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This paper proposes a simple and inexpensive methodfor the field assessment of certain
objective indicators of nutritional status in children of preschool age. It emphasizes the
need for statistically valid sample selection and presents a design for randomly selecting
30 children from each of 30 village sites in each region for which quantitative inferences
are to be made, the main purpose being to estimate the prevalence of protein-energy
undernutrition and anaemia. The need to train indigenous paraprofessional workers as
assessors and periodically to control their accuracy is stressed. The method used is limited
to an estimate of the location and magnitude of common childhood malnutrition and it is
recommended that it be supplemented by detailed ecological analysis to determine causal
factors andpropose remedial action.

The need for effective programmes to improve
nutrition and health throughout the world is becom-
ing increasingly urgent. Information on the magni-
tude of the problem of malnutrition, the identifi-
cation of population groups in greatest need of
assistance, and the effectiveness of programmes
aimed at improving nutrition can best be obtained
by objective and periodic assessment ofthe nutritional
status of representative communities.

In the past, national nutrition surveys have often
been excessively costly and complex, as well as unrep-
resentative of the total population because of poor
sampling techniques. Consequently, the translation
of survey results into practical programmes for nu-
tritional improvement has usually been unsatisfac-
tory. Because of these constraints, the replication of
surveys to measure programme effectiveness has
rarely been possible. Simpler methods must be devel-
oped and field-tested that can provide the maximum
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of useful data with the minimum of expenditure,
complex equipment, highly trained personnel, and
time.
The outlines of such a simplified system are pre-

sented in this paper. The system utilizes certain key
indicators of malnutrition in early childhood to
assess the magnitude of protein-energy malnutrition
(PEM) and anaemia in developing countries. The
relatively few measurements recommended in this
method can be performed by paraprofessional
personnel who have been specially trained. The
results can be quickly analysed and made available
for practical programme planning and evaluation.

This method is not a comprehensive nutritional
assessment of an entire population and cannot be
expected to detect all cases of malnutrition, or all
of its correlates, within a community or a country.
It is not designed to identify and measure the many
ecological factors associated with PEM; such analy-
sis requires greater sophistication and the determin-
ation of many economic, sociological, dietary, agri-
cultural, and other variables, and could be undertaken
at a later stage in the development of nutrition im-
provement progammes. The purpose of this simplified
method is to determine the magnitude and geographi-
cal extent of the problem rather than its various
causes. It will generate valid and useful data on the
prevalence of the most common nutritional prob-
lems of young children in developing nations and
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thus provide an indication of where, among whom,
and what kind of nutritional problems require
remedial action.

Since the physical growth of young children is so
commonly threatened in the developing world by
the interaction of infectious diseases and dietary defi-
ciencies, simple body measurements oi children be-
tween 6 months and 6 years of age constitute the
core of the method. Since anaemia is also wide-
spread, determination of the haemoglobin level,
haematocrit, or both should be performed on a sub-
sample of the children. These basic measurements
may be supplemented by appropriate demographic,
socioeconomic, laboratory, or clinical data based on
preliminary knowledge of the population to be stud-
ied and within the constraints of money, equipment,
personnel, and time. For example, if deficiencies
such as hypovitaminosis A are believed to be a pub-
lic health problem, appropriate supplementary stud-
ies may be performed on a selected subsample.
Although this methodology is based on the direct

assessment of only young children, Bengoa et al. (1),
have shown that malnutrition in these early years
may serve as an indicator of the probable nutritional
status of the entire community. Rapidly growing
children are at the greatest risk of developing PEM;
the risk is lower in those below 6 months of age,
because of the still relatively high prevalence of
breast feeding in rural areas of developing countries,
and also in those over 6 years of age because of
the greater host resistance to infection and more
varied dietary intake.a Limiting the assessment to
this narrow age range, in which male/female differ-
ences in most body measurements are minimal, facili-
tates statistical analysis of the data. For most analy-
ses the sexes can be combined, so that a smaller
number of children need be examined in each specific
age group.

