, some of the
abnormal anthropometry will be attributable to concurrent problems that
can be dealt with by a specific intervention; some indicators, however,
may be reflective of past problems, and some could represent normal
variations or false-positives in the screening procedure.

The major medical conditions for which anthropometry can be used as
a reflective indicator include the following:

® Organic disorders. These encompass both congenital and acquired
disorders or abnormal function of the endocrine system or the
metabolism (including enzymatic defects), and gastrointestinal
dysfunction, especially malabsorption. A pattern of poor weight gain
or low height-for-age diagnosed during early childhood is often the
first sign of these disorders. In essence, a significant deviation from
the normal growth pattern in infancy or early childhood in a developed
area has a high predictive value for organic disorders. During
treatment of these conditions, anthropometry may be used to monitor
response.

® Chronic disease. Any significant systemic disorder of long duration
can result in poor growth as a consequence of poor food intake and
metabolic disturbance. Severe chronic disease is the most common
cause of wasting in children in developed areas; examples include
severe forms of anaemia, tuberculosis, and human immunodeficiency
virus (HIV) infection. In such cases, the degree of growth retardation
can serve both as an indicator of the severity of the primary disease
and as an indicator of response to therapy.

® Non-organic failure to thrive. One major cause of extremely poor
growth, especially during infancy, is severe psychosocial disturbance
in the family, resulting in so-called non-organic failure to thrive. The
spectrum of underlying problems includes inappropriate feeding
practices, failure to recognize poor growth and development, poor
maternal-infant bonding, child neglect, and inadequate parenting. The
condition may present as poor weight gain, low weight-for-height, or
both.

® Constitutional shortness. A diagnosis of constitutional shortness
applies to children who are short without any pathological reasons.
Often these children show delays in bone age and late puberty; the



result is a longer growth period but a final adult height in the normal
range. Therapy with genetically engineered human growth hormone is
now available and has been used in older children who are short even
though they have no definite growth hormone deficiency. The
effectiveness and health implications, however, are unclear, so that
this report makes no recommendation for selecting and monitoring
these children.

The success of any intervention in children diagnosed with failure to
thrive should be monitored (row H in Table 19). Both weight and height
gain are used as indicators of response, with growth followed at regular,
usually weekly, intervals.

Diagnosis of overweight. In many developed countries, overweight
among children is becoming a matter of increasing concern; the same is
true for the more affluent in less developed countries. Anthropometry can
be used to screen overweight children (row E in Table 19), who will then
be subject to weight control interventions including increased exercise
and modifications in diet. Screening activities are usually carried out
in paediatric clinics or in schools, using the conventional indicator of
weight-for-height, with a cut-off of +2 Z-scores.

For the clinical monitoring of progress of children diagnosed as
overweight, indicators of response include reductions in weight-for-
height or weight-for-age, as well as absolute weight loss over a specified
period of time (row I in Table 19).

Special applications relevant to infancy

The selection of indices for anthropometric assessment during infancy
depends on the age of the infant, as do the purposes of measuring
growth status and the types of intervention that are appropriate during
the first year of life. In addition to conventional uses, individual
anthropometric assessments during infancy may be carried out for the
following purposes:

e assessment of the adequacy of intake of breast milk or breast-milk
substitutes;

® sssessment of the appropriate age for introduction of complementary
foods;

¢ evaluation of the adequacy of the weaning diet; and

e assessment of response to counselling on improved feeding practices.

Based on current recommendations for exclusive breast-feeding of
infants from birth to 4-6 months and for breast-feeding plus appropriate
and adequate complementary foods up to or beyond 2 years of age, and
on the fact that growth slows considerably in all infants after the first
6 months, the applications of anthropometry in infants should consider
the age intervals 0-4, 4-6, and 6-12 months.
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Birth to four months. Exclusive and frequent breast-feeding should be
actively supported in developing countries, where several studies have
shown that exclusive breast-feeding is associated with lower infant
mortality and morbidity, better growth during the first 4 months, and
prolonged postpartum amenorrhoea (5, 57-64). Partial breast-feeding is
less protective (57-59). When contraceptive use is low, a longer period of
lactational amenorrhoea is likely to lead to a greater interval between
successive births, which may also benefit the health of the mother and her
infants.

Nutritional supplementation (with energy, protein, and/or micronutrients)
of malnourished lactating women is used to ensure adequate quantity and
quality of breast milk and prevent maternal depletion. Although the
evidence regarding the impact of pre- or postnatal energy supple-
mentation on lactation performance is inconclusive, undernourished
women may well benefit from such interventions (65, 66). The
correlation between the fat content of human milk, which is the major
source of energy for the infant, and maternal body composition is well
documented (67, 68). In some populations, maternal supplementation
with certain micronutrients (particularly vitamins such as vitamin A, B,
Bi,, and riboflavin) may be warranted to ensure adequate concentrations
in breast milk (65).

Four to six months. The support of exclusive and frequent breast-feeding
rcmains a high priority for infants aged 4-6 months because it offers both
nutritional advantages and protection against infection. The nutritional
supplementation of malnourished lactating women may be even more
important during this period, when the likelihood of maternal depletion is
greater. If these two interventions are not adequate, it may be necessary
to provide nutrient-dense complementary foods or micronutrient
supplementation.

The period from 4 to 6 months after birth is considered a time of
transition, when some breast-fed infants require foods in addition to
breast milk to provide certain key nutrients such as iron and zinc which
are known to be essential for adequate growth (25, 26, 69-71). However,
because complementary foods tend to reduce breast-milk intake (72, 73),
their introduction should be delayed as long as possible to maximize the
nutritional and immunological protection provided by breast-feeding.

Educational programmes to foster hygienic preparation and storage of
weaning foods are likely to result in improved infant growth in
disadvantaged populations; this transition period is the key time to target
such programmes.

Six to twelve months. The second 6 months of life are associated with
marked growth faltering in many disadvantaged populations (74).
Interventions appropriate for this period include those listed for infants
aged 4-6 months, except that complementary foods should be given



several times each day while breast-feeding is continued. Educational
programmes to encourage frequent feeding (including breast-feeding) are
also appropriate.

In less developed countries, growth faltering may be the result of
termination of breast-feeding or of the inadequate quantity or poor
nutritional and hygienic quality of complementary foods (62). The
optimal nutritional composition of weaning foods for children in such
environments is still under active investigation, but it is clear that nutrient
density — particularly of micronutrients — is of critical importance. This
may also be a concern among affluent populations and might explain the
lower growth rate of infants who are only partially breast-fed.

In affluent populations, too, concerns regarding the development of
obesity may become an issue in late infancy. In most cases, obese infants
do not remain obese later in life (75-77), and there is no evidence that
restricting intake during the first 12 months is effective in reducing the
later risk of obesity. However, parents may be counselled to modify
inappropriate infant feeding practices or choice of foods.

Interventions for the prevention and appropriate management of
infections are also applicable at each of the age intervals discussed. The
synergistic relationship between nutritional status and infection is
particularly apparent during infancy (74).

Frequency of measurements in infancy. The frequency of measurements
is of particular relevance during infancy, and depends on the average
growth rate (which declines with age), the measurement error for each
index, and the purpose of the anthropometric assessment. In cases where
failure to thrive is suspected or a child’s response to treatment is being
monitored, frequent measurements are clearly essential, although gains
or losses over short intervals must be interpreted with caution. For
routine monitoring, a suggested guideline for weight increments is that
“no interval be so short that the difference between the 5th and 50th
percentiles (in grams per interval) would be less than 180 gm — about the
size of a single feeding”, and for length increments that “no interval be so
short that the difference (in centimetres per interval) between the 5th and
50th percentiles would be less than 0.4 cm — about the size of the
measurement error” (78). The magnitude of measurement error depends
on the apparatus used and the training of the anthropometrists.

Using these guidelines, Guo et al. (79) recommended that 1 month
intervals are appropriate during the first 6 months of life, but that longer
intervals (e.g. 2 months) may be more appropriate thereafter. However,
growth-monitoring programmes often continue with monthly measure-
ments throughout infancy, since these are useful for the early detection of
growth faltering and the promotion of improved nutrient quality and
safety of complementary and weaning foods. This is particularly critical
during the second 6 months of life, the period of greatest faltering in
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growth. None the less, in assessing the adequacy of growth rate it is
important to guard against over-interpretation of data from frequent
measurements, since infants may exhibit marked growth spurts or
decelerations during the first year of life (80). For example, an infant
measured just before a growth spurt may be falsely diagnosed as
faltering.

5.3 Using anthropometry in popuilations
5.3.1 Introduction

Collection of anthropometric data at the population level can help in the
definition of health and nutritional status for purposes of programme
planning, implementation, and evaluation. Assessment may take the form
of a once-only cross-sectional endeavour or a continuing, longitudinal
activity. In either case, the objective is the same — identification of
concurrent or past health or socioeconomic problems, and prediction of
future risk and potential response to intervention programmes.

Commonly, nutritional surveillance is defined as the continuous
monitoring of the physical status of a population, based on repeated
surveys or on data from child health or growth-monitoring programmes.
However, with its emphasis on the nature of measurement activities, this
is a rather narrow definition. A broader concept would emphasize the use
of nutritional information to promote, manage, and evaluate programmes
aimed at improving health and nutritional status. This broader view
includes programmes and interventions as essential components of
nutritional surveillance, with the data collection and monitoring system
being only one part of the overall surveillance activities.

In this section, nutritional surveillance is treated as a major operational
approach for population-based applications of anthropometry, including
targeting interventions and assessing their effectiveness, as well as
research on the determinants and consequences of malnutrition. All of
these specific activities are essential for the planning, implementation,
and management of nutrition programmes. Specific issues and functions
related to nutritional surveillance, such as information collecting systems
and warning systems for famine, are discussed, and Table 20 provides
detailed information on the application of anthropometry at the
population level.

5.3.2 Targeting interventions

Anthropometry can be used to verify the existence of a nutritional
problem in a population and to assess its magnitude. Such information
is essential for directing programme resources to populations or
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communities with the greatest health and/or nutritional needs. In this
context, anthropometric assessment provides an indication of risk as well
as of socioeconomic development, but is used primarily as an indicator of
benefit for selecting those communities likely to gain most from a
proposed intervention. An analogy may be drawn with observations of
individual children, among whom the most malnourished tend to derive
the greatest benefit from therapy, the assumption being that the worst-off
communities will respond best to appropriate interventions. This is
supported by the fact that the growth status of children improves as the
socioeconomic conditions of their community improve, the effect being
most marked when the baseline level is lowest.

The choice of operational anthropometric indicators for programme
targeting depends on the nature of the intervention being considered (see
rows A-D in Table 20) as well as on the prevalence of anthropometric
deficits. For example, height-for-age is suitable for targeting a wide range
of interventions because it both reflects the cumulative effects of
socioeconomic, health, and nutrition problems (Table 20, rows A and B)
and varies widely from place to place. Stunting is a predictor of risk and,
because it is strongly correlated with socioeconomic status, reflects the
overall level of development. It may also be an appropriate indicator of
benefit at the community level. If wasting is uncommon, weight-for-age
may be as useful as height-for-age for ranking communities.

Although the height-for-age of older children is reflective of past
nutritional and environmental conditions and is not particularly amenable
to interventions, it may indicate conditions currently being experienced
by younger children in that community. School height censuses, such as
those conducted in several countries of Central and South America, may
therefore be useful for targeting purposes (Table 20, row B).

