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CO-ORDINATED RESEARCH PROJECT ON ISOTOPIC EVALUATIONS IN INFANT
GROWTH MONITORING - A COLLABORATION WITH WHO (PARTLY RCA)

FIRST RESEARCH CO-ORDINATION MEETING
SUMMARY REPORT

This Coordinated Research Project (CRP) came about as an initiative to collaborate with the
WHO Multicenter Growth Reference Study (MGRS) to generate new growth reference data for breast-
fed babies using stable isotopes. The WHO MRGS measures growth using anthropometric
measurements (e.g. height and weight) in healthy infants and young children in different countries and
continents. All participants are fed according to strict criteria regarding duration and frequency of
breast-feeding. The MGRS' main goal is to develop a truly international growth standard to look at
growth pattern of healthy breast-fed babies. Nevertheless, the composition of the growth (fat/lean
tissue) and the nutrient intake that produced the standard growth were not originally included in the
study. In order to address these and other important issues related to the baby's body composition
and growth, a fruitful collaboration between the WHO and the IAEA has been established. The
Agency technical experts and consultants will assist developing countries to carry out isotopic work to
measure infant's growth using the in vivo kinetics technique.

The objective of this CRP is to measure breast milk intake, using stable isotopes in a sub-
group of breast-fed infants growing normally, and to assess their nutrient intakes. Furthermore, the
results from the participating projects will provide new and valuable information on the nutrient
requirement of healthy breast-fed babies, who were fed according to the WHO standard protocols.

This first Research Coordination Meeting (RCM) took place in the Agency's headquarter in
Vienna, with participation of research contract and agreement holders, observer and in-house staff.
The list of participants and the agenda are given in the Appendices A and B, respectively. The
purpose of this RCM was to discuss and establish common protocols on the anthropometry and
isotopic work, sample sizes, data management in the field and analytical centres, and software for
kinetics analysis

Dr. G.V. lyengar, Section Head of the Nutritional and Health-Related Environmental Studies
(NAHRES), opened the meeting and welcomed all participants on behalf of Dr. Steffen Groth,
Director, Division of Human Health, and talked about the NAHRES activities. Ms. Maria Cristina
Pereira de Souza, NAHRES Nutrition Technical Officer, presented a brief overview of the current
nutrition projects at the IAEA.

Dr. W.A. Coward, Head of Stable Isotope Research at the Medical Research Council, Human
Nutrition Research in Cambridge, UK, presented some results from his work done on growth and
breast-milk intake in Papua New Guinea using the deuterium kinetics technique (Background paper I).
During the meeting, he provided expert consultation on the deuterium kinetics methodology and also
did a demonstration of the software programme. A copy of the programme was given to each
participant. The background paper on "Modelling Methods for Milk Intake Measurements" written by
him and printed in the NAHRES-44 report, was used as a reference. Dr. Jonathan Wells from the
Institute of Child Health, Medical Research Centre, Childhood Nutrition Research Institute in London,
UK, presented his study on the "Simultaneous measurement of milk intake and total energy
expenditure in mixed-fed infants: methodological approach and prediction of total body water '̂
(Background paper II), and provided expertise on the body composition assessment by deuterium
dilution, measurement of breast milk intake in infants, total energy expenditure and total
metabolisable energy intake by using doubly labelled water technique.

Dr. Mercedes de Onis, from the Nutrition Unit, WHO Geneva, Switzerland, presented an
overview of the WHO MGRS and its current status, and kindly provided a copy of the protocol of the
"Growth Curve for the 21s t Century- The WHO MGRS" (Appendix C).

Information on the projects is given in Table I. Four countries have joined this CRP as
research contract holders (BGD, BRA, CHI and PAK), and two as research agreement holders (UK
and US). Country reports from each participating country are presented in Part II of this report.

One major and important outcome of this RCM is a summary of the minimally agreed upon
protocol to be adopted by each participating country (Appendix E). The summary includes important
issues such as information on the inclusion criteria, data collection time points, sample size, lactation
counselling, anthropometric measurements, deuterium methodology, etc. During the various sessions,
very productive discussions among the participants were generated regarding the standardization of
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the methodologies and possible changes in the design of the original proposals, whenever applicable.
Safety issues in relation to the use of stable isotopes were also discussed, and a paper on the use of
2H in human studies, was presented by Dr. Coward (Appendix D). Potential laboratories for isotope
analysis, if possible within the region of contract holders, were identified. Proper procedures for
shipment of samples from study sites to analytical laboratories were also discussed during the
meeting, and it was decided to follow the guidelines used by the Brazilian site that was kindly
provided by Ms. Hinke Haisma (Appendix F).

At the end of the meeting each country presented a brief summary of the study protocol, in
some cases the revised protocol, and future plans for the projects (Appendix G - Country work plans).
Table II presents a summary of the present status of each individual contract/agreement holder, and
their future plans. Briefly speaking,

• BGD will measure the amount and energy intake from human milk in breast fed infants, as
well as their growth and body composition.

• The University of Pelotas (BRA) was the first MGRS site to be implemented. The research
team is measuring growth, energy expenditure and intake, complementary food intake and
physical activity in breast-fed babies. Furthermore, this study will measure the efficacy of
nutritional counselling delivered to mothers using isotopic methods to measure breast intake.

• CHI will measure breast milk production by deuterium kinetics to look at infant growth and
determine energy, fat and protein content in the milk. Isotope analysis will be performed at
INTA.

• PAK will assess growth and nutrient intake on breast-fed babies. Breast milk intake, energy
metabolism and body composition will be measured in a subset of mothers and infants using
doubly labelled water technique. A possible collaboration with PINSTECH in Islamabad for
staff training in isotopic work was identified.

• UK is using a dual dosing method (dosing 2H to the mother and 18O to the infant) to determine
total energy expenditure, body composition and milk volume intake in mixed fed-infants. Data
on maternal-infant deuterium transfer and infant deuterium turnover is being collected.

• USA will compare body density estimates using "Pea Pod", a new air displacement
plethysmograph, and 18O total body water methods in breast fed infants.

TABLE I: LIST OF PROJECTS WITHIN THE CRP

Name

A.K.M. Iqbal Kabir

E. Albernaz, H.
Haisma, C. Victora

J. Alvear

Z. A. Bhutta

J.C.K. Wells

LA. Nommsen-
Rivers

Institute / Country

International Centre
for Diarrhoeal
Disease Research
Bangladesh
Universidade Federal
de
Pelotas, Brazil

Instituto de Nutricion
Y Tecnologia de Los
Alimentos, Chile
The Aga Khan
University, Pakistan

Childhood Nutrition
Research Centre,
Institute of Child
Health, UK

University of
California, Davis,
USA

Contract /
Agreement No.
BGD-10980

BRA-10981

CHI-10982

PAK-11072

UK-11073

USA-10983

Title of Project

Breast milk intake of
Bangladeshi children form 0-
18 months in accordance with
WHO/UNICEF feeding
Measurements of breast milk
intake in exclusively or
predominantly breast-fed
infants and the impact of
lactation counselling
Breast feeding and growth in a
group of selected 0 to 24
month infants
Isotopic evaluation of breast
milk intake, energy metabolism
growth and body composition
exclusively of breast-fed
infants in Pakistan
Simultaneous measurement of
milk intake and total energy
expenditure in mixed-fed
infants: methodological
approach and prediction of
total body water
Validation of a New Air
Displacement Plethysmograph
for the determination of infant
body composition



TABLE II: SUMMARY OF INDIVIDUAL CONTRACT HOLDER'S PROGRESS

EXPECTED

Adaptive research to provide information on the
nutrient requirements of breast-fed babies,
growing normally, and fed according to WHO
standard protocols. End users will be the world's
community of paediatricians, nutritionists, health
professionals, and all those who plan or advise
on infant feeding practices and monitor nutritional
status

BGD-10980

BRA-10981

CHI-10982

PAK-11072

UK-11073

USA-10983

PRESENT STATUS

This CRP comprises a group of research projects
from different parts of the world sharing the
overall objective of obtaining high quality data on
human milk production and body composition
using in vivo kinetics techniques, and also
nutrient intake in healthy breast-fed infants. The
results will provide important information on
nutrient intake associated with growth and body
composition.

A modified version of the study protocol will be
submitted for scientific and ethical clearance.
Subject recruitment will start in
August/September. Collaboration with Saint
John's Medical College in Bangalore for 2H
analysis will be established.

72 mother-infant pairs were already recruited,
and samples were sent to the Human Nutrition
Research in Cambridge for 2H analysis. Study
protocol will be consolidated. Data collection will
continue.

Two mother-baby pairs were already recruited.
Standardization of the proposed methodology will
be done in the field.

Final protocol to be submitted for ethical
clearance. Staff training and setting up of the
infrastructure to be done by July. Subject
recruitment and initiation of stable isotope work
will take place by August and September,
respectively.

Daily urine samples from infants and daily saliva
samples from mothers following dosing of
mothers are being collected. Proposed in vivo
kinetics methodology will be later applied in
developing country populations.

A pilot study will be conducted with about 5
infants. Subject recruitment will start by
September.
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XA0056154
GROWTH AND BREAST-MILK INTAKE IN PAPUA MEW GUINEA

W A COWARD, Medical Research Council-Human Nutrition Research, Downhams Lane, Milton Road,
Cambridge, UK

Introduction

The purpose of this work is to show what is possible if lactation performance and growth are
measured in the context of the WHO Growth Reference Study. The fact is that a piece of work very
similar to that which could be reasonably proposed for the present study was done in the 1980's in Papua
New Guinea (PNG) and reading Alison Orr-Ewing's thesis [1] it is interesting to find the statement "The
apparent adequacy of mean nutrient intakes up to 6 months and the small and late effect of morbidity on
weight gain observed in this study, both substantiate the suggestion that the growth faltering relative to
international standards which occurs from 3-5 months is probably largely due to the inappropriate nature
of the standards". This sort of finding was emerging from many research centres at that time (see for
example Whitehead and Paul [2], in my own department) and provided the impetus to develop new
standards for growth such as in the WHO Growth Reference Programme. At the same sort of time too,
both myself and Dr Peter Heywood, then at the Papua New Guinea Institute of Medical Research were
attending one of the first meetings for nutritionists held at IAEA in Vienna. There is thus a certain
satisfaction that can be derived from the appropriateness of describing the work at this meeting but it
must be tinged with regret that it has taken nearly 20 years to achieve it. The published work from PNG
[3] deals only with lactation but the present report will contain some unpublished material on growth and
morbidity.

Subjects and Location

24 Amele infants in the sub-coastal region of Madang province on the north coast of PNG (see
Figure 1).
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Figure 1: Papua New Guinea



This is a region of lowland hill forest ranging from sea level to 200m. Local gardens supply
starchy staples such as yams, taro and bananas but coconuts are a major source of fat and a variety of
green leaves are commonly eaten. Rice, tea, sugar and wheat flour are increasingly brought through local
traders. Bottle-feeding is rare and breast-feeding continues until 3-4 months into the next gestation (i.e.
about 22 months).

Measurements

Morbidity
The breast-milk intake measurement period was used as a time window in which the mothers recorded
the frequency of 10 symptoms (see Table I below).

Supplementary food
Supplementary food intake was measured by a combination of dietary recall for the first 6 months and a
duplicate portion method for 6-24 months.

Growth
Anthropometric measurements included weight, length, triceps and sub scapular skin-fold thickness, at
the beginning and end of the 2-week milk-intake measurement period i.e. twice every 6 weeks during the
first year and twice every 12 weeks in the second year.

Breast-milk intake
Breast-milk intake was measured as described by Orr-Ewing, et al [3] and in NAHRES-44 [4] every 6
weeks during the first year and every 12 weeks during the second year.

Results

Morbidity
Dealing with morbidity first because it will be useful to examine this work in comparison to the WHO
Growth Reference requirements it can be seen from Table 1 that in comparison many rural populations in
developing countries these infants were relatively disease-free. It is especially interesting to note the low
importance of diarrhoeal disease.

TABLE I: ILLNESS PREVALENCE (% OF TIME) IN AMELE INFANTS

Symptom
Cough
Skin sores
Fever
Breathlessness
Diarrhoea
Other*
Mouth sores
Ear-ache
Measles
Vomiting

Prevalence (% of time)
19.04
5.07
3.99
1.83
1.00
0.64
0.49
0.37
0.29
0.05

*Other includes conjunctivitis, chicken pox, broken limbs and minor and infrequent morbidity symptoms.

Supplementary food
All subjects were given diluted fruit juice immediately after birth but this did not continue and supplements
of mashed banana and broths of pumpkin and sweet potato began to be introduced at 5-6 months. At 8-9
months un-mashed tubers often cooked in coconut milk appeared and by 16 months roasted tubers and
meat were part of the regular diet (see Figure 2).
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Figure 2: Supplementary feeding in PNG

It was difficult to ascertain the proportion of total energy intake these represented but a
combination of the data from the isotope measurements and food intake measurements suggests that
this gradually increased from 5% at 2 months to 20% at 1 year.

Growth
Growth for males and females separately is shown in comparison to the NCHS standards in Figures 3-4.
Relative to the latter, both weight for age and weight for length rose initially followed by a decline from 4-6
months. Some of these effects are almost certainly attributable to the use of an inappropriate standard
which the proposed WHO Reference could replace. Comparison with data from European fully breast-fed
babies suggest that growth faltering occurs at 6-7 months.
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Figure 3: Growth compared to NCHS standards in breast-fed Ameie males
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Figure 4: Growth compared to NCHS standards in breast-fed Amele females

Breast-milk intake
The method was well accepted by the mothers and their infants apart from difficulties in collecting saliva
samples from infants < 1 month old. Details of the numbers of subjects producing isotope data out of the
12 males and 12 females in the study are shown in Table 1.

TABLE II: SUBJECTS PRODUCING MILK INTAKE DATA

Age (months)
0-1.5
1.6-3
3.1-4
4.1-6
6.1-8
8.1-10.5
10.6-13
13.1-16
16.1-19
19.1-22
22.1-24.5

Subject no. (M)
10
12
12
12
11
9
10
10
10
8
6

Subject no. (F)
6
11
10
12
12
11
11
10
10
9
7

Figures 5 and 6 summarize the data and provide comparisons with data collected in Cambridge
at about the same time. The data is further refined to contrast with the current FAO/WHC7UNU [5]
recommendations for energy intake Figure 7.
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Onset of weaning as measured by the isotope procedure

An advantage of the dose-to-the mother isotopic procedure in comparison to any other method
for measuring breast milk intake is that the intake of water and water from other food can also be
measured. This is shown in Figure 8 as a ratio non-milk: milk water and clearly indicates the introduction
of substantial amounts of supplements at about 9 months.

Conclusions

The PNG work described preceded both the WHO Growth Reference programme and the
present CRP but is relevant to it both as a demonstration of what can be achieved and a provider of
unique anthropometric and nutritional information. The subjects did not fully meet the WHO growth
reference criteria but may be as close to it as it is possible to get in a rural part of a developing country.
It is likely that in this community breast-feeding supports adequate growth for about 6 months but
comparison with an appropriate and recognized reference for growth such as the proposed WHO
reference is needed before this conclusion can be fully justified.
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SIMULTANEOUS MEASUREMENT OF MILK INTAKE AND TOTAL ENERGY EXPENDITURE
IN MIXED-FED INFANTS: METHODOLOGICAL APPROACH AND PREDICTION OF TOTAL
BODY WATER

J. C.K. WELLS1, P. S.W. DAVIES2, W. A. COWARD3

1Childhood Nutrition Research Centre, Institute of Child Health, 30 Guilford Street, London
WC1N 1EH, United Kingdom
Queensland University of Technology, School of Human Movement Studies, Kelvin Grove
Campus, Victoria Park Road, Locked Bag No. 2, Red Hill, Queensland 4059, Australia
3MRC Human Nutrition Research, Downhams Lane, Milton Road, Cambridge CB4 1XJ,
United Kingdom

Abstract

Evaluation of the energy metabolism that underlies the new WHO breast-fed growth reference
requires simultaneous measurements of milk volume intake (MVI) and total energy
expenditure (TEE) by stable isotope methodologies. In young infants, such data is collected
without difficulty using the dose-to-the-infant method. In older infants, where breast-milk is
supplemented with non-milk foods, MVI must be measured by dosing the mother instead of
the infant. This procedure would interfere with a simple measurement of infant TEE using the
standard dose-to-the-infant method. Theoretically, this difficulty can be resolved by dosing the
mother with deuterium and the infant with 18-oxygen, and using curve-peeling methods to
calculate the infant deuterium kinetics. We propose to ascertain whether such an approach is
viable in practice, such that MVI, TEE and body composition could all be measured
simultaneously in mixed-fed infants. Where MVI in older infants is measured on its own, there
is a need to predict infant body water in order to estimate the deuterium dilution space. Using
a database of 234 infants aged 1.5 to 12 months, we provide new predictive equations by
which such values may be obtained.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

Up until the mid 1980's, recommendations for energy requirements of infants and children
were based on observations of food intakes in healthy subjects. However food intakes need not
necessarily reflect food requirements, and the 1985 WHO/FAO/UNU report proposed a more
appropriate approach whereby requirements would be based on measurements of total energy
expenditure, with an added component to account for the energy stored in tissue deposited during
growth [1]. Following this report, a number of studies measured total energy expenditure in young
infants, their results recently being summarized by Butte [2].

This research on early infant energy metabolism further demonstrated differences in energy
utilization between formula-fed and breast-fed infants, who have also been observed to grow at
different rates in some populations [3,4] though not in all cases [5,6].

Since populations worldwide vary in the prevalence of breast-feeding, with developing country
populations tending to show much higher rates than industrialized populations, it is apparent that
reference data for both growth and energy requirements must take into account feeding mode. The
existing growth standards formally adopted by WHO, the NCHS data set, were collected in the United
States at a time when formula feeding was widespread. The WHO has therefore undertaken to collect
new reference data, focusing on exclusively breast-fed infants, which are more appropriate for
widespread use in developing countries. In order to update energy requirements, it is therefore
necessary to collect data on the energy metabolism that underlies the growth patterns of such breast-
fed infants.

Total energy expenditure (TEE), body composition (BC) and milk volume intake (MVI) can all
be measured in free-living infants using stable isotope methodologies in early life. Deuterium is
required for all three measurements, while 18-oxygen contributes to the TEE measurement, and
duplicates the BC measurement. Each measurement of infant TEE automatically provides isotope
dilution spaces from which BC can be calculated. Furthermore, in exclusively milk-fed infants, where
all oral water intake is obtained from milk, MVI can also be calculated. Thus, in young exclusively milk-
fed infants all three measurements can be obtained simultaneously from a single dose-to-the-infant
procedure [7,8,9].

In older infants, where milk is supplemented by other foods, a single dosing of the infant can
measure TEE and BC but not MVI. This represents no problem in formula-fed infants, where MVI is
measured readily by weighing formula bottles before and after feeds. However, breast-milk intake
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would need to be measured by test weighing. This procedure is cumbersome, intrudes on the
mother's time, and is inappropriate for many field studies. MVI in mixed-fed infants can nevertheless
be measured using stable isotope methodologies, using the dose-to-the-mother method whereby
deuterium is given to the mother, and its appearance in the infant used to infer breast-milk intake [10].

Although both dose-to-the-infant and dose-to-the-mother methods have both been used with
great success, the dose-to-the-mother MVI method currently suffers from limitations. Firstly, since
deuterium is given to the mother, a further dose of deuterium to the infant to measure TEE and BC
would complicate the MVI measurement. Second, the dose-to-the-mother method requires that the
infant isotope dilution space (effectively total body water) be measured by a separate infant dose of
18-oxygen, or be predicted from anthropometry. Currently there are no such equations suitable for
older infants.

In this proposal, we therefore seek to address these issues. Our specific aims are:

a) To determine whether TEE, BC and MVI can be measured simultaneously in older infants by
dosing deuterium to the mother and 18O to the infant.

b) To derive new equations for the prediction of infant total body water from anthropometry, using
an existing data set comprising 234 infants aged 6 weeks to 12 months

To accomplish these aims we will:

a) Collect data on isotope turnover in 10 mother-infant dyads where the infant is mixed fed, and
use curve-peeling models to infer both breast-milk intake and water turnover in the infant from a single
maternal dosing of deuterium.

b) Undertake multiple regression analysis, with total body water as the dependent variable and
weight, length, sex, age, triceps skin fold, sub scapular skin fold and feeding mode as potential
independent variables.

2. METHODS

2.1. Stable isotope kinetics in infant and mother

In the dose-to-the-infant method, each isotope equilibrates with the body water pool, and also
exchanges to a small extent with non-aqueous hydrogen and oxygen. For deuterium, the extent of this
exchange varies with infant age due to the effects of body composition. Thus if only MVI or BC is
being measured using deuterium alone, age-specific correction factors are required to convert the
dilution space (ND) into total body water (TBW) [11]. Following equilibration, the washout kinetics of
each isotope can be ascertained from daily urine samples, allowing the rate constants (kD and k0) to
be determined. Since infants are fed frequently, the dose of tracer given to the infant will be diluted
during the equilibration period. This artifact is addressed in both isotopes by using the value of k to
calculate an assumed value for N at the time of dosing [12,13].

In the dose-to-the-mother method for calculating MVI, maternal and infant isotope kinetics in
combination allows calculation of an infant matemal-kD value, i.e. water intake from the mother.
However, because the infant is not dosed directly, ND cannot be calculated from the deuterium data,
and must be obtained by a separate measurement technique or predicted. Nor can the total infant kD

value be obtained from a simple transformation of the deuterium data.

These difficulties could be resolved as follows. Firstly, an additional infant dosing of 18-oxygen
would provide both k0 and ND values, allowing ND to be calculated from No using the age-specific
correction factors described above [11]. Secondly, the application of curve-peeling procedures to the
deuterium data would distinguish water intake both from the mother and from the environment in total.
In this situation, therefore, all the data required for calculation of MVI, BC and TEE would be available
at a single time-point in the mixed-fed infant.

We are currently undertaking such a study where infant MVI and TEE will be measured
simultaneously through dual dosing of infants and mothers. The infants will be mixed-fed and
distributed evenly over the age range 4 - 1 2 months post-partum. The mother will receive 10 g D2O.
Due to the current severe shortage, infant 18O data will be simulated from our existing infant database
rather than obtained from an actual dosing. Maternal saliva and infant urine samples will be collected
daily over a 14-day period, enabling the isotope kinetics to be determined.
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Curve peeling will be used to calculate krj from the non-linear changes in deuterium

concentration in the infant body water pool.

2.2. The relationship between TBW and anthropometry, age and sex in infancy

In the absence of this additional dosing, the value for ND can be obtained by predicting TBW
using simple anthropometric variables, age and sex. Such an approach requires data covering the
entire period of infancy.

Data on TBW have been collected in a number of studies of TEE during the late 1980's and
early 1990's. The data comprise 234 measurements performed on 124 infants aged 6 weeks to 12
months post-partum, with 37 infants being measured on more than one occasion. Data on total energy
expenditure in this sample have been described previously, and summarized as a single dataset [14].
In each case, TBW was derived from the 18-oxygen dilution space, using the back extrapolation
method [13]. Characteristics of the sample are given in Table I.

Multiple regression analysis was used to derive prediction equations for total body water for
the entire sample of infants, and for breast-fed and formula-fed infants separately. Potential predictive
variables included age, sex, weight, length, triceps and sub scapular skin folds, 7-day weight gain and
feeding mode. Stepwise regression analysis was first used to identify significant predictors. Equations
were then derived using LogTBW as the dependent variable. Weight and skin folds were also
expressed in natural logarithmic form, other variables were not transformed. This approach allows the
standard error of the regression to be expressed as a percentage of the predicted value.

3. RESULTS

Data from the dual dosing study are currently being collected.

Regression equation details for the entire sample are given in Table II. TBW was predicted
with a standard error of 6.9 % using the best model, in which the independent variables were weight,
sub scapular skin fold, sex and age. A model using weight, sex and age gave a standard error of 7.3
%, while weight alone gave a standard error of 7.6 %.

Diet was not a significant predictor in these models, nor did its contribution improve if the
analysis was restricted to the infants aged <6 months, in whom the effects of supplementary foods
were minimal. We nevertheless investigated the relationships separately in the diet groups, given the
population differences in growth reported previously. Equations for each diet group are given in Table
III. For breast-fed infants, the best model comprised weight and sub scapular skin fold, giving a
standard error of 7.9 %. An alternative model using weight, sex and age had a standard error of 8.2 %,
while weight alone gave a standard error of 8.5 %. For formula-fed infants, the best-fit model used
weight, sex and age, giving a standard error of 5.7%. Alternative models either using weight and sub
scapular skin fold, or weight alone, had standard errors of 6.5 %.

Separate equations for the sexes were also derived, given in Table IV. The best models
including age and weight gave standard error values of 6.5 % (males) and 7.3 % (females), but the
model using weight alone was only marginally poorer, with standard errors of 6.9 % (males) and 7.8 %
(females).

No significant improvement in the standard error values were obtained in comparison to the
entire sample, and the regression coefficients were very similar between the sexes.

Our analysis therefore indicates that infant TBW can be predicted with an error of around 7 %,
using anthropometric indices, age and sex as predictive variables. A range of predictive equations is
presented, thus potentially increasing the contexts in which TBW can be predicted. Weight is
reasonably successful as the sole predictor, while the addition of additional anthropometric information
or sex improves the model marginally. Where age is known, it is a better predictive variable than
length, probably because length is difficult to measure with high precision in infants.