METHODS

The distinctive features of this simplified assess-
ment are the statistical methods for representative
selection from the population to be studied, and the
recommendations for employing a minimum core of
objective, uniformly measured nutritional indicators.
The recommendations provide reasonable assurance

a In certain urban communities where traditional breast
feeding practices have declined, children younger than
6 months of age should also be included in the sampling
frame. Also, where information is available on the peak inci-
dence of PEM, it may be desirable to limit further the upper
age limit of the children studied.

that valid comparisons can be made between defined
subgroups within the total population. These sam-
pling methods and nutritional indicators are pre-
sented briefly in the following two sections, followed
by suggestions on training the survey teams in per-
forming accurate and reproducible measurements,
and on the logistics of conducting the survey. Finally,
suggestions are presented on methods for data
processing, feedback of results, utilization of results
for preventive action, and the evaluation of that
action.
The original methodology, employed in an assess-

ment of nutritional status of displaced persons in
the Republic of South Viet-Nam in 1973 (2), has
been revised and used during 1974-1975 in national
nutrition assessments in Nepal (3) and in Sri Lanka.

Sample selection
Our revised recommendations for sample selection,

adopted after further experience in the field and fol-
lowing consultations with authorities in sampling
methodology, are as follows:

1. Within a region for which reliable information
is required, at least 30 sample sites are to be ran-
domly selected, using an appropriate sampling inter-
val in relation to the total population of all known
population units in the region. For comparisons be-
tween one region and another to be valid, at least
30 such sites are required within each. Every effort
must be made to examine the exact sites selected
and not to substitute others that may prove more
convenient or cooperative.

2. Within each sample site, random selection meth-
ods are employed to select 30 children of the appro-
priate age for study, rather than an attempt to study
all of the children. The minimum of 900 children
so selected in each region (30 children per sample
site x at least 30 sites) will constitute a representative
sample of the total number of children of the specified
age range in that region.

3. It may be desirable to " enrich " the study sam-
ple by deliberately increasing the sample propor-
tions of certain high-risk groups or of certain sub-
regions to permit more thorough and detailed descrip-
tion of the nutritional status of a particular popu-
lation group or geographical area. Such a decision
will be dictated by careful study of the available
demographic, geoclimatic, and clinical data during
the preplanning phase. The nature of such an aug-
mented sample must be clearly recognized and appro-
priate statistical adjustments must be made in the
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analysis and presentation of data so as to ensure
comparability of results.

4. For those measurements that are to be per-
formed on only a part of the sample, such as haemo-
globin determination and certain other tests, the
same subsample, randomly chosen, should be em-
ployed for each measurement.

Assessmenit methods

In the sample selected for study, the following
measurements, indicative of nutritional status of
these children, constitute the core of key indicators.
It is recommended that those in italics be done in
all situations. The role of the others in the assess-
ment methodology will be discussed and their use
dictated by the particular situation.

In outline these indicators are:

1. From mothers, or from those who may substitute
as mothers, of the children examined:
(a) basic identification (total sample);
(b) selected demographic and socioeconomic data (total

sample);
(c) height of natural mothers (subsample).

2. From children selected, approximately 6 months
to 6 years of age:
(a) body measurements:

(i) length or height (total sample);
(ii) weight (total sample);
(iii) mid-upper arm circumference (subsample);
(iv) triceps fatfold thickness (subsample);
(v) head and chest circumference (all those under

2 years of age and a subsample of the others).
(b) clinical screening:

(i) bilateral pretibial oedema (total sample);
(ii) selected signs of specific nutrient deficiency,

such as Bitot's spots or goitre, as indicated
by the local situation (total sample).

(c) laboratory determinations: a

(i) haemoglobin level, haematocrit, or both (sub-
sample);

(ii) plasma or serum albumin level (all those
with oedema plus a subsample of the others);

(iii) additional determinations such as plasma or
serum vitamin A or urinary iodine levels,

a In addition to the indications noted, performance of
these determinations depends on the availability of adequate
technical capability.

as indicated by the local situation (all those
with clinical signs plus a subsample of the
others).