The prevalence ranges shown in Table 21 have been used by WHO to
classify levels of stunting and underweight for global monitoring
purposes (7). Such classification is valuable for summarizing prevalence
data from diverse sources and can be used for targeting purposes.
It should be borne in mind, however, that this classification was not
based on correlations with functional outcomes and simply reflects
a convenient statistical grouping of prevalence levels from different
countries. Moreover, the designations of prevalence as “low” and
“medium” should be interpreted cautiously and not be taken as grounds
for complacency. Since only 2.3% of the children in a well-nourished
population would be expected to fall below the cut-off, the “low” weight-
for-age group includes communities with up to four times that expected
prevalence, and the “medium” group communities with up to an eight-
fold excess.

For targeting food supplementation in areas where wasting is common,
weight-for-height is the ideal indicator of benefit (Table 20, row O),
although its usefulness is limited by the fact that prevalence of wasting is
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Table 20

* Summary of recommendations for uses of anthropometry in populations of
infants and children

1 2 3 4 5
Uses: what will For what Target What to Indices
be done for the purpose? group and measure, what
population? setting information
to collect, and
how often

Targeting interventions
A |dentify areas of Toimprove the  Represen- Weight Weight-for-age
greatest need to equity of: tative Length or Weight-for-
target appropriate e survival surveys, height height
nutrition interven- e health preferably by  Age Height-for-age
tions (breast-feed- e development —age range. Sex (if
ing support, sup- e well-being sex-specific
plementation of o future pro- Communities  references
mothers, weaning ductivity and ~ (or geo- are used)
education, etc.). reproductivity  graphical ‘
Determine priorities or political One
for allocation of units) inless ~ measurement
resources developed

areas
B Identify areas of To improve the Data collected Height Height-for-age
greatest need to equity of: in political or ~ Age
target health and e health care geographical  Sex
economic inter- e eConomic areas of
ventions to vul- development  decision- One
nerable areas/ making for measurement
population groups. resource
Determine priorities allocation:
for allocation of ® surveys
resources e school height

censuses

Communities

(or geo-

graphical or

political units)

in less devel-

oped areas
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6 7 8 9
Demographic Criteria for Rationale for Other factors
character- judgement anthropometry for inter-
istics (cut-offs) pretation
Children: Depends on Extent and magni- Socioeconomic
e under resources tude of mainuirition: status

5 years of age e number cf areas rood availability
Based ¢n preva- needing inter- and cost

lence above
“expected” values
of 2.3% {<-2
Z-scores)

Based on
difference from
the “expected”

vention

e poruiation
groups neecing
intervention

e types and
combinaticns of
interventicns

infant/young child
feeding practices
Sanitary resources
and practices
Health care
coverage

Morbidity prevalence
Prevalence of

e mMean other nutritional
Z-score of O disorders
e SD of
Z-score of 1
Children: Depends on Low sociceconomic Major occupations
e under resources status and sources of
5 years of age income
e school age Based on preva- Transportation
(6-10 years) lence above infrastructure
“expected” values Food availability
of 2.3% {<-2 and cost
Z-scores;} Sanitary resources
Health care
Based on resources

difference frem
the “expected”
e mMean
Z-score of O
e SD of
Z-score of 1
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Table 20 {continued)

1 2 3 4 5

Uses: what will For what Target What to Indices
be done for the purpose? group and measure, what
population? setting information

to collect, and

how often
Targeting interventions (continued)
‘C Determine the  To reduce Rapid Weight Weight-for-
severity of the dis-  rates of: assessment Height height
aster/emergency e mortality surveys MUAC MUAC-for-age
and the need for e morbidity Clinical signs (for children

and guantity and
content of relief
food rations.
Determine priorities

e malnutrition

Disaster and
emergency
situations in
less developed

of marasmus aged 1-5 years
and kwashiorkor only)
Age

for allocation of areas One

resources measurement

D !dentify areas To reduce rates  Represen- Weight ‘Weight-for-
of greatest need of obesity. tative surveys Height height

to target interven-  To improve the Age

tions to reduce equity of: Communities  Sex

food and fat e survival (or geo-

consumption and/ e health graphical or One

or to increase e well-being political units) measuremanit

physical exercise in developed

{though often
poor) areas
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6 7 8 9
Demographic Criteria for Rationale for Other factors
character- judgement anthropometry for inter-
istics (cut-offs) pretation
Children: Depends on Extent and Frequency of
e under resources magnitude of diarrhoea

5 years of age mainutrition: Mortality
e under 100 cm Based on preva- e severity and type Food supply

in height if age
is unavailable

lence above
‘expected” values
of 2.3% (<-2
Z-scores)

Based on
difference from
the “expected”
e Mean
Z-score of O
e SD of
Z-score of 1

MUAC-for-age
<-2 Z-scores

e number of people
affected

Baseline status
before emergency

Children:
e all ages

Prevalence above
+2 Z-scores

of weight-
for-height

Extent and

magnitude of

overnutrition;

e number of areas
needing intervention

e population groups
needing intervention

e types and
combinations of
interventions

Dietary
background
Secular trends
in overweight
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Table 20 (continued)

1 2 3 4 5
Uses: what will For what Target What to Indices
be done for the purpose? group and measure, what
population? setting information
to collect, and
how often
Assessing response to an intervention
E Assessing Make more Represen- Weight Weight-for-age
response to a efficient use tative sample  Length or Height-for-age
non-specific inter-  of resources of areas height Weight-for-
vention (e.g. receiving the  Age height
agriculture, intervention, Sex
socioeconomic and possibly
development) for of control Measured once
decision on its areas with- if intervention/
improvement or out the control design
discontinuation intervention is used, at least
twice if before/
Communi- after design is
ties (or geo- used
graphical or
political units)
in less devel-
oped areas
F Assessing re- Disseminate Weli defined  Weight Weight velocity
sponse to specific  interventionto  intervention Length or Height velocity
interventions other popu- and control height Weight-for-
{e.g. supplemen-  lation groups groups, Age height
tation, growth- randomly Sex Weight-for-age
monitoring, aliocated if Data on risk Height-for-age
disease control) possible factors
to establish their
efficacy Communi- Measured at
ties in less least twice in
developed each group
areas (intervention
or control)
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6 7 8 9
Demographic Criteria for Rationale for Other factors
character- judgement anthropometry for inter-
istics (cut-offs) pretation
Children: Changes in Improvements in Nature of the
e under mean Z-score nutritional status intervention

Syearsofage - Changesin over time that may and biological -
prevalence be attributed to the plausibility
of deficits intervention Concomitant
changes in
confounding
factors
Children: Significant Improvements in Biological
e under difference in growth nutritional status plausibility
5 years of age velocity between over time that Changes in
intervention and may be attributed process
control groups to the intervention indicators
Confounding
factors
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Table 20 (continued)

1 2 3 4 5
Uses: what will For what Target What to Indices.
be done for the purpose? group and measure, what
population? setting information
to collect, and
how often
Identifying determinants of malnutrition
G Identifying Reduce the Population- Weight in cross-sec-
modifiable risk prevalence of based Length or tional studies:
factors for anthro-  malnutrition sample of height e weight-for-
pometric deficits,  through children Age age
as well as high- preventive Sex e height-for-
risk subgroups - strategies and  Communi- Data on risk age
special care tiesin less factors e weight-for-
for high-risk developed height
groups areas Measured once  In longitudinal
in‘cross-sec- studies, also:
tional studies, e weight velocity
at least twice e height velocity
in longitudinal
studies
H Identifying Reduce the Population- Weight In cross-sec-
modifiable risk prevalence of based Length or height tional studies:
factors for over- overweight sample of Age e weight-for-
weight, as weli through children Sex height
as high-risk preventive - Dataonrisk In longitudinal
subgroups strategies and ~ Communi- factors studies, also:
special care ties in less e weight velocity
for high-risk developed Measured once
groups areas in cross-sectional

studies, at least
twice in longi-
tudinal studies

Predicting consequences of malnutrition
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6 7 8 9
Demographic Criteria for Rationale for Other factors
character- judgement anthropometry for inter-
istics (cut-offs) pretation
Children: Prevalence below  Magnitude and Confounding factors
e under -2 Z-scores significance of Possible biases

5 years of age

association be-

tween proposed
risk factors and

anthropometric

deficits

Children: Prevalence above  Magnitude and Confounding factors
e all ages +2 Z-scores significance of Possible biases
association be-
tween proposed
risk factors and
overweight
Children: Prevalence Magnitude and Confounding factors
e under groups: significance of Possible biases

5 years of age

e special attention
for children
under 3 years
of age

e <-2 Z-scores
e <-3 Z-scores

association be-
tween malnutrition
and subseguent
morbidity, mortality,
and development

Losses to
follow-up
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Table

21

Proposed classificafion of worldwide prevalence ranges of low height-for-age and
low weight-for-age among children under 5 years of age

Prevalence ranges (% of children below -2 Z-scores)

Prevalence group Low height-for-age (stunting) Low weight-for-age (wasting)
Low <20 <10
Medium 20-29 10-19
High 30-39 20-29
Very high > 40 > 30
Figure 24
Major generalized downward shift of entire weight-for-height distribution during
severe famine in southern Sudan, March, 1993
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often low and may vary little between communities. In such
circumstances, MUAC-for-age may be a more appropriate indicator.
Weight-for-height is the anthropometric indicator of choice for targeting
interventions against obesity (Table 20, row D) since it reflects
concurrent conditions leading to overnutrition.

In the population approach to targeting, all children from a high-
prevalence group receive the intervention, whether or not individual
anthropometric values are below the cut-off; in the individual screening
approach, intervention is limited to children below the cut-off. It may be
argued that the population approach is more likely to promote equity and
development since, within a high-prevalence group, there is a tendency



for all children to fail to achieve their genetic potential for growth (47).
Improved conditions shift the whole distribution positively, rather than
affecting only those children below the cut-off. A good example is the
marked improvement in the anthropometric status of Asian refugee
children whose families became immigrants of the USA (81).

During acute deterioration of nutritional status as a result of starvation or
infectious diseases, the increased prevalence of low weight-for-height or
wasting is also associated with an overall downward shift of the weight-
for-height distribution in the affected population (82). For example,
Fig. 24 shows the dramatic downward shift of the weight-for-height
distribution, relative to the reference, that occurred during the 1993
famine in southern Sudan; the prevalence of wasting reached the
unprecedented level of 65% (83). Recent re-analysis of several worldwide
surveys revealed a consistent pattern of variance of all three height- and
weight-based anthropometric indices, independent of the level of
malnutrition (84) (see also Table 17). This provides further support for
the idea that factors that cause changes in nutritional status tend to affect
all children in the population, not just those near the lower end of the
distribution. For this reason, population-based interventions to improve
health or nutrition must target not the “worst-off” children within each
community but all children among the “worst-off” communities.

5.3.3 Assessing response to an intervention

Anthropometry at the population level also finds major application in
indicating response to specific or nonspecific interventions. The latter
include changes in economic or agricultural conditions, which contribute
to improved growth via better health care, sanitation, or food supply. In
general, these interventions are evaluated by observational means such as
comparing child growth before and after the intervention period (Table
20, row E); an example is the marked secular change in growth among
Palestinians detected through repeated surveys (47). In this type of
evaluation, the outcome measures are differences in population means or
in the proportion of the population below a given cut-off. Growth velocity
data from individuals are not generally used because the long-term nature
of the intervention results in different children being examined during
each round of the evaluation: those examined in the first survey will have
grown out of childhood when the later measurements are made.