If the entire first year of infancy is considered, there is little effect of feeding mode in this
population. Even if the infants aged 6 months and older are excluded, such that the remaining
subjects are infants almost exclusively breast-fed or formula-fed, no significant effect of diet on body
composition was found. We have commented previously that our study population is not
representative of the national population, in that our breast-feeding and formula-feeding mothers are
of similar educational level and socio-economic status. However, where statistically significant average
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differences between the diet groups in anthropometry are reported, they remain small in magnitude.
Variability within each diet group is far greater than that between the groups, and use of our equations
is unlikely to introduce serious bias when applied to healthy breast-fed or formula-fed infants.

There have been two previous evaluations of the relationship between TBW and
anthropometry in infancy. The classic paper from 1957 by Friis-Hansen [15] included 36 infants aged
<1 year, but from the individual data provided in this report it can be seen that the infants are on
average a standard deviation score lower (p<0.001) in weight compared to contemporary UK children
[16] (see Fig 1). Thus the relationship between TBW and anthropometry is expected to have changed
during the last 4 decades due to improved nutrition and health. A more recent study by Butte and
colleagues [17] considered the same relationship in 40 infants aged 1 or 4 months. The resulting
equations may not necessarily be valid in older infants, given that the proportion of weight that is fat
changes markedly during the first year of life [18].

Our study demonstrates a relationship between weight and TBW that differs from those in both
previous studies, as is shown in Figure 2. Comparison of our study and that of Friis-Hansen indicates
a consistently greater amount of weight per kg of body water in Cambridge infants, confirming that
contemporary infants are significantly heavier (see Fig 1) and therefore fatter. The equations of Butte
et al. were derived from younger infants, and are not relevant to older infants. This influences not only
their slope but also their intercept, as our equations incorporate infants in the middle of the infancy
period who tend to be fatter. Thus again, our equations indicate a trend to greater weight for a given
value of TBW compared to Butte et al., and the latter equations may be more suitable for younger
infants.

4. PLANS FOR FUTURE WORK

If our proposed dual dosing method proves successful in measuring TEE and MVI successfully
in mixed-fed infants, then we propose to apply the method in developing country populations, for
example in Pelotas, Brazil where information on such variables is required. The method will aid in
resolving the current problem that the great majority of infant energy metabolism data obtained using
stable isotope technologies relates to the first few months post-partum, while older infants have been
relatively ignored.

Our equations for the prediction of TBW have wider potential application beyond their role in
the dose-to-the-mother method of MVI estimation. Infant TBW and hence fat-free mass may be
predicted from anthropometry in community studies in order to assess growth status in general.
However their accuracy will be influenced by the degree of body fatness, so in developing country
populations they are predicted to work better in stunted than in wasted infants.

Legends for illustration
Figure 1. Weight Z-score in Friis-Hansen's infants [15] relative to contemporary UK reference data.

Figure 2. Relationship between weight and total body water in the studies of Friis-Hansen [15], Butte
et al. [17] and the present study.
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TABLE I. CHARACTERISTICS OF THE SAMPLE

6 weeks
Mean SD

3 months
Mean SD

6 months
Mean SD

9 months
Mean SD

12 months
Mean SD

Number 49 92 37 36 18

Age (days)

Weight (kg)

Height (cm)

Triceps (mm)

Subscap (mm)

% breast-fed

% male

TBW (litres)

36

4.54

54.7

6.6

6.8

41

41

2.89

3

0.48

1.8

0.9

1.0

0.27

81

5.89

59.9

7.7

7.6

42

44

3.51

6

0.60

2.1

1.3

1.4

0.37

181

7.70

66.7

7.6

7.3

51

35

4.37

5

0.77

2.1

1.3

1.3

0.37

276

8.91

71.6

8.3

6.6

58

34

5.11

4

1.14

2.9

2.2

1.3

0.68

368

10.27

76.8

9.0

6.6

83

55

6.04

5

1.36

3.7

2.1

1.7

0.78
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TABLE II. REGRESSION STATISTICS FOR LOGTBW FOR THE ENTIRE SAMPLE OF 234 INFANTS

Coefficient Coefficient error Standard error

Constant
LogWT

Constant
LogWT
Age
Sex

Constant
LogWT
Age
Sex
LogSUBS

-0.180
0.824

0.157
0.640
0.0005
-0.046

0.237
0.693
0.0004
-0.046
-0.080

0.032
0.017

0.060
0.036
0.0001
0.009

0.065
0.040
0.0001
0.009
0.027

0.076

0.070

0.069

90.9

92.3

92.6

Where TBW = total body water in litres, WT = weight in kg, SUBS = sub scapular skin fold in mm, age in days,
sex: m=1, f=2, using natural logarithms.
Equations are read from the table as shown below for the first example:
LogTBW = -0.180 + ( 0.824 * logWT)

TABLE III. REGRESSION STATISTICS FOR LOGTBW FOR BREAST-FED AND FORMULA-FED INFANTS

Breast-fed (n=117)
Constant
LogWT

Constant
LogWT
LogSUBS

Constant
LogWT
Age
Sex

Formula-fed (n=117)
Constant
LogWT

Constant
LogWT
LogSUBS

Constant
LogWT
Age
Sex

Coefficient

-0.235
0.854

0.124
0.853
-0.186

0.113
0.655
0.0005
-0.033

-0.120
0.790

-0.023
0.796
-0.055

0.179
0.637
0.0005
-0.057

Coefficient error

0.053
0.027

0.094
0.026
0.041

0.114
0.066
0.0002
0.016

0.039
0.021

0.066
0.021
0.030

0.064
0.040
.0001
0.011

Standard error

0.085

0.079

0.082

0.065

0.065

0.057

R2

89.4

90.9

90.7

92.2

92.5

94.3

Where TBW = total body water in litres, WT = weight in kg, SUBS = sub scapular skin fold in mm, age in days,
sex: m=1, f=2, using natural logarithms.
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TABLE IV. REGRESSION STATISTICS FOR LOGTBW FOR MALE AND FEMALE INFANTS.

Males (n = 96)

Constant
LogWT

Constant
LogWT
Age

Females (n = 136)

Constant
LogWT

Constant
LogWT
Age

Coefficient

-0.157
0.823

0.093
0.651
0.0005

-0.176
0.814

0.078
0.632
0.0005

Coefficient error

0.044
0.023

0.083
0.054
0.0001

0.044
0.024

0.073
.049
0.0001

Standard error

0.069

0.065

0.078

0.073

R2

93.0

93.8

89.5

90.2

Where TBW = total body water in litres, WT = weight in kg, SUBS = sub scapular skin fold in mm, age in days,
sex: m=1, f=2, using natural logarithms.
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Fig. 1. Weight Z-score in Friis-Hansen's infants [15] relative to contemporary UK reference data.
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BREASTMILK INTAKE OF BANGLADESHI CHILDREN 0-18 MONTHS IN ACCORDANCE
WITH WHO/UNICEF FEEDING RECOMMENDATION FOR WHO MULTICENTRE GROWTH
REFERENCE STUDY
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International Centre for Diarrhoea! Disease Research (ICDDR.B), Dhaka,Bangladesh

Abstract

Recent studies have shown that current NCHS growth curve deviates from the growth of the
children who are exclusively/predominantly breastfed. WHO Expert Committee recommends
that a new international reference growth curve to be developed for the babies who will be
following current breastfeeding recommendations. We hypothesized that
exclusive/predominantly breastfeeding until 4-6 months can support optimum growth in
children. Mothers from the high socioeconomic class in urban Dhaka, Bangladesh will be
identified at the clinic/hospitals during the last trimester of the pregnancy. Mothers will be
counseled by the breastfeeding counselors so that they follow WHO/UNICEF feeding
recommendation. Stable isotope tracer technique will be applied to measure the breast milk
intake of the infants at 0-5 months, 6-12 months and 13-18 months. Concentrations of
deuterium oxide from breast milk, saliva/urine will be determined by GCMS.

The results of the study will show whether total energy from breast milk is optimum to support
the growth of the infants.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

Recently, several concerns were raised regarding adequacy of the National Center for Health
Statistics (NCHS) growth reference [1]. The data for the first two years of life originated from a single,
ethnically homogenous community where most babies were formula fed, while recent research shows
that babies following current recommendations (i.e. exclusive breastfeeding for 4-6 months) show different
growth trajectories. The WHO Expert Committee recommended that a new international growth reference
should be developed. The Expert committee was concerned that breastfed infants living under favourable
conditions and studied in various geographical areas have been reported to follow negative trends relative
to NCHS-WHO weight-for-age and possibly length-for-age percentiles during the latter half of the
recommended period for full breastfeeding.

Several studies have suggested that the mean breast milk output at 3 months post-partum is very
similar in women from both developed and developing countries [2]. In recent years considerable attention
has been focused upon determining for how long breast milk alone is adequate to support normal infant
growth.

In addition to growth studies, requirements for breast milk have been compared with measured
intakes, the age at which breast milk production falls below the requirements being taken as the time at
which complimentary foods should be given.

The traditional method of measuring breast-milk output in lactating mothers is to weigh the baby
before and after each and every feed for several days. This is time consuming, inconvenient. Precision is
poor specially when feeds are frequent and relatively low volume per feed and accuracy is questionable
because there is no way of knowing whether imposed experimental regime alters normal feeding patterns
[1]. However, a safe and tested procedure is now available [3,4,5] that is minimally demanding for the
mother and easy to implement in the fieldwork.

One of the major problems in this approach was of a suitable method to measure the breast milk
intake precisely. Recent availability of stable isotope technique in measuring breast milk intake more
precisely will allow to estimate how much breast milk and other food intake contribute to infant growth.

2. HYPOTHESIS

Exclusive/predominant breastfeeding until 4-6 months and appropriate complementary feeding
from 6 months in addition to breast milk are adequate for optimum growth in children. Stable isotope
tracer technique can predict the breast milk intake of the infants more accurately to explain the growth
pattern.
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3. OBJECTIVES

a) To measure the amount and energy intake of infants from the breast milk who are
exclusive/predominant breastfed until 4-6 months.

b) To measure the amount and energy intake of infants from breast milk who are fed
complimentary food from 6-18 months.

4. METHODS

4.1. Selection criteria

Children and mothers included in the study to comply with the following:
- no health, environmental or economic constraints on growth
- adherence to according to the WHO/UNICEF feeding recommendation
- term delivery
- singleton birth
- non-smoking mothers
- no serious illnesses leading to growth faltering

4.2. Study design

Longitudinal study design from birth to 18 months?
High rate of follow-up, through out the study (say 80% or higher?)
Frequency of measurement: at least monthly up to six months and thereafter bimonthly.
Weight and length measurement at every contact.
Use of standardized anthropometric techniques and equipment consistent with those
recommended for WHO multicentre growth study.

4.3. Sample size

There is no data available on the impact of breastfeeding counseling on breast milk intake.
Considering the amount of fieldwork, cost of measuring isotope (six sample for each subject) it is
presumed that a total of 80 mother/infant pair (20 in each age groups of 3-5, 6-9, 10-12, and 13-18
months) will be sufficient.

4.4. Study procedure

Pregnant women according to the WHO multicenter growth study criteria will be selected during
their last trimester from the 4-5 clinics in the Dhaka city. Contact will be made with the obstetricians and a
trained breastfeeding counsellor will make at least two visits at the clinic during pregnancy, one visit within
48 hours of delivery, and thereafter every month for 5 months. During these visits the breastfeeding
counsellors will motivate the mothers to exclusively breastfeed their babies until 5 months and start
appropriate complementary foods at six moths.

One interviewer will visit and get baseline information on socioeconomic status, mothers'
anthropometric data and intention to breastfeed and stay in Dhaka. These babies will be followed up at
home every months and mothers will be asked about what they have fed their babies during last 24 hours
and preceding 72 h. The stable isotope study with deuterium will be done at infants age 3-5, 6-9, 10-12,
and 13-18 months to measure the breast milk intake. The detailed procedure of the isotope study is
described below. They will also ask about baby's illness and obtain baby's weight and lengths. They will
also feed 2H2O(deuterium) to mothers and collect breast milk and saliva from mother and saliva from the
infants.

4.5. Stable isotope technique

The technique is called in vivo tracer kinetics. Basically, the mother baby pair is modeled with
respect to movements of water through the system. A dose of isotope given to the mother as water is
viewed as mixing with mother's body water pool. It will be washed out of the mother by incoming naturally
abundant water and some of it also transferred to the baby, to be lost from the system as consequence of
declining enrichment in the mother and additional water inputs in the baby if the latter is being
supplemented.
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The dose-to-the mother2H2O tracer technique as described by Coward et al. (1982) will be used.
The dose of 2H2O given to the mother will be used to trace the movement of water into and out of the body
water pools of both infant and mother, and analysis of the maternal and infant 2H enrichment curves
allows the simultaneous calculation of breast milk output and water intake by the infant from sources other
than breast milk.

About 5 ml of pre-dose breast milk sample from the mother and 100 ul of saliva/urine 2 hours
after last feed from the infants will be collected for analyses of natural 2H abundance. A dose of equivalent
100 mg (0.1 ml) of 2H per kg body weight will be administered orally to the mother. Post dose saliva (1 -2
ml)/urine will be collected from infants on days 0, 1, 2, 3, 13, and 14. Post dose breast milk (3-5 ml) and
/or saliva will be collected from the mother on days 1,2,3, 13 and 14. Breast milk sample will be collected
by expressing/breast pump. Saliva will be collected by a fine (8 mm) polyvinyl tube from the baby's mouth.

The milk and saliva samples will be collected at the same time of the day on each occasion (± 1
h) and will be kept on ice and will be brought back to ICDDR, B laboratory and immediately be frozen to -
40 °C until assay.

The 2H enrichment of gas samples obtained from 3-5 ul sample of milk, saliva/urine by reduction
of the water to hydrogen gas will be determined on an isotope ratio mass spectrometer [3].

4.6 Breast milk composition

Breast milk will be expressed manually on day 1 and day 15 at approximately 10:00, 14:00, and
18:00 hours (Garza & Butte, 1988). The entire contents of one breast, from which the infant was not
allowed to suckle for 2h before the procedure, will be expressed and frozen for analysis. The pooled
sample will be analyzed for total energy, total nitrogen, non-protein nitrogen, lactose and fat by standard
methods. (ICDDR, B has a nutrition biochemistry laboratory where all these tests could be done).

4.7 Statistical analysis

All data will be checked for consistency, cleaned and entered into a PC using SPSS or EPI Info
statistical packages. Appropriate statistical tests (t-test, Mann-Whitney, chi-squared tests will be applied.

5. RELATED WORK ALREADY PERFORMED OR IN PROGRESS AT OTHER INSTITUTE

This is a part of WHO Multicentre Growth Reference Study involving several developed and
developing countries.
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MEASUREMENTS OF BREAST MILK INTAKE IN EXCLUSIVELY OR PREDOMINANTLY
BREAST-FED INFANTS, AND THE IMPACT OF LACTATION COUNSELING
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Abstract

In a mirror sample of the Multicenter Growth Reference Study the deuterium dilution method
was used to measure breast milk intake. The following hypotheses were tested: a) There is no
statistically significant difference in breast milk intake between exclusively and predominantly
breast-fed babies; b) Breast milk intake is higher in babies from mothers who get lactation
support; and c) Mothers who report exclusive breast-feeding are not taking any other fluids or
foods. Mothers were randomly assigned to an intervention group who received lactation
counseling from birth to 4 months onwards, and a control group who did not receive lactation
support. 142 mother and infant pairs were followed up. Preliminary results show that the
sample was an exact mirror of the MGRS, and that at 4 months mothers who received
lactation support were exclusively breast-feeding more frequently than those who did not
receive support. Similariy, the number of infants weaned off the breast was smaller in the
intervention than in the control group. At the time of writing of this report 72 mother-infant pairs
were included in the deuterium study. Results on breast milk intake are awaiting completion of
the study and sample analysis.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

The construction of a new growth reference is a major international project that will provide a
scientific basis for growth monitoring in the XXI Century. The Multi-centre Growth Reference Study
(MGRS) provides the scientific justification for the project described here. In the MGRS, infants born to
families of high socio-economic status (that is, where there are no constraints to infant growth) are
being followed from birth to 24 months. Their mothers receive lactation support by expert counsellors
aiming to increase the duration of breast-feeding, since the growth curves will be based on breast-fed
babies.

The MGRS was first implemented in Pelotas, Brazil, and experiences learned will be used at
the other sites. The screening work started 1 July, 1997 and finished 31 August, 1998; 4801 mothers
were screened, of whom 388 (8.1%) were eligible for the study.

In a "mirror" sample of the MGRS three sub-studies have been conducted, which will have an
important role regarding the applicability of the future growth curves. In these studies breast milk
intake has been measured using the deuterium dilution method.

This method is safe, tried and validated [1-3], and is now available for fieldwork. In contrast to
the traditional method of measuring breast milk output in lactating mothers, i.e. weighing the baby
before and after every feed for several days, the deuterium dilution method is minimally demanding for
the mother, and does not interfere with normal feeding behaviour.

The following three sub-studies have been done:

a. Breast milk intake in exclusively and predominantly breast-fed infants

While WHO recommends exclusive breast-feeding for the first 4-6 months of life, the MGRS
protocol also admits children who are predominantly breast-fed (that is, receiving breast milk plus
fluids). The reason for relaxing the original recommendations was that - since few children are
exclusively breast-fed in most societies - the resulting sample would be highly selective, as well as
operationally difficult to recruit. Other studies have shown few differences in the growth of exclusively
and predominantly breast-fed infants, but so far the actual magnitude of the difference in breast milk
intake between these two groups has not been documented. This will be extremely important for the
validation and future applicability of the curves.
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b. Impact of lactation counseling on breast milk intake

Early results from the MGRS in Pelotas were very promising, and indicate that the lactation
support network provided by the study has helped mothers to exclusively breast-feed for much longer
than our previous studies showed. Preliminary results show that 54% of the babies are still exclusively
breast-fed at 3 months, against 17% in a 1993 birth cohort. At the age of 12 months 34% still receive
breast milk whereas in the1993 cohort this was only 19%. It would be important to document the
impact of lactation support by comparing breast milk intake among these children with a suitable
control group.

c. Validation of report of exclusive breast-feeding

While currently used NCHS-WHO growth references are mainly based on data obtained from
formula-fed babies, one of the objectives of the MGRS is to use reference data based on infants
whose care follows WHO feeding recommendations. Mother's report has been used to discriminate
between mothers who exclusively, predominantly or partially breast-feed their babies. In the mirror
study, the accuracy of maternal report on exclusive breast-feeding has been validated by
measurements of breast milk intake.

As the study design below will show these three sub-studies could be addressed in one study
on the same sample of mothers and infants of 4 months old.

1.1. Objectives

To use the deuterium dilution method for measuring breast milk intake in order to:

a) Assess the magnitude of the difference in breast milk intake between exclusively and
predominantly breast-fed babies;
b) Assess the impact of lactation counseling on breast milk intake;
c) Validate mother's report on whether exclusively or predominantly breast-feeding.

1.2. Hypotheses

a) There is no statistically significant difference in breast milk intake between exclusively and
predominantly breast-fed babies;
b) Breast milk intake is higher in babies from mothers who get lactation support;
c) Mothers who report exclusive breast-feeding are not taking any other fluids or foods.

2. METHODS

2.1. Study design

The study was designed as a randomized controlled clinical trial. Mothers were randomly
(block randomization) assigned to receive lactation counseling or not. At 4 months, rate of exclusive
breast-feeding was compared between the two groups.

The same design was used to study the difference in breast milk intake between infants who
were exclusively or predominantly breast-fed. For this goal all exclusively breast-fed infants were
pooled, as were the predominantly breast-fed infants, irrespective of whether the mothers received
lactation counseling or not.

The following definitions of breast-feeding patterns have been used [4]:

Exclusive breast-feeding: intake of nothing but breast milk.
Predominant breast-feeding: intake of breast milk plus non-milk fluids (water, teas, and juices).
Partial breast-feeding: intake of breast-milk plus other types of milk (cow's, formula) or
complementary foods.

2.2. Sample size

Table I shows the studies on which the sample size calculations were based.
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TABLE I. MEAN AND SD VALUES OF BREAST MILK INTAKE ASSESSED THROUGH ISOTOPIC
METHODS.
Location

Indonesia

UK

Papua New
Guinea

Texas, US

Chilei

Chile2

Chile2

Mean intake
(ml)

564

829

601

648

865

9611

6932

SD
(ml)

193

108

100

63

129

120

110

# of women

20

8

23

9

10

10

10

Reference

Caballero B et al (non-published results)

Lucas et al. Arch Dis Child 1987; 62:796-800

A. Orr-Ewing et al. Hum Nutr Clin Nutr 1986;
40(6):451-67

Butte et al. Am J Clin Nutr 1988; 47:815-21

Infante et al. Eur J Clin Nutr 1991; 45:121-9

Vio et al. Am J Clin Nutr 1991;54:1011-6

Vio et al. Am J Clin Nutr 1991 ;54:1011-6
'mean intake in non-smoking mothers
2mean intake in smoking mothers

Most of these studies were validation studies of the deuterium dilution method (UK [5], Texas
[3], Chilei [6]) versus the test weighing method. The study in Indonesia validated analysis of
deuterium samples using infrared spectrometry against use of isotope ratio mass spectrometry
(IRMS). Results shown here were measured using IRMS, as were the other studies. In Papua New
Guinea [2] the method was used in a longitudinal design on breast milk intake, data shown are for
infants 1 month old. In Chile2 [7] a difference was studied between breast milk intake in smoking and
non-smoking mothers. Since a substantial difference (268 ml) was found between the two groups,
significance was reached even though sample sizes were small (10 in each group).

When comparing standard deviations between the various studies given in table 2, Indonesia
shows a relatively high, and Texas a low standard deviation. The other studies found standard
deviations of a comparable magnitude, and a standard deviation of 130 was used to calculate sample
sizes (below).

No data were available on the impact of lactation counseling on breast milk intake, but
assuming a mean intake of about 800 ml/day, a difference of 100 ml was considered both relevant,
and large enough to be measured.

To detect a 100 ml difference between the two groups (exclusively breast-fed versus
predominantly breast-fed; or intervention versus control; or discrepancy between verbal report and
actual breast milk intake) as statistically significant, assuming a standard deviation of 130 ml, the
study requires 27 mother-infant pairs in each group. These calculations assume a Type I error (alpha)
of 5%, two-tailed, and a Type II error (beta) of 20%, that is, a statistical power of 80%.
To estimate how many exclusively, and predominantly breast-fed babies there would be at 4 months
in each group (Table II), preliminary results of the MGRS (intervention group), and data available for 3
months old infants from the 1993 cohort (control group) were used.

TABLE II. ESTIMATED NUMBERS OF MOTHER-INFANT PAIRS TO BE INCLUDED IN THE
STUDY
Lactation counseling

Intervention
Control
Total

Breast-feeding pattern
Exclusive
20
8
28

Predominant
7
19
26

Total
27
27
54

The study required 54 infants who should be either exclusively, or predominantly breast-fed at
4 months.

To achieve this number, 144 infants had to be recruited, since given the expected rates of
stopping breast-feeding in the intervention and control groups, only about a third of those recruited
would be exclusively or predominantly breast-fed at 4 months. To recruit 144 infants, it was expected
that about 1780 mothers would have to be interviewed after delivery to reconstitute a "mirror sample"
of the MGRS.
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Partially breast-fed infants were also included. Numbers recruited were in addition to the
numbers mentioned in Table III, so that the total number would exceed 54. In the MGRS 22% of the
infants were complemented at the age of 4 months, resulting in an estimated total number of 72
(54+18) mother-infant pairs.

2.3 Methods

2.3.1. Screening

Enrolment of subjects was equal to enrolment in the MGRS. Mother-infant pairs were recruited
from three hospitals (Beneficencia, Santa Casa and Clinicas). Other than in the MGRS, recruitment
was done 7 days a week to minimize time needed for subject enrolment. Earlier analyses showed no
significant differences between weekday and weekend deliveries in a large number of socio-economic
and biological variables, including duration of breast-feeding.

Eligibility criteria were the same as used in the MGRS:
• living in the urban area of Pelotas;
• single birth;
• healthy at birth;
• mother should be a non-smoker;
• gestational age should be more than 37 weeks;
• mother should be willing to breast-feed;
• familiar income should be more than R$ 800 (at the time of the MGRS this was about

USD 800, at the time of the mirror study this was USD 500).

To allocate mothers to the intervention and control group the screening interviewer
randomized mother and infant pairs using closed envelopes. The control group did not receive
lactation counseling.

Screening was done by medicine and nurse students, one in each hospital. Approximately 16
weeks were expected to be needed for the screening of 144 mothers (9/week).

2.3.2. Lactation counseling

Lactation counseling was given in the hospital on the day of birth, and at home after 5 and 15
days, after 1 month, 45 days, and after 2, 3, and 4 months. Home visits were organized in exactly the
same way as was done in the MGRS. Counseling included:

• To inform the mothers about the importance of breast-feeding, in relation to nutritive
value, child-care, and child development;

• To teach about positioning of the child while breast-feeding;
• To inform the mother how to pump milk from the breasts;
• To call the mother 24 hours after leaving the hospital, to ask about any problems related

to breast-feeding;
• To leave the mother with a telephone number that could be called in case of problems or

questions;
• To give an explanatory folder on how the father could stimulate the mother to breast-feed;
• To make extra home visits when needed;
• To fill out a questionnaire and carefully discuss open-type questions;
• To meet with the lactation consultant (paediatrician) once a week.