Further discussion of these suggested indicators
follows, under the same subject headings:

1. From mothers:
(a) Basic identifying data should be coded to include,

in addition to the region, site, family, and child,
the child's position in the family. The child's
name (not to be coded), sex, and age complete
the identifying data. Each child's age should be
carefully ascertained and confirmed by means of
existing records, popularly known astrological
signs, or specially constructed local events cal-
endars. The record should make clear whether
the recorded age is a crude or a reliable estimate,
so that this may be taken into account in the
analysis of growth indices requiring accurate age
determination.

(b) Depending on local geographic, ethnic, and socio-
economic conditions, further selected and relevant
data may be collected if and when possible.

(c) If time permits, and where an accurate instru-
ment for measuring the height of adults is avail-
able, an estimate of the maternal contribution to
the stature of children can be made. Garn &
Rohmann (4) have shown that this may help to
evaluate the relative impact on growth retar-
dation of familial and environmental factors.

2. From children:
(a) Body measurement:

(i) Length or height. Supine length should be
measured on all children up to 2 years of
age or, if the accurate age is unknown, on
all children 85 cm or less in length. For
children older than 2 years or taller than
85 cm, standing height should be measured.
In either case the measurement must be that
of the child in full extension, with feet bare
and head positioned so that the child's gaze
is directed at right angles to its body align-
ment (Frankfort plane). To accomplish the
proper positioning of an often uncooperative
child, the measurer must be assisted by at
least one full-time helper, and the measuring
instrument must have an easily adjustable
right angle block that slides along a clearly
legible metric scale. Drawings of a portable
and durable board that can accurately meas-
ure both length and height, and which has
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been used successfully in the field, are avail-
able from the Center for Disease Control.a

(ii) Weight. For children of this age the Salter
hanging scale, which will take a weight of
up to 25 kg and is marked at 0.1-kg inter-
vals, has proved eminently satisfactory in
field work. It can be hung from a tree branch
or a door frame; where such supporting
structures are not available, such as in the
desert, a portable tripod is necessary. Its
accuracy should be checked periodically
with weights of known mass; large plastic
bottles or jugs are easily transportable when
empty and, when filled with water in the
field, always contain a known volume.

(iii) Mid-upper arm circumference (AC). Jelliffe
& Jelliffe (5) have shown that this measure-
ment can provide an independent assessment
of the severity of undernutrition, as mani-
fested by wasting of muscle. As usually per-
formed, its validity has been questioned
because of the relatively large standard error
of its measurement. However, with the use
of insertion-type tapes developed by Zer-
fas (6), together with adequate training and
supervision of the measuring personnel,
satisfactory precision and accuracy are poss-
ible. The mid-point of the upper arm must
be accurately located and the tape applied
snugly but not too tightly.

(iv) Triceps fatfold thickness (Tri FF). To estim-
ate the contribution of subcutaneous fat to
the AC and to provide an objective indi-
cation of children's caloric reserve as de-
scribed by Gurney et al. (7), the measure-
ment of Tri FF may be considered. This
decision will depend on the availability of
an appropriate instrument such as the
Tanner-Holtain caliper and on the ability
to control measurement accuracy satisfac-
torily.

(v) Head and chest circumference (HC & CC).
These measurement can be performed with
more satisfactory accuracy than either AC
or Tri FF. In most populations, HC is
normally greater than CC in children up to
6 months of age and smaller than CC after
the age of 1 year. In severe PEM, CC may
remain smaller than HC up to 2 years of

a Unpublished documents.

age or more. Malina et al. (8) have recently
presented evidence to suggest that the great-
est usefulness of these measurements, par-
ticularly that of HC, may be to detect, in
children as old as 5 years, undernutrition
that may have occurred before the age of
2 years.

(b) Clinical screening:
(i) Pretibial oedema. In diagnosing the type of

PEM, it is of critical importance to estab-
lish the presence or absence of oedema.
This sign should be elicited with great care
and consistency by applying bilateral firm
thumb pressure over the lower tibiae for
3 seconds. Resultant bilateral pitting sig-
nifies oedema of systemic origin. A lack of
or doubtful pitting is to be graded 0, slight
but definite pitting 1, and moderate to
marked pitting 2.