Specific interventions include programmes for disease control, growth
monitoring, and nutritional supplementation. Their proper evaluation
often requires controlled trials (row F in Table 20). Useful examples are
provided by trials conducted in rural Guatemala from 1969 to 1977,
which demonstrated a long-term effect of nutritional supplementation on
intellectual performance, body size, and work capacity (39), and the
1973-1980 trial in Colombia, which showed a protective effect of
supplementation against the stunting effect of diarrhoea (28). In trials of
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this nature, sequential measurements are usually taken to allow
comparison of mean growth velocities in the intervention and control
groups.

Apart from the purely observational assessment of nonspecific
interventions and the experimental approach of trials, several quasi-
experimental designs may be used for evaluating response. In an
evaluation of a Catholic Church child survival programme in Brazil, for
example, 60 communities within the programme were compared with
60 matched control communities. Anthropometric measurements were
made of 15 children from each community, but no differences were found
between the two sets of communities (85). Since measurements were
taken on a single occasion, the comparison had to be based on achieved
size, including height-for-age, weight-for-height, and weight-for-age.

Stunting and wasting often fail to show strong correlation either on an
individual or on a population basis (8, 20), and the selection of
appropriate anthropometric indicators for evaluating the response to an
intervention is therefore critical and dictated by the study design, the type
of intervention, and baseline levels. Since almost all less developed areas
have substantial levels of stunting and low weight-for-age, changes in the
prevalence of these deficits or in mean Z-scores are useful for assessing
long-term, nonspecific community interventions. Low weight-for-height
is of limited value in many areas because its baseline prevalence is often
low; it can, however, be a useful indicator of responses (86).

When the same children are to be measured more than once to evaluate
response to specific interventions, several alternatives exist in the choice
of indicator. For example, mean changes in height-for-age or weight-for-
age Z-scores would be suitable for evaluating response to a dietary
intervention, as would height or weight velocities if the intervention and
control groups were matched or adjusted for age. For assessing short-
term response, such as in a diarrhoea control trial, changes in weight-for-
height or in absolute weight would be more useful indicators. Regardless
of the indicator or combination of indicators selected, the use of mean
values (Z-scores or growth velocities), together with the proportion of
children below a given cut-off, will give greater precision than the latter
alone, particularly when sample size is relatively small (84).

5.3.4 Ascertaining the determinants of malnutrition
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Anthropometry may be used at the population level [or identifying the
determinants of malnutrition in a particular setting (row G, Table 20). As
discussed above, the main determinants of anthropometric status are
dietary intake and infection, both of which are themselves affected by
more distal determinants. Epidemiological studies are useful for
identifying these distal risk factors at the population level and in deciding
on appropriate interventions.



In extreme and acute situations, the determinants of low weight-for-
height are relatively easy to define since they are currently active. For
example, severe energy deficits are the main cause of the extremely high
levels of wasting seen recurrently in Ethiopia, Somalia, and Sudan (33);
this is confirmed by the rapid response to re-feeding interventions.
Another extreme example is provided by the 1991 Kurdish refugee crisis,
during which the elevated prevalence of wasting among young children
was the result of widespread and prolonged diarrhoea within a 1-month
period of inadequate food supply (82).

In non-disaster situations, the determinants of low weight-for-height may
be identified by comparing wasted and non-wasted children, using a
cross-sectional or case-control study design. An alternative is to use the
Z-scores of weight-for-height as a continuous outcome variable, which
usually results in increased statistical power compared with the use of a
cut-off, particularly where wasting is rare.

A similar approach may be used for studying the determinants of
stunting. Unlike wasting, however, stunting is reflective of long-term and
cumulative influences, and its determinants are therefore more difficult to
identify; this is particularly true of dietary intake and morbidity patterns.
Investigation of the determinants of overweight in a population is
affected by similar difficulties, because of the long-term influence and
indirect nature of possible risk factors (row H, Table 20).

Observational studies of the determinants of anthropometric deficits and
imbalances have therefore to overcome a number of methodological
problems. Confounding is particularly important; any variable associated
with socioeconomic status will tend also to be associated with
anthropometric deficits or imbalances. Definitive answers can be
provided only by intervention studies, but ethical and pragmatic
considerations often preclude such an approach. Carefully designed
observational studies, meticulously analysed and interpreted in the light
of biological plausibility, will therefore continue to be the major source
of information on determinants of anthropometric status.

5.3.5 Ascertaining the consequences of malnutrition

In the public health context, levels and types of anthropometric deficits or
imbalances may indicate the risk of morbidity and mortality (Table 20,
row I). Predictive capacity depends on the indicator chosen, on the
specific risk under consideration, on the age of the children, and on the
baseline levels of anthropometric deficit, morbidity, and mortality.
Findings from one particular setting may therefore not be applicable
elsewhere. Much research in this area has focused on defining the
indicator that has the greatest positive predictive value for adverse
outcomes such as mortality. There is continuing debate, for example, on
whether MUAC is superior to weight-for-height for predicting short-term
mortality in emergency situations. For non-emergency situations, it has
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been found (34, 35) that weight-for-age has the highest predictive value
followed by height-for-age; weight-for-height is the poorest predictor of
mortality within the following year.

5.3.6 Nutritional surveillance

Nutritional surveillance systems require the timely collection of
appropriate information for programme operation. Indicators of benefit
and response, rather than of risk alone, are preferable for surveillance
purposes since they allow the targeting and evaluation of interventions.
Data from surveillance systems are useful for all the applications listed in
Table 20, and the major data-collecting systems and some specific
applications are reviewed in the paragraphs that follow. The handling and
reporting of anthropometric data are detailed in section 5.4.

Figure 25

Association between crude mortality rates and the prevalence of low weight-for-
height of children under 5 years of age (<80% median weight-for-height
NCHS/WHO reference population) in 41 refugee camps®
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2 Source: reference 33.

Table 22
Severity index for malnutrition in emergency situations based on prevalence of
wasting and mean weight-for-height Z-score for children under 5 years®

Prevalence of wasting

Classification of severity (% of children <-2 Z-scores) Mean weight-for-height Z-score
Acceptable <5 >-0.40
Poor 5-9 -0.40 1o -0.69
Serious 10-14 -0.70 1o -0.99
Critical >15 <-1.00

@ Modified from reference 87.
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Assessment during emergency situations

In situations such as famines or refugee crises, rapid anthropometric
surveys are useful for determining the need for and type of relief rations
and for establishing priorities for the allocation of resources (Table 20,
row C) (33). These surveys rely on weight-for-height or MUAC for
assessing the extent of the disaster. The prevalence of low weight-for-
height (below -2 Z-scores) among children under 5 years of age can be
used to characterize the severity of the situation (87) as it is strongly
predictive of concurrent crude mortality of the population. This
relationship between crude mortality and low (<80% of median) weight-
for-height is illustrated in Fig. 25 for 41 refugee settings; increased
mortality is apparent when prevalence of malnutrition exceeds 5% (33).

Table 22 shows a proposed classification of the severity of malnutrition
according to the prevalence of wasting and the mean weight-for-height
Z-score for children under 5 years of age. Designation of a prevalence of
wasting in excess of 5% as elevated is based on the observation that this
level is seldom reached except when there is acute stress as a result of
severe food shortage or disease outbreaks (7) (see also Table 17). The
major exceptions are the countries of southern Asia, where prevalence is
often 10% and above in normal circumstances — apparently a chronic
condition related to poor health and nutrition.

Proper usage of MUAC as an indicator requires the application of an
MUAC-for-age reference, and the performance of low MUAC-for-age
compared with that of low weight-for-height during emergency situations
should be further evaluated.

Information collection and management systems

There are two principal approaches to the collection of nutritional
surveillance information: special surveys (single or repeated), and
continuous monitoring systems based on anthropometric data from
existing programmes.

Nutrition surveys. The major uses of nutrition surveys are:

® To characterize nutritional status: to measure the overall prevalence
of anthropometric deficits as well as variations with age, sex, socio-
economic status, geographical area, etc.

¢ Targeting: to identify populations and sub-populations with increased
nutritional needs.

* Evaluation of interventions: to collect baseline data before and at the
end of programmes aimed at improving nutrition.

* Monitoring: to monitor secular trends in nutritional status.

® Advocacy: to raise awareness of nutritional problems, define policy,
and promote programmes.

® Training and education: to motivate and train local teams to undertake
nutritional assessment.
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Commonly used approaches include conunuhity—based surveys of under-
5-year-olds, school height censuses, and rapid nutrition surveys during
disaster.

The first of these usually involves the collection of data on height-for-
age, weight-for-age, and weight-for-height, and is the method most often
used to obtain national or regional data on nutritional status. School
height censuses are often conducted to assess long-term trends; height-
for-age is used as a reflective or concurrent indicator of socioeconomic
status and equity. Rapid nutrition surveys are discussed on page 213.

If they are to be useful, surveys must follow standardized procedures and
be based on a representative sample of sufficient size. For repeat surveys,
these requirements, particularly as regards sampling, are especially
important. During emergency situations, however, representativeness
may not be feasible because of limited time and lack of a population
sampling frame.

Continuous monitoring systems. Continuous collection of anthropo-
metric and health data from clinics and programmes is often described as
“nutritional surveillance”, but this is a rather narrow definition of the
activity. In contrast to surveys, continuous monitoring systems offer the
advantages of using actual programme data for feedback to the health
workers and providing more timely programme evaluation.

Initial development is often difficult, but if a data collection system is
properly designed and sustainable, it can provide useful information on
time trends. The system need not cover all clinics or health units in
a country or area: a selected subset can serve as sentinel sites for
surveillance purposes. Though desirable, it is not essential that these sites
cover a representative sample of the population, but it is important
that their catchment population should remain unchanged. For example,
if a public clinic is privatized, the prevalence of stunting may fall in
the surveillance data even though there are no actual changes in the
underlying population.

Application of nutritional surveillance in special conditions: timely warning
Monitoring of nutritional status is part of the overall warning system for
severe food shortages and famine. Other early warning indicators include
weather or rainfall patterns, crop failures, food production and
distribution figures, unemployment rates, and market food prices.
Anthropometric indicators, even concurrent changes in weight-for-
height, are relatively late elements in the overall warning system: by the
time changes are detected, significant morbidity and mortality have
already occurred. Anthropometry is thus a useful ancillary tool for
following the later stages of evolution of food crises, but reliance on
anthropometry alone for timely warning is unwarranted. Data on such
matters as weather or food production should be the basis for planning
and action (88).



Nevertheless, anthropometric data may provide timely warning of the
need for intervention in other health sectors. For example, a seasonal
pattern of wasting in a given community may provide the impetus for
specific interventions such as food supplementation or training in
diarrhoea case-management. Similarly, high rates of wasting in a crowded
refugee camp may imply an urgent need for measles immunization and
vitamin A distribution, as well as food supplementation.

5.4 Population data management and analysis

Greater uniformity in the handling and analysis of population-based
anthropometric data is essential to facilitate the comparison of growth
status information across populations and over time. Much of what has
been recommended elsewhere (/-3) for the use and presentation of
population-based anthropometric data has been incorporated in the
discussion that follows.