Lactation support was given by the same lactation counsellors (2) as in the MGRS. At least
one visit per mother was accompanied by the lactation consultant.

2.3.3. Food intake

Trained field workers visited the mothers at home after 14 days, 1, 2, 3, and 4 months.
Mothers were asked about introduction of complementary foods, using a 24 h recall. Information on
feeding behaviour since the last visit was obtained using a frequency questionnaire. Similar to the
MGRS, a mother was considered to have introduced other milk, i.e. no longer exclusively breast-feed
her baby, if she gave a bottle every day during the week before the follow-up visit. She was
considered to predominantly breast-feed if she gave teas, water or juice at least three days a week
during the last week before the follow-up visit. About 5% of the visits were accompanied by a
nutritionist.
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In addition to the information obtained during the follow-up visits, mothers were asked about
introduction of other foods at the last visit of the deuterium study, using a semi-quantitative frequency
questionnaire.

2.3.4. Anthropometry

Weight and length were measured at birth by the medicine and nurse students who did the
screening, and during each home visit by the field worker. Weight was measured using a portable
electronic UNICEF scale, and length was measured using a standardized anthropometer.

2.3.5. Quality control

Quality control of the screening was done in each hospital once every three weeks during one
day throughout the duration of the screening. The food intake questionnaire was repeated in 5-10 % of
the mothers to determine reproducibility. The interview was done by telephone. Standardization of the
measurements of the anthropometrists was done every three months.

2.3.6. Measurements of breast milk intake

Breast milk intake has been measured using the deuterium dilution technique. A baseline sample of 2
ml of saliva from the mother and a urine sample from the child were collected on day "zero", after
which the mother received an oral deuterium dose (10 g).

Another 3 saliva samples from the mother and another 5 urine samples from the baby were
then collected over a 14 days' period. Sample collection was done after having been assured that the
mother did not eat or drink in the previous 1/2 hour.

Table III shows the post-dose scheduled days for collecting saliva and urine samples.

TABLE III. POST-DOSE SAMPLING FOR MEASUREMENTS OF BREAST MILK INTAKE.

Mother
Child

Days
1
X

X

2 3

X

4
X

X

5 6 7 8 9 10 11 12 13

X

14
X
X

Small pieces of cotton wool were used to collect saliva samples (2 ml), after which saliva was
expressed using a syringe. Saliva samples were stored at -20°C. Urine samples (3 ml) were obtained
by leaving a plastic and cotton wool balls in the nappies (either disposable or non-disposable). The
parents were asked to change the nappy 1/2 hour before the home visit, and to make sure that it had
been well done up (to avoid evaporative water loss). During the visit the nappies were checked every
10 minutes (again to avoid evaporative water loss), and the cotton balls were squeezed out in a
syringe to collect the urine. Urine samples were stored at -20 °C. Weight of mother and child were
measured at the beginning and end of the study using a portable electronic weighing scale calibrated
to 0.1 kg (UNICEF).

Samples will be analyzed using IRMS.

3. RESULTS

Preliminary results are presented in Annex 1.

From a comparison between the sampling characteristics of the MGRS and the mirror study, it
is clear that the sample is an exact mirror of the MGRS (Table IV to VII, see Annex I). In the MGRS a
total of 8.1% (388/4801) of the mothers interviewed at birth were included in the study. In our mirror
sample this was 7.1% (188/2640) (Table IV). The slight difference is likely to be caused by the
increasing poverty since 1999, when the real devaluated by about 100%: from table VI it can be seen
that exclusion because of low income was 57% in the mirror sample, whereas in the MGRS this was
54%. Other percentages for exclusion at screening were very similar between the MGRS and the
mirror sample. Most important reasons for exclusion were "living outside the study area" (24%),
"smoking" (19%), and "low income" (57%).
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In the MGRS 74.5% (300/388) of the mothers were followed-up; in the mirror study this was
75.5% (142/188). Refusal at follow-up was slightly higher in the mirror study than in the MGRS (12.7%
vs. 10.8% resp.). It is interesting to note that refusals were more common in the control group (not
receiving lactation counseling): in the control group 17 mothers refused further participation, whereas
in the intervention group only 7 mothers refused. As in the MGRS all mothers received lactation
counseling, it is in the line of expectation that the refusal rate would be slightly higher in the mirror
study.

Preliminary data on the research question whether there would be a difference in feeding
pattern between the control and intervention group are shown in Table VIII.

The table presents an overview of feeding pattern in our whole study population (not only
those included in the deuterium study) at 4 months, and includes only those infants who had reached
the age of 4 months at the time of preliminary analysis (177/142). Mothers in the intervention group
are more frequently exclusively breastfeeding at 4 months (28 vs. 16). Consumption of tea, juice or
water is similar between the two groups (intervention group: 8; control group: 9). Fewer infants were
weaned off the breast in the intervention group than in the control group (7 vs. 12).

So far, a total of 72 mother-infant pairs have been included in the deuterium study. Of those
40 received lactation counseling, 32 didn't; 39 infants were exclusively breast-fed, and 16 were
receiving other non-milk liquids, such as tea, juice or water. Fewer infants than expected on the basis
of data obtained from the 1993 cohort, were given other non-milk liquids. Since 1993, probably some
awareness has been generated among the whole population in Pelotas, that those liquids should not
be given to infants.

As becomes clear from the above, numbers included slightly exceed the numbers required in
the sample size calculations. The reasons for this are the following: On top of the numbers required as
calculated in the sample size calculations, we decided to include an extra five mother-infant pairs in
the intervention and control group (so 32 instead of 27 originally calculated) to be able to account for
difficulties that could appear at the time of analysis (such as samples of poor quality). Until we reached
a number of 32 for both intervention and control group, we continued including all mother-infant pairs
eligible; coincidently this resulted in a discrepancy in numbers included in the intervention (n=40) and
control group (n=32). From the time 32 mother-infant pairs were included in both groups, we continued
including only predominantly breast-fed infants, to at least increase the number until the maximum
possible (although the 27 required will not be achieved).

Further data analysis is awaiting completion of the study (May 2000), and analysis of samples.

4. PLANS FOR FUTURE WORK

4.1. Introduction

Current international recommendations for energy requirements are based on more than 9000
measurements of energy intake in both breast- and formula-fed infants [8]. Measurements of energy
intake in babies are far from straightforward and the possibility of significant error using conventional
methods is great. The most recent international report on infant feeding recommended that energy
requirements should be based on measurements of energy expenditure obtained via the doubly
labeled water method, plus energy stored as tissue [9].

In 1996 all isotopic measurements of energy expenditure collected in the last 2 decades were
reviewed [10], and on the basis of these data it was concluded that infant energy requirements appear
to be between 9 and 39 % lower than the 1985 WHO values. This implies that following the current
recommendations, infants would be overfed, leading not only to childhood obesity, but also to food
habits that predispose to obesity [11], and associated degenerative diseases later in life.

In countries in transition, obesity is quickly becoming as much as a nutritional problem as is
under nutrition, and prevalence of such diseases as non-insulin dependent diabetes, cardiovascular
diseases, etc. are increasing dramatically. In Brazil, the prevalence of childhood obesity is highest in
the South [12], the site of the study proposed.

Although the review by Butte [10] constitutes strong evidence in favour of revising the WHO
guidelines, further data are still required, in particular on the second 6 months of infancy, before such
revisions can be undertaken.
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We propose to assess energy requirements in infants of 6, 9, and 12 months, using doubly
labeled water for measurements of energy expenditure [13-18]. As it should be appreciated that
energy requirements of infants are a function of age, gender, body size and feeding [10], we will
distinguish between energy requirements of infants exclusively breast-fed and those already receiving
complementary feeding. This is especially important at the age of 6 months, when infants may or may
not receive complementary feeding. Only infants who are being breast-fed at 6 months will be
included.

These data are urgently needed by international organizations in their review of the scientific
basis for infant feeding recommendations.

4.2. Objectives

Over-all goal: To assess energy requirements in infants based on measurements of energy
expenditure using adequate stable isotope techniques.

Specific goal: To compare energy requirements, physiological activity energy expenditure, and
child development at the age of 6, 9 and 12 months between infants (a) exclusively breast-fed until six
months of age, and (b) those receiving complementary feeding from 4 months of age onwards.

To achieve these goals, we will use highly specialized non-invasive stable isotope methods
such as the doubly labeled water method to measure energy expenditure in infants, and the dose-to-
the mother deuterium dilution method to measure the rate of milk transfer.

4.3. Study design

The study will be a longitudinal observational study, where mothers will be counseled to
breast-feed until about 4-6 months. At 6 months mothers who are still breast-feeding will be selected,
and be divided in two groups: those exclusively breast-feeding, and those giving complementary
feeding from 4 months onward.

A brief outline of the methods is given below.

Mother and infant pairs will be recruited at the hospital. A baseline evaluation, including socio-
economic status, smoking behaviour, health status, parity, birth weight, length, etc. will be done soon
after birth.

Mothers will be counseled by a trained team of nurses to exclusively breast-feed until 4 to 6
months; counseling visits will be in the hospital on the day of birth, and at home after 5 and 15 days,
after 1 month, 45 days, and monthly from 2 months onwards, until 12 months.

A second evaluation will be done at 4 months by a blind team (not the lactation counselors) to
study reverse causality of feeding behaviour in the study groups. This evaluation will include
measurements of weight, height, employment of the mother, semi-quantitative data on food intake,
and an appropriate scale on child development.

At 6 months, mothers will be asked to participate in an energy balance study. Measurements
of energy expenditure, energy intake, and growth will be included. An equal number of infants who are
exclusively breast-fed or who are receiving complementary feeding in addition to breast-feeding from 4
months onwards, will be selected. Measurements will be repeated at the age of 9 and 12 months.

Doubly labeled water will be used to measure total energy expenditure (TEE). The method is
based on the principle that 18Oxygen will leave the baby's body either as CO2 or H2O, whereas
deuterium will leave the baby's body only as H2O. The difference in 18oxygen and deuterium flux
represent CO2 production from which energy expenditure can be calculated. These methodologies
have been successfully validated in studies of infants.

Sleeping metabolic rate (SMR) will be calculated using existing equations (which should be
validated in some infants using indirect calorimetry); energy costs of growth will be calculated from
weight gain, and energy used for tissue deposition; energy used for physical activity will be calculated
from TEE-SMR.

Breast milk intake will be measured using the dose-to-the-mother deuterium dilution method.
Energy content of milk can be calculated from energy expenditure in exclusively breast-fed infants,
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and their volume of intake. Intake of complementary foods will be measured by food weighing. Existing
Brazilian food tables will be used for calculation of nutrient intake.

Differences between the two groups (exclusively vs. partially breast-fed) will be analyzed
using a t-test. The association between energy expenditure and child development will be studied
using regression analysis. Data will be adjusted for socio-economic class, and other confounding
variables. Growth of the infants will be compared with the growth curves endorsed by WHO
(Multicentre Growth Reference Study).

A sample size of 30 infants per group (i.e. a total of 60 infants per age group) is needed to
detect a difference of 12% in energy expenditure, with a=0.05, and a power of 84%. Taking into
account that at 9, and 12 months, some of the babies included at 6 months will be weaned from the
breast, whereas others will continue to receive breast-feeding (which would reduce the power of the
study), it is suggested to include 40 infants in each group at 6 months. Since only about 10% of the
mothers are expected to exclusively breast-feed at 6 months, this implies a total of 400 mothers
should be recruited and followed-up.
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Annex 1

Note: Only those mothers whose infants had reached the age of 4 months at the time of this preliminary analysis
are included.

TABLE IV. NUMBER OF MOTHER-INFANT PAIRS ELIGIBLE FOR FOLLOW-UP

Screened

Excluded (ineligible)

Refusals (screening)

Outside weekly quota

Included

MGRS

4801

4292 (89.4%)

54(1.1%)

67(1.4%)

388(8.1%)

Mirror study

2640

2419(91.6%)

29(1.1%)

188(7.1%)

TABLE V. EXCLUSION AT SCREENING*

Reason for exclusion

Lives outside study area

Multiple births

Morbidity (Intensive Care)

Maternal smoking

Gestational age

Unwilling to breast-feed

Low income

MGRS (% out of 4801)

1192(25%)

107(2%)

291 (6%)

968 (20%)

423 (9%)

19(0.4%)

2609 (54%)

Mirror study (% out of 2640)

639 (24%)

50 (2%)

208 (8%)

500(19%)

257 (10%)

4 (0.2%)

1507(57%)

*Mothers can be excluded on the basis of multiple reasons, therefore cumulative percentages exceed 100%.

TABLE VI. MOTHER-INFANT PAIRS FOLLOWED-UP

Excluded at 14 days

Refusals

Death of child

Followed-up

MGRS (% out of 388)

54 (14.4%)

42(10.8%)

1 (0.3%)

300 (74.5%)

Mirror study (% out of 188)

23(12.2%)

24 (12.7%)

0 (0%)

142 (75.5%)
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TABLE VII. REFUSALS AT FOLLOW-UP

Main reasons

Does not want to participate

Back to work

Lack of time

Travel

Move out of town

Other

MGRS(%outof42)

28 (67%)

5 (12%)

4(10%)

2 (5%)

0 (0%)

3 (7%)

Mirror study (% out of 24)

16(67%)

0 (0%)

4(17%)

0 (0%)

3(13%)

1 (4%)

TABLE VIII. EFFECT OF LACTATION SUPPORT ON FOOD PATTERN AT 4 MONTHS (N=117).

Food pattern

Exclusive breast-feeding

Predominant breast-feeding

Breast-feeding plus other milk

Breast-feeding plus solids

Breast-feeding plus other milk
plus solids

Weaned off the breast

Missing (visit skipped)

With lactation support
(n=64)

28

8

6

8

7

7

1

Without lactation support
(n=53)

16

9

6

3

4

12

2

TABLE IX. MOTHER-INFANT PAIRS ELIGIBLE FOR DEUTERIUM STUDY AT 4 MONTHS (N=97).

Mother-infant pairs eligible*

Included

Excluded:
D Refusal
D Outside numbers required in study groups
D Moved out of Pelotas
D Traveling at time of study
D Other

Number

72

25
5
13
3
1
3

*Not eligible were mothers who had stopped breast-feeding before or at the time of the study (20/117).
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Abstract

WHO is undertaking a combined growth study in several countries, in order to establish adequate
growth curves for breast-feeding infants. Present growth charts in use, were obtained in a
sample of breast and artificial feeding infants, which have overestimated the growth needs. In our
country during the last two decades the number of mothers who decide to breast-feed their
infants has permanently grown, due to the implementation of health care programs that promote,
mother-infant interaction right after birth, in all Public Hospitals, and education programs for the
mothers, during both antenatal and post natal control of mother and child. The last figures
obtained in a country sample of 10000 mother-infant pair, shows that 45% of the mothers are
exclusively breast-feeding their infants at 6 months of age. This figure could increase if our
infants were evaluated by the adequate charts, because it is of common use that many health
professionals suggest to stop breast-feeding because the infant is not growing according the
charts in use.

The anthropometric study proposed by WHO will benefit considerably by adding determination of
breast-milk intake using isotopic dilution of deuterium, a standard procedure proposed by
Coward et al [6-10] and extensively used in our country [11-14]. The proposed study will also
include milk composition (fat, protein and lactose) and energy density of milk to correlate energy
supply, milk volume and growth.

General considerations

Chile is located in the southwestern part of South America, has and area of 756.626 square
continental kilometres and 1.250.000 square kilometres of the Antarctic territory. The political
administrative division of the country is structured in 13 regions, 51 provinces and 341
circumscriptions. The total estimated population for Chile in 1999 is 15,017,760 inhabitants 50,5% of
which are women. 19,3% are under 15; 73.6% are between 15 and 64 years; 7.1% are older than 65.
The annual vegetative growth rate is estimated to be 1.4%.

At present, the urban population reaches the 85.4 % concentrated mainly in the metropolitan
region with 45.4%, followed by the Bio Region in the southern part of the country with 12% and the
central coastal city of Valparaiso 11%.

The total students registered in 1997 in the different educational levels were 3,777,051, being
7,5% in pre-elementary level, 60.7% in primary level, 21.8% in secondary level and 10.1% in higher
education. The average schooling of the population in 1997 was 9.76 years, while coverage in pre-
elementary education was 29.8%, 96.05% in elementary education and 82.34% in secondary
education. The literacy rate in Chile is 94,6% (Table I).

According to the Human Development Index Chile is an intermediate developed country,
having a leading position in the Latin-American countries.

The United Nations information shows that the country has grown from the 38th place in 1994
to the 34th en 1999 in terms of living conditions from a total of 174 nations. Nevertheless 21.7% of the
population lives in poverty and 5.6% of this segment is indigent, according to the 1998 Socio-
economic Survey.

Economy background information

The development strategy assumed by the country has achieved for the first time in the last
three decades, that economic growth is greater than its inflation rate. At the international level, the
Chilean economy presents the major development in Latin America during the 90s, being placed
among the ten best emerging economies of the world. Per capita income increased from US$ 3000 in
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1990 to US$ 5,105 in 1997; the minimum wage rose from US$ 170 /month in 1997 to US$ 176/ month
in 1999. " - ' '

Health

Chile is facing a demographical and epidemiological transition process, presenting an
important variation in the health situation of the population, due to the political, social and economic
changes that have characterized the country since 1980.

This has determined a complex health situation in which coexist problems associated with
underdevelopment, for example enteritis transmitted and carential diseases, and on the other hand,
those associated with life styles and economic development, such as cancer, chronic diseases,
accidents and mental health problems, well known consequences of social changes as well as
contamination of the environment and the working place. Classical bio-demographic indicators show a
general mortality of 5,4 per 1000 inhabitants in 1997; a birth-rate of 19.3 per 1000 inhabitants and a
population growth that has remained stable in the last 10 years, and fluctuates around 1.4% annually.
Life expectancy is 75.2 years for those born in the five-year period 1995 -2000.

Sanitation levels in Chile are considered to be adequate in comparison to the rest of Latin
America. Potable water is available in 99% of urban areas and 49% of rural areas. 80% of the urban
sector has sewage system. However 80% of the sewage waters are carried away without previous
treatment.

Mortality and Morbidity

Chile has and infant mortality rate of 10 per 1000 live births in 1998. This is due to health care
programs that give priority to the maternal infant group, also to improvement in education level of the
population, basic sanitation and per-capita income. The mortality rate among pregnant women stands
at 0.23 per thousand live births with complications arising from abortions being the main cause of
death. Mortality rate is decreasing in all age groups, being more important in the under five years old
group.

For many years the main death causes in the country correspond to pathologies strongly
associated to life styles and to overall ageing of the population, such as circulatory system diseases,
cancer, accidents and violence, which as a whole represents a 60% of the total deaths (Tables II, III).

Twenty five percent of the hospitalizations in the country were related to pregnancy, delivery
and post partum as a result of a national policy professional care of the delivery.

Lactation

Since the last decade the number of mothers who decide to breast-feed their infants has
permanently grown, due to the implementation of health care.

This program that favour the mother-infant contact right after birth in all Public Hospitals,
and education of the mothers during both antenatal and post natal health control of mother and
child. The last figures obtained in a country sample of 10000 mother- infant pairs show that 45% of
the mothers are exclusively breast-feeding their infants at 6 months of age.

Resources

The Health System in Chile is composed of a public sub sector and private sub sector
participating in the field of health insurance and medical care. Both sub sectors are regulated by the
Ministry of Health, which supervises insurance system.

The Health activities of the public sub sector are provided by the National System of Health
Services integrated by 27 Health services through out the country. Upon which depend a complex
hospital network, attached out patient facilities and an also a network of primary health care centres
under municipal administration.

Chile has at present an availability of 3,1 beds per 1000 inhabitants. During the last years the
private sub sector has increased the offer of hospital beds, representation 26% of the total hospital
beds available in the country Concerning the financing of the health sector besides the fiscal
contribution, exist a compulsory premium of the 7% of the wages which goes either to the e public or
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the private health insurance. The 27%of the population belong to the private insurance system
(Tables IV, V, Vi) [1].

1. INTRODUCTION

WHO is undertaking a combined growth study in several countries, in order to establish
adequate growth curves for breastfeeding infants. Present growth charts in use, were obtained in a
sample of breast and artificial feeding infants, which have overestimated the growth needs [2,3,4,5].

The anthropometric study proposed by WHO will benefit considerably by adding determination
of breast-milk intake using isotopic dilution of deuterium, a standard procedure proposed by Coward,
et al [6,7,8,9] and extensively used in our country [10,12,13,14]. The proposed study will also include
milk composition (fat, protein and lactose) and energy density of milk to correlate energy supply, milk
volume and growth. [15,16].

2. METHODOLOGY

The proposed study is part of a multicentric WHO study that combines a longitudinal design
from birth to 24 months with a cross sectional study of children aged 18-71 months from the same site.
The overlap between 18 and 24 months is intended to improve the merging of the two curves, and
extending the upper limit to 71 months will result in improved precision of growth estimates in the fifth
year of age.

2.1. Subjects

The study sub-population should have no socio-economic constraints on growth, low mobility,
20 % or more of the mothers following feeding recommendations and access to breast-feeding
support, in our case, this WHO condition will be covered in a 100% of the mothers, considering the
quality of the natal and postnatal care provided for this population.

Mothers (n=150) will be selected in the prenatal clinic at the Consultorio San Joaquin
located in Santiago Metropolitan Region at 780m of altitude (Servicio de Salud Metropolitano Sur)
that has a 37500 people under control of a 50000 population 50% of them being females. Last
year the Clinic assisted an accumulative total of 150 women monthly in prenatal control and 230
babies were born at Maternity of the Barros Luco Troudeau joined the UNICEF and Ministry of
Health program " Iniciativa Hospitales Amigos del nino y de la Madre IHANM", The results of the
initiative are highly significant measured, as number of rooming in practice, in relation to number of
bottles of artificial feeding provided at the maternity wards before and after this practice begun.
Prevalence of exclusive breast-feeding at 6 month, increased from 47% in 1994 to 65% in 1997.
These results proved that this program is highly effective (Figures 1,2,3) [17].

2.2. Inclusion criteria

Individual mothers selected for the study should be of middle socio-economic status willing to
follow feeding recommendations, non-smoking and non-drug abuser. In the case of alcohol
consumption this will be recorded, but alcoholics will not be included. Their babies should have been
delivered at term and present no chronic health problems expected to influence growth. Feeding
recommendations are: predominant breast-feeding that is breast-feeding alone or with non milk fluids
for at least four months, introduction of appropriate complementary foods by six months and partial
breast feeding for 12 months or more. As an additional request, the selection will consider:

Those with a previous good breast-feeding experience,
House wives (working at the house woman).

- Term and vaginal single birth deliveries without significant perinatal morbidity (a stay of 12
or more hours in the intensive care unit will inhibit the baby to be incorporated to the
sample)

2.3. Exclusion criteria

• Lack of compliance with feeding recommendations
• Serious illness
• Voluntary exclusion
• Infants recruited into the study, whose mothers fail to comply, will continue to be followed

throughout the two years so that their growth may be compared with compilers.
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• Women who have followed the prenatal and feeding recommendation and are willing to
keep participating in the protocol will be asked to participate in the study.

2.4. Follow-up

The mother infant dyad will be visited and controlled in the first 36 hours after delivery in the
Hospital Barros Luco Troudeau that is the regional Hospital that gives attention to this population.
They will be visited at home and controlled at the out patient clinic on weeks 1,2,4,6 and 8 and
monthly from 3 to 12 months; in the second year visits will take place every two months.

2.5. Anthropometric determinations at every visit from birth onwards

• Weight and length
- Arm circumference
• Skin fold thickness (triceps, sub scapular, and calf) measured at every visit starting at 3

months
• Head circumference will be measured after 1 week, due to head moulding
• In the cross sectional study each child will be submitted to the above measurements once.
• Height of both parents will be measured once and the mother weighed at each visit.

2.6. Socio-economic demographic and environmental characteristics, using the Alvarez
test

This test has been validated for our population since 1975 and measures: family structure,
education, goods and working conditions.

2.7. Measurement of breast-milk volume by deuterium dilution

This evaluation will be determined at 1,3, 6, 12 months. To this effect, the dose-to-mother
method will be used, which is able to measure maternal milk intake, as non-milk liquid ingested by the
infant [6,7]. A basal sample will be collected in both infant and mother on day 0, before the
administration to the mother, of a standard dose of 15 g of deuterium oxide (99.9%). Saliva samples
will be collected on days 1,2,3,5,13,14 on the infant and 1,2,14 on the mother.

An additional dose of 0.2g/kg weight will be administered to the infant at the end of the dose-
to-mother protocol, for the determination of total body water (TBW) in the infant.

From the 150 women recruited, it is expected to have at least 75 women-infants ending the
study. The whole sample will be in exclusive lactation at 1 month (n=150) in 60% of sample by sixth
month (n=90), and in partial breastfeeding, 50% of sample (n=75) by month 12th.

2.8. Body composition of infant-mother dyad by deuterium dilution at 1,6,12 months

The procedures described above, will permit the determination of body composition in the
mother (dose-to mother protocol) and the infant (dose-to-infant), by establishing total body water
(TBW) by the back-extrapolation procedure.

Using hydration coefficients, fat-free mass and fat mass (by difference to weight) will be
established in the mother and the infant Analysis of samples will be conducted in a HYDRA mass
spectrometer, Europe Scientific, (Crewe UK) in the Mass Spectrometry Section of the Energy
Metabolism and Stable Isotopes Laboratory, INTA, University of Chile.