(ii) Other signs. Much more difficult than train-
ing non-medical workers to detect oedema
is the training necessary for recognizing
Bitot's spots and other eye signs that indicate
hypovitaminosis A or for grading the degree
of goitre that may be associated with iodine
deficiency. Although difficult, the collection
of such data should be considered when a
high index of suspicion exists in regard to
these or other significant micronutrient defi-
ciencies in the population.

(c) Laboratory determinations:
(i) Haemoglobin level (Hgb) or haematocrit

(Hcrit). Anaemias due to iron deficiency, and
often other causes, are common throughout
the world and their detection in a subsample
of children is recommended in all cases.
Miale (9) has shown that Hgb, as measured
by the photometric determination of cyan-
methaemoglobin, is preferred over Hcrit
since it is a more direct reflection of the
oxygen-carrying function of the blood, and
since the specimens can be more readily
handled in the field and more reproducibly
determined later in a central labpratory. It is
recommended that both determinations be
carried out whenever possible since they
permit calculation of the mean corpuscular
haemoglobin concentration (MCHC), which
is likely to be lower than 31 % at all ages in
moderately severe iron-deficiency anaemia.
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(ii) Plasma or serum albumin level (Alb). When
adequate facilities exist, determination ofAlb
may permit the severity of PEM to be
graded according to oedema. Where the
kwashiorkor syndrome is not common, Alb
will usually be within' the normal range and
its determination will provide little useful
information.

(iii) Other determinations. If a high prevalence
of such conditions as hypovitaminosis A or
iodine deficiency goitre is suspected, labora-
tory measurement of these micronutrients
may be carried out, if possible. In field situ-
ations, however, problems associated with
the proper handling of specimens and the
accurate performance of laboratory proce-
dures are considerable and usually preclude
the inclusion of such complex determinations
in a simplified nutritional assessment of
this kind.

Ensuring measurement accuracy

Since simple anthropometry forms the basis of the
assessment methodology, sufficient time and effort
must be taken to train the paraprofessional personnel
carefully in this discipline and systematically to check
their precision and accuracy at intervals.
Group differences in body measurements, which

may be small but significant, are frequently obscured
because of unacceptably large measurement errors
that go unrecognized and incorrected. If such errors
can be minimized, the maximum use can be made of
anthropometric data, as well as of clinical and labora-
tory data. Towards this end, a set of standardized
but simple exercises has been developed, including
prepared forms for recording and quickly analysing
the data of standardization procedures, adapted
from those proposed by Habicht.a They have proved
feasible and extremely useful.

Laboratory data are also useful to the extent that
their precision and accuracy are known. Each labora-
tory technician's performance should be tested
periodically, at unannounced and irregular intervals.
In addition to the capability and care of personnel,
factors such as the proper collection, refrigeration,
storage, and transport of specimens are crucial.

a HABICHT, J.-P. Standardization procedures for quanti-
tative epidemiological field methods. Manual of internation-
ally comparable growth studies in Latin America and the
Caribbean. Unpublished document, PAHO/WHO, Washing-
ton, DC, 1972, pp. 44-59.

Assessment logistics
In the initial phases of planning it is essential to

answer the following complex question: To accom-
plish the nutritional assessment satisfactorily, how
many teams, of what size, and with what equipment,
must be transported to and from which villages, at
what rate, and over what period of time?
Each situation calls for a balanced consideration

of a host of variables comprising geography, time,
weather, personnel, equipment, supplies, and money.
Such consideration will determine the logistic solu-
tions that are most appropriate in a given situation.
Although many details of plan and procedure must
necessarily vary, certain principles remain relevant
in all situations and some of these are mentioned
below.

Sampling requirements will dictate the number of
sites to be visited, whether 30 or a multiple of 30.
Our experience has led us to allow 2 days for each
team at each site in order to give time to explain
the assessment to the village leaders, to learn accu-
rate details of the information sought, and to select
the children for examination. Each team must there-
fore be equipped to remain overnight in or near
each village.
The number of teams required to complete the

assessment will be inversely proportional to the
time needed for its completion. It is preferable to
have fewer teams in order to minimize the degree
of measurement bias among the teams and to create
a cadre of experienced examiners who can be
employed permanently in periodic assessments. Sea-
sonal factors will also determine the timing and dur-
ation of the assessment.
Adequate transport is always difficult and costly.