5.4.1 Description of sources of data

Proper description of a survey or surveillance system requires at least the
following information:

® characteristics of the population

® month, year, and season (winter/spring/summer/autumn; or dry/wet)
during which data were collected

sources of the data within the population: household, clinic, or school
methods and procedures for data collection

purpose of data collection

individual and agency responsible for collection of data

training and standardization procedures for the measurements

type of sampling (if applicable)

type of weighing and measuring equipment; recumbent or standing
height.

5.4.2 Documentation and analysis of coverage rates

For survey coverage to be properly defined and for determining the
representativeness of the sample, information on the sampling strategy
and likely biases, such as losses and refusals, is essential. Assessment of
coverage and representativeness requires a comparison of the socio-
demographic profile of the sub-population monitored with that of the
general population. When data are obtained from a health or nutrition
programme, it is often difficult to define the characteristics of non-
participants in the programme without a special coverage survey.

5.4.3 Reliability and validity

Precision of the estimate
For population-based data or findings, the precision of the estimate of
prevalence or mean Z-score can be assessed from the confidence interval,
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which depends on' the sample size and the complexity of the survey
design. Required precision also depends on how the information will be
used. In general, if the prevalence of a condition is high, lower levels of
precision can be tolerated. For example, a 95% confidence interval of
+5% (absolute precision) would seem reasonable for an estimated
prevalence of stunting near 50% (a relative precision of ’/s0 or 10%), but
the same absolute prec1310n Would be unacceptable for a prevalence level
of 10% (a relative precision of */10 or 50%).

Accuracy of the estimate

Accuracy, that is the extent to which a sample-based estimate for a given
population truly reflects the actual physical status of the population, is a
function of the adequacy of the sampling procedure and of the quality of
measurement methods. If the sample size is adequate and representative
of the population, the findings are likely to be accurate.

Verification of accuracy is best done by remeasurement of a sub-sample
of the original sample by individuals who are fully qualified in
anthropometric procedures. Regular calibration of measuring equipment
is also essential. The types of survey result that may indicate inaccuracy
of the overall anthropometric estimate include:

® aresulting mean Z-score that is significantly higher than the expected
zero value for reference;

® a variance or standard deviation greater than expected; and

® inconsistencies between the estimates based on height-for-age and
those based on weight-for-age.

Poor estimates of age are also a frequent cause of 1naccurate overall
estimates.

Validity of the population-based finding

Anthropometric indicators, including low weight-for-height, low height-
for-age, and low MUAC, cannot be interpreted without considering their
ecological context. For example, a high prevalence of wasting without
evidence of increased mortality must bring into question the validity of
the findings. Thus, valid conclusions about the nutritional status of a
population require supporting ‘information beyond anthropometric
findings. Cross-validation or internal wvalidity between different
indicators is one approach: for example, high rates of low height-for-age
in the absence of high rates of low weight-for-age would be a matter for
concern. External validity checks require additional information such as
socioeconomic, morbidity, and mortality data.

It is frequently necessary to validate the functional meaning of an
anthropometric finding for specific populations or settings. For example,
high weight-for-height, a proxy for obesity, may be less reflective of
adiposity among Hispanic populations than among other ethnic groups
because of differences in lean body mass (89).



5.4.4 Data integrily or quality measures

Several steps are involved in assessing the quality of anthropometric data.
Both the internal and external validity checks discussed above are
appropriate means of assessment.

Quality of age estimates

The quality of age data may be directly assessed by means of a frequency
distribution or histogram of age in months. Signs of low accuracy include
strong digit preference or “heaping” at multiples of 6 or 12 months. In
samples of children under 5 years of age, roughly the same proportion
(about 20%) would be expected in each 1-year age grouping. In general,
if age is not based on actual date of birth, the quality of the data is
inadequate for assessment of height-for-age and weight-for-age. For
infants and young children, the effect of expressing age in completed
months as opposed to rounded months can result in a substantial
difference in the interpretation of height-for-age and weight-for-age (90).
Age should therefore be computed to the nearest one-tenth of a month
and should be based on date of birth.

Quality of anthropometric measurements

Height and weight distributions may also be affected by heaping.
Excesses of recorded height or weight values ending with “.5” or' “.0” are
strong evidence of inadequate measurement techniques; height and
weight measurements should be recorded to the nearest 0.1 cm and
0.1 kg, respectively. The best evidence for the quality of measurements is
provided by records of blinded repeat measurements over short intervals
to estimate measuring precision (2) or over longer intervals to estimate
reliability (91).

Missing and improbable values

The proportion of measurements that are missing or biologically
implausible can be a helpful index for data quality assessment. For
example, if the proportion of Z-scores below -6 or above +6 exceeds 1%,
the quality of the data is doubtful. It is important to document the
frequency of such implausible measures before excluding them from the
analysis. Such extreme values may be caused by errors in the
anthropometric measurement itself or in the reported age. Common
mistakes include the recording of weight as height or vice versa, and
recording the wrong birth year so that the age of the child is incorrect.

For the purpose of analysis, values more than 4 Z-score units from the
observed mean Z-score are likely to be errors and may be treated as
missing values. The exclusion criteria can be even more restrictive for
some indicators; for example, beyond the age of 1 year it is very rare for
a child to have a height-for-age Z-score greater than +3.0. In populations
not under significant nutritional stress, a weight-for-height Z-score below
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-3.0 is rare. The recommended exclusion criteria for anthropometric
values that are most likely to represent errors can be summarized as:

® Flexible exclusion range: 4 Z-score units from the observed mean
Z-score, with a maximum height-for-age Z-score of +3.0. For example,
if the mean height-for-age Z-score of the study population is -2.0,
values less than -6.0 and greater than +3.0 would be excluded in the
analysis.

® Fixed exclusion range (suitable when the observed mean Z-score is
above -1.5):

height-for-age Z-score <-5.0and > +3.0
weight-for-height Z-score < -4.0 and > +5.0

weight-for-age Z-score <-5.0and >+5.0

Distribution or standard deviation of Z-scores

The observed standard deviation (SD) value of the Z-score distribution is
also useful for assessing data quality. With accurate age estimates and
anthropometric measurements, the SD of the observed height-for-age,
weight-for-age, and weight-for-height Z-score distribution should be
relatively constant and close to the expected value of 1.0 for the reference
distribution. ‘

A recent analysis of multiple large-scale nutrition surveys was based on
data available to the USA’s Centers for Disease Control, including several
rapid nutrition surveys undertaken during emergency situations. After
applying the exclusion criteria described above, the standard deviations
of the height-for-age, weight-for-age, and weight-for-height Z-score
distributions from the majority of survey populations ranged within
approximately 0.2 units of the expected value (84), as follows:

height-for-age Z-score: 1.10 to 1.30
weight-for-age Z-score: 1.00 to 1.20
weight-for-height Z-score:  0.85 to 1.10

The observed means and standard deviations of the anthropometric
Z-score distribution for each survey are listed in Table 17. In several
surveys where age was not based on date of birth, the standard deviation
of the Z-score distribution ranged from 1.4 to 1.8, even after the
exclusion of values regarded as likely errors (84).

This consistent finding of a nearly constant variance, or SD, in height-
and weight-based Z-score distributions provides an opportunity to assess
data quality. Studies with an SD outside the above ranges require closer
examination for possible problems related to age assessment and
anthropometric measurements. For example, if the SD value of the
height-for-age Z-score distribution decreases with increasing age, poor
technique for length measurement might be suspected, which may be the



result of the greater difficulty in measuring infants properly. Inaccurate
age assessment of older children may result in an SD value of the height-
for-age distribution that increases with age.

It is less common to encounter a Z-score distribution with an SD value
that is lower than expected. In the case of the weight-for-height Z-score
distribution, a small SD may suggest increased mortality among children
with the lowest weight-for-height, resulting in a more homogeneous
sample (82).

5.4.5 Data compilation and documentation

For population-based data management, proper documentation of data
processing, exclusion criteria, and treatment of missing values is
essential. The proportion of cases or measurements excluded because of
suspected errors should also be reported to provide a measure of data
quality.

5.4.6 Data analysis and presentation

Anthropometric data for populations should always be presented
according to sex and age groups (2, 3). The following age stratification is
recommended:

minimum: (0-23, 24+ months (if age unavailable, < 85 cm or > 85 cm)
acceptable: 0-11, 12-23, 24-59, 60+ months
best: 0-5, 6-11, 12-17, 18-23, 24-35, 36-47, 48-59, 60-71 months, etc.

Of the three reporting systems used to express anthropometric data in
relation to a reference — percentiles, percent of median, and Z-scores —
only Z-scores are recommended for analysis and presentation because of
the various advantages cited in section 5.1.2 (20). For population-based
assessment, including surveys and nutritional surveillance, there are two
ways of expressing anthropometry-based results using Z-scores. One is
the commonly used cut-off-based prevalence and confidence interval for
the indicators; the other includes the summary statistics of the Z-scores —
mean, median, SD, standard error, and frequency distribution.

Prevalence-based reporting

For consistency with clinical screening, prevalence-based data are
commonly reported using a cut-off value, often -2 and +2 Z-scores (see
section 5.2.2). The rationale for this is the statistical definition of the
central 95% of a distribution as the “normal” range, which is not neces-
sarily based on the optimal point for predicting functional outcomes. This
definition has been called the “classic prevalence” (see Fig. 26).

The use of -2 Z-scores as a cut-off ensures that 2.3% of the reference
population will be classified as malnourished even if they are truly
“healthy” individuals with no growth impairment. Hence, 2.3% can be

219



Figure 26

Approaches for estimating “true” prevalence of malnutrition (shaded area) in a

population
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regarded as the baseline or expected prevalence. For this reason, proper
assessment of the prevalence of a condition requires the subtraction of the
baseline prevalence from the observed prevalence. In the case of low
height-for-age, worldwide prevalences are often many times greater than
the expected level of 2.3% (7), and failure to subtract the baseline level
is unlikely to affect the interpretation of findings. In some countries,
however, a cut-off of <-1 Z-score has been proposed, which has an
expected prevalence of 16% in the reference population. Failure to
subtract this value will obviously create the impression of a substantial
level of nutritional problems. Since routine subtraction of the expected
prevalence of 16% is unlikely, the use of the -1 Z-score cut-off is not
recommended. For the same reasons, defining children with Z-scores
between -1 and -2 as “mildly” malnourished is not recommended.

One reason for selecting a higher cut-off value to define malnutrition is to
improve the precision of the prevalence estimate or increase the power of
a given survey without expanding the sample size. An alternative is to
define the prevalence as the proportion below the median (or 0 Z-score)
after subtracting the expected prevalence of 50%. This method of
estimating prevalence has been called the “median shift” (92).
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Two further alternatives to the “classic prevalence” have been proposed:
the “standardized prevalence” (93) and the “minimum prevalence” (94).
Both methods attempt to improve on the shortcomings of the fixed cut-off
prevalence, which often gives the impression — incorrect in most of the
less developed areas — that all individuals above the cut-off level are
“normal” or “well nourished”. These proposed alternative methods both
use theoretical considerations to define the prevalence of malnutrition
and overcome the weaknesses of a fixed cut-off.

Mora (93) proposes a “standardized prevalence estimate”, which is based
on the proportion of individuals of the observed distribution who fall
outside the reference distribution (Fig. 26). The method proposed by
Monteiro (94), the “minimum prevalence”, is based on the assumption
that, in a population with a high prevalence of malnutrition, there are
two sub-populations: one “malnourished” with a distribution shifted
downward from the reference and the other “non-malnourished” with a
distribution overlapping the reference. The non-malnourished proportion
is calculated by doubling the percentage of children who are above the
reference mean or median; the remaining proportion is the minimum
prevalence estimate (Fig. 26). Both moditfied approaches have a fixed
relationship with the cut-off-based prevalence, but the minimum
prevalence gives a higher estimate than the standardized prevalence.