2.9. Milk composition and energy density: Fat, protein and lactose

Milk samples will be pooled by collection of samples before and after the baby feed during the
day. Milk will be stored at -20°C.

Energy content of milk will be obtained by bomb-calorimeter. Content of fat and protein will be
determined by standard procedures at The Food Analyses Centre, INTA, University of Chile. Lactose
will be determined by difference with energy in content of milk [15,16].

In a sub sample of 12 mothers will be chosen at random to establish lipid profile of the milk at
one month of age.

37



Ethical considerations. The family participating will sign a written consent form (ethical
approval by local and international standards).

The whole sample will be in exclusive lactation at 1 month (n=150) in 60% of sample by sixth
month (n=90), and in partial breastfeeding, 50% of sample (n=75) by month 12th.

3. PRELIMINARY RESULTS

We have followed 35 pregnant women (mean age 26 years of age) 2 of which gave birth to
two girls of 3450 and 3210 grams both are going to receive the first doss of 15 g of deuterium oxide
(99.9%). Saliva samples will be collected on days 1,2,3,5,13,14 on the infant and 1,2,14 on the
mother.

An additional dose of 0.2g/kg weight will be administered to the infant at the end of the dose-
to-mother protocol, for the determination of total body water (TBW) in the infant.

4. PLANS FOR FUTURE WORK

We hope to finish with the collection of the sample by the end of August 2000.and to finish
with the work in August of 2002.
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Level of education andformal work in
women of 15-49 years of age

years of education

none

1-3

4-6

7-8

9-10

11-12

>13

total (1982)

(1992)

n

21,513

54,034

164,495

114,858

113,444

238,922

135,251

842,517

1,365,437

women

%

17,77

20,88

22,27

23,57

21,26

37,93

58,52

27,99

28,06

at work
n

121,031

269,023

738,556

457,278

533,495

629,862

231,123

3,010,008

6,084,964
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AVISA: THE FIRST 15 CAUSES of DEATHS BOTH SEXES.
%DISTRIBUTION AND REASON PER 1.000 INHAB. 1993

Illness
Congenital anomalies
Low acute respiratory infections
Heart ischemic
Hipertension
Cerebrovascular
Asthma
Trafic accidents
Alcohol dependency
Gallbladeer disorders
Depression disorders - MAD
Arthrosis and similar
Alzheimer
Perinatal
Psychosis
Cirrhosis
Total

AVISA
103654
73234
67534
60172
57700
55118
53692
53498
53361
53279
48452
42889
41710
32474
32172

828939

%
5.86
4.14
3.82
3.40
3.26
3.11
3.03
3.02
3.02
3.01
2.74
2.42
2.36
1.84

' 1.82
46.85

Reason/1.000 inhab
7.53
5.32
4.90
4.37
4.19
4.00
3.90
3.88
3.87
8.87
3.52
3.11
3.03
2.36
2.34

65.19

This indicator was formulated by the World Bank and the OMS, and it was published in t he Report no W.D.1993



TEN MAIN CAUSES OF DEATH IN CHILE 1997

2
r~
m

Circulatory System
Malignant Tumors
Respiratory System
Traumatism and Poisoning
Digestive System
Signs, Symptoms and not defined
Endocrinology Nutrition
Metabolic problems
Infectious and Parasitical
Genitourinary System
Mental problems
Other groups
Total

N°of
Deaths
20.733
17.000
9.987
8.280
5.858
3.718

2.567
2.465
1.703
1.584
4.577

78.472

Rate per 100,000

%
26.42
21.66
12.73
10.55
7.47
4.74

3.27
3.14
2.17
2.04
5.83

100.00

inhabitants
141.8
116.3
68.3
56.6
40.1
25.4

17.6
16.9
11.6
10.8
31.3

536.7
Source: Ministry of Health



ESTABLISHMENTS OF THE PUBLIC HEALTH SUBSYSTEM NET, 1998

Hospital Number

Hospital type 1 20
Hospital type 2 32
Hospital type 3 23
Hospital type 4 107
Diagnostic and Terapeutical Center 3
Health Reference Center 2
Geriatric Centers 2
Delegated Hospitals 14
Additional Clinics 120
General Urban y Rural Clinics 406
Emergency Clinics and Medical rural stations 1.840

This type corresponds to Medium Complexity Hospital



NUMBER OF HOSPITAL BEDS ACCORDING TO THE CHILEAN
HEALTH SUBSYSTEM. 1985-1997

Year Publics Subsystem Private Subsystem

8.789
9.185
8.233

10.199
H 1989 32.818 10.366
J5 1990 32.515 10.499

10.600
10.985
10.918
11.208
11.549
11.419
11.065

Source: Minsal, Ministry of Health

1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997

33.435
33.103
32.594
32.580
32.818
32.515
32.295
32.176
31.989
31.804
31.579
31.353
30.956

4
CO



RESULT INDICATORS IN THE CHILEAN HEALTH CARE SYSTEM. 1998

Indicator

Coverage in infant vaccination (third dose/bom alive Dept) %
Coverage in infant vaccination (third dose/born alive Polio) %
% of Professional care at childbirth
% Low weight at child birth

General mortality rate (per one thousand inhabitants)
Infant mortality rate (per one thousand born alive)

< Neonatal mortality rate (per one thousand born alive)
Late infant mortality rate
Precocious neonatal mortality rate (per one thousand born alive)
Mortality rate from 1 to 4 years of age (per 1.000 inhabitants
from 1 to 4 years old)
Maternal mortality rate (per one thousand born alive) 0.30

Source: Minsai, Ministry of Health

95
95
99

5
5

10
5
4
4

0
0

.28

.36

.60

.1

.4

.0
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ISOTOPIC EVALUATION OF BREAST MILK INTAKE, ENERGY METABOLISM, GROWTH
AND BODY COMPOSITION OF EXCLUSIVELY BREAST FED INFANTS IN PAKISTAN

ZULFIQAR A. BHUTTA, LAWRENCE WEAVER, TOM PRESTON

The Aga Khan University, Stadium Road, Karachi-74800, Pakistan Department of Child
Health, University of Glasgow (UK)

Abstract XA0056159

There is considerable evidence to support the view that the current growth standards for
infants, which are in-use globally, may be inappropriate. This is based on the observation that
these were derived from largely formula-fed western populations and recent studies
documenting that exclusively breastfed young infants exhibit a lower growth trajectory.
However, there are few studies objectively evaluating energy metabolism, body composition
and growth in exclusively breastfed infants, and none in developing countries. We propose to
evaluate this longitudinally in an appropriate sample of exclusively breast fed newborn infants
in Pakistan. These newborn infants will be well characterized at birth and sequential
measurements of breast milk intake and energy expenditure will be made using doubly labeled
water, big-impedance analysis and indirect calorimetry.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

The NCHS-WHO growth reference standards [1] are widely used as reference growth centiles
in the developing world. Despite numerous efforts to define separate regional or national growth
standards which tend to accept lower birth weight and growth trajectories as normal [2,3], recent
evidence indicates that it may be inappropriate to do so [4]. However, the following major concerns
have been expressed about the current/NCHS WHO reference standards.

The standards were drawn from a single, ethnically homogenous Caucasian population of
artificially fed infants.

Measurements were taken at wide intervals with outdated curve-fitting procedures.

Several studies of exclusively breastfed infants have revealed lower growth trends in
comparison with NCHS/WHO reference standards.

A major multicentre international growth reference study is presently underway to study the
growth of exclusively or predominantly breastfed children longitudinally for the first 24 months of life.
This standard will be drawn form a comparable multiethnic population of children in different parts of
the world and may provide a valid international reference standard. This infant growth data from 6 to 8
sites in different countries will be combined with cross-sectional data from children aged 18-71
months, in order to construct a new reference growth standard.

While several studies have established the immunological advantages of exclusive
breastfeeding, reduced infectious disease morbidity [5,6] and improved neurological outcome [7], few
have addressed the issue of body composition. In drawing up these new standards, it will be important
to document that these breastfed infants, even though following a lower growth trajectory [8], are
normal. Similarly it will be important to correlate growth and variations thereof, to the absolute breast-
milk intake of the reference population. Classically breast milk intake has been estimated by test
weighing [9] but this is a cumbersome technique and impractical for such evaluation in the community.
The recently developed methods of evaluating breast milk intake by using stable isotopes like
deuterium ( H2O) [10-12] and measurement of energy metabolism by using the doubly labeled water
(2H2

18O) [13-16], offer the exciting possibility of non-invasive evaluation of the relationship of human
lactation and growth.

2. METHODS

A consecutive 150 mothers-infant pairs will be prospectively identified for inclusion in the study
on the basis of fulfillment of inclusion criteria, motivation to exclusively breastfeed for 6 months and
ease of monitoring. It is anticipated that of these at least 100 will fulfill criteria of exclusively
breastfeeding for 6 months and appropriate introduction of complementary foods thereafter.

We shall randomly select 10 mothers from the above 100 mothers-infant dyads for detailed
evaluation of lactation performance and body composition/energy metabolism by using doubly labeled
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water (2H2
18O) as per the following protocol. The anthropometric measurements will be carried out at

fortnightly and monthly intervals as per the International Growth Reference Study Protocol. Actual
breast milk intake and energy expenditure will be estimated in a randomly selected subset of
exclusively or predominantly breastfed infants by administration of doubly labeled water at time points
A, B, C (Figure 1).

Days

Administration of
2H2

 18O to mother,
baby & collection
of salivary samples

15-30 90-105 165-180

B

In addition, we shall measure body composition and energy metabolism at these time points
by multi-frequency bio-impedance analysis (using the Xitron Hydra®) and indirect calorimetry using
the Deltatrac II ® metabolic monitor. The isotopic concentrations in salivary samples will be measured
by isotope rated mass spectroscopy (IRMS). In addition, we shall measure 2H concentration by
indirect spectrophotometry using the Miran I FF indirect spectrophotometer, and validate it against
IRMS. Preliminary data from field studies in Indonesia suggest that the method is valid (Caballero B.
persona communication, 1998).

3. DETAILED RESEARCH OBJECTIVES

We would aim to study:

3.1. The relationship of breast milk intake and its micronutrient composition with
growth in early infancy

There is considerable interest in the relationship of micronutrient status and growth in early
infancy, especially in the link of zinc and growth faltering [17, 18]. Preliminary data from Pakistan also
indicates a possible link of zinc deficiency with low birth weight [19] (Figure 2). The relationship of
micronutrient composition and growth will be evaluated by estimating zinc and iron content of breast
milk (by atomic absorption spectrophotometry) on samples obtained at corresponding time points.

1
T

Figure 2: Serum retinal binding protein (RB P) and plasma zinc & copper in Pakistani infants according
to relative size at birth.

There is considerable interest in the relationship of micronutrient content and bioavailability
from breast milk and growth in early infancy. While the coexistence of maternal micronutrient
especially zinc deficiency and intrauterine growth retardation in developing countries is well
recognized, its contribution to postnatal growth restriction is less well established. In an important
study in urban Paris, Walravens et al [20] demonstrated improved growth in normal infants after zinc
supplementation, although their findings were questioned [21]. Much of the zinc in maternal breast
milk is highly bioavailable and the relationship of breast milk zinc content and its absolute intake with
postnatal growth is of considerable interest.
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3.2. To evaluate the relationship of energy metabolism and growth in early infancy

There has been considerable interest in immuno-stimulation and growth faltering in developing
countries, but few longitudinal studies have attempted to scientifically evaluate this possibility. Data
from the recently concluded CRP on the use of stable isotopes to assess amino acid metabolism
following immuno-stimulation strongly suggest this possibility. It will be extremely useful to correlate
dynamic studies of energy metabolism, coexisting morbidities and growth during this longitudinal
study.

There are few studies correlating growth during early infancy with energy metabolism in
developing countries. While studies employing indirect calorimetry are clearly impractical for field
studies, the doubly labeled water method is uniquely suitable for field-based studies. Of an estimated
250 studies evaluating this technique globally, only about 12 have been performed in developing
country situations and of these only 4 have addressed issues of infant nutrition [22].

3.3. To evaluate the body composition of reference study infants by skin fold
thickness measurements and bio-impedance analysis

While exclusively breastfed infants are recognized to be leaner than formula fed infants, it will
be important to demonstrate "normal" body composition in the infants determining the new WHO
International reference standards. Our studies employing bio-impedance analysis, as well as skin fold
thickness measurements, will aim to obtain this data in a standardized fashion and correlate it with
estimates from the doubly labeled water method.

Although traditionally body composition studies using anthropometry or bio-impedance
analysis have been used in ambulatory patients, there are concerns about their validity in field
situations. This study will attempt to correlate these two types of measurements and will be the first
study in Pakistan.
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Abstract

For both clinical and research purposes, it is of great importance to be able to assess infant
body composition. However, a safe, simple, non-invasive, and accurate method of estimating
infant body composition is not currently available. The "PEA POD", a new air displacement
plethysmpgraph specially designed to measure the body volume of infants, has been
developed by the same research team that developed the BOD POD, which measures body
volume in adults. Body density can be calculated from the measurement of body volume and
body mass. From body density, the body fat mass (FM) and fat free mass (FFM)
compartments can be estimated. The purpose of this research study is td validate the
accuracy of FM and FFM measurements in infants based on the PEA POD, as compared to
the results obtained with estimating FM and FFM from measurement of total body water
(TBW). TBW will be calculated using the back extrapolation method with an 1BO tracer.
Twenty-five healthy, term infants between two weeks and two months of age and 25 healthy
low birth weight infants will be measured by both methods and the results compared. If the
PEA POD produces results not significantly different from those based on TBW, it will provide
further evidence of this device's potential usefulness in both clinical and research applications.

1. SCIENTIFIC BACKGROUND AND SCOPE OF PROJECT

1.1. The need for better tools to assess the body composition of infants

There are many pediatric research and clinical situations in which the assessment of body
composition is important. In studies of infant growth, unlike the measurement of weight gain only,
knowing body composition allows further insight into the nature of the gain. For example, how infant
body composition is affected by the composition of the diet, such as breast milk versus infant formula,
and changes in dietary patterns, such as the introduction of complementary foods, are important areas
of study. In research involving infants recovering from malnutrition, measuring both weight gain and
change in body composition allows a better understanding of the effectiveness of various re-feeding
protocols.

Clinically, knowledge of body composition allows for a more accurate assessment of
nutritional status than weight alone. Serial measurements of body composition can provide the
clinician with information regarding how nutritional status is changing in response to medical or dietary
interventions. Among hospitalized pediatric patients, malnutrition can cause an increase in morbidity,
mortality and length of hospital stay.

Despite the usefulness of body composition data, they are not often collected as part of
research or clinical practice because of the lack of an appropriate measurement tool.

In order to be practical in either a clinical or research setting, a body composition
measurement technique should be simple to use, precise, accurate, reliable, non-invasive and
relatively inexpensive.

The measurement of the physical density of the human body is a common method for
determining body composition in adults. Prediction equations have been established which relate
percent fat to body density [1]. Density is determined by dividing the mass of the subject by body
volume. While the accurate assessment of body weight is relatively easy due to the availability of
precise scales, the assessment of body volume is more challenging. Great precision is required in
measuring body volume if it is to be useful in the estimation of body composition. For example, a 10
kg infant with a body volume of 9,500 ml, would be estimated to have 20.0% body fat, based on the
Brozek prediction equation [1]. However, just a 1% error in the body volume measurement (95 ml)
produces a 24.3% body fat result, an 18% difference. For an accurate body fat result, it is generally
accepted that body volume should have no more than a .25% error. Achieving this degree of accuracy
is especially difficult in infants.
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The most commonly used technique for measuring body density in adults, underwater
weighing, is obviously not appropriate for use in infants and children. Since the 1960's, researchers
have attempted to devise instruments for measuring the body volume of infants [2,3,4,5,], but not have
produced values with an acceptable level of within-subject variability.

Other technologies applied to the measurement of body composition of infants include total
body electrical conductivity (TOBEC) and dual energy x-ray absorptiometry (DEXA). Both of these
methods require costly equipment and require the infant to lie motionless, usually under sedation, for
an extended period of time. The validity of TOBEC in estimating the body composition of infants has
not been clearly established and DEXA has the additional disadvantage of exposing the infant to
radiation. These drawbacks preclude TOBEC and DEXA from having widespread use in measuring
infant body composition.

The measurement of body volume also allows for the further breakdown of body composition
into four compartments: total body fat, total body protein, total body water, and total body minerals. An
estimate based on a four-compartment model does not have the error associated with variations in the
overall density of the FFM used in a two-compartment model. Total body mineral is estimated from the
literature [6,7], and total body water can be measured by use of the stable isotope oxygen-18.
Because the densities of each compartment are known values, the total body fat and total body
protein compartments can be calculated by solving simultaneously the equations related to total body
mass and total body density. Being able to examine body composition in this way is especially useful
in young infants, as their growth rate is rapid and the relative proportion of the components of FFM
change with growth [8].

1.2. The PEA POD

The PEA POD is a small plethysmograph suitable for measuring the body volume of infants.
Its design is based on the same principles as its predecessor, the BOD POD. Developed in 1994, the
BOD POD has been shown to accurately and precisely measure body density in adults [9,10].

Commercially available since 1995, about 180 BOD PODs have been sold to research and
medical institutions around the world. The BOD POD has been the primary device by which we assess
body composition for our research studies involving postpartum women. In comparison to hydrostatic
weighing, it is much simpler, quicker and at least as accurate in measuring body volume. It is also
better tolerated and more convenient for the research subject.

The PEA POD is a dual chambered device made of 15" diameter acrylic tubing. In simplified
terms, body volume is measured via a precisely controlled, volume-perturbing element, which is
mounted between the two chambers, leading to small and complementary pressure fluctuations in the
two chambers. The interior volume of the sealed chamber may be estimated by measuring the
increase in pressure resulting from the volume change created by the volume-perturbing element. If a
subject is introduced, exactly the same amount of volume perturbence will produce an increased
pressure response, because the volume of the chamber is reduced by the volume of the subject. The
increase in the pressure response provides a measure of subject volume. A two-point calibration with
chamber empty and with known reference volume allows scaling and translation of this function to
read output to the nearest 1 ml. The infant need only lie in the chamber for approximately 60 seconds
in order to obtain a valid measurement. Thoracic gas volume of the infant (lung volume) is estimated.

The PEA POD has been shown to measure the volume of inanimate objects, ranging in size
from 3-12 liters, reliably and accurately. In comparison to water displacement, the volume
measurement varied by 0.23-0.59%. The standard error of the mean (SEM) from 5 repeated trials
ranged from 0.02-0.06%. A SEM of 0.06% corresponds to a 0.2 percentage point difference in the
body fat estimate (Table I).

We have collaborated with the developers of the PEA POD, Life Measurements Measurement
International (LMI), in testing the feasibility of using the device in measuring the body volume of
human infants. Six infants from 3-8 weeks of age, and 3.5-6.6 kg were tested. None of the infants was
disturbed by the procedure, and in fact they all seemed to be calmer than expected while in the
chamber.

We hypothesize that the muffled nature of the mother's voice while the infant was in the
chamber was an experience similar to being in the womb.
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TABLE I. RESULTS OF MEASURING THE VOLUME OF INANIMATE PHANTOMS (BY WATER
DISPLACEMENT AND PEA POD).

RESULTS OF PHANTOM VOLUME TESTING

Water Displacement

Phantom

1

2

3

4

Mean
(mL)

3,212

6,454

9,692

12,925

SD
(mL)

13

17

22

12

Infant PEA POD

SD Error
(% of mean)

0.40

0.26

0.23

0.09

Mean
(ml)

3,229

6,480

9,724

12,957

Mean Error (%)
[(observed phantom)/

phantom] x 100

0.59

0.42

0.33

0.26

SD
(ml)

2

2

2

5

SD Error
(% of
mean)

0.06

0.03

0.02

0.04

The purpose of the research study presented here is to assess the validity of this new device.
Appropriate validation trials must be conducted in order to establish the precision, reliability, and
accuracy of the PEA POD in estimating body composition. If the PEA POD produces results not
significantly different from those based on TBW, it will provide further evidence of this device's
potential usefulness in both clinical and research applications.

2. METHODS

2.1 Overview

Twenty-five healthy term infants and 25 healthy low birth weight infants (LBW) will be recruited
for study. The infants will be tested for volume and mass using the plethysmograph and associated
scale, thus providing a whole body density measurement. The same infants will also be tested for
TBW using the back extrapolation method with 18O as the isotopic tracer [11]. The density data
derived from the plethysmograph will be used independently to predict body composition (2-
compartment model) and also in combination with TBW to predict body composition based on a 4-
compartment model [12]. The main outcome variables will be the precision, reliability and accuracy of
the PEA POD in assessing body composition.

2.2 Recruitment and consent

Term infants will first be recruited for study. If the study results show the PEA POD to be valid
in measuring body composition in this population, the exact procedures will be repeated within a
population of low birth weight infants. To be eligible, full term infants (37-43 weeks gestation) must be
no more than 8 weeks of age.

Infants will be recruited via flyers at the local birthing center, mother-and-baby store, mother's
groups and La Leche League. The study protocol will be explained to the parent of the study subject
and informed consent obtained.

2.3 Study protocol

3. INFANT ANTHROPOMETRY

On day 1 of the study, body volume and mass will be measured using the plethysmograph.
Two successive measurements will be conducted. If the two body volume measurements vary by
more than .25% from each other, a third measurement will be done. Infant length will be measured to
the nearest 0.1 cm using an infant length board. On day 2 and day 7 of the study, body volume will
again be measured, as in the above protocol.
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4. TOTAL BODY WATER DETERMINATION

On day 1, upon completion of the plethysmographic measurements, at least 2 ml of urine will
be obtained and frozen for later analysis of background 18O concentration. The amount of 18O to be
administered will be calculated based on giving the infant 0.5 g/kg body weight of 10% 18O. The
actual dose will be weighed to the nearest 0.01 g. Among the breastfed infants, the dose will be
mixed with approximately 10 ml of the mother's own expressed milk. For formula fed infants, the dose
will be mixed with approximately 10 ml of ready-to-feed infant formula. In either case, the dose will be
administered via a 10 cc syringe to which a short length of feeding tube has been attached. The infant
will be "finger fed" accordingly. In our experience most young infants will accept a feeding of this
nature. The feeding apparatus will be weighed before and after dose administration in order to
calculate actual dose given.

Additional urine samples will be collected 24, 48, and 72 hours post dose, in addition to days
5, 6 and 7. The exact time of dosing and each urine sampling will be recorded.

There are generally two methods for estimating the dilution space; plateau and back
extrapolation. Because of the high rate of water turnover during infancy, the back extrapolation
method has been shown to be more accurate [11].

As explained by Davies and Wells (EJCN), "Calculation of the dilution spaces using the back-
extrapolation method involves determination of the time-zero regression intercept of a plot of log
isotope enrichment of body fluids against time. From this inferred isotopic concentration, the pre-dose
isotopic enrichment is subtracted, and the weight of dose given is divided by the resulting
concentration to calculate the dilution space for the tracer [11]. Because a small amount of exchange
of the isotope with non-aqueous oxygen occurs, the dilution space is slightly larger than the amount of
TBW. Therefore, the 18O dilution space is divided by 1.01 to give TBW. Percent body fat is then
estimated based on the hydration factor of FFM in early infancy.

5. CALCULATION OF OUTCOMES

Precision, or within-subject measurement error, will be determined by calculating the coefficient of
variation of the duplicate body volume measurements conducted on each infant on each measurement
day.

Reliability, or day-to-day variability, will be calculated by determining the net difference
between mean body volume measurements obtained on day 1 and day 2. Paired t-test will be used to
determine if this value is significantly different from zero.

The accuracy of the %FM results obtained from the PEA POD will be based on two
comparisons. First, using a two-compartment model, the PEA POD results will be compared with body
volume as calculated from TBW results obtained with the 18O tracer. Second, using the 18O tracer to
estimate TBW, and the PEA POD to estimate body density, a four-compartment model of body
composition will be compared with published values[12].

6. SAMPLE SIZE JUSTIFICATION

In order to detect a true population correlation between the measurement of body volume via
TBW and PEA POD with a minimum correlation coefficient of 0.6, at a significance level of 0.05 and
80% power, 16 subjects are needed.

Assuming a generously high rate of dosing failure (i.e., infant spits up or vomits soon after
dose administration, or refuses to consume the dose) of 30%, and an attrition rate of 10%, the actual
sample size necessary is about 23. Thus, our target sample size of 25 infants for each study (term
and LBW) should be adequate.
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1. Executive Summary

The WHO Expert Committee on "Physical Status: the use and interpretation of anthropometry"
raised serious concerns about the current NCHS-WHO growth reference. The data for the first
two years of life originated from a single, ethnically homogeneous community where most
babies were artificially fed, while recent research shows that babies following current feeding
recommendations (i.e., exclusive breastfeeding for 4-6 months) show different growth
trajectories. Additional concerns with the NCHS-WHO curves were that measurements were
taken at wide intervals and that curve-fitting procedures were outdated. The committee
recommended that a new international reference be developed. The present protocol outlines the
methodology for a multicentre growth reference study for children aged up to five years, as well
as guidelines for analysing existing datasets for possible inclusion in this reference.

The proposed study would involve six to eight sites in different continents, combining a
longitudinal design from birth to 24 months with a cross-sectional study of children aged 18-71
months from the same site. The overlap between 18 and 24 months is intended to improve the
merging of the two curves, and extending the upper age limit to 71 full months will result in
improved precision of growth estimates in the fifth year of life.