With the bad weather and roads that are common
in many countries, the teams may be required to
journey mainly on foot, which is costly in both time
and money. Most of the transport is likely to be
sturdy four-wheel drive vehicles.

Data handling
Examination forms should be designed to facili-

tate subsequent computer analysis. Before they are
sent to the local data processing centre, all forms
should be edited by the project director. As far
as possible, local statistical personnel and computer
facilities should be employed. The Center for Dis-
ease Control (CDC) has developed a comprehensive
computer program for handling data input from
several nutrition surveys on an IBM 370/145 com-
puter. This program can usually be translated into
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appropriate language for a local computer, but past
experience has shown it to be an advantage to send
a duplicate computer tape or set of cards to CDC.
Of the several anthropometric indices in common

use, weight-for-age, as advocated by Gomez et al.
(10), has most commonly been used and is particu-
larly useful for evaluating the growth of individual
children with time. In comparing groups of children
examined only once, however, the weight-for-age
index is not able to distinguish long-term stunting
in linear growth, particularly of bones, from shorter-
term wasting of other body tissues, mainly muscle
and fat. A child or a group of children with low
weight-for-age may be low by virtue either of low
height-for-age (stunting) or low weight-for-height
(wasting), or some combination of both. The impli-
cations of the two conditions may be quite different.

Seone & Latham (11) have recommended that
height-for-age and weight-for-height be determined
and presented separately; weight-for-age may be
derived from these indices, but not vice versa.

Other problems in presenting anthropometric data
include the choice of a reference population for
making comparisons with the study population and
the decision as to whether the two populations
should be compared by percentile levels of height-
for-age and weight-for-height or by determining the
percentage of persons in the study group whose values
for either index are below an arbitrary percentage
of the median for the reference population (50th per-
centile).

Objections have been raised against the use of
reference populations, such as those of Tanner (12)
or Stuart & Meredith (13), for comparison in inter-
national studies. These commonly employed refer-
ence populations of children, predominantly middle-
class Caucasians from the UK or the USA, are
considered by some critics to be inappropriate for
comparison with children of other socioeconomic
and ethnic backgrounds. We do not agree with such
arguments since we feel that the reference population
is not a " standard " but simply a measurement device
that provides a baseline for comparison among
divers groups, with no implication of " normality."
In order that such relative comparisons may be
more useful to the country involved, measurements
could be made on a small group of children chosen
deliberately from the " elite ", well-nourished section
of the population. Such a special group would not
be representative nor would it be composed of as
many children as required for a true reference popu-
lation, but Walker & Richardson (14) have shown

that observed height and weight can indicate the
growth potential of the ethnic group under study.
Whether the anthropometric data is presented as

percentiles or as a percentage of a study population
below an arbitrary percentage of a reference median
value will depend mainly on the nature of the study
population. Percentiles are usually more appropriate
for data from industrialized nations, where observed
distributions of values are similar to those of avail-
able reference populations. The percentage of a popu-
lation below a certain percentage of a reference
median value (for height-for-age this is usually 90%
of the median and for weight-for-height, 80%) is
more appropriate for developing nations, where the
observed median values in many rural regions and
urban slums may be well below the 5th, or even
the 3rd, percentiles for reference populations in
developed countries.
We have found it useful to present height-for-age

and weight-for-age data as percentages of the study
population above and below 900% and 800%, respect-
ively, of reference median values, in a cross-tabu-
lation form proposed by Waterlow (15). With this
technique, the degrees of long-term stunting and
shorter-term wasting in a population are readily
discernable. The limitations of such a presentation
must be recognized, especially when an attempt is
made to draw etiological inferences. The exact
length of time that undernutrition may have been
causing stunted growth cannot be determined by
data from one examination. The effect of causative
factors other than undernutrition, such as infectious
diseases, cannot be determined from simple anthropo-
metry alone and the interpretation of results should
be confined mainly to the distribution and degree of
abnormal growth, without speculation as to its
causes.