A major advantage of these alternative approaches is that, when the
observed distribution is the same as the reference distribution, as is often
the case for weight-for-height, the prevalence would be zero, rather than
at an artificial baseline level of 2.3% based on the -2 Z-score cut-off.

Both proposed methods are used strictly to estimate the severity of the
deficit in a population; unlike “classic prevalence”, they do not identify
which individuals are affected. In fact, both represent a significant
improvement in defining the level of malnutrition in a population by not
focusing only on severely affected children at the low end of the
distribution. This is especially important in the light of recent evidence
that the less severe forms of malnutrition create a greater burden on
mortality (35).

Mean Z-score-based reporting

An alternative to the prevalence-based approach for expressing severity
of anthropometric deficits or malnutrition is the calculation of summary
statistics of the Z-scores, including mean and standard deviation. The
mean Z-score, though less commonly used, has the advantage of
describing the nutritional status of the entire population directly, without
resorting to a subset of individuals below a set cut-off (Fig. 26). As an
index of severity for malnutrition, it also addresses the conceptual
shortcomings that “standardized prevalence” and “minimum prevalence”
are intended to overcome by not assuming that only those individuals
below the cut-off are affected.
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The calculation of mean Z-score is straightforward in a computer-based
operation, and mean Z-score value corresponds to the graphical
presentation of the Z-score distribution.

A mean Z-score significantly lower than zero — the expected value for the
reference distribution — usually means that the entire distribution has
shifted downward, suggesting that most, if not all, individuals have been
affected. This is confirmed by the examination of data from multiple
population-based surveys. Both secular trends in height-for-age or
weight-for-age and deterioration of weight-for-height during emergency
situations are accompanied by a generalized shift of the entire
distribution, not just a change in its shape or skewness (47, 81, 82, 95).
Figure 24 provides an example of high rates of wasting being a result of
a generalized downward shift of the entire weight-for-height distribution
(83). Another example of a downward shift of the entire height- and
weight-for-age distributions may be seen in Fig. 7.

Using the mean Z-score as an index of severity for health and nutrition
problems results in increased awareness that, if a condition is severe, an
intervention is required for the entire community, not just those who are
classified as “malnourished” by the cut-off criteria (96). Plotting the
entire distribution of the Z-scores against the reference distribution
is helpful in representing the nutritional status of the population
(Figs 7, 24, 26).

Because the standard deviation of the Z-score distribution for height- and
weight-based indices is usually within 0.2 SD units of the expected value
of 1.0, and since this value can be computed directly, the mean and SD of
the Z-score distribution can be used to estimate the fixed-cut-off
prevalence (84). Table 17 confirms the constancy of the standard
deviations of Z-score distributions in numerous countries and for widely
varying nutritional status. The main advantage of such an indirect
estimate is that the required sample size is smaller than that needed to
observe the actual prevalence at a fixed cut-off. This is analogous to the
fact that, for a given sample size, the precision is greater for determining
the median than it is for estimating the 3rd percentile.

The conversion of mean Z-score to a prevalence based on < -2 Z-scores
is as follows:

Option 1: probit [(-2 - observed mean Z-score)/SD]
Option 2: assuming SD is 1.0:
probit (-2 - observed mean Z-score)

The probit function is a complex equation, not given here, that converts
Z-score values to cumulative percentiles. For example, for a survey with
a mean weight-for-height Z-score of -0.9 and an SD of 1.0, the probit
function of [-2 - (-0.9)] or -1.1 is 0.14, meaning that 14% of the children
would fall below the -2 SD cut-off. Table 23 allows mean Z-scores to be
converted to estimated prevalences below -2 SD.



Table 23

Estimated prevalence below -2 SD after conversion from a given mean Z-score

Mean Z-score Prevalence (%) Mean Z-score Prevaience (%)
-3.0 84 -1.0 16
-2.5 69 -0.9 14
-2.4 66 -0.8 12
-2.3 62 -C.7 10
-2.2 58 -C.6 8
-2.1 54 -C.5 6.7
-2.0 50 -0.4 6.0
-1.9 46 -0.3 4.5
-1.8 42 -0.2 3.6
-1.7 38 -0.1 2.8
-1.6 34 ¢ 2.3
-1.5 31 +0.1 1.8
-1.4 27 +0.2 1.4
-1.3 24 +0.3 1.1
-1.2 21 +0.4 0.8
-1.1 18 +0.5 0.6

In summary, the following information should be included when
population-based anthropometric data are reported:

general characteristics of the population and circumstances (e.g. local
or displaced; emergency or non-emergency; increased mortality, etc.)
sample size

design of the survey or surveillance system

measurement methods

method of determining age

proportion of data missing or excluded because of likely error, and the
exclusion criteria

prevalence based on a fixed cut-off, e.g. < -2 Z-scores

contidence interval of the prevalence estimate

mean Z-scores, with 95% confidence interval or standard error of the
mean

standard deviation of Z-scores

frequency distribution plot of the Z-scores against the reference
distribution.
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A complete report for a population sample should include sex and age
group stratifications as well as stratification by other characteristics of
special interest such as feeding mode for infants.

5.5 Methods of measurement

The basic measurement methods for height and weight are covered in
detail elsewhere (97) and described in Annex 2.

5.5.1 Height measurements

Height measurements can be based on recumbent length or standing
height. In general, length measurements are recommended for children
under 2 years of age, and height measurements for others; this is partly
because these were the procedures used in the current NCHS/WHO
international reference (2). However, it is difficult to obtain accurate
height measurements for 2-3-year-old children — especially when they
are uncooperative — and many surveys now measure the length of
children of up to 5 years of age.

In general, length or height is measured and reported to the nearest 0.1
cm, even though this is less than the measurement error of nearly 0.5 cm.
For any child, the length measurement is approximately 0.5-1.5 cm
greater than the height measurement. It is therefore recommended that,
when a length measurement is applied to a height-based reference for
children over 24 months of age (or over 85 cm if age is not known),
1.0 cm be subtracted before the length measurement is compared with the
reference.

5.5.2 Weight measurements

Weight measurements are reported to the nearest 0.1 kg. Ideally, weight
should be determined with the child wearing no clothing. However, for
cultural and social reasons, the common practice is for the child to wear
one layer of undergarments.

5.5.3 Age determination

Whenever possible, information on age should be obtained from a written
birth record or similar document, with verbal information on date of birth
from the mother or primary care-giver as the second choice. Only as a last
resort should information be based on reported age. For computer-based
anthropometric applications, age should be calculated in months to at
least one decimal place.

5.6 Sources and characteristics of reference data
5.6.1 Issues related to selection and application of references

Most references are composite growth curves based on a mixture of
infants and children with varied health and nutritional status and medical
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histories. Such curves are intended to serve as a reference point for
screening and monitoring, not as an absolute criterion for defining
“malnutrition” or pathology (3). In practice, however, current growth
curves are used as a standard and specific decisions are made on the basis
of cut-off points. Issues related to the selection and application of
references are discussed in detail in section 2.9.

The traditional, normative approach to building a reference includes
choosing, for example, a representative sample of young children from a
developed country. An alternative approach is to justify a reference on the
basis of recommended rather than existing practices. In infancy, this
might define the reference population as well nourished and healthy
children whose feeding mode and health care during the first year follow
established recommendations for breast-feeding and immunization, and
might include consideration of prenatal health practices and birth weight.
These issues are further discussed below in the context of development of
infant growth curves.

5.6.2 Local versus international references

An international reference is clearly needed to allow comparison of the
nutritional status of populations in different parts of the world. There
is evidence that the growth in height and weight of well fed, healthy
children, or children who experience unconstrained growth, from
different ethnic backgrounds and different continents is reasonably
similar, at least up to 5 years of age (21, 98). While it is accepted that
there are some variations in the growth patterns of children from different
racial or ethnic groups in developed countries, these are relatively minor
compared with the large worldwide variation that relates to health,
nutrition, and socioeconomic status (22). For this reason, a common
reference has the advantage of uniform application, allowing
international comparisons without loss of its usefulness for local
application (99); this outweighs the disadvantage of the common
reference taking no account of minor racial and ethnic variations.

Beyond the inherent lack of value for international comparisons, there are
several reasons for not developing a local reference or standard (100):

® many populations in less developed areas experience growth deficits
as a result of poor health and nutrition. and any reference developed
from such populations therefore has less screening value for the
detection of health and nutritional disorders;

e gignificant secular changes in growth status within a relatively short
period of time may render a local reference less useful for clinical
screening;

e proper reference development is not a task that can be undertaken
easily or frequently; and

¢ development of local references is very costly.
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5.6.3 Factors affecting the use and interpretation of growth references
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A number of non-pathological factors may influence the growth status of
infants and children; some have the potential to alter the interpretation of
growth status at both the individual and the population level.

® Feeding practice. Breast-fed infants living under favourable

conditions in various geographical areas have been reported to follow
negative trends relative to the NCHS/WHO weight-for-age, and
possibly length-for-age, percentiles during the latter half of the
recommended period of exclusive breast-feeding, i.e. after the third
month, and to sustain those negative trends during the ensuing period
of ad libitum mixed feeding of breast milk and solid foods. The
magnitude of negative deviations often appears to be sufficient for
health workers to make possibly faulty decisions regarding the
adequacy of growth in infants following current WHO feeding
recommendations. This possibility is of special concern in developing
countries where breast-feeding is the key to survival or, at the very
least, to the avoidance of severe infectious morbidity.

Racial and ethnic variation. Evidence exists for the following racial
and ethnic variations, although these are relatively minor compared
with variations that relate to socioeconomic status:

— weight-for-height status is lower for children of the Indian sub-
continent (8)

— Hispanic children in Central and South America appear to have
higher weight-for-height status (8, 89)

— black children are of lower birth weight and smaller size during
infancy, but exceed the size of white children after 2-3 years of age
(101).

Sex. In the age range of concern (birth to 10 years) the average weights
and heights of boys are consistently greater than those of girls. Sex-
specific references are therefore recommended, except possibly in
disaster situations where simplification of procedures may require the
use of combined-sex references.

Size at birth. Birth size and intrauterine growth status appear to be
strong determinants of growth status later in childhood even in the
birth-weight range commonly accepted as normal (2.5-4.0 kg).
Intrauterine growth-retarded infants grow more slowly than preterm
infants of the same birth weight (43).

Parental stature. Parental size, especially height, is a determinant of
both birth weight and later childhood growth.

Altitude. The environmental factor that has most effect on growth but
is not associated with socioeconomic status is altitude (or oxygen
partial pressure); high altitude leads to reduced birth weight and lesser
subsequent growth (102).



With the exception of sex and possibly of infant feeding mode, few of
the factors discussed here seem to warrant a separate reference to
accommodate the observed variations. However, awareness of these
factors can be valuable in adjusting for possible variations when
comparisons are made across groups.

Regardless of the approach taken, the definition of the reference
population must include consideration of variability. A reference with an
inappropriately small variability will result in more children classified as
being of clinical concern than a reference with more variability. Since
references are intended for international use, they should reflect the
variability observed cross-nationally (and, to an extent, that due to
genetic differences) in well nourished, healthy populations.