Study sub-populations should have no socio-economic constraints on growth, low mobility, 20%
or more of mothers following feeding recommendations and access to breastfeeding support.
Individual mothers selected for the study should be of middle to high socio-economic status,
willing to follow feeding recommendations and non-smoking; their babies should have been
delivered at term and present no chronic health problems expected to influence growth. Since
analysis of existing data on mothers willing to breastfeed exclusively shows that only a small
proportion achieve this objective, it is proposed that current feeding recommendations be applied
in a flexible manner so that a larger proportion of mothers and infants may be included in the
study. The feeding recommendations for the proposed study would then entail exclusive or
predominant breastfeeding (that is, breastfeeding alone or with non-nutritive fluids) for at least
four months, introduction of appropriate complementary foods by six months and partial
breastfeeding for 12 months or more.

Two main sources of bias are foreseen. The need for compliance with feeding recommendations
may result in a self-selected sample. This will be avoided by choosing sub-populations where at
least 20% of the mothers are likely to comply, by relaxing feeding recommendations as described
above and by providing intensive breastfeeding support. Infants recruited into the study but
whose mothers fail to comply will continue to be followed throughout the two years so that their
growth may be compared with compilers. The second concern is that the strict inclusion criteria
may result in a sample with low variability in growth. This will be counteracted by pooling data
from different countries and by not imposing any anthropometric restrictions on the study
sample.
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In the longitudinal study, mothers and children will be screened soon after delivery and visited at
home on weeks 2, 4, 6 and 8, and monthly from 3 to 12 months. In the second year, visits would
take place every two months. Weight, length and head circumference will be assessed at every
visit from birth; arm circumference and skinfold thicknesses (triceps, subscapular) will be
measured at every visit starting at 3 months. In the cross-sectional study, each child will be
submitted to the above measurements once. In both studies, interviews will assess socio-
economic, demographic and environmental characteristics, perinatal factors, morbidity, and
feeding practices. The height of both parents will be measured once and the mother weighed at
each visit. The collection of detailed information on feeding will allow the curves to be adapted
to potential future changes in feeding recommendations.

Two hundred children in each sex and age group are required. If six centres participate, about 70
children with full follow-up are needed in each. It is envisaged that about 300 infants will have to
be recruited in most centres to achieve the required number of compilers. In the cross-sectional
study, 70 children in each three-month age group are needed, totalling 1,400 children after a 10%
allowance for refusals.

Quality control measures will include regular inter-centre coordination meetings, central
preparation of questionnaires and interviewer guides, thorough selection and training of
interviewers, initial and regular standardisation sessions with assessment of variability, random
repetition of 5-10% of all visits and continuous assessment of completed questionnaires and
measurements. A single expert anthropometrist will train field workers at all sites.

Results from the different collaborating centres will be pooled in a common curve at the
coordinating centre at WHO/HQ. Existing datasets complying with most of the above design
specifications may also be included in the pooled curve.

Ethical safeguards will be taken. The study will involve minimal risk to participants, that is, risk
no greater than routine medical examinations. Ethical approval will be sought at different levels,
and informed consent and confidentiality will be guaranteed.

The proposed study would start in 1997 and run into the year 2001. Guidance regarding
administrative and logistic details, budget and timetable considerations are also included in the
present protocol.
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2. Introduction

Recently, several concerns were raised regarding the adequacy of the National Center for Health
Statistics (NCHS) growth reference, recommended by the World Health Organization (WHO) for
international use since the late 1970s. These concerns, described below in detail, led the WHO
Expert Committee on "Physical status: the use and interpretation of anthropometry" [1] to
recommend the replacement of the NCHS-WHO reference data with a new international growth
reference. As a follow-up to the recommendations of the Expert Committee, a meeting was held
at Cornell University in January 1995 to further discuss the research required for building a new
international growth reference [2]. The present protocol is largely based on these two reports,
hence referred to as the Expert Committee and Working Group reports, respectively.

This protocol states the rationale for a new growth reference, suggests the specifications for
selection of eligible populations and individuals, outlines the methodology of a study to develop
a new reference and proposes administrative and logistic arrangements. Furthermore, the
protocol discusses the possibility of using existing datasets for this purpose.

3. Objectives

3.1. General objective

To build a set of growth references (curves and tables) for all children aged under five
years to be adopted as a new international growth reference for assessing the growth and
nutritional status of populations and of individual children.

3.2. Specific objectives

a) To specify the requirements for data suitable for inclusion in the new international
reference

b) To define the methodology of a multicountry study to be carried out with the
purpose of collecting new reference data

c) To propose criteria for the evaluation of existing datasets for inclusion in the
growth reference.

d) To specify the methodology for analysing the data collected in the study, as well
as existing datasets, if available.
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e) Collect data which will allow the assessment of the robustness and utility of the
reference growth curve under modest changes in feeding recommendations with
regard to timing of breastfeeding [a].

4. Background and justification

4.1. Theoretical and practical considerations in the construction of a growth
reference

The need for an international growth reference is widely accepted [3]. Since anthropometric
measurements in children vary with age and gender, these two variables must be taken into
account when comparing measurements from different parts of the world. Growth references
allow diverse types of comparisons by adjusting for age and gender differences between
populations.

4.1.1. References and/or standards

There are important conceptual differences between growth references and standards[4].
References are traditionally regarded as descriptive, used for comparing different populations,
while standards are prescriptive, implying a value judgement of optimal growth to be followed
by individual children. A number of developed as well as some developing countries have their
own national standards for paediatric use.

In practice, however, the distinction between references and standards is less clear-cut.
According to the Expert Committee [1], "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 five years of age
[5] [6]. It is accepted that there is some variation in the growth patterns among children of
different race or ethnic groups; however, these variations are relatively minor compared to the
large world-wide variation in growth related to health, nutrition and socio-economic status [7]."
The Expert Committee then argued that "for this reason, a common reference has the advantage
of uniform application allowing international comparisons without losing the usefulness for local
application. Such advantages out-weigh the disadvantage of not taking into account minor racial
and ethnic variations."

There are also practical reasons for not developing local standards in each country [8]:

[a] Collecting data on infants who may deviate slightly from current feeding recommendations will
help prevent the early obsolescence of the curves as a result of changes in these recommendations.
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• many populations in less developed areas experience growth deficits as a result of poor
health and nutrition, so that a local reference will have less screening value for the
detection of health and nutritional disorders;

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

• proper reference development is not a task that can be done easily and frequently; and

• it is very costly to develop local references.

4.1.2. Descriptive versus prescriptive references

Another important decision is whether the reference should be descriptive or prescriptive, that is,
reflect existing or recommended health practices. In the past, references have often been built
based on existing practices (descriptive approach). For example, the currently recommended
NCHS-WHO reference was based on a representative sample of the U.S. children over two years
of age. It did not exclude children with an illness nor those with "unhealthy" practices. It was
assumed, however, that the growth of children in the sample was not restricted by socio-
economic or environmental factors.

The Expert Committee recognised that one may also propose a reference on the basis of
recommended health practices (prescriptive approach): "In infancy, for example, this alternative
might define the reference population as well-nourished and healthy children whose feeding
mode and health care during the first year follows established recommendations for breast-
feeding and immunisation, and might include consideration of healthy prenatal health practices
and birthweight."

4.1.3. Selectivity versus variability

A major concern when proposing a reference based on recommended health practices is how
such restrictions may affect other characteristics of the sample. The less common the
recommended practices are in the society where the reference data are being collected, the more
it is likely that other, possibly immeasurable selection forces will also be operating. For example,
the Infancy Subcommittee of the Expert Committee pooled data from seven studies on mothers
who fed their infants according to WHO recommendations [9] [10]. The mean birthweight in
these studies ranged from 3414 to 3605 g; in the three studies reporting on maternal education,
the overall mean was 15.4 years. These levels are unlikely to be achieved in less developed
countries, even among the wealthy. In addition, mothers from developed countries who choose to
breastfeed exclusively for 4-6 months and to continue breastfeeding into the second year may
also present other behavioural traits affecting child growth. Perhaps not surprisingly, the variance
of the growth measurements in this pooled sample was rather small. This led the Subcommittee
to express concern that "if a reference population is 'too' homogeneous, the distribution of values
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will be unacceptably narrow, resulting in cut-off values closer to the mean than would occur
given an appropriately heterogeneous reference population". The issue of selectivity will be
further addressed below.

4.2. The current international reference and its limitations

Since the late 1970s, WHO has supported the international use of the NCHS reference from the
United States of America, a traditional descriptive reference [11]. The Expert Committee
reviewed the current adequacy of this reference as follows:

"The original NCHS growth curves were formulated in 1975 by combining growth data from
four sources to serve as a reference for the United States [12]. The reference for ages 0 to 23
months is based upon a group of children in the Ohio Fels Research Institute longitudinal study
from 1929 to 1975. This reference reflects the growth of children who were primarily fed with
infant formula and who were of restricted genetic, geographic, and socio-economic background;
this 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 to 18 years was based on data of three U.S. representative surveys conducted
from 1960 to 1975. The height curves for this part of the reference 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. One major limitation of this
reference was that it was made up from two unrelated samples or sets of curves. Ideally, a
reference should be based on a single set of curves or on a single survey sample."

Therefore, the following major problems have been detected with the NCHS-WHO reference:

• Predominance of formula-fed babies. Most babies included in the Fels reference were
artificially fed, receiving formulae available between 1929 and 1975. This issue will be
discussed further.

• Lack of representativeness and excess homogeneity. The Fels data that were used for
the first two years of the current WHO reference originate from a single community in a
developed country collected over almost 50 years. The ethnic, environmental and socio-
economic uniformity may lead to lower variability than would be found under less
restricted circumstances.

• Frequency of measurements. The Fels weight and length measurements used in the
current WHO reference were obtained at birth, 1,3, 6, 9,12,18 and 24 months. The low
frequency of measurements makes precise curve fitting particularly difficult in the first
six months.

• Variable sample sizes. The Fels sample included 156 boys and 142 girls at birth.
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Thereafter, sample sizes ranged from 274 boys and 251 girls at one month of age to 472
and 463, respectively, at 18 months. There are no clear reasons for why the number of
children varied with age. Since the extremes of the age range are estimated less precisely
than the central region, the smaller number of children at birth is of concern.

• Outdated curve-fitting procedures. Developments in curve-fitting techniques render the
procedures used for NCHS-WHO reference outdated.

• Length-height disjunction at 24 months. There is a marked discrepancy in estimated
height status immediately before and after 24 months of age. The Fels sample length-
based curves are about 1.8 cm or half a standard deviation higher than the height-based
curves from the U.S. sample at 24 months of age. This also affects the weight-for-height
curves.

4.3. Rationale for a new reference

The Expert Committee concluded that the problems affecting the NCHS-WHO reference were
sufficiently severe to warrant its replacement. A major concern was related to infant feeding
practices. WHO and UNICEF have recommended in 1979 that all infants should be exclusively
breastfed for 4-6 months, and that breastfeeding with nutritionally adequate complementary
feeding be continued until 24 months and beyond [13][14].

The Expert Committee was concerned that "breastfed infants living under favourable conditions
and studied in various geographical areas have been reported to follow negative trends relative to
NCHS-WHO weight-for-age and possibly length-for-age percentiles during the latter half of the
recommended exclusive breastfeeding period, i.e., after the third month, and to sustain those
negative trends during the ensuing period of ad libitum mixed feeding of human milk and solid
foods. The magnitude of those negative deviations often appear 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 breastfeeding is key to survival or, at the very least, to the avoidance of severe
infectious morbidity." The findings of the Expert Committee regarding the growth of breastfed
infants were published separately [10].

In addition to the above issue, there was also concern that measurements on babies from a single,
ethnically homogeneous community would underestimate the world-wide variance of growth
(second item in the preceding section). Using multiple populations from several countries would
enhance the diversity in the biological characteristics - such as parental size and maternal weight
gain during pregnancy - as well as in socio-cultural factors influencing child growth [b]. This

[b] It should be noted, however, that by using multiple populations the increased heterogeneity will
increase correlations between measurements.
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multicountry approach would also be politically more acceptable than basing the reference on a
single developed country. These arguments contributed to the Expert Committee's decision to
propose the replacement of the NCHS-WHO reference.

As a consequence of the problems with the NCHS-WHO reference, efforts are under way in the
United States of America and in Europe to produce new growth references. In the USA, data
from the NHANES III survey and other sources will be used. However, no data will be collected
for infants under four months of age and the Fels dataset is likely to be used for this group once
again. Also, few breastfed infants older than six months are likely to be included in the sample
given current USA breastfeeding patterns. In Europe, the EuroGrowth study also will be affected
by lack of data on breastfed infants, as well as by relative ethnic homogeneity. These efforts,
therefore, are not likely to fully satisfy the requirement for a new international reference.

4.4. Recommendations from the WHO Expert Committee

The following specific recommendations were made by the Expert Committee regarding a new
international growth reference:

" 1. A new reference is needed, which will improve the nutritional management of infants.

2. The reference population should reflect current health recommendations, particularly in
view of the frequent use of references as standards.

3. The practical value of using reference data based on infants whose care follows WHO
feeding recommendations should be evaluated in a broad range of settings."

The Expert Committee also recommended that the following characteristics be included in the
reference dataset:

• "several 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;

• sample sizes and procedures should be adequate;

• the raw data should be available."

While the Expert Committee focused its attention on references based on measurements of
weight and length, it noted the need for new or revised reference data for indices based on head
and arm circumferences and various skinfold thicknesses.
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The Working Group, meeting at Cornell University in January 1995 [2], reinforced the need to
take feeding recommendations into consideration when developing a new international reference.

4.5. Intended uses of new reference

The new international reference is intended for assessing the growth of singleton children under
five years of age, throughout the world. The basic assumption behind the proposed reference is
that infants from healthy populations following the current feeding recommendations are
growing optimally. Therefore, the proposed curves will constitute "optimal" standards. It should
be noted that many children can meet these standards without necessarily following the feeding
recommendations. For example, infants fed with modern formulae, which tend to resemble
human milk, may show very similar growth patterns. The wide applicability of these curves is
also enhanced by the fact that current feeding recommendations are becoming more widely
followed in many countries and that this trend is likely to continue in the future. The length
curves are intended for measuring supine children until 24 months of age, and for standing
children after that age.

Examinations of the uses identified by the Expert Committee [1] showed that the curves may be
used for the types of assessments listed below. The reader is referred to that document for a fuller
discussion of these issues.

4.5.1. Population assessments

a) To provide a reference for comparison of the means (or medians), standard deviations,
and trajectories of the population means (or medians) for any given sample of children.

b) To estimate the proportions of children below a given cut-off in a sample.

c) To standardise for age and sex differences between samples, thus allowing the
comparisons of prevalences below a given cut-off across samples.

4.5.2. Individual assessments

a) To screen for attained length (height) or weight on a single occasion, in order to identify
individual children with excessive or deficient growth. Appropriate diagnostic and/or
therapeutic interventions will depend on the prevalence of growth abnormalities of
interest in specific populations, as follows:

i) In populations with low prevalences of stunting, the curves will serve to identify
individuals who are likely to have fallen off the standard, for a potentially remediable
reason.
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ii) In populations with high prevalences of stunted children, growth curves are a useful
adjunct for identifying children with potentially remediable deficits, but alone cannot
serve this purpose. Site specific information regarding the complex etiologies and the
timing of growth failure, and an assessment of the resources available to remedy growth
deficits, are needed to meet this use.

iii) In any population, the curves may be used for identifying children who have exceeded
that standard - e.g., become obese - for a potentially remediable reason.

b) To screen children for weight for length (height) deficits or excesses, by measuring them
on a single occasion. In any population, this will allow the identification of children with
potentially remediable conditions.

c) To monitor growth in weight or length (height), in order to identify children with
remediable growth faltering or excesses. This will be possible if the child is growing
within the range of measurements included in the new growth curve.

d) In severely stunted or overweight children, the curves serve only as a clinical tool to help
assess the efficacy of targeted interventions. They cannot provide the same level of
precision and accuracy achieved for desirable growth if measurements fall outside the
range used to construct the reference.

The Working Group noted that constructing an optimal reference has the inevitable limitation of
describing children growing along a relatively narrow range of measurements. Thus, the
primary use of the curve at the individual level is to identify unacceptable deviations as
early as possible in order to prevent severe deficits and excesses. The curve will have to be
used cautiously for assessing growth of children who fall outside its range, such as those who
have been severely stunted in the past and those who are recovering from an illness. The
Working Group urges that systematic studies be carried out to help define the applicability of the
curves for these uses which have such a high relevance for many populations in less developed
countries.

5. Methodology

This section describes the outline of a multicentre study designed for building a new
international growth reference. Data for this reference may originate from new studies as well as
from existing ones, insofar as these fulfil the requirements described below. Therefore, although
the section is phrased in terms of the collection of new data, this does not preclude the use of
suitable existing datasets (see section 5.6).
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5.1. Study design

The multicentre study will include a longitudinal study from birth to 24 months of age and a
cross-sectional study of children aged 18 to 71 months. It is envisaged that six to eight centres
will be involved. Both longitudinal and cross-sectional data will be collected at every study site.
Study sites will be geographically diverse, covering North and South America, Europe, sub-
Saharan Africa, Eastern, Southern, and Western Asia. The selection of study sites will be
discussed below.

Longitudinal study. Cohorts of newborns will be followed up for the first two years of
their lives, with frequent assessments of feeding practices and growth. The proposed
design allows for the assessment of self-selection biases (see below) and provides
estimates of incremental growth. Children will be identified at birth and visited at weeks
2, 4, 6, 8 and then monthly until their first birthday. In the second year, bimonthly
measurements will be taken.

Cross-sectional study. Growth after two years of age is considerably more linear than
before. In addition, there are no data that suggest that feeding modes are critical for
growth curve construction. A cross-sectional design will therefore be adopted for children
aged 18 to 71 [c] months due to time and cost considerations. Using 18 months as the
lower age limit for this group will allow an overlap between the longitudinal and cross-
sectional samples.

Further details of the design of the longitudinal and cross-sectional components are given in
section 6.

5.2. Population samples

There will be different sets of eligibility criteria for sub-populations and for individual children.

5.2.1. Eligibility of study subpopulations

The following characteristics will be used for selecting potential study sites:

• Socio-economic status that does not constrain growth. This restriction will ensure that
the curves reflect the true growth potential of children, not being constrained by factors
related to maternal nutrition, to the quality of complementary foods, nor to other social or
environmental restrictions. The variables and cut-offs to be used as eligibility criteria

[c] Although the curves will be built for children aged up to 59 months, it is necessary to extend data
collection to 71 months in order to obtain reliable estimates of growth at the end of the fifth year
of life (see Section 5.4 on Sample Size).
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must be defined locally and submitted to the approval of the Steering Committee.
Ideally, these choices should be supported by epidemiological data showing that fewer
than 5% of one year olds in these sub-populations present anthropometric deficits (below
-2 z-scores of weight for age, length for age and weight for length of the NCHS-WHO
reference)[d].

• Altitude. Centres located at an altitude above 1,500 m will not be included.

• Low mobility of the target population. The need to follow up children prospectively for
two years renders populations with high migration rates inappropriate. Ideally, previous
studies carried out in the area will show that it is possible to follow up at least 80% of
families with children for a 12-month period.

• Minimum of 20% of mothers willing and able to follow feeding recommendations.
This refers to the issue of selectivity. Ideally, investigators should be able to demonstrate
that 20% of eligible mothers already follow the feeding recommendations. If this cannot
be demonstrated, investigators should satisfy the Steering Committee that this goal is
likely to be achieved during the actual study.

• Existence of breastfeeding support system. Breastfeeding support will ensure lower
selectivity by allowing a large proportion of mothers willing to breastfeed to actually do
so. If possible, hospitals where children will be selected should follow the guidelines of
the Baby Friendly Hospital Initiative and support groups, such as the La Leche League
should be active locally.

• Local presence of collaborative institutions. Data collection requires expertise in both
epidemiology - particularly in longitudinal studies - and anthropometry. In addition,
adequate knowledge of the local epidemiology of breastfeeding and of growth deficits is
essential for selecting children for the study and for understanding selection pressures.
The existence of local ethnographic studies also will be most helpful for this purpose, as
well as for supporting breastfeeding among participants.

It is not necessary for the whole population from the study area to have the above characteristics
(otherwise these restrictions would probably preclude the use of any centre outside developed
countries). These characteristics, however, should be present among the sub-population from
which study participants will be drawn. For example, the upper classes (and possibly part of the
middle classes) might qualify in a less developed country, while most of the population might
qualify in a developed setting. Since both the longitudinal and cross-sectional studies will be

[d] This requirement may be waived if a strong case can be made that - even in the absence of
growth-constraining factors - children in the better-off sub-population have greater prevalences of
deficit.
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carried out in the same sites, the sub-population eligibility criteria apply to both.

The mean birthweight in the target population was not included as an eligibility criterion.
However, the Steering Committee will take this into account when selecting sites, in order to
ensure a spread of mean birthweights across centres.

A high rate of hospital deliveries was not deemed as an inclusion criterion. However, if home
births are frequent in the study subpopulation, local investigators will have to satisfy the Steering
Committee that a) obtaining reliable anthropometric measures soon after birth is feasible and b)
that the procedure for identifying newborns in the community does not result in selection biases.

5.2.2. Eligibility of individuals

Within each selected site, the following characteristics were suggested by the Working Group for
selecting participating individuals:

• No health, environmental or economic constraints on growth. The issue of economic
and environmental liabilities has been discussed above. Local criteria will be used in each
site to define adequate socio-economic status. In addition, children should not have any
illnesses affecting growth [e].

• Mother willing to follow feeding recommendations. Mothers should be willing to
comply with current feeding recommendations (see operational definitions below).

• Term birth. Gestational age at birth should be between 37 and 42 full weeks, as assessed
by the physical examination of the newborn using, ultrasound, the Dubowitz score[15] or
date of the last menstrual period. This will exclude preterm children who might
experience catch-up growth as well as post-mature babies.

• Single birth. Twins will not be included in the study.

• Lack of significant perinatal morbidity. A stay of 24 hours or more in the neonatal
intensive care unit (this operational definition may have to be adapted from country to
country after consultation with local neonatologists).

• Other behavioural characteristics. Since maternal smoking can affect both lactation
performance and infant growth [16] [17] [18] [19] as well as birthweight[20], mothers who
smoked either before or after delivery should be excluded. Maternal alcohol use will be

[e] The illnesses affecting growth that will constitute exclusion criteria are discussed in section 7 of
the Manual of Operations. It should be noted, however, that common acute illnesses such as ARI
or non-persistent diarrhoea should not be the basis for excluding children from the study.
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recorded to describe the sample but will not affect inclusion in the study unless excessive
alcohol use has affected the infant (e.g., fetal alcohol syndrome). The Working Group
considered that since (a) drug use is ilegal in most settings, (b) it is a sensitive socio-
cultural issue, and (c) responses regarding drug use are usually unreliable, it was not
advisable to ask participating mothers about drug use. The Working Group did not reach
consensus on whether lack of childhood immunisations should constitute exclusion
criteria. It is now recommended that since immunisations are not likely to affect
breastfeeding and may at most have an indirect effect on growth by preventing specific
diseases, so that it does not seem reasonable to exclude children on this basis.

Low birthweight babies born at term are not to be excluded from the sample. This restriction
would artificially distort the lower centiles of the curve in the early months.

The Infancy Subcommittee of the Expert Committee noted that around the age of two years the
growth of children fed according to current recommendations seemed to be reasonably close to
that of the NCHS-WHO curves [10]. Also, anthropometric studies of the effects of breastfeeding
beyond 12 months of age show conflicting results, possibly because of the modifying role of the
social environment [21]. For the cross-sectional study of children aged 18-71 months, therefore,
there is no need to take the feeding recommendations into account although information on past
and current feeding should be obtained. However, these children are still required to comply with
the remaining eligibility criteria (high SES, term birth, single birth, non-smoking mother,
absence of major diseases affecting growth).

5.2.3. Operational definitions for compliance with feeding recommendations

The Working Group also highlighted a number of problems affecting the operational definition
of the WHO feeding recommendations. These are stated as follows [13,14]:

• Exclusive breastfeeding for 4-6 months of age;

• After this initial period of exclusive breastfeeding, children should continue to be
breastfed for up to two years of age or beyond, while receiving nutritionally adequate and
safe complementary foods.

The definition of feeding patterns will have to be applied with some flexibility for operational
reasons. Table 1 shows results from a recent Multicentre Longitudinal Study of the Duration of
Lactational Amenorrhoea in Relation to Breastfeeding Practices coordmated by WHO/HRP. The
study recruited literate women who had previously breastfed a baby for at least four months and
who were willing to breastfeed the index child for six months or more. Table 1 shows that only a
small percentage of women actually complied with the WHO feeding recommendations. Except
for China, fewer than 5% were exclusively breastfeeding at four months; predominant
breastfeeding (breast milk with or without non-nutritive liquids such as water and herbal teas)
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was considerably more common. Since women were excluded from the HRP study when they
started menstruating, it was not possible to estimate the proportion of infants still breastfed at 12
months. Since in several less-developed countries breastfeeding is more common among the
poor, discontinuation rates among women likely to be recruited by the proposed study may be
higher due to the requirement for middle to high socio-economic status. It should be noted,
however, that women in the WHO/HRP study did not receive breastfeeding support.

Table 1 Number of infants recruited in each study site and followed up for 12 months or
more in the WHO/HRP study.