Assessment results should be promptly returned
to the sponsoring health and governmental agencies
whose task it is to develop realistic plans for the
indicated remedial action. The type of programme
to be implemented will depend on the nature of
these results, on further etiological investigations,
and on the availability of the necessary resources.

Reassessment of the study villages may be necess-
ary in order to evaluate the effectiveness of sub-
sequent intervention programmes. Such reassess-
ment would constitute one form of nutritional sur-
veillance but repeated surveys should not be con-
sidered the sole form of surveillance. In other
situations, different forms of surveillance may be
more feasible and equally useful. We should like to

84
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reiterate our earlier statement that this simplified
assessment of nutritional status can provide valid
and relatively inexpensive information as to where,
how much, and what kind of malnutrition exists in
a region or a nation. A programme of action based

on further knowledge of the etiology of malnutrition
is likely to have the greatest effect. Therefore, an
ecological survey as a follow-up to the basic assess-
ment should be considered in areas where intervention
is planned.

RESUME

EVALUATION SIMPLIFIEE SUR LE TERRAIN DE L'ETAT NUTRITIONNEL DES JEUNES ENFANTS: SUGGESTIONS PRATIQUES

POUR LES PAYS EN DEVELOPPEMENT

Cet article propose une methode simple et peu couiteuse
pour evaluer sur le terrain l'etat nutritionnel afin de
determiner la localisation et l'etendue de la malnutrition
proteino-energetique et l'anemie dans des regions
geographiques definies. Deux traits principaux caracte-
risent cette approche: une methode statistique simple
pour choisir au hasard les echantillons de population
A etudier et un noyau d'indicateurs nutritionnels objectifs,
mesures uniformement, chez les jeunes enfants.

I1 est recommande d'effectuer les mesures de base
(taille, poids et concentration d'hemoglobine) sur
30 enfants de 6 mois a 6 ans, choisis au hasard dans
chacune des 30 localites retenues de maniere aleatoire
dans chaque region pour laquelle on desire obtenir des
indications nutritionnelles valides. Les enfants de ce
groupe d'age sont consideres comme exposes au risque
maximal de malnutrition et leur classification selon le
degre du retard de croissance physique et de l'anemie
reflete dans la plupart des cas l'etat nutritionnel de
la collectivite. On peut effectuer des mesures supplemen-
taires, si cela est souhaitable sur le plan clinique ou
epidemiologique, et si les conditions economiques et
techniques le permettent.

Les mesures anthropometriques et la collecte des
echantillons pour les examens de laboratoire doivent etre
faites par un personnel paraprofessionnel specialement
forme et originaire du pays. La formation de ce personnel

A une anthropometrie simple et le controle ulterieur
de la qualite (exactitude et precision) des mesures qu'il a
faites sont standardises par des procedes simples mais
rigoureux applicables sur le terrain. I1 est ainsi possible
de reduire le biais lie aux differences entre observateurs
et d'assurer une bonne comparabilite des resultats.

Les donnees doivent etre enregistrees sur des formules
se pretant au traitement automatique des donnees.
Les valeurs anthropometriques observees doivent etre
comparees avec celles de populations de reference
acceptees. La methode de classification croisee des
enfants selon les indices de la <( taille pour l'age # et du
<(poids pour l'age)>i facilite l'estimation des influences
anciennes et plus recentes sur le developpement physique.

Outre qu'elle fournit des indications de reference sur
les endroits oa existent des problemes nutritionnels
communs et sur l'etendue de ces problmes dans diverses
regions d'une nation, cette methode d'evaluation, si elle
est appliquee periodiquement, revele les changements
en fonction du temps et peut ainsi servir a evaluer
l'efficacite d'une intervention destinee a ameliorer la
situation. En raison des limitations de ce type d'evalution,
une analyse ecologique supplementaire des facteurs
responsables eventuels peut etre indiquee, si l'evaluation
demontre que la MPE represente un probl&me de sante
publique, afin que soient mis en aeuvre des programmes
d'amelioration appropries.
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