5.6.4 The current international reference (NCHS/WHO reference)

Background and history

The original National Center for Health Statistics/Centers for Disease
Control (NCHS/CDC) growth curves were formulated in 1975 by
combining growth data from four sources to serve as a reference for the
USA (103). The reference for ages 0-23 months is based upon a group of
children in the Fels Research Institute Longitudinal Study from 1929 to
1975. Tt reflects growth of children who were fed primarily with infant
formula and who were of restricted genetic, geographical, and socio-
economic background, which does not provide strong justification for its
use as a reference. The height curve for this part of the reference was
based on recumbent length or supine measurement (the Fels curves). The
reference from 2-18 years was based on data from three representative
surveys conducted in the USA from 1960 to 1975; the height curves for
this age range were based on standing height measurement (the NCHS
curves). It was intended that length measurements be interpreted with the
Fels curves, and height measurements with the NCHS curves. The fact
that this reference was made up from two unrelated samples or sets of
curves is its major limitation; ideally, a reference should be based on a
single set of curves or on a single survey sample.

In 1978, the NCHS/CDC reference was adopted by WHO as the
international reference. In 1980, a software version of the reference for
mainframe computers was developed by CDC to facilitate the
interpretation of growth data from surveys or clinical studies. In order to
formulate the software-based reference, the original height or weight
distributions were slightly modified by a normalization procedure (104).
This normalized reference can provide percentiles and Z-scores of
weight-for-age, height-for-age, and weight-for-height.

Throughout the 1980s, several microcomputer-based software versions
of the NCHS/WHO reference were developed and supported by CDC and
WHO (105). These have contributed significantly to the wide acceptance
of the concept of the international reference by simplifying the handling
of anthropometric data from surveys, surveillance, and clinical studies.
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Comparison of current NCHS/WHO reference data with the growth of
breast-fed infants

There are many reports in the literature regarding negative deviations
from the NCHS/WHO reference in the growth of breast-fed infants (106).
These prompted an examination of the growth of infants fed according
to WHO feeding recommendations, which include breast-feeding
exclusively for the first 4-6 months and breast-feeding plus comple-
mentary foods until at least 12 months of age, and comparison with the
reference data. Further comparisons were made between the growth of
other groups of infants and both the reference data and the data for breast-
fed infants.

Building of the “breast-fed set” curves. A survey of investigators with
data on growth of breast-fed infants was undertaken. The criteria for
inclusion of data in the initial review were:

® data available on growth during the first 12 months of life for a sample
of at least 20 infants who were fully breast-fed for at least 4 months;

® measurement intervals no greater than 2 months during the first
6 months of life and no greater than 3 months during the second
6 months; ‘

® information available on duration of breast-feeding, use of
supplementary milks, formulas, and solid foods, and timing of their
introduction; and

® documentation of socioeconomic conditions consistent with the
achievement of growth potential.

Seven sets of data fulfilled these criteria and were examined in detail: two
from the USA and one each from Canada, Denmark, Finland, Sweden,
and the United Kingdom (106, 107). Standard anthropometric procedures
were used in all the studies to measure infant weight and length.

The countries, number of subjects, and recruitment criteria for each of
these seven studies are shown in Table 24. The “number eligible” refers
to the number of infants who met the criteria for inclusion in the pooled
analysis, which were that they had been breast-fed for at least 4 months,
been given no solid foods before 4 months, and received no formula or
other milks before 4 months. These criteria correspond to the category of
“predominantly breast-fed” as defined by WHO (108), but it should be
noted that some infants may have received other milks or formulas on an
occasional basis (not daily) — the investigators generally did not exclude
or fully document such cases.

Preterm or low-birth-weight infants were excluded from five of the seven
studies, and three studies also excluded large-for-gestational-age infants.

Of the 453 infants followed in the seven studies, 226 were breast-fed for
at least 12 months. These infants are referred to subsequently as the
“breast-fed set”. Of these 226, 141 were not regularly given formula or
other milks in the first year of life; more than half the infants were
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not given solid foods until 6 months or later. Eligibility by duration of
breast-feeding and age at introduction of formula or other milk is shown
in Table 25.

Levels of maternal education were high in the three studies that reported
on this, with an overall mean of 15.4 years of education. Mean birth
weights in the seven studies ranged from 3414 to 3605 g.

The Z-score patterns of infants in the “breast-fed set” relative to the
NCHS/WHO reference are shown in Fig. 27. Mean weight-for-age
declined continuously from 2 to 12 months to a low of almost -0.6 SD at

Table 25
Number of eligible subjects by breast-feeding duration and age at introduction of
milk or formula®

No. of infants given milk or formula

>6 months but before 6 months and after

Breast-feeding termination of termination of

duration at 4-5 months breast-feeding breast-feeding Total
4-5 months 10 : 0 0 10

6-8 months 45 21 ﬁ2 78

9-11 months 26 65 48 139
12+ months 20 65 141 226
Total 101 151 201 453

# Source: reference 106.

Figure 27
Mean Z-scores of infants in the “breast-fed set”, relative to the NCHS/WHO
reference
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12 months. Length-for-age declined less, with the mean Z-score tending
to stabilize or increase after 8 months; the mean value at 12 months was
approximately -0.3 SD. Mean weight-for-length at 12 months was also
below the NCHS/WHO reference median (approximately -0.3 SD). The
declining Z-scores observed during the period of complementary feeding
are difficult to interpret, but it is possible that these are artifacts resulting
from technical problems in the construction of the NCHS/WHO
reference as discussed in section 5.6.4. The declines may also be a
consequence of specific weaning practices within the population studied,
of other physiological effects attributable to continued breast-feeding, or
of unidentified characteristics in the populations used to construct the
NCHS/WHO reference and the “breast-fed set™.

There was a return towards the current reference medians for weight-for-
age, length-for-age, and weight-for-length between 12 and 24 months in
most of the studies that provided data on this age range. While data at
24 months are insufficient for determining whether the median value for
breast-fed infants would coincide with the NCHS/WHO median, they do
suggest that this may be the case.

Variance of the “breast-fed set” data. One of the objectives of analysing
the growth of infants fed according to WHO recommendations was to
examine the variance of the anthropometric indices. This is critical for
the creation of reference data because the Z-score or percentile lines, as
well as the statistically defined cut-off values, depend on the “spread” of
values in the original data set. If a reference population is “too”
homogeneous, the distribution of values will be unacceptably narrow,
resulting in cut-off values closer to the median than would be the case for
a more heterogeneous reference population.

Standard deviations in weight and length for the “breast-fed set”,
compared with the SDs from the current NCHS/WHO reference data, are
shown in Figs 28 and 29. For both boys and girls, SDs from the “breast-
fed set”™ are smaller than those from the NCHS/WHO reference.
However, the impact on cut-off values (e.g. £2 SD) depends not only on
the SD, but also on the placement of the median value. Because of this,
the difference in cut-off values between the “breast-fed set” and the
current reference depends on infant age. as shown in Figs 30-33. In the
first 6-8 months, when the median for the “breast-fed set” is higher than
the NCHS/WHO median, the -2 SD values for the former are higher than
those based on the latter. After approximately 8 months, when the median
for the “breast-fed set” is lower than the current reference median, the
-2 SD values for the former are lower than (for weight) or similar to (for
length) those based on the latter. For the same reasons, the +2 SD values
for the “breast-fed set” are similar to those of the NCHS/WHO reference
during early infancy, but later are considerably lower.

The distribution of birth weights is one major factor that may account for
the lower variance of the “breast-fed set” compared with the current
reference. Most of the studies of breast-fed infants excluded preterm or
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Figure 28
Standard deviation of weight (kg) in the “breast-fed set” compared with the

NCHS/WHO reference
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Figure 29
Standard deviation of length (cm) of infants in the “breast-fed set” compared with

the NCHS/WHO reference
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Figure 30
Cut-off values of 2 Z-scores below the median weight, according to the “breast-
fed set” and to the current NCHS/WHO reference

Girls

Weight (kg) at —2 SD

1 1 1 I 1 1 1 1 1 1 1 t

0O 2 4 6 8 10 12 0O 2 4 6 8 10 12
Age (months) Age (months)

—— NCHS/WHO reference -—— "Breast-fed set"
WHO 94817

Figure 31
Cut-off values of 2 Z-scores below the median length, according to the “breast-
fed set” and to the current NCHS/WHO reference
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Figure 32
Cut-off values of 2 Z-scores above the median weight, according to the “breast-
fed set” and to the current NCHS/WHO reference
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Figure 33
Cut-off values of 2 Z-scores above the median length, according to the “breast-
fed set” and to the current NCHS/WHO reference
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low-birth-weight infants, and several also excluded large-for-gestational-
age infants. In addition, the samples included families of a generally high
educational level, living under favourable environmental conditions.
Mean birth weight in the “breast-fed set” was similar to that of a
representative sample of white infants in the USA who met certain
criteria indicative of low risk (gestational age =37 weeks; mother
married and at least 20 years of age; at least one parent completed high
school) (116) (Figs 34 and 35), but the SD was about 70 g lower
(P < 0.05; Table 26). Considering only the three studies in the “breast-fed
set”, which did not use any exclusion criteria (109, 112, 113), the birth
weight SDs were generally quite similar to that of the “low risk” USA
population. However, the birth weight SD of the “breast-fed set” was
about 120 g lower than that of the Fels data set (//7) from which the
NCHS/WHO reference was derived (P <0.005; see Table 25). It is likely
that there were more low-birth-weight infants in the Fels study than in the
“preast-fed set”. This may be due, at least in part, to “healthier” practices
during pregnancy among mothers who choose to breast-feed for the first
12 months; alternatively, mothers of low-birth-weight infants may have
more difficulty breast-feeding to 12 months (/18).

Comparison of the growth of infants from different populations with the
“breast-fed set” curves. To determine the potential impact of using a new
growth chart based on breast-fed infants, data from several “test”
populations were evaluated against both the “breast-fed set” and the
NCHS/WHO reference (106, 107). The test populations were: breast-fed
infants from poor populations in developing countries (India, Peru),
breast-fed infants from a range of socioeconomic backgrounds (from five
countries included in a study organized by the UNDP/UNFPA/WHO/
World Bank Special Programme of Research, Development and Research
Training in Human Reproduction (HRP)), and formula-fed infants from
affluent populations.

The data from India come from a cross-sectional study conducted by
Anderson (/19) of predominantly breast-fed infants under 6 months of

Table 26
Means and standard deviations of birth weights from various data sets®

Birth weight + SD (grams)

Data set

Boys Girls
Breast-fed infants 3509 = 419 3450 + 405
White USA infants from low-risk population (776) 3565 + 492 3423 £ 470
Fels Research Institute (777) 3400 + 561 3250 + 530
Formula-fed counterparts 3485 + 530 3400 + 458

2 Source: reference 106.
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Figure 34

Birth weights of the “breast-fed set” infants compared with low-risk infants (boys)
in the USA
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age. The Z-scores for these infants, calculated using either the current
NCHS/WHO reference or the “breast-fed set”, are shown in Fig. 36.
Regardless of the basis for comparison used, the weights and lengths of
Indian infants at birth are very low. The Z-scores are more negative
relative to the “breast-fed set”; this would be expected, since medians for
the “breast-fed set” during the first 6 months are higher than for the
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current reference. The shape of the Z-score pattern is also quite different,
resulting in different interpretations of the timing of growth faltering.
When compared with the current reference, the mean weight-for-age
Z-score of the Indian infants increased between birth and 3 months, but
then declined between 3 and 6 months. In contrast, when compared with
the “breast-fed set”, the Indian infants show a slight decline in weight-
for-age from birth to 1 month, but an increase in mean Z-scores occurred
thereafter and was sustained until 5 months. Declining status in weight-
for-age would therefore be identified at 3 months using the NCHS/WHO
reference but not until 5 months using the “breast-fed set”. If these
differences persist after the envisaged corrections to the NCHS/WHO
reference data versus a breast-fed data-set reference, this has potentially

Figure 36

Weight-for-age, length-for-age, and weight-for-length mean Z-scores of rural
Indian infants, compared with the current NCHS/WHO reference and with the
“breast-fed set”
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important implications for the optimal timing of complementary feeding
of breast-fed infants.