Study
site

Chengdu (China)

Delhi (India)

Guatemala (Guatemala)

Sagamu (Nigeria)

Santiago (Chile)

Uppsala (Sweden)

Westmead (Australia)

Mother-infant
pairs

recruited

541

549

675

515

685

505

615

Percents of children

Exclusively
breastfed

at 4 months(a)

30%

0%

2%

0%

3%

1%

5%

Predominantly
breastfed

at 4 months(b)

70%

29%

6%

2%

14%

50%

46%

(a) Percent of children who at the four month visit had not yet received any supplements of any kind

(b) Percent of children who at the four month visit had not yet reached the first fortnight of partially breastfed
or weaned status at the time of the visit

The recommendation regarding the duration of partial breastfeeding - "up to two years of age or
beyond" - is somewhat ambiguous. When defining indicators for assessing breastfeeding, another
WHO Working Group suggested that "children should be breast-fed for at least one year and
preferably for up to 2 years of age or beyond" [22].

The difficulties in obtaining sustained rates of exclusive breast-feeding argues for the flexible
application of the feeding recommendations for the purpose of the proposed study. This will help
reduce the selectivity problem. Also, analysis of the WHO/HRP dataset suggests that the growth
of exclusively and of predominantly breastfed infants does not differ consistently[23][24][25]
[Martines JC, unpublished data]. Furthermore, results from an intervention study carried out in
Honduras also suggests that complementation did not affect the growth of breastfed infants aged
4-6 months of age [26].
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Box 1 lists the proposed operational feeding criteria for the study. Box 2 shows the definitions
used, according to the WHO Feeding Guidelines.

Box 1. Proposed operational criteria for remaining in the study

Exclusive or predominant breastfeeding [fj for at least four months (120 days)
Introduction of complementary foods between four and six months (120 to 180 days)
Partial breastfeeding to be continued for at least 12 months (365 days).

Box 2. Selected relevant WHO feeding definitions and recommendations.

Exclusive breastfeeding: the infant has received only breast milk from his/her mother or a
wet nurse, or expressed breast milk, and no other liquids or solids with the exception of drops
or syrups consisting of vitamins, mineral supplements or medicines (Source: ref [22]).

Predominant breastfeeding: the infant's predominant source of nourishment has been breast
milk. However, the infant may also have received water and water-based drinks (sweetened
and flavoured water, teas, infusions, etc.); fruit juice; Oral Rehydration Salts (ORS) solution;
drop and syrup forms of vitamins, minerals and medicines; and ritual fluids (in limited
quantities). With the exception of fruit juice and sugar-water, no food-based fluid is allowed
under this definition. (Source: ref [22])

Complementary foods: By 6 months of age, all infants should be receiving safe and
nutritionally adequate complementary foods. It is important to continue to breastfeed as often
as the child wants; the mother should give the complementary foods 1-2 times daily after
breastfeeding to avoid replacing breastmilk. From age 6 months up to 12 months, the amount
of complementary foods given to the child should be gradually increased and by the age of 12
months, complementary foods should be the main source of energy. If the child is breastfed,
complementary foods should be given 3 times per day; if not breastfed, 5 times per day. Foods
that are appropriate will vary from country to country, but in all cases they should be energy-
rich, nutrient-rich, and locally affordable. In general, a good daily diet should be adequate in
quantity and include an energy-rich food — such as thick cereal with added sugar, oil or milk
—; meat, fish, eggs or pulses; and fruits and vegetables. It is important to actively feed the
child until she/he can properly feed herself/himself. During the second year of life, the child
should continue to breastfeed as often as she/he wants, while the variety and quantity of food
should be increased (5 times a day) and family foods should become an important part of the
child's diet.Adequate servings and active feeding (encouraging the child to eat) continue to be
important. (Source: ref [27])

[f] For the purposes of this study, expressed mother's milk or donor milk will also be considered as
breast milk, but this information will be recorded for further analyses.
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5.2.4. Discontinuation of study units

The following criteria will be used for excluding mother-infant pairs from the growth-curve set
of the longitudinal study:

• Lack of compliance with feeding recommendations. Mothers and children who do not
comply with the operational criteria described in section 5.2.3 (Box 1) will be excluded
from the growth-curve set of the study (see Section 5.2.5 for a fuller discussion of these
issues).

• Serious illness. Children developing a serious illness leading to substantial growth
faltering (see footnote e) will be excluded from the growth-curve set of the study.

• Age limit. Children will be discontinued from the longitudinal study when they complete
two years of age.

• Voluntary exclusion. At any time, mothers not willing to comply with the visit schedule
may leave the study (see section 8 on ethical considerations). The reasons for the refusal
will be recorded.

Children who are excluded from the growth-curve set of the study, due to lack of compliance
with feeding recommendations or serious illness, will continue to be visited as scheduled, so that
information will be available on their growth. Mothers who refuse to continue (voluntary
exclusion) will be asked if they would allow one more visit on the next birthday of the child.

5.2.5. Compliance with feeding recommendations at the individual and
subpopulation levels.

The Working Group gave careful consideration to issues regarding compliance with feeding
criteria, particularly those involving complementary foods, in terms of their energy density,
micronutrient content and age of introduction. The following conclusions were reached:

a) Having strict compliance criteria at the individual level, requiring repeated individual
assessments of energy density/intake and micronutrient intake, is not feasible. The
restriction of the study to subpopulations with a high socio-economic status and no
evidence of growth retardation (see section 5.2.1) suggests that complementary foods will
be generally adequate.

b) Feeding advice should be provided to all participating mothers with emphasis on energy
density, feeding frequency and micronutrient-rich foods. Compliance should be assessed
for every individual participant, by the types of foods given.



WHO Multicentre Growth Reference Study Protocol Page 21

c) Food frequency data will be collected at all visits [g]. In particular, the volumes of non-
breastmilk fluids given and the use of vitamin/mineral supplements will be assessed.
Given these data, it will be possible to compare their diets with the WHO
recommendations regarding complementary foods (see Box 2). Non-compliers, that either
i) do not get micronutrient-rich foods or supplements, ii) are given excessive amounts of
fluids or iii) do not receive complementary foods by 6 months should be identified, and
dietary education reinforced for these children. These children will continue to be
followed, whether or not they comply. In the analysis phase, a decision will be taken
about their inclusion in the growth curve.

d) All sites will be strongly encouraged to obtain data on food composition and
vitamin/mineral supplements, and calculate energy/micronutrient intakes, at least for a
sub-sample of children [h].

Collecting data on food frequency will serve two other important purposes. Data collected during
the study may also be used to better understand the differences in growth due to feeding mode
(frequency, timing, and duration of breastfeeding as well as frequency, timing, duration, and
composition of complementary foods). Since feeding recommendations may change in the
future, recording detailed dietary information may allow to tailor the curves to the new
recommendations, thus preventing the early obsolescence of the curves.

5.3. Information to be collected

This section outlines the preparation of data collection forms for the different phases of the study.
The full variable listings can be found in Appendix A.

All questionnaires will include closed questions with pre-coded answers when applicable.
Additional, site-specific questions should be kept to a minimum. All questionnaires will be
prepared centrally (in English) and translated to the local languages. These versions will then be
back-translated into English for comparison with the original forms, and any discrepancies will
be corrected. Questionnaires will be pre-tested in every participating site. Detailed interviewer
guides (instruction manuals) with guidance on all questions will be prepared for training and for
field use. Centrally-prepared forms will be used in all countries to standardise data entry.

Three different types of data recording forms will be used in the longitudinal study: a screening
form for deciding upon the eligibility of the mother and child, a baseline form and a follow-up

[g] The Working Group noted that, although the frequency method is not the gold standard for dietary
assessment, it is feasible and appropriate for the purposes of the study.

[h] Details of the methods to be used in the dietary sub-studies, the age range of children to be
included and corresponding sample sizes are provided separately.
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visit form. For the cross-sectional study, the last two forms will be combined. The reasons for the
refusal of mothers not willing to continue in the study will be recorded in a discontinuation form.

The Working Group emphasised the need to keep all questionnaires as short as possible to
improve compliance. Therefore, all potential questions were scrutinised to ensure that they
served at least one of the following purposes: a) for eligibility purposes (e.g., socio-economic
status, intent to breastfeed); b) for describing the sample (demographic and environmental
variables, etc.); c) for standardising findings across centres (parental height); d) for planning
breastfeeding support (initiation of breastfeeding, etc.); e) for assessing continued eligibility
(feeding practices, major illnesses, etc.); f) for future use of references (vitamin/mineral
supplements); or g) for assessing possible selection biases (maternal work).

5.3.1. Anthropometric measurements

5.3.1.1. Schedule of measurements

The anthropometric measurements in the longitudinal study include weight, crown-heel length,
head and arm circumferences, and triceps and subscapular skinfold thicknesses. The proposed
timing for these measurements is described in Table 2. More frequent data collection is planned
at younger ages, when growth velocity is greater. A total of 21 visits per child are proposed,
including the first visit within the first 24 hours of life.

Table 2. Time schedule for the collection of anthropometric measurements in the
longitudinal study.

Measurement

Weight, length, head circumference

Arm circumference
Skinfold thicknesses (triceps, subscapular)

Time frame

Birth

Weeks 2-8

3-12 months

14-24 months

3-12 months

14-24 months

Frequency

Once

Biweekly

Monthly

Bimonthly

Monthly

Bimonthly

No. of visits

1

4

10

6

101

f Arm circumference and skinfold thicknesses measurements are recommended to start at month 3; nonetheless,
sites that would like to start these measurements earlier are encouraged to do that starting at month 1. These
measurements are to be taken simultaneous with the weight/length/head circumference visits.

In addition to the regular schedule of weight measurements, infants should also be weighed at
week 1, during the 1st home visit of the lactation counsellor (see Appendix B).
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In addition to the child's anthropometric measurements, use of UNICEF's portable electronic
weighing scales (Uniscale) will allow the mother's weight to be recorded at each visit (see
Appendix B). Thus, at no extra cost, the study will permit the development of reference data for
lactating women which are so urgently needed.

Although additional measurements may be carried out at individual sites, researchers are only
advised to collect these if it can be accomplished without sacrificing measurement quality,
reducing compliance with study protocol, increasing dropout rates or greatly extending the study
costs. It is also essential that measurements be obtained as far as possible on the exact predicted
date of the interview. The maximum recommended delay of measurements is 10% of the child's
age - for example, three days at one month, or 18 days at six months. However, all data are to be
retained even if the delay is greater than 10%.

It is essential that anthropometric data be collected on all or a sample of children who are
excluded from the study for the several reasons outlined above and for those discussed in section
5.7.

In the cross-sectional study, children aged 18-71 months will have their weight, standing height,
head and arm circumferences, and triceps and subscapular skinfolds measured once. In addition,
children aged 18-30 full months will also have their supine length measured. This will allow the
precise estimation of the length/height disjunction. It is envisaged that the final curve will have a
clear disjunction at 24 months to warn the health worker to move from length to height, thus
avoiding some of the problems observed with the current NCHS-WHO reference.

5.3.1.2. Anthropometric techniques, equipment and standardisation

The anthropometric instruments and techniques to be used in all centres will be standardised, i.e.,
similar apparatuses and training will be provided to each of the measurement teams. Appendix B
includes a list of the equipment to be used and describes in detail the measuring techniques as
well as the standardization procedures to be followed by all sites.

5.4. Sample sizes

The precision of growth chart centiles is determined by several factors, of which the most
important is sample size. Other factors are also relevant, including study design (cross-sectional
versus longitudinal), the timing of measurements, and the method of curve-fitting. Many criteria
can be used to set the sample size, but four were considered in the present protocol. These were
a) the precision of a given centile at a particular age, b) the precision of the slope of the median
curve over a given age range, c) the precision of the median curve overall and the influence of
data at particular ages, and d) the precision of the correlation between measurements in the same
subjects at different ages. The latter criterion is relevant for velocity references.
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Sample sizes were calculated for each of these four criteria (see Appendix C), and it was found
that a sample size of 200 for the longitudinal study and 200 per 3 months for the cross-sectional
study should provide adequate precision. These are the numbers for each sex, and are to be
obtained by combining data from several sites.

A relevant finding of the sample size calculations was that the first few measurements,
particularly birthweight, have high variance, while between 1 and 4 years this is low. In addition,
limiting the study to children under five years results in increased imprecision during the fifth
year. To address the imprecision of the curve at the extremes, birthweight needs to be over-
sampled and the upper age limit raised. A four-times larger sample at birth and an upper limit of
71 full months (i.e., 71 months and 29 days) for the cross-sectional study will considerably
improve the precision of the curve throughout the whole age range of interest (see Appendix C).

5.4.1. Longitudinal study

To obtain 400 children of both sexes, given six participating centres, 70 children will have to
complete the longitudinal study in each centre.

The number of infants to be initially recruited in each centre will depend on the proportions
expected to remain eligible (i.e., complying with feeding recommendations, healthy and willing
to participate) until the age of two years. For example, if a completion rate of 30% is envisaged,
then 233 infants are to be recruited at birth (233 x 0.3 = 70). Local investigators are strongly
advised to be conservative in their estimates of compliance rates and also allow for attrition due
to other reasons. As a working figure for estimating the logistics of the study, a sample of
300 children per centre will be used. This will also fulfil the requirement that the sample
size at birth should be at least four times larger than the group of 70 children to be
followed up longitudinally for two years.

To arrive at 300 eligible children, researchers will have to interview many more at the selected
hospitals. For example, if 20% of the children born in these hospitals belong to the higher socio-
economic group, if 50% of these mothers are willing to comply with the feeding
recommendations and if 75% of the latter fulfil the other eligibility criteria (singleton, term birth,
non-smoking), then 4000 mothers will have to be screened (300/(0.2 x 0.5 x 0.75)).

If the study team has the logistic capacity for recruiting every infant born in the study area, no
sampling will be required. Otherwise, individual children or maternity hospitals will have to be
sampled. Probabilistic sampling criteria are to be used, the specific procedures being chosen at
each site.

5.4.2. Cross-sectional study

As for the longitudinal study, 70 children per age range are required. As discussed, to improve
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the estimates of growth in the fifth year, it will be necessary to expand the upper age limit of the
cross-sectional study to 71 full months. The lower age limit will be set at 18 months to provide
some overlap with the longitudinal study.

Since three-month groupings are to be used, then 1260 children aged 18 to 71 full months are
needed (18 groupings x 70). Allowing for refusals, a figure of 1400 per centre will be used in
the logistics calculations.

The sampling methodology for the cross-sectional study will have to be adapted to each site. One
option is to carry out a household survey in the catchment areas of the maternity hospitals
included in the study, but this may not be feasible or acceptable to the population in some sites.

5.5. Data management

Data entry will take place simultaneously with data collection at each study site. Data entry
routines will be prepared centrally with Epi-Info or a similar package. These will automatically
carry out range and consistency checks for immediate correction. Negative changes in length or
head circumference will also be flagged. All records will be entered twice for validation
purposes. Routine analyses will be carried out regularly for each interviewer to check digit
preference and unusual frequencies of answers that may reflect poor understanding of the
instructions.

Data being collected will be transferred every month to the coordinating centre at WHO/HQ
where further quality control analyses will be carried out and compliance with the study protocol
will be assessed. The latter will include the analysis of eligibility criteria, of the timing of visits
and of drop-out rates.

5.6. Selection of existing datasets for inclusion in the reference

Objective (c) in section 3.2 states that existing datasets should be evaluated for possible inclusion
in the proposed reference. Box 3 summarises the main requirements to be considered.
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Box 3. Criteria for including existing datasets in the new reference

The subpopulation from which the data are derived must present:
socioeconomic status that does not constrain growth
altitude below 1,500 m
at least 20% of all mothers following feeding recommendations (see Box 1)

Children and mothers included in the study to comply with the following:
no health, environmental or economic constraints on growth
adherence to feeding recommendations (Box 1)
term delivery
single birth
non-smoking mother
no restrictions on birthweight at the individual level
no serious illness leading to growth faltering

The prospective studies should fulfil the methodological requirements below:
longitudinal design from birth to 24 months*, and/or
cross-sectional design from 18-71 months, or at least from 24-59 months
high rate of follow up throughout the study (say, 90% or higher)
sample sizes of at least 70 children from 0-24 months, or per 3-month age

group thereafter
frequency of measurements: at least monthly up to 6 months, bimonthly

between 6-12 months and every 3 months thereafter
weight and length measurements at every contact
use of standardised anthropometric techniques and equipment consistent with

those recommended in this protocol
documentation of standardisation procedures and of inter-observer variability of
anthropometric measurements
availability of the raw data

or for a shorter age range within the 24 month period, given that the recommended frequency of
measurements was followed (e.g., a study of children 0-12 months with monthly measurements would
qualify)

5.7. Sources of bias

Building a reference based on prescribed patterns entails a number of possible methodological
problems. This section recapitulates the two main potential sources of bias discussed above and
states how the study will try to avoid them.
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Dropouts and self-selection bias. The issue of selectivity was discussed in Section 4.1.3 above.
Whenever only a small proportion of the population is eligible for entering the study, other
important selection biases may operate. To counteract this bias the following steps will be taken:

a) operational definitions of the feeding recommendations will be somewhat relaxed (see
Box 1) to ensure that a greater proportion of children are included in the study;

b) the study will be restricted to sites where 20% or more of the mothers in the sub-
population of interest will be likely to comply with these definitions; and

c) intensive breastfeeding support will be provided to enhance compliance.

The possible differences between children selected for inclusion in the curve and the remaining
children will be assessed by:

d) comparing the baseline physical status (weight and length at birth, and head
circumference at week 1) of children selected for the study with 1) all children born in the
same facilities and 2) all children in the socioeconomic subpopulation of interest who
refused to participate or were not eligible due to lack of intent to breastfeed;

e) comparing the attained weights and lengths at 12 months of a sub-sample of group 2 in
item (d) above with those of the cohort children (this subsample should include at least 70
children);

f) comparing the growth throughout the first two years of children who complied with the
feeding recommendation with those who entered the study but failed to comply. This
entails continuing to follow all children included in the study, whether or not they
comply.

Variability. The Expert Committee expressed concern that selecting children who were "too
similar" (e.g., in feeding practices) might have led to low variability (see Section 4.1.3) and
therefore to outer percentile lines that were too close to the median. This would result in over-
diagnoses of both growth deficits and excess (e.g., obesity) when the curve is used in a general
population. The following precautions will be taken.

a) Combination of data from different parts of the world. The proposed international
dataset will be able to include ethnic and environmental variability that is not present in
most existing references/standards.

b) No anthropometric restrictions on eligibility. The sub-populations to be included will
have a spread of mean birthweights, and no anthropometric restrictions will be made on
individual children, thus ensuring an unconstrained, but physiological variability in
anthropometric measurements at birth.
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Recent analyses of data from the WHO/HRP Lactational Amenorrhea Study showed that
breastfed infants growing in different parts of the world have remarkably similar growth patterns
and lower variability compared to the current NCHS-WHO reference [25][28]. This finding
confirmed the earlier results of the Infancy Subcommittee [9,10] suggesting that concern with
lack of variability may not be as important as originally believed.

6. Field logistics

Table 3 shows the tentative numbers of interviews/measurements to be carried out in each study
site.

Table 3. Hypothetical numbers of children to be included in each study site.

Study

Perinatal

Longitudinal

Cross-sectional

Total

Number of children

4000

300

1400

Visits per child

1

21

.1

Total number of visits

4000

6300

1400

12000

6.1. Perinatal study:

In most sites, the perinatal study for recruiting infants for the longitudinal component will take
place in a hospital. Hospitals selected for the study will have to be visited daily during the
recruitment phase. In some countries, post-delivery discharges are very early, often within 24
hours. In this case, twice daily visits may be required. According to the proposed timetable (see
section 10 below), recruitment would last up to 12 months. Depending on the size and number
of hospitals, a variable number of field workers will be selected in each site. They will carry out
the screening interview and, if the mother and child are eligible, also conduct the first
anthropometric examination. Birthweights will be obtained from the routine weighing of babies
in the delivery room. Hospital scales will be calibrated regularly with standard weights and
nursing staff will be retrained on birthweight measurements (see Appendix B). Babies will be
weighed again by the study staff within 24 hours of birth (ideally, within 12 hours of birth), when
length and head circumference will also be measured. The baseline interview will preferably be
conducted during the first home visit (to avoid any disturbance in the hospital setting).

hi sites where it is not feasible or desirable to select newborns at a hospital, special logistic
arrangements will have to be made to identify these children within the first 48 hours after birth.
These arrangements are likely to be much more complex than for hospital-based studies, and the
Steering Committee must be provided with sufficient evidence that the study will be feasible.
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6.2. Follow-up interviews and examinations (longitudinal study):

Twenty one interviews (including the baseline interview) will be carried out with each mother
and child. Anthropometric measurements require the presence of two measurers and whenever
possible the same interviewers should be present in all contacts with the same mother. This will
enhance familiarity with the mother and child, as well as facilitate locating the house. The
interviews should be scheduled in advance.

The daily number of visits for a pair of
interviewers depends on the size of the
city and on the means of transportation.
Each interview, complete with
examinations, should take about 30
minutes. In the following calculations,
it is estimated that each pair will carry
out four a day, allowing time for travel
between homes. The total number of
6,300 interviews will thus require
1,575 working days by a pair of
interviewers.

400

300

200

100

0 'i I i i I I I i I I I I I I I I I i i I I I I I I I I i I M i I i .
1 5 5 7 9 11 13 I S 17 19 2 1 23 2 5 2 7 2 9 3 1 3 3 3 5

Month of field work

, , , . , , Figure 1. Number of home visits per month
Figure 1 shows that, due to the variable , . , ., ,. , , , . „ . , . , ,
„ 6 „ . .,_ ' . x1 . . during longitudinal study, assuming 25 children
frequency of visits dunng the 24 •; J «,

\ J . ? recruited per month,
months of follow-up, visits will peak at
the end of the first year. These
simulations assume that 25 children are recruited each month over a 12-month period. These
different requirements should be considered when planning the field work (see Manual of
Operations).

When defining the study logistics, Principal Investigators will also have to take into account the
need to visit, at the age of 12 months, a subsample of infants who fulfilled the socioeconomic
criteria but whose mothers were unwilling to follow the recommendations or refused to
participate in the follow-up study (item e in section 5.7)[see protocol for the 12-month visit].

6.3. Cross-sectional study.

Ideally, the cross-sectional study will be carried out during Year 3 qf the longitudinal study. This
will allow field workers from the first study to conduct the interviews and measurements since
their work load will then be lighter. If there is substantial seasonal variability in growth among
the study subpopulation, data collection should last a full year.

The interviews will consist of a simple screening form (see Appendix A) followed by a more
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detailed questionnaire and by the anthropometric measurements. To enhance the proportion of
children eligible for the study, the geographical distribution of children included for the
longitudinal study might be used. For example, boroughs with greater concentrations of these
children may be given priority for the household visits.

In estimating the workload for this study, researchers should also consider the proportion of
children likely to be eligible. For example, if 1400 children are required and, say, only 40% of
those in the selected boroughs are likely to meet the eligibility criteria for the cross-sectional
study (high SES, term delivery, single birth, non-smoking mother, absence of major diseases
affecting growth), then about 3,500 children aged 18-71 months will have to be visited.

To estimate how many households are required to find 3,500 children, one must consider the
average household size and the proportion of the population in the age range of interest [i]. For
example, if there are four persons per household and 9% of these are aged 18-71 months, in
order to find 3,500 children in this age range one must visit 9,722 households (3,500 ^ ( 4 x
0,09)). Given these assumptions, about one in three households will include a child aged 18-71
months, and one in seven households will include an eligible child (that is, high SES, term
delivery, single birth, non-smoking mother, absence of major diseases affecting growth).

Assuming that one team will cover 35 households and complete five interviews a day, about 280
working days are required if a single pair of field workers is used.

In some areas, it may be preferable to recruit children from clinic records, day-care centres or
other institutions. If this approach is planned, the Principal Investigators must provide sufficient
evidence to the Steering Committee that the resulting sample of children will not be affected by
selection biases.

6.4. Pilot studies

All phases of the field logistics will be tried out in pilot studies, to be carried out soon after the
training of interviewers and the standardisation procedures. These studies will also serve to test
the feasibility of the recruitment of subjects, the acceptability of the study population, the quality
of interviews and measurements, and data management aspects.

6.5. Quality control

This section summarises the main measures to ensure data quality control, most of which are
further detailed elsewhere in this proposal and in Appendix B. They will include:

[i] Note that in high-SES areas both the number of persons per household and the fertility rate are
likely to be lower than in the general population.
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Use of pre-tested, standardised data collection forms and detailed interviewer guides
Translation into local languages and back-translation of questionnaires and other forms
Careful selection and evaluation of interviewers
Thorough training course on interviewing techniques
Training on anthropometric measurements by a single expert in all sites, followed by
standardisation sessions with assessment of intra and inter-observer variability
Frequent calibration of weighing equipment
Regular standardisation sessions throughout the data collection period
Repetition of 5-10% of all interviews and measurements by a supervisor
Simultaneous data entry with range/consistency checks and digit preference analysis by
interviewer

7. Analysis plan

7.1. Principles underlying the construction of growth curves

Growth curves specify the distribution of a measurement in the reference population over a range
of ages. The distribution is usually summarised in terms of selected centiles, or alternatively in z-
score terms. The growth curve is also used in the reverse sense, to convert an individual
measurement to a centile or z-score relative to the reference population.

Two recent reviews have compared different methods for constructing growth references [29]
[30]. Their criteria for assessing the methods can be viewed under four headings: distributional
assumptions, curve fitting, age grouping and model simplicity (see Table 4). The meaning and
interpretation of each criterion is as follows:

Table 4. Comparison of different methods for the construction of growth references.
See text for explanation - the more blobs the better. Papers cited are
discussed in the WHO Working Group document by Cole30.

Citation

Hamill et al (1977)

Koenker& Basset (1978)

Aitkin (1987)

Cole (1988), Cole (1990)

Healy et al (1988), Pan et al (1990)

Distributional
assumptions

-

-

•

• •

• •

Curve
fitting^

s

P

P

P

g

Age
handling

-

•

•

-

•

Model
simplicity

•

•

• •

•

•
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Guoetal(1990)

Thompson & Theron (1990)

Efron(1991)

Royston (1991), Altaian (1994)

Cole & Green (1992)

Koenker et al (1994)

Wade &Ades (1994)

-

• •

-

•

• •

-

• •

s

P

P

P

s

s

e

-

•

•

•

•

•

•

•

•

•

• •

• •

•

•

7.1.1.

Curve fit: s=smoother; p=polynomial; g=grafted polynomial; e=exponential function.

Distributional assumptions

To convert a measurement to a z-score, or vice versa, the reference needs to link centiles and z-
scores, and this requires knowledge of the underlying distribution. Some methods estimate each
centile curve in isolation to the others, with no concept of an underlying distribution, so that a
measurement lying between two centile curves cannot be expressed as an exact centile.
The simplest distributional assumption, which applies to measurements with a small coefficient
of variation like height or head circumference, is that of a Gaussian (Normal) distribution. Other
measurements, particularly weight, tend to have skew distributions, which in the past has
complicated centile fitting. However if the degree of skewness is constant across the age range,
some form of transformation can be found to remove it, so the Gaussian assumption can also
encompass skewness. Further, some methods have extra flexibility to deal with measurements,
e.g. weight, where the degree of skewness depends on age.

7.1.2. Curve fitting

The centile curves of the growth reference should satisfy two contrasting requirements, accuracy
and smoothness. They work in opposition to each other, increasing accuracy leading to noisier
and hence rougher curves, and vice versa. Methods that use a suitably flexible method of curve
fitting are likely to provide an adequate compromise between accuracy and smoothness.
Polynomials are generally less flexible than smoothers like kernels or cubic splines, unless the
polynomials are grafted (i.e. several polynomials joined together smoothly) or fractional
polynomials are used. Conversely, smoothers are less parsimonious than polynomials, in that
they cannot be written down in closed form. Also polynomials have standard errors for the fitted
parameters, which smoothers do not — they have to be obtained using bootstrap methods.

7.1.3. Age handling

To model age trends, data can be analysed either in age groups or by fitting continuous functions
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of age. Grouping is simpler, but it also introduces a level of arbitrariness that age as a continuous
variable avoids. Methods using continuous age are thus preferred.

7.1.4. Model simplicity

Some methods have several interacting parameters which require fine tuning, e.g. the position of
nodes and/or the choice of polynomials, while other methods have fewer and simpler choices to
make. Generally, the simpler methods are to be preferred.

7.2. Recommendation

The methods in Table 4 that make no distributional assumptions can be discarded immediately.
Of the remainder, one blob indicates that a Gaussian distribution is assumed, with the mean and
SD of the distribution changing with age, while an extra blob shows that the skewness of the
distribution also varies with age. There is good evidence of an age trend in skewness for weight,
so methods that cannot model it are also excluded. Of the remaining five methods, Cole (1988)
uses grouped rather than continuous age, and Thompson & Theron (1990) and Wade & Ades
(1994) are over-complex. This leaves just two methods, Healy et al (1988) (extended by Pan et al
(1990)) and Cole & Green (1992).

Wright and Royston (1997) came to a similar conclusion, comparing these two methods with that
of Royston (1991). They applied the methods to three datasets, of which two were adequately
fitted by all three methods. However the third dataset, Gambian female skinfold data from birth
to 50 years, only fitted well with the LMS method of Cole & Green. Wright and Royston also
commented that the LMS method was easier to fit than the other methods.

The final recommendation is the LMS penalised likelihood method of Cole & Green (1992). This
summarises the distribution of the measurement using 3 age-related curves. The first is the
median curve, the second is the CV of the measurement as it changes with age, and the third is a
curve showing the power transformation needed at each age to convert the data to a Gaussian
distribution. The curves can be combined using a simple formula to derive any required set of
centile curves.

Currently the software available to fit the method is not easy to use, but a user-friendly Windows
95 version is being developed.

7.3. Interim and final analyses

The data for each centre will first need cleaning, by visual inspection of histograms and
scatterplots of the data. The cross-sectional data can be plotted against age and other correlated
measurements, for example weight against length. The longitudinal data can in addition be
plotted against age by individual.
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Summary curves of the mean and CV by age for each measurement will then be estimated for
each centre, and compared across centres.

After combining the data for each centre, it will be possible to construct centile curves for each
measurement. The effect of breast-feeding history will be investigated by converting all
measurements to z-scores, and comparing them across diet groups. The same approach will be
used to analyse dropouts by age.

For both the longitudinal and cross-sectional studies, an interim analysis of the data will be
conducted at the Coordinating Unit when about 1/3 of the data are available. The purpose of the
interim analyses would be to ensure the suitability of the data and test the methodology for
reference curve construction.

8. Ethical issues

The study will comply with the International Ethical Guidelines for Biomedical Research
Involving Human Subjects [31]. Anthropometric research involves a minimal risk - that is, risk
no greater than that attached to routine medical examination. Ethical safeguards will include:

• Ethical approval at international, national and local levels. The study protocols will be
submitted for ethical clearance to the World Health Organization, to the national
governments of the countries included in the study (if required) and to the ethical
committees of the involved institutions.

• Individual informed consent by proxy. Informed consent will be obtained from the
parents of children enrolled in the study. This will be done after a clear description of the
study objectives and of the procedures to which the child will be submitted, and only after
ascertaining that this information has been adequately understood by the parents. As a rule,
informed consent should be in written form, but local ethical committees may waive this
requirement in some of the participating sites. International guidelines state that "the
ethical review committee may approve the waiving of the requirement of a signed consent
form if the research carries no more than minimal risk and if the procedures to be used are
only those for which signed consent forms are not customarily required outside the
research context"[31].

• Discontinuation. Families and children who have agreed to participate in the longitudinal
study may decide to leave the study at any point in time and their request will be honoured.

• Confidentiality. Children will be identified by a serial number and the information at the
individual level will be kept strictly confidential.
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As an incentive to participate, mothers enrolled in the study will receive free lactation support by
a specialised professional and will have access to a breast-feeding hotline.

9. Dissemination of results and data ownership

The main publications based on the pooled international dataset (e.g., pooled growth curves) will
be authored by the World Health Organization (WHO Multicentre Growth Reference Study
Working Group). Credit will be given to the Principal Investigators and the scientific staff in
each collaborating centre, as well as to the Coordinating Unit and Steering Committee members.
Individual sites will not be allowed to publish separate growth curves from their data, since
sample sizes will not be sufficient for that purpose. Principal investigators, however, are free to
publish other analyses of data from their own sites. These analyses must be cleared by the
Steering Committee prior to publication.

After publication of the growth curves, the pooled dataset will be of public domain. The
anonymity of all study participants will be ensured.

10. The project stages and tentative timetable

The proposed study would start in 1997 and run to the year 2001. An outline of the project
stages and tentative timetable, concerning mainly project coordination activities, is shown in
Table 5. Separate timetables will be prepared for each site. Although the assumption is that the
study will start simultaneously at all sites, previous experience shows that this is rarely possible
and that some collaborating sites will lag a few months behind others.

Table 5. Study tentative timetable1

Stage

Preparatory phase:
development and
approval of protocol

Funding arrangements

Selection of study sites

Development/testing of
instruments and training
materials

Training and pilot study

Time period

Jan - Aug 97

Jan 97- ongoing

Aug 97 - Oct 98

Sep 97- Sep 98

Nov 98 - Feb 99

Observations

Draft protocol approved by the WHO Working
Group on the Growth Reference Protocol
meeting in Geneva, January 28-30,1997

All study costs to be covered from
extrabudgetary funds

WHO to contact potential study sites

Instruments to be developed centrally and pre-
tested in all sites

To be carried out at each site
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Data collection:
longitudinal study-

Data collection:
cross-sectional study

Coordination meetings

Data processing

Final report

Nov 1998-
Oct 2001

Nov 2000 -
Oct 2001

Dec 1997
Sep 1998
Jul, Dec 1999
Jul, Dec 2000
Jul, Dec 2001

Nov 1998 -
Oct 2002

Oct 2002

One year to recruit cohort plus two years to
follow up

To take place about year 3 of the longitudinal
study

Every six months, to be attended by Steering
Committee and the Principal Investigators

Data entry simultaneous with data collection;
partial data analyses to start in early 2000

Development of growth curves; pilot testing of
the new reference; adoption of new reference

1 The Brazilian site in Pelotas started data collection in July 1997 and is pilot testing the study protocol and
instruments.

11.

11.1. Personnel required in study sites and Coordinating Unit

In each collaborating site, the staff should include (Table 6a):

Table 6a. Minimal list of staff per study site1

Personnel

Site coordinator/
Principal
investigator
(50% of time)

Minimal
qualifications

Senior researcher
in epidemiology,
paediatrics and/or
public health

Description of tasks

Join/liaise with Central Coordinating Committee;
make institutional contacts; arrange funding; select
local team; oversee translation/adaptation of
instruments, training, field work, data entry and
local analysis.
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Study supervisor
(100%)

Research
assistants
(100% x 2)

Data manager
(100%)

Lactation
consultants
(50% x 4)

Field workers
(100% x 10)

Data clerks
(100% x 2)

Secretary
(100%)

Ph.D. or similar
degree in one of
the above fields

M.S. or similar
degree in one of
the above fields

B.S.in
computing,
statistics, or
related field;
experience in data
management.

University degree
in Medicine,
Nursing or
Nutrition

Secondary school
or higher

Basic computing
skills

Secretarial
training

Day-to-day responsibility for the study; translation/
adaptation of questionnaire; selection of
interviewers; training; pilot study; supervision of
data collection, entry and analysis; administration
of budget.

Full dedication to field work supervision and
quality control; training and standardisation of
measurements; repetition of interviews; checking
of completed questionnaires.

Adaptation of data entry forms; preparation of
computers and peripherals; supervision of data
entry; data cleaning and editing, initial data
analyses; data quality control.

Lactation support to all mothers enrolled in the
study through home visits in first and second
weeks, and later if required; handling of telephone
hotline.

Interviewing mothers and measuring children.

Simultaneous double-entry and checking of data

Word processing, budget control, photocopying,
purchasing equipment and consumables,
communications, etc.

1 See Manual of Operations for detailed information on personnel needs.
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In the Coordinating Unit (WHO/HQ), the staff should include (Table 6b):

Table 6b. List of staff required in the Coordinating Unit.

Personnel

Project
coordinator (WHO
staff at P5 level)
(50% time)

Study supervisor
(50% time)

Data coordinator
(75% time)

Consultant
statistician
(50% time during
last two years)

Secretary
(50% time)

Minimal
qualifications

MD and/or PhD in
epidemiology,
nutrition or public
health; recognized
experience in the
management of
international health
projects

M.Sc. or similar
degree in one of the
above fields

M.Sc. in computing,
statistics, or related
field; experience in
data management

Ph.D. in statistics
and/or computing;
experience in the
analysis of growth
data.

Secretarial training

Description of tasks

Responsible for supervising and coordinating
the implementation of overall study; join/liaise
with Principal Investigators; make institutional
contacts; arrange funding; select Coordinating
Unit team; oversee development and adaptation
of study instruments; supervise data
management, central analysis, and other matters
relevant to the development of the new
international growth reference.

Responsible for the day-to-day activities of the
coordination of the study; supervise the
management of the data received from the
study sites; oversee administrative matters.

Responsible for data entry; data checking,
cleaning and editing; initial data analyses; data
quality control.

Responsible for undertaking analyses of the
pooled dataset in accordance with the data
analysis plan approved by the Steering
Committee.

Responsible for all administrative and
secretarial matters related to the study.

11.2. Selection and training of field staff

Interviewers should have completed at least secondary-level education. Full time dedication to
the study is required. They should be intelligent and sensible persons and should relate well to
other people. Basic arithmetic skills and good handwriting are required. Although male
interviewers may be used, in some sites these may not be accepted inside the households so that
at least one member of each pair should be a female.
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The number of interviewers to be trained in each site will exceed the required number of field
workers, and an evaluation at the end of the training period will select the most able trainees.
Training will last for 3-4 weeks and cover interviewing techniques, sample selection, and
standardisation of measurements. The detailed contents of the training will be defined later.

Lactation managers will be experienced professionals in this field, who will be retrained before
the beginning of the study, if possible at a Baby-Friendly Hospital, following the WHO/UNICEF
Breastfeeding Counselling Training Course [32].

12. Role of WHO and other institutional support

It is planned that WHO will take the lead in coordinating and implementing the study with
assistance from WHO collaborating centres, regional offices and a selected group of leading
scientific advisers. WHO will be assisted during the implementation phase — as it was during
protocol preparation — by the United Nations University; the Universidade Federal de Pelotas,
Brazil; Cornell University, USA; the MRC Dunn Nutrition Centre, UK; and other national and
international health institutions.

Because the new international growth reference will be prescriptive in nature, it will be a major
departure from the currently recommended NCHS/WHO reference, which is essentially
descriptive (see section 4.1.2). As the world's health authority, WHO is uniquely qualified to
undertake this activity. It already has an established system for disseminating and incorporating
the resulting growth curves in countries once the new reference is completed. Discussions with
leading scientists in this field support the argument that WHO is the ideal institution to
implement this project.

At the end of the study it is planned to hold an Expert Committee to formally recommend the
new curves for international use. At this stage, the partnership between WHO and leading
national and international health institutions will provide a strong basis for incorporating the new
curves into routine child health monitoring activities in all countries.

Given the way growth references are interpreted and the clinical and public health decisions
taken on this basis, WHO will also emphasise appropriate use of the new reference which will
require education on a global scale. The collaboration of other agencies and bodies, such as
UNU, UNICEF, FAO, and the ACC/SCN, will be sought for this purpose.

Finally, there will be a direct link to the implementation of effective community-based
interventions for improving child growth and development, another WHO initiative which is
being developed by the Division of Child Health and Development.
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13. Budget items

The detailed budget breakdown is available on request from the WHO Nutrition Programme
covering the central costs of the study only; the exact cost of the study sites will be known once
sites have been selected. The costs for each site will vary due to local circumstances, including
salary systems and sources of funding for routine activities.

It is expected that the costs of the study sites in developing countries will be covered equally by
local funding sources and WHO (50% each). Study sites in industrialized countries are expected
to cover all their expenses from local funding sources.

A preliminary listing of main budget items is shown below for the Coordinating unit and the
study sites.

13.1. Coordinating unit budget

Personnel salaries (as described in Table 6b)
Development and reproduction of study instruments (data collection forms,

interviewer guides, manual of operation, data entry routines, lactation
support material, etc.) and training materials

Costs of holding coordination meetings twice a year (air fares, per diems)
Supervision visits to study sites (air fares, per diems)
Measuring equipment (as in Appendix B)
Computing equipment and supplies
Office materials (supplies, printing, computer time, etc.)
Communication costs (phone, fax, express deliveries)
Production of final report costs
Initial Publication/Distribution of the new reference

13.2. Study sites budget

Personnel (as described in Table 6a): salaries and overheads
Measuring equipment (as in Appendix B)
Transportation for field workers
Questionnaires (printing, photocopying, etc.)
Communications (phone, fax, express mail, etc.)
Equipment maintenance and repair
Training costs
Translation costs
Promotional material costs
Hardware and software costs
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APPENDIX A

Study forms and Interviewers Guides
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APPENDIX C

Sample size calculations
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1. Sample size calculations

Sample size is the main factor determining the precision of growth chart centiles, but other factors
are also relevant, e.g. study design (cross-sectional versus longitudinal), the timing of measurements,
and the method of curve-fitting used. Many criteria can be used to set the sample size, but four are
considered here. They are a) the precision of a given centile at a particular age, b) the precision of
the slope of the median curve over a given age range, c) the precision of the median curve overall
and the influence of data at particular ages, and d) the precision of the correlation between
measurements in the same subjects at different ages. The latter criterion is relevant for velocity
references.

1.1. Precision of a single centile

For a sample of n subjects at a particular age measured once, the standard error of the mean of
the measurement (SEM) is given by SD/Vn where SD is the standard deviation. Equally if %CV
is the percentage coefficient of variation, then %CV/7n is the %SEM. For Normally distributed
data, the percentage standard error (%SE) of the lOOa'th centile is given by the formula:

%SE C100a = %CV y {(1 + Za
2/2)/n}

where Za is the Normal equivalent deviate (NED) corresponding to centile 100a. For the 25th
centile, a = 0.25 and ZQ.25

 = -0.675. For the mean, Z a = 0, and the equation simplifies to
%CV/\/n as above.

In early life, the CVs of length and weight are about 4% and 12% respectively. Thus an age
group of size 200 gives a %SE for the mean of 0.3% for length and 0.9% for weight (equal to 2.3
mm and 90 gat 12 months). For the 2nd centile, where Zo 02 = -2, the %SE for length is 0.5%,
and for weight 1.5%. These are high precision estimates.

For data that are not Normally distributed, e.g. weight or skinfolds, they can be transformed to
Normality using a transformation, e.g. power or shifted log. Finding the best transformation
increases the standard error of the calculated centiles by about 20%, as estimated by simulation.
Table 1 shows the %SE for the median and the 2nd centile, for length and weight, over a range of
sample sizes. The 2nd centile is derived under two alternative assumptions: that the data are
Normal, and alternatively that they are made Normal by an estimated power transform.
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The standard errors for length are all less than 1%, and for a sample of 200 the error is 0.6%. For
weight the errors are greater, up to 1.8% for n=200 when the power transform is estimated,
corresponding to 180 g in 10 kg. Even so these errors are small in practical terms.

Table 1. Precision of selected centiSes.

Gentile n=100 n=2QQ n=400 n=800

Length (CV=4%)

Median

2nd centile

2nd centile
transformed

0.40

0.69

0.81

0.28

0.49

0.64

0.20

0.35

0.43

0.14

0.24

0.28

Weight (CV=12%)

Median

2nd centile

2nd centile
transformed

1.20

2.08

2.59

0.85

1.47

1.77

0.60

1.04

1.28

0.42

0.73

0.92

1.2. Precision of slope of centlle curve

The above results are appropriate for studies where subjects are measured at a series of
predetermined ages. However for cross-sectional studies it is more common to sample children
across ages within a given age range, so the data are not concentrated at particular ages. In this
case an alternative criterion can be used to assess sample size — the precision of the slope of the
centile curve across the age range.

The sampling design is important here, and three distinct designs can be considered. The first is a
longitudinal study where all subjects are measured at two ages, and the trend in the measurement
across the range is simply the mean change. The second is a cross-sectional study where half the
subjects are measured at the first age and half at the second, where the trend is the difference in
means between the two groups. The third design is also cross-sectional, but the subjects are
measured at random ages within the specified range, and the trend is estimated from the
regression of the measurement on age.

Assume for simplicity that the age range is 1 unit wide, and that the measurement is expressed in
SDS units, with mean 0 and SD 1. This means that the expected slope for the age trend is zero,



WHO Multicentre Growth Reference Study Proposal Appendix C -pg. 4

and the variance (i.e. the square of the standard error) of this slope is to be estimated. Assume
also that n measurements are obtained, as before. Under the longitudinal design each subject
contributes 2 measurements, at the beginning and end of the interval, so there are nil subjects.
The variance of the change in mean SDS is given by 4(l-r)/n, where r is the correlation between
the pairs of values.

For the cross-sectional design, with nil subjects measured at the beginning and nil at the end of
the interval, the variance of the difference in mean SDS is 41 n, while for subjects sampled
uniformly across the age range the variance is 12/n. So measurements spread evenly across the
interval are only one third as efficient as those concentrated at the ends of the interval.

Longitudinally, the standard error depends on the correlation of measurements at each end of the
range. The size of the correlation depends on the particular measurement (higher for length than
weight), and also on the width of the time interval. It is likely to be above 0.8, when the
longitudinal design is 10 times as efficient than the best cross-sectional design, while with a
correlation of 0.95 it is 40 times more efficient.

Table 2 compares standard errors for the slope under different designs for various sample sizes.
For the longitudinal design, the correlation of 0.8 corresponds to weight from 4 to 12 weeks, or 3
to 6 months, or 9 months to 2 years. A correlation of 0.95 corresponds to height measurements a
year apart, say between 3 and 4 years. Even with 100 subjects the slope of the median curve over
such periods is estimated very precisely, with standard error 0.06 or less. If the curve pivots
about zero at the mid-point of the interval, a 95% confidence interval for the value of the curve at
each end of the interval corresponds to ± the value of the standard error. So with the smallest
longitudinal sample, the extremes of the fitted curve will be within 0.06 of zero with 0.95 chance.

Table 2. Standard error of median curve slope (in SDS units) for different designs and
sample sizes.

Design

Longitudinal (r = 0.8)

Longitudinal (r = 0.95)

Cross-sectional (2 ages)

Cross-sectional (uniform ages)

«=100

0.063

0.032

0.20

0.35

«=200

0.045

0.022

0.14

0.24

w=400

0.032

0.016

0.10

0.17

«=800

0.022

0.011

0.07

0.12

«=1600

0.016

0.008

0.05

0.09

Table 2 shows that the cross-sectional designs are far less precise than the longitudinal design,
which is why longitudinal studies are used to assess change over time, i.e. growth velocity.
However for the construction of distance centiles the longitudinal design is irrelevant, as the
centiles define the cross-sectional variance of the measurement, and for this purpose longitudinal
data need to be treated as if they were cross-sectional. So there is no advantage in a longitudinal
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design for constructing distance centiles.

Of the two cross-sectional designs, uniform ages are less efficient than grouped ages. However
uniform ages are more practical, as children are easier to sample within a range of ages than at a
particular age. A uniform age design is also better for estimating the shape of the curve when the
age range is wide and the median curve nonlinear. Either way the standard errors of the slope of
the median curve appear large compared to the longitudinal design, but this is not important so
long as the shape of the curve is well-supported by the spread of data across the extended age
range.

1.3. Precision of sample median curve

Fitted points on a regression line or regression curve have a standard error showing how
precisely they are estimated, and this error is greater at the extremes of the age range than near
the mean. The size of the error variance at each age is derived from the influence or leverage of
the individual points on the curve, which can be calculated from the known shape of the curve,
the pattern of ages when measurements are made, and the number of measurements at each age.
The leverages allow growth studies to be designed optimally.

Fig.l shows the leverages for
measurements by month of age from
birth to 5 years, using the sampling
scheme described in the protocol,
longitudinal to 2 years and cross-
sectional with uniformly distributed
ages from 18 months. The cross-
sectional sample has the same number
of subjects per 3 month group as the
longitudinal sample. The curve used to
derive the leverages is a combination

" . . . . ••** of age, V(age) and log(age), which
accounts for 99.9% of the variance of

l l l 1 h the UK growth reference median
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A 9 e The Figure shows that the first few
Figure 1. Leverages of simple sampling design measurements, particularly

birthweight, have high leverage and
hence high variance, while between 1 and 4 years the leverages are low. This arises from the
shape of the growth curve, with a steeply rising early section and a flatter section later. It means
that the precision of the fitted curve is relatively insensitive to the size of the cross-sectional
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sample, except past 4 years.
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To address the imprecision of the curve
at the extremes, birthweight needs to be
over-sampled and the upper age limit
raised. The effect of a 4x oversampling
of birthweight and an upper limit of 6
years is shown in Fig.2, where the
leverages are now fairly constant (with
the obvious exception of birthweight)
across the age range 0-5 years.

Age

Figure 2. Leverages of extended sampling design.
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1.4. Precision of age-on-age correlations

The fourth criterion for sample size, which is relevant only for longitudinal studies, is the
precision of the correlation between measurements at different ages. If the correlation, based on n
pairs of measurements, is transformed using Fisher's transformation, its variance is equal to l/(n-
3) whatever the value of the correlation. This can be used to calculate a 95% confidence interval
for the correlation on the transformed scale, which then needs to be back-transformed. Table 3
gives the width of the confidence interval for a series of correlations and sample sizes.

The confidence interval is narrower the larger the correlation, and is half as wide for a sample
size of 400 as for 100. Increasing the sample size from 100 to 200 increases the precision
appreciably, while a further increase to 300 or 400 has only a minor effect.

Table 3. The width of the 95% confidence interval for various correlations as a function
of sample size.

Correlation

0.95

0.9

0.8

0.7

«=100

0.041

0.079

0.148

0.208

«=200

0.028

0.055

0.103

0.146

«=300

0.023

0.044

0.084

0.119

«=400

0.020

0.038

0.072

0.103

1.5. Conclusion of sample size calculations

The first criterion shows that centiles at individual ages during the first two years are acceptably
precise, while the third criterion demonstrates that this precision extends to the whole age range.
The fourth criterion confirms the precision of correlations from age to age in the longitudinal
study. So taking all the criteria into account, a sample size of 200 for the longitudinal study and
200 per 3 months for the cross-sectional study should provide adequate precision. These are the
numbers for each sex, and are to be obtained by combining data from several sites.
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2. Sample size estimates for varying durations of exclusive breastfeeding

The Working Group was asked to examine the adequacy of the sample sizes of the growth
reference study for describing the growth of babies exclusively breastfed for six months.