The mean length-for-age Z-scores of the Indian infants were also lower
when the “breast-fed set” was used rather than the current NCHS/WHO
reference. In contrast to the pattern of weight-for-age, which increased in
the early months, the mean length-for-age Z-scores of the Indian infants
declined from birth, regardless of the basis for comparison used.

The mean weight-for-length Z-scores of the Indian infants were low at
birth, particularly with respect to the “breast-fed set”, but increased
thereafter to approximately -0.5 using the current reference and -1.0
using the “breast-fed set”.

The same data are shown in Fig. 37, expressed in terms of the percentage
of infants below -2 Z-scores of the current NCHS/WHO reference or of
the “breast-fed set”. Using the current reference, 20-55% of infants
would be classified as underweight (i.e. below -2 SD) during the first
6 months, compared with 50-75% using the “breast-fed set”. The
percentage classified as stunted would be 25-40% using the current
reference and 40-60% using the “breast-fed set”. Low weight-for-length
was common at birth (45-80%), but much less so at 2-6 months (10% or
less using the current reference and 20-30% using the “breast-fed set”).

Similar analyses were carried out for infants from a squatter community
on the outskirts of Lima, Peru. The analyses were restricted to 52 infants
who were predominantly breast-fed and were measured every month
during the first year of life (7120). The Z-score values are shown in
Fig. 38. Mean weight-for-age Z-scores of the Peruvian infants increased

Figure 37

Percentages of rural Indian infants with weight-for-age, length-for-age, or weight-
for-length below the -2 Z-score cut-off value, according to the current
NCHS/WHO reference and to the “breast-fed set”
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in early infancy using either basis for comparison; as with the Indian
infants, however, a decline began at 3 months using the current reference
but not until 4-5 months using the “breast-fed set”. On the other hand, the
mean length-for-age Z-score declined by 3 months regardless of which
basis was used for comparison. The mean weight-for-length Z-scores
using the “breast-fed set” were somewhat lower from 1 to 4 months than
those derived using the current reference, but from 5 to 12 months the
results were very similar with either data set.

Figure 38

Weight-for-age, length-for-age, and weight-for-length mean Z-scores of peri-
urban Peruvian infants compared with the current NCHS/WHO reference and with
the “breast-fed set”
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Figure 39

Percentages of peri-urban Peruvian infants with weight-for-age, length-for-age, or
weight-for-length below the -2 Z-score cut-off value, according to the current
NCHS/WHO reference and to the “breast-fed set”
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The proportions of Peruvian infants below the -2 Z-scores cut-off are
shown in Fig. 39. The percentage classified as underweight during the
first 6 months was somewhat higher using the “breast-fed set” (4-8%)
than using the current NCHS/WHO reference (0-2%), but after 8§ months
the situation was reversed: by 12 months the percentage underweight was
about 10% using the “breast-fed set” compared with 16% using the
current reference. The percentage classified as stunted was relatively low
(2-6%) during the first 6 months using either basis for comparison; after
6 months the prevalence of stunting increased, but results were similar
using either basis for comparison. Relatively few infants were classified
as low in weight-for-length: 0-8% using the “breast-fed set” and 0-4%
using the current reference.

Data for a formula-fed test population are illustrated in Figs 40 and 41.
These data came from the DARLING (7/4; n=45) and the EURONUT
studies (Haschke et al., unpublished data; n=148); all infants included
were breast-fed for 3 months or less. Using the current NCHS/WHO
reference, the mean weights-for-age of the formula-fed cohort were
higher than the median for the first 8 months but relatively close to the
median at 9-12 months. In contrast, the mean weight-for-age Z-scores
generated using the “breast-fed set” began close to the median but
increased thereafter to an average of about +0.6 at 12 months. Mean
length-for-age and weight-for-length Z-scores after 6 months were also
higher using the “breast-fed set”. The percentage of formula-fed infants
classified as above +2 Z-scores is shown in Fig. 41. About 7% of
formula-fed infants would be classified as high in weight-for-length at
10-12 months using the “breast-fed set”, compared with 3% or less using
the current reference.
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Data from the HRP Study conducted in eight centres in Chile, Egypt,
Hungary, Kenya, and Thailand were also used as a test population (121).
The weights of 2478 infants were measured. Of these, 1273 infants were
measured at each of the planned times: 1.5 months and at months
2 to 12. Nearly all infants (98%) were breast-fed (two or more feedings
per day) to at least 12 months. About one-third of the infants (30%) were
fully breast-fed to at least 4 months, then partially to at least 12 months;
the remaining two-thirds (68%) were fully breast-fed for less than

Figure 40

Weight-for-age, length-for-age, and weight-for-length mean Z-scores of USA and
European formula-fed infants compared with the current NCHS/WHO reference
and with the “breast-fed set”
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Figure 41

Percentages of USA and European formula-fed infants with weight-for-age,
length-for-age, or weight-for-length above the +2 Z-score cut-off value, according
to the current NCHS/WHO reference and to the “breast-fed set”

Weight-for-age Length-for-age Weight-for-length
207 201 200

=) L I/‘_ =) r a [
D16 - / D16 - D16 -
ol L A 1 [aY] - ol L
+ L in i + | +
AL PR A A
S121 [ S12 - = s12+
e 7 oy 2 T 2 e 7
bl L - g = L ’ 1 — - -
o [ // o p II \‘ (o] L Vad
Ser / &8 - EANANY \ Ssr /
~ r ~ / =~ \Y4 S r ’
= F c - / ‘ c  F Iy !
@ L @ L / @ L i~/
[&] [&] / o
D47 S4r 3 4r !
a [ o |

L Lo~

O L | T U WU SRS SR | O L P 2 PRI | | O I/ PRI ST ol |
o 2 4 6 8 10 12 c 2 4 6 8 10 12 0 2 4 6 8 10 12
Age (months) Age (months) Age (months)
—— NCHS/WHO reference —-—-— "Breast-fed set”

WHO 94828

4 months, but partial breast-feeding continued for at least 12 months.
Figure 42 shows that, using the current NCHS/WHO reference, the mean
weight-for-age Z-scores began somewhat higher than the median, fell
below the median at 5 months, and averaged approximately -0.6 by
12 months. In comparison with the “breast-fed set”, the mean Z-scores
were very stable from 2 to 12 months, at about -0.3. The percentage of
infants below -2 Z-scores at each month is shown in Fig. 43. In the first
6 months, the percentage classified as underweight was relatively low:
3-6% using the “breast-fed set” and less than 2% using the current
reference. In the second 6 months. the percentage classified as
underweight increased to about 11% at 12 months using the current
reference but to only 6% using the “breast-fed set”.

These findings suggest that the interpretation of the growth of infants can
vary substantially according to whether the cwrent reference or the
“breast-fed set” data are used.

Revision of the reference in view of problems with the current
NCHS/WHO reference

Height-for-age disjunction. Using the software-based reference for
interpreting growth data from large surveys or studies, the mean Z-score
of height-for-age and the prevalence of low height-for-age consistently
showed an abrupt change at 2 years of age (/22). In fact, there is a
significant disjunction in the height curve between the length-based Fels
curves for children under 2 vears of age and the height-based NCHS
curves for older children. A recent study examined the nature and
magnitude of the possible disturbance of the current NCHS/WHO
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Figure 42
Mean weight-for-age Z-scores of infants enrolled in the HRP Study compared

with the current NCHS/WHO reference and with the “breast-fed set”
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Percentages of infants enrolled in the HRP Study with weight-for-age below the
-2 Z-score cut-off value, according to the current NCHS/WHO reference and to
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reference by using growth data from more recent representative surveys
in the USA (104). The original procedures for constructing the current
curves were also assessed to determine the possible reasons for the
irregularities observed. The areas of “disturbance” can be summarized as
follows:

® The infancy deviation. The height-for-age curve is lower than the
length status of the Fels sample from 1 to 6 months of age, which
resulted in an overestimation of observed length values at this age.
This deviation is related to a lack of measurement points between
3 and 6 months in the original Fels data.



® The early deviation. From 12 to 24 months of age, the height-for-age
curves are higher and the weight-for-height curves lower than the
actual growth status of the USA reference sample. This deviation is
the result of Fels children being taller than those in the USA
representative samples, and is a problem if the reference is assumed to
reflect the growth pattern of children in the USA.

® The late deviations. From 24 to 36 months of age, the height-for-age
curve is lower than the height status of the USA reference sample; the
weight-for-height curve is higher. However, from 36 to 72 months of
age, the height-for-age curve is slightly higher than the actual height
status. These deviations are the result of small sample sizes and
inadequate statistical assumptions, as well as of the procedures used
for construction of curves.

® The 24-month disjunction. There is a marked discrepancy in estimated
height status immediately before and after 24 months of age. This
represents the combined effect of an underestimation of height status
with interpretation of the Fels sample length-based curves and an
overestimation of height status with the height-based curves from the
USA sample at 24 months of age. In essence, this is the net result of
the early and late deviations. The magnitude of this disjunction is
approximately half a standard deviation or 1.8 cm.

Figure 44 uses the mean height-for-age Z-score across age for four racial
groups of low-income children in the USA, monitored by CDC to
illustrate the significant changes described above (/07). The impact of
the 24-month disjunction on the prevalence of low height-for-age for
these children is illustrated in Fig. 45. The magnitude of these
inconsistencies or deviations warrants caution when the current reference
is used to interpret the growth status of children covering a wide age
range, as in surveys or in the context of growth monitoring.

Issues related to upward skewness of reference population. The height
distributions of children of a given age are normally (symmetrically)
distributed. By contrast, the distributions of weight-for-age and weight-
for-height, though normal in some developed countries, are skewed
towards the higher end in others. In fact, the current NCHS/WHO
reference based on children in the USA is markedly skewed, reflecting a
substantial level of childhood obesity. Using such a reference as a
“standard” for optimal growth or health is unwarranted since the upward
skewness may reflect an “unhealthy” characteristic of the sample. In
addition, given the secular trends of increased overweight in both
children and adults observed in the USA and in some other populations,
it is of concern that, unless this issue is dealt with, future references will
tend to be further and further to the right, thereby resulting in the
misclassification of overweight children as “normal”.

One potential solution is to use the standard deviation of the lower half of
the distribution to model the upper half. The main justification for this is
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Figure 44

Mean height-for-age Z-scores across age for four ethnic groups of low-income
USA children monitored by the CDC Pediatric Nutrition Surveillance System,
illustrating the marked shift in mean Z-scores across the 24-month disjunction®
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Figure 45

Change in prevalence of low height-for-age of low-income USA children
monitored by the CDC Pediatric Nutrition Surveillance System, illustrating the
impact of the 24-month disjunction
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that variations in the lower half of the weight distributions among
developed countries (populations with unconstrained growth) are
relatively small. However, since there is insufficient knowledge of the
normality of weight distribution in children of different ages, the issue of
skewness should be the subject of further research.

Efforts to revise the current NCHS/WHO reference. Because of the
potential [or misinterpretation of anthropometric data resulting (rom the
problems with the current reference discussed above, a revision was
carried out by CDC in 1990 to correct some of the irregularities. The
revision added further data from the original USA national survey to
expand the sample size and provide more reliable curves, as well as to
reduce the use of the Fels sample for 12 to 24 months. In addition,
different statistical procedures were developed to ensure greater accuracy
of the formulated curve. Figure 46 shows that the gap in height values
between the Fels curves and the NCHS curves was reduced from the
original 2.5 cm to 0.5 cm after the revision. However, this reflects only
the difference between recumbent length and standing height, which was
small in this case since the children were properly stretched for the length
measurement (sec section 5.5.1). Figure 47 shows the extent of the late
deviation of the NCHS curve after 24 months.

Since a national representative sample of USA children under 12 months
of age was not available, the Fels sample was retained for this age group.
However, a new procedure, based on modeiling the individual growth
pattern, was used to overcome the inadequate measurement points for the
sample. Unlike the original reference, where the Fels and the NCHS
curves were kept as separate sets. the revised reference merged them at
12 months of age to create a single set, since an adequate fit was observed
at this age.

Figure 46
Height-for-age disjunction at 24 months of the current NCHS/WHO reference and
of the revised NCHS reference

100

Height (cm)

©
o

[e4]
o

70

Current 100 Revised

-
??

0
\

WHO 94820

i
L T U S S j 70« . . . 1
18 24 30 18 24

Age (months) Age (months)

ol

247



Figure 47
Comparison of the current NCHS/WHO reference and the revised NCHS reference
in height-for-age after 24 months
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Adoption of the revised curves as the updated international reference for
general use is not recommended, but the revised reference should be
made available to researchers when it is necessary to compare height- and
weight-based measures across age (see Figs 44 and 45) or to assess
changes over time for a cohort of children. There are several reasons for
not recommending their adoption for general use. One is that the most
recent USA national nutrition survey (NHANES III), which has an
expanded sample size for younger children, will offer a more definitive
update of the reference curves for the USA by the late 1990s, and two
changes in a decade would be too disruptive. A second reason is that
the formulation of a truly international reference based on carefully
conducted surveys covering broad populations from several countries
might be more acceptable than data from a single country. The following
characteristics are desirable if data sets are to be included in the reference:

® gseveral countries should be included, among them less developed
ones;

® they should be based on healthy populations with unconstrained
growth (not necessarily representative); the definition of healthy
populations is important in deciding whether or not the choice should
take infant feeding modes into account (see section 5.6.4, page 227,
and section 2.9);

® sample sizes and procedures should be adequate;

® the raw data should be available.

The following characteristics are also desirable, although not essential:

® the age range from birth to adolescence should be covered by most
data sources;



® quality control and measurements should be standardized and
standardization procedures should be documented;

® for adolescents, measures of sexual maturity should be available;

® secular trends in growth should be small or absent.

Conclusions and comments

The Expert Committee concluded that the current NCHS/WHO reference
is inadequate and therefore recommends the development of a new
weight and length reference for use in all infants. Infants fed according to
WHO recommendations and living under conditions that favour the
achievement of genetic growth potential grew less rapidly than, and
deviated significantly from, the reference. Differences in growth patterns
were most notable after 4-6 months. While it is probable that differences
in growth patterns in the first 4-6 months were due mostly to technical
inadequacies of the current reference, the same is unlikely to be true of
growth differences in later periods. The lesser gains in length after
4-6 months in breast-fed infants supplemented ad libitum are sufficiently
marked to concern both those who use the NCHS/WHO reference as a
standard to assess the adequacy of feeding practices and those who regard
maximum length as a reflection of optimum health.

It may be concluded that the present WHO feeding recommendations, as
practised in affluent populations, did not result in maximum growth
during the first year; the growth of these infants was not assessed at later
ages. The assumption of an equivalence of maximum with optimal
growth provides the rationale for the development of cut-offs based on
the NCHS/WHO reference, although it has never been reviewed
explicitly by an expert group. Current WHO feeding recommendations,
on the other hand, are based on an expert review (5). The Expert
Committee recognized that future scientific advances and worldwide
improvements in sanitation may make it necessary to modify
recommendations, but considered that current recommendations are
based on the best wisdom available.

At present, therefore, it would be reasonable to select a population of
infants fed according to the WHO recommendations as a basis for
comparing growth patterns. Additionally, the reference sample should be
chosen from a population of infants who live in “healthy” environments
that do not limit growth, and who are representative of characteristics
which influence the normal variance in growth, e.g. birth weight and
parental height. The sample should also be sufficiently large to allow
reasonable precision in estimates of the more extreme percentiles of
weight and length distributions. The results of the pooled analyses (106)
reveal a relatively low variability in growth which is of concern. Further
investigation regarding the observed variance is recommended. The final
specification of a reference population, however, requires further
consideration and research of the issues discussed.
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The possible role of complementary foods in determining growth
patterns is of special concern. It is therefore recommended that the effects
of the quality of complementary foods on growth and other health
outcomes from 4 months onwards be examined in advantaged
populations. Such information is essential to develop cut-off values for
specific populations. The Expert Committee was concerned that the lack
of this information makes it difficult both to evaluate growth in the latter
half of infancy and to identify the etiology and measure the rates of
stunting and/or wasting within and between populations.

In summary, it is a matter of urgency to clarify the reasons for, and
consequences of, the difference in growth between partially breast-fed
and non-breast-fed infants older than 4-6 months; it may be, for instance,
that complementary foods currently given to breast-feeding infants in
affluent populations contain insufficient micronutrients for optimal
growth. ’

If it were found that the different growth patterns resulting from divergent
feeding practices are, in fact, compatible with short- and long-term
health, there would be strong practical reasons for maintaining a single
anthropometric reference for infants. Consideration should be given to
the development of cut-offs from a single reference which facilitate the
most effective nutritional management of infants, particularly of those
who are exclusively breast-fed.

Further evaluation of the feasibility of using reference data based on
infants breast-fed for at least 12 months is also recommended. Growth
curves based on the pooled analyses (106) should be used in research
settings to assess the growth of exclusively and partially breast-fed
infants and of infants fed formula from birth. The proposed studies
should include cohorts from both advantaged and disadvantaged
populations. The objectives of the proposed research are the identifi-
cation of problems encountered (e.g. by health care providers) in the
interpretation of such curves, and of the benefits or adverse consequences
that may result from changes (relative to the current NCHS/WHO
reference) in the proportions of infants classified as faltering, stunted,
wasted, or obese or overweight, regardless of feeding mode.

5.6.5 Growth velocity curves
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Growth velocity curves will detect growth faltering earlier than attained
growth charts, but are more difficult to interpret and require repeated
measurements at regular intervals. Moreover, growth over short periods
of time shows high variability; together with the low precision of some
measurements, this will limit the ability to detect growth changes. Sound
decision-making requires the use of time intervals during which the
expected growth is greater than the combined errors of two repeated
measurements.
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An important area for research is comparison of the sensitivity and
specificity of the simplified procedures for assessing incremental growth
(e.g. weight gain versus no change in weight versus weight loss in a
specified number of months, or failure to gain a specified amount of
weight in a given period) with a procedure based on incremental growth
charts. Another relevant issue is the effect of the wide variability in
normal growth rates on the use and interpretation of growth velocity
reference data.

Presentation of anthropometric reference data
For individual-based applications

Growth curves

The most common format for the current NCHS/WHO chart consists of
curves for the 5th, 10th, 25th, 50th, 75th, 90th, and 95th percentiles. This
has the disadvantage of unequal intervals from one percentile curve to
another which means, in the visual monitoring of growth faltering, that
crossing percentile lines gives rise to different interpretations in different
areas of the chart. The difficulty in plotting additional curves below the
third percentile is a further disadvantage of the percentile-based chart.

To adhere to the current recommendations for expressing height- and
weight-based anthropometric data, future growth curves should use
Z-score values instead of the current percentiles. A proposed new format
would consist of a family of curves using a fixed Z-score interval, starting
at -4 Z-scores as the lowest curve and with +3 Z-scores as the highest;
the curves would be made up of full Z-score intervals (-4, -3, -2, -1, 0,
+1, 42, +3).

Operational research is required on the best design of charts
incorporating Z-score lines for field use. including the number and
location of lines, colour schemes, and other characteristics that may
facilitate their use and interpretation. This system would have the
advantages of providing a uniform interpretation of crossing lines in
different areas of the chart, as well as being suitable for following the
growth patterns of children located significantly below -2 Z-scores.

Criteria for one-time assessment

As a screening tool for current potential health or nutritional disorders,
the one-time measurement is of limited value in the case of height-for-
age and weight-for-age unless the value is clearly distant from the
distribution for the population to which the child belongs. A value
judgement for screening will therefore depend on local circumstances
and resources. If the current international growth curves were used in an
area where the mean height-for-age Z-score is near -1.0, a child with
a Z-score below -3.0 would be regarded as an outlier if the -2 Z-score
cut-off is used for screening. Thus, a Z-score-based growth curve
would be easier for local adaptation — as discussed in section 2 — than
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the current format of percentile curves ranging from the 5th to the
95th percentile.

As regards weight-for-height, the greater global uniformity of the
baseline level of wasting other than at the time of a disaster (less than
5% of children below -2 Z-scores) suggests that this cut-off would be
adequate for most areas. A possible exception is the case of children in
and near the Indian subcontinent, where prevalences of wasting are
consistently around or above the 10% level, and a slightly lower cut-off
could therefore be adopted.

Criteria for repeated measures

For growth monitoring or detection of growth faltering between infancy
and adolescence, the Z-score-based growth curves also represent a more
functional tool. As mentioned elsewhere in this section and in 5.1.2, an
absolute change in Z-score units for a specified time period is more
useful than a given change in percentile values, as the latter would give
rise to different interpretations according to where in the distribution the
initial value was located. For example, a reduction of 10 percentile points
means very little actual weight change near the central part of the
distribution, but a much larger change in the outer tails.

No uniform criteria for defining growth faltering are currently available,
although practical definitions such as “no growth in two consecutive
periods” have been suggested. Further research is needed to assess the
predictive value of different operational recommendations. Nevertheless,
the adoption of Z-score-based monitoring charts would be a major step
towards establishing more objective criteria for defining growth faltering.

5.7.2 For population-based applications
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Issues relevant to population-based applications have been discussed in
section 5.4. As for Z-score-based approaches, beyond the adoption of the
<-2 cut-off for low height-for-age, weight-for-age, and weight-for-
height, a reference mean Z-score of 0 and a standard deviation of 1 are
important benchmarks for interpreting observed population-based data.

One recurrent proposition is the use of functional outcomes to define the
cut-off point for anthropometric indices as an alternative to using a cut-
off based on statistical distribution or on criteria such as -2 Z-scores. In
principle, an outcome-based criterion would be the most desirable
approach for the application of any anthropometric or other index.
However, two limitations prevent this being a practical proposition.
One is the fact that it is difficult to acquire longitudinal follow-up data
with sufficient sample size, range of age, and co-variates to construct
reference criteria based on functional outcomes. The second