The current sample size estimates are based on 70 children following the feeding
recommendations per centre, or about 200 children of each sex in the pooled data from six
centers (i.e., 35 boys and 35 girls per center). We have conservatively allowed for only a 25%
compliance rate, by suggesting to all centers that 300 children should be followed for the two
years. An earlier section of this Appendix shows that the percentage standard errors (%SE) for
the 2nd centile, with 70 infants per center, would equal 0.49% for length and 1.47% for weight.
(Note that this calculations use four separate criteria for estimating sample sizes, while the
analysis below is restrained to the first - precision of a given centile - which seems to be the most
widely used of the four).

2.1 Chilean data

The Working Group tried to use the Chilean data [Labbok MH et al, in preparation] on women
receiving breastfeeding support to estimate the proportions of children on exclusive
breastfeeding at different ages. These data showed that 73% were on "full breastfeeding" at 4
months and 63% at six months (Table IIC in their report). An accompanying (unnumbered)
figure shows the same data, but describes the curve as "exclusive breastfeeding". Since there is
no category for "predominant breastfeeding" or "breastmilk plus fluids", we assume that both
table and figure refer to exclusive plus predominant breastfeeding. If these results are applicable
to every site, then from our working sample of 300 children initially followed in each centre,
about 220 will be fully breastfed at 4 and 190 at 6 months. These figures are much higher than
our estimates of 70 children following the recommendations per centre, and thus the standard
errors woud be smaller. For example:

1. With 220 children complying with the recommendations at four months per center, there
would be 1320 altogether, or 660 boys and 660 girls. The percentage standard error (%SE) for
the 2nd centile would thus be 0.27% for weight and 0.81 for length.

2. With 190 complying at 6 months, the corresponding %SE would be 0.29% and 0.87%.

3. Assuming that half of the "fully breastfed" children were in fact exclusively breastfed, the
%SE at 4 months would be 0.38% and 1.14%, and at 6 months 0.41% and 1.23% (for length and
weight, respectively). If one quarter of the fully breastfed were exclusively breastfed, the
corresponding errors would be 0.54% and 1.62% at 4, and 0.58% and 1.74% at 6 months. These
are still high precision estimates.
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2.2 Brazilian data

We have evaluated the impact of a lactation center in Sao Paulo state [Barros FC, Semer TC,
Tonioli Filho S, Tomasi E, Victora CG. The impact of lactation centres on breastfeeding
patterns, morbidity and growth: a birth cohort study. Acta Paediatrica 1995;84:1221-6]. 42.9% of
infants were exclusively breastfed at 4 months, and 14.8% at 6 months (the counsellors
encouraged exclusive breastfeeding for 4 months, thus the large drop between 4-6 months). The
sample size calculations are:

4. With 42.9% of 300 children per center complying by four months, there would be 386 boys
and 386 girls in the whole study, with resulting %SE of 0.35% for length and 1.06% for weight.

5. At six months, there would be 133 compilers of each sex in the pooled dataset, 0.60% for
length and 1.80% for weight. These precisions are still good, despite the fact that the intervention
stimulated exclusive breastfeeding up to four months only.

2.3 Conclusions

These results show that, if 300 infants are followed per centre and effective breastfeeding support
is provided, the curves are likely to be highly precise even for infants who are exclusively
breastfed for six months. This ensures that the curves will not become obsolete as feeding
recommendations may change. It also reinforces the need for starting with 300 babies per site
and following all of them for two years.



Appendix 4

USE OF THE 2H ISOTOPE AS 2H2O IN EXPERIMENTAL STUDIES IN MAN

W.A. Coward, Medical Research Council, Human Nutrition Research, Downhams Lane, Milton
Rd., Cambridge, CB4 1XJ.

This paper briefly describes the use of stable isotopes for studies in man and then provides
more detail on experiments in which 2H2O has been used as a tracer. Except where additional
citations are made all the information derives from recent reviews on this topic1.

Natural abundance

The term natural abundance is used to describe the level at which stable isotopes occur in
nature. As the name implies, stable isotopes of elements do not break down to form other elements,
emitting radioactivity at the same time, instead they permanently exist in nature and thus all living
organisms derive these isotopes from the food they eat, water they drink and the air they breath. As a
general rule, the heavier the element, the more isotopic forms that exist. Iron for example has four
stable forms but the common elements of living matter (H, C, N, O) also have naturally abundant
isotopes (Fig. 1) and the amounts of these isotopes present in a mixture can be measured by mass
spectrometry.

As its name implies, the mass spectrometric technique measures isotopic abundances by
separating isotopes on the basis of their mass:charge ratio (mrz) when the elements themselves or
compounds containing them are ionised. In the present applications isotope ratio mass spectrometry
(IRMS) is used.

This is a highly sensitive technique for measuring small changes in enrichment and stable
isotopes can therefore be used as tracers if they are given to enrich physiological pools or
compartments such as body water. In most cases this enrichment is (in absolute and relative terms)
only a little above natural abundance levels. This foregoing statement is true of all studies except
those with 2H where although the absolute increments required are very small (150 ppm at most when
isotope ratio mass spectrometry is used for measurement) the relative change is about 100% since for
2H natural abundance in also about 150 ppm.

Studies with 2H2O

A summary of published work is shown in Fig. 2. It is important to note that those studies in
which biological effects have been noted are with one exception, experiments in which the animals
investigated have been chronically dosed to maintain continuously high levels of enrichment in the
body. This contrasts sharply with virtually all human experiments with H2O in which bolus doses are
given and the enrichment returns to natural abundance with a biological half life (T1/2) of a few days
(T1/2 = 7-10 d in adults or 3-4 d in infants, and depends on water turn-over rates). The exception
referred to above relates to a temporary positional nystagmus (akin to positional alcohol nystagmus)
that has been noted at doses levels somewhat larger than those used in most human experimentation.

The difference between all human metabolic studies (including those proposed for this
Coordinated Research Project) and a chronic study in which no effect was noted is illustrated in Fig. 3.
The contrast is made in the context of natural abundances.

1 JONES, P.J., LEATHERDALE, S.T., Stable isotopes in clinical research: Safety re-affirmed, Clin. Sci. 80 (1991)
277-280.
KOLEZTKO, B., DEMMELMAIR, H., HARTL, W., KlNDERMANN, A., et.al. The use of stable isotope techniques for
nutritional and metabolic research in paediatrics, Early Human Dev. 53 (1998) S77-S97.
KOLETZKO, B., DEMMELMAIR, H., Safety of stable isotope use, Eur J Paed, 156 (1997) S-12-S17.
FRIIS-HANSEN, B., Changes in body water compartments during growth, Acta Paediatr. 46 Suppl. 110 (1957)
1-68.



Note that the chronically imposed high body water concentrations shown to be harmful in
mammals (Fig. 2) cannot be effectively reproduced in Fig. 3, that is the experimental exposure to 2H2O
without expanding the "y" axis to an extent that the values found in IRMS studies become
indistinguishable from the background.

Conclusions

There is no evidence that the levels of 2H2O customarily used in human experimentation are in
any way harmful. Nevertheless, CRP participants should supply ethical committees with the
information of the type provided here and ensure that it is also appropriately used in the process of
obtaining informed consent from the subjects investigated, parents or guardians.
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Appendix 5

SUMMARY OF MINIMALLY AGREED UPON PROTOCOL

Eligibility criteria:

1. SES status at a high enough level that maternal or infant nutrition are not compromised
2. Healthy, singleton, term (37 weeks gestation) infant
3. Mother not smoking during pregnancy or lactation
4. Mother willing to follow feeding recommendations

Data collection time points:

Months 1, 3, 6 and 12 will be covered by all sites, with the sample size calculation based on 6
months. An additional phone call or visit by the lactation counselor will occur at 3, 4 and 5 months
postpartum. This counselor will not function in other capacities (such as anthropometry visits) with the
study. In other words, we want the mothers to feel free to discuss lactation issues with the counselor
without concern about whether they are complying with the study protocol.

Sample size:

The target sample size will be 30 infants at six months (stratified by sex), following the feeding
recommendation of WHO GRS study. Each site will determine the initial sample size necessary in
order to achieve this goal.

Anthropometric measurements:

Maternal weight and height, and infant weight and length, at monthly intervals. Head
circumference, sub scapular and triceps skin folds are optional measurements. Quality control will be
assured by duplicate, consecutive measurements of each subject. The technique will be based on the
GRS protocol. The anthropometrist at each site will be standardized against the principal investigator
every three months.

Equipment:

Paper insertion tapes will be used for head circumference. Either the UNICEF uniscale will be
used for weight or another scale that has been validated for accuracy using a standard weight. Length
boards will vary according to site, but validated with a known length.

Lactation counseling:

At a minimum, lactation counseling will occur at least within 24-48 hours of birth, at day 3-5,
15, 30- 45 and thereafter as needed.

An additional phone call or visit by the lactation counselor will occur at 3, 4 and 5 months
postpartum. The purpose of these calls are to ensure that the mother continues to follow the feeding
guidelines and appropriate complementary foods are introduced at the proper time.

Deuterium methodology:

1. Dosage will occur at month 1, 3, 6 and 12.

2. Dosing of the mother should occur after the baseline saliva/urine samples are collected from both
the mother and baby.



3. The mother will fast for a minimum of 30 minutes prior to sample collection. During this time, no
food or drink, or ice chips, or rinsing or cleaning of the mouth (including water), will occur.

4. Two ml saliva, in duplicate if possible, will be collected from the mother.

5. A urine or saliva sample will be collected from the infant.

6. For all samples collected over the 14-day measurement period, the following apply. If a saliva
sample is collected from the baby, the same restrictions apply as to the mother. If a urine sample
is collected, a cotton wool ball is placed in the diaper, over a piece of plastic. The diaper should be
tightly closed to avoid evaporative water loss. It should be checked for a sample at least hourly
and the time recorded as the midpoint between the last time the diaper was checked and the time
the sample was collected.

7. A dose of 7 g 99.8% deuterium oxide will be mixed with 30 g local water in a capped medicine
bottle. The exception is Pakistan, where the dosage of 99.8% deuterium will be 30 g mixed with 30
g local water. The dose to be administered will be weighed to the nearest 0.01 g. To assure that
the mother consumes all of the dose, the medicine bottle will be rinsed twice and this also
consumed.

8. Subsequent samples will be collected at a minimum, on day 1, 4 and 14 from the mother and day
1,3,4,13and 14 from the infant. Maternal and infant weight will be recorded day 0 and 14.

9. Baby to not receive milk from another mother during the 14-day measurement period.

10. Record the typical level of temperature and humidity during the 14-day measurement period.

11. Deuterium methodology: Be sure that the collection container is not too much bigger than the
amount of saliva or urine collected, this helps prevents fractionation via water evaporation within
the container.

Diet quality data:

1. Minimally, a food frequency assessment covering the 14 days of each deuterium measurement
period should be done. The assessment should be detailed enough to determine the average
amount of non-breast milk liquids, the hydration of the solids given, and the amount of fats and
oils.

2. Question 8 of the GRS study will be done at each anthropometric visit.

Quality control:

The PI at each site will ensure that quality control procedures are implemented to ensure that
field workers are correctly collecting data.

Ongoing coordination of CRP participants

1. Electronic mail communication to any member of the group will be routed through the Technical
Officer at NAHRES.

2. Contact persons will be assigned for specific areas.
a. dietary intake data - Zulfiqar Bhutta and Iqbal Kabir
b. anthropometry - Hinke Haisma
c. isotopic method - Jonathan Wells
d. lactation - Laurie Nommsen-Rivers and Rukhsana Haider
e. site liason with agency - Jorge Alvear
f. data management and analysis - Hinke Haisma



Appendix 6

SHIPPING OF SAMPLES

After sample collection has been completed, the time comes that samples will have to be sent to the
analysing laboratory. Taking into account the amount of time and effort you put into the sample
collection, you want to make sure samples arrive at the laboratory safely. The following are some
guidelines as to how to pack the samples to assure that there will be no spillage nor any problems at
customs, and equally important that the analist will receive the samples in a comprehensive manner
(realizing he/she will have never seen the samples before).

Samples should be packed in compliance with IATA packing instructions 650:

1. Inner packaging comprising a watertight primary receptacle, max. quantity must not exceed
500ml;

2. This is to be placed in a watertight secondary receptacle, max. quantity inside this is 4 litres.
Specially made plastic containers with screw on lids can be bought for this purpose which meet
regulations (they look like big beakers with screw on lids);

3. Absorbent material must be placed between the primary and secondary receptacles (enough to
absorb all material should it leak). If multiple primary receptacles are put inside the 2nd then each
must be individually wrapped to avoid contact between them and thus to prevent breakage;

4. Then both receptacles must be put into an outer packaging suitable for the weight and able to
withstand 95kPa pressure;

5. An itemized list of contents must be enclosed between the secondary and outer packaging;

6. Then each package should show the text "DIAGNOSTIC SPECIMENS PACKED IN
COMPLIANCE WITH IATA PACKING INSTRUCTION 650". A shippers' declaration for dangerous
goods is not required.

For the Brasilian study site this was interpreted as follows:

• the primary receptacle was the actual bottle/vial the sample was contained in; those vials were
wrapped individually with bubble wrap and put into a bag as mother-baby pairs); vials were
labeled with paper labels extra taped with scotch; the label mentioned day of collection, and the
number of mother or baby; before packing the vials into bubble wrap, the samples were thawed,
and the outside of the vials dried to avoid the label from coming off;

• the secondary packaging were the plastic beakers with screw on tops (we used honey-pots); each
honey-pot contained a plastic bag with one mother and infant pair;

• the outer packaging was a polystyrene box (but could also be a sturdy cardboard box able to
withstand the transportation);

• paperwork including days of sample collection, exact time of sampling, weight of mother and baby,
and quantity of the dose was included;

• inside the polystyrene box a paper was included mentioning that the box contained x pots with
samples of urine and/or saliva;

• on the outside of the box, a paper was attached mentioning that the box contained non-hazardous
biological samples, that were packed in compliance with I ATA packing instructions 650;

• a letter of approval for shipment of biological samples was obtained from the Secretary of Health
(this is optional, but can be useful in case of expected difficulties at customs in the country of
origin);

• all paperwork was wrapped in plastic.

The samples were shipped by DHL (any trustworthy courrier would do, but don't just freight the
samples).



BANGLADESH

DR. A.K.M. 1QBAL KAB1R

Narrative Summary

Overall Objective:
To establish infants who
are exclusive/
predominantly breastfed
until six months can
achieve optimum growth.
The data generated from
this study will be used for
the WHO Multicentre
Growth Reference
Curve.

Specific Objective:
To estimate the amount
and energy intake from
breast milk of infants
who follows the
WHO/UNICEF feeding
recommendation

Outputs:
1. Breast milk intake
2. Growth
3. Body composition

Activities:
1. Baseline survey been

done
2. The modified version

of the protocol will be
submitted for
Scientific and Ethical
clearance

3. Conduct study
following
standardized protocol

4. Develop collaboration
with Dr. Kurpad's lab
in India

Objective Verifiable
Indicators

N/A

1.Standardised
protocol adopted.
2.Develop regional
collaboration
3. Scientific and
ethical approval

1. Standardized
protocol been
followed.

2. Data collection

l. Conduction of
study

2. Report sent to
IAEA

3. IAEA agreement
for collaboration
with Dr. Kurpad's
lab in India.

Means of
Verification

N/A

1. Materials
received

2. Minimum
measurement
error

3. Stable isotope
assays done

1 .Verification of
data obtained from
different study sites.
2. Presentation in
next RCM

1. Presentation of
study results at
RCM

2. Final report to
IAEA

3. Publication

Important
Assumptions

N/A

Results will be
used by the
national and
international
agencies to
formulate infant
feeding policy

Study will allow to
have information
that breast milk
production is
similar in both
developed and
developing
countries

Data to be
generated and
methodology
applied will
ensure high
quality research
and publication



BRAZIL
DR. CESAR G. VICTORA

Narrative Summary

Overall Objective:
Adaptive research to
provide information on the
energy requirements of
breast-fed babies,
growing normally, and fed
according to WHO
standard protocols. End
users will be the world's
community of
paediatricians, nutritionist,
health professionals, and
all those who plan or
advise on infant feeding
practices and monitor
nutritional status.

Specific Objective:
To measure energy intake
and energy expenditure,
physical activity and child
development in breast-fed
babies growing normally

Outputs:

Growth, energy
expenditure,breast milk
intake, complementary
food intake, energy
content of breast milk,
physical activity, and child
development

Energy requirements for
breast-fed babies

Activities:

Obtain additional funding;
Obtain deuterium and 18-
oxygen;

Consolidate study
proposal;
Implement study;

Have samples analyzed;

Statistical analysis of
data;
Publish

Objective Verifiable
Indicators

N/A

Estimates of energy
expenditure, breast milk
intake, complementary
food intake, energy
content of breast milk,
physical activity and child
development in breast-fed
babies growing normally

Data collected in line with
specific objective

Adequate data on energy
expenditure

Number of subjects
recruited;
Number of measurements
done;
Results

Means of
Verification

N/A

Publications in
scientific literature,
national and UN
Agency reports and
use in compiling
energy
requirements

Progress reports;

Scientific
publications;
Presentation at
national and
international
workshops

Progress report;
Publications

Important Assumptions

N/A

1. Liaison between IAEA
and WHO;

2. Additional (outside)
support adequate;

3. Availability of 18-
oxygen;

4. Compliance of subjects
adequate;

5. Low-cost analytical
services are available;

6. Technical backstop is
adequate

High quality data

The proposed work is done
as per schedule and
adequate funds and 18-
oxygen are available



CHILE:

DR JORGE. ALVEAR

Narrative Summary

Overall Objective:
Isotopic evaluation of
growth in infants using
isotopic dilution of
deuterium 2h2o and 2H2 0
18 doubly labeled water

Specific Objective:
1. Correlate breast milk

production to infant
growth

2. Correlate breast milk
composition (energy,
fat, protein) to infant
growth

3. Correlate mother's body
composition with breast
milk production

and infant growth
4. Correlate milk energy

density and milk volume
with infant growth

5. Correlate mothers
nutrition status with milk
production

6. Test better tools to
asses body composition
in infants and mothers

Outputs:
1. Relationship of nutrient

intake body composition
and normal growth

2. Differences in infant
body composition
according to the type of
feeding

3. Differences in breast
milk production in
relation to mother's
body composition

4. Differences in breast
milk quality according to
body composition

Activities:
Definition and selection of
the Health Area in which the
project will be conducted
Standardization of the WHO
proposed methodology
Elaboration of the material
to be used in the field study
Selection of the sample (40
pregnant women)

Objective Verifiable
Indicators

N/A

1. Anthropometric
measurements

2. Laboratory analysis

Anthropometric results
normal growth in breast
fed infants

Ethical permission of the
Health Area
Consent forms signed

Means of Verification

N/A

1. Laboratory results
2. Comparison of the

results with traditional
methods of body
composition
determination (skin
folds, indirect
calorimetry)

1. Progress reports
2. Comparison of the

result obtained by
similar studies

3. Articles and
documents produced
to disseminate the
results

Collection forms

Important
Assumptions

N/A

Isotopic dilution and
doubly labeled
water technique is
an easy, good,
reliable method to
determine body
composition in field
studies

Breast fed infants
growth different to
artificially fed
infants
Analyses for the
purpose and
quantity and quality
of data suitable for
publication

All activities are
performed
according to plan.



PAKISTAN:

DR. ZULFIQAR BHUTTA

Narrative Summary

Overall Objective

Adaptive research to provide
information on the nutrient
requirements of exclusively or
predominantly breast-fed infants,
growing normally, and fed according
to WHO standard protocols.

Specific Objectives

Assessment of growth and body
composition in exclusively or
predominantly breast fed infants in
Pakistan

Assessment of breast milk intake,
energy metabolism and body
composition in a subset of mothers
and infants by using stable isotopes

Objective Verifiable
Indicators

N/A

Anthropometric measurements
of growth on 100 mother-baby
dyads

Exclusive or predominant breast
feeding for 6 months, followed
by appropriate complementary
feeding

Breast milk intake and body
composition in 30 mother-baby
dyads by Deuterium dilution

Energy metabolism and body
composition in 10 mother-baby
dyads by the Doubly-labeled
water method

Means of Verification

N/A

Preliminary report to the IAEA after
6 months

Presentation of interim analysis
and data at the IUNS Congress
(2001) in Vienna

Publication of results in peer-
reviewed international journal (s)
(target journals J Nutrition, Am J
Clin Nutr, Eur J Clin Nutr, J
Pediatr Gastroenterol Nutr)

Important Assumptions

N/A

Data and conclusions of individual study as well
as the pooled analysis will be made available to
IAEA, other agencies e.g. WHO, UNICEF for
incorporation into current nutrient intake
recommendations and policymaking.

Liaison of Study Group with national policy makers
in Pakistan

Liaison of IAEA with concerned agencies

Support from IAEA in isotope procurement,
analysis and appropriate linkages



Outputs:
Growth and nutrient intake data on all
infants at monthly intervals for 6
months and at age 9 and 12 months
thereafter

Breast milk intake and body
composition data on 30 mother-baby
pairs

Energy metabolism estimates in 10
mother-baby dyads

Activities: Clearance of final protocol
by AKU Ethics Committee

Training of staff and setting up of the
infrastructure

Patient recruitment initiated

Initiation of Stable isotope work

Patient recruitment concludes

Initiation of stable isotope analysis in
UK and Pakistan

Interim report to IAEA and
Submission of abstract to ILJNS 2001

Follow up concludes

Final Report (? 2nd RCM)

Compliance with common
generic protocol

Number of drop-outs at 3 and
6 months

Analytical results of deuterium
dilution data (triplicate
samples done by IRMS,
infrared spectrophotometry in
Karachi, Islamabad &
Glasgow)

Energy expenditure and body
composition estimates in 10
mother-baby dyads (of the
above) by Doubly-labeled
water and indirect calorimetry
June 2000

June-July 2000

August 2000

September 2000

February 2001

October 2000

December 2000

January 2002

April 2002

Interim and final reports to the IAEA
of growth data with standard error
distribution

Coefficients of variation of
measurements

Correlation of 18O data with indirect
calorimetry.

Coefficient of variation of energy
expenditure estimates
Formal approval of the final protocol
by the Ethics Committee AKU,
Karachi

Initiation of laboratory work in
batches of 3 sample sets of 30 each
(3 mother-baby pairs)

First Interim Report to IAEA

Final Report to IAEA

IAEA support in Isotope procurement (Deuterium
and perhaps also 18O)

IAEA technical support in analysis of isotope data
and technical training of staff at PINSTECH
(Islamabad) through a local or regional technical
training workshop



USA:

MS LAURIE RIVERS

Narrative Summary
Overall Objective
To have available a method of
measuring infant body density, and
thus body composition, that is non-
invasive, inexpensive, simple to use
and reliable

Specific Objective
1. Comparison of body density

estimates using "Pea Pod" and
Oxygen-18 TBW methods

2. Validate the use of the "Pea Pod"
in conjunction with oxygen-18 in
estimating body composition
using a 4-compartment model.

Outputs
1. Precision
2. Reliability
3. Accuracy

Activities
1. Measure body density, days 1, 2,

7
2. Dose infant, day 1
3. Sample collection, day 1,2,3,5,6,7
4. Sample analysis
5. Data analysis
6. Report Preparation

Objective Verifiable Indicators
N/A

Body volume and total body water
estimate in 25 infants

1. Precision: c.v. of duplicate
body volume measurements
within a subject, within the
same day.

2. Reliability: comparison of
variability in body volume
measurement from day 1 to
day 2.

3. Accuracy: group mean
comparison of body density
as determined by "Pea Pod"
versus TBW calculations

Data production

Means of Verification
N/A

Publication in a peer reviewed,
scientific journal

Summary report as part of CRP final
report

1. Data analysis
2. Progress reports

Progress and final reports

Important Assumptions
N/A

Oxygen-18 availability (otherwise deuterium
will be used)

1. No change in body composition from day 1
to day 2.

2. Appropriate assumptions regarding
deriving body volume from TBW.

3. Adequate reference data available for
comparison to 4- compartment model results

1. Mothers will allow infant to be dosed
2. Infant will consume all of measured

dose



UNITED KINGDOM:

DR JONATHAN WELLS

Narrative Summary

Overall Objective:

To enhance the deuterium
dose-to-the-mother method
of measuring breast-milk
intake to allow
simultaneous
measurement of milk
intake, body composition
and total energy
expenditure

Specific Objective:

To establish the viability of
obtaining data on mother-
to-infant water transfer and
infant total water turnover
from a single deuterium
dosing of the mother

Outputs:

Infant and maternal
deuterium enrichment data
over a 14 day period in
mixed-fed infants aged 4 to
12 months

Activities:

Collection of daily urine
samples from infants and
daily saliva samples from
mothers following dosing of
mother; modeling of
deuterium kinetics using
curve-peeling

Objective Verifiable
Indicators

Data on milk intake
and energy
expenditure

Data on maternal-
infant deuterium
transfer and infant
deuterium turnover

Sample analysis

Sample collection

Means of Verification

Publication in scientific
literature

Progress report

Application of software

Data entry

Important
Assumptions

Curve-peeling is
viable under
expected practical
conditions

Curve-peeling can
distinguish the
two rate constants
at the intended
level of maternal
deuterium
enrichment

Mass-
spectrometric
analysis is
satisfactory

Recruitment is
successful and
samples are
collected
according to
protocol


