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PARTI: SUMMARY REPORT



CO-ORDINATED RESEARCH PROJECT ON "ISOTOPIC EVALUATIONS OF
MATERNAL AND CHILD HEALTH NUTRITION TO HELP PREVENT STUNTING"

RNAL RESEARCH CO-ORDINATION MEETING
SUMMARY REPORT

1. INTRODUCTION

Nearly 200 million young children in developing countries around the world are
stunted due to in great extent to malnutrition during infancy. Even though breast feeding
is the best nourishment a mother can provide to her baby, after about six months of
age, complementary foods, also called as weaning foods, are needed to meet the
infant's nutritional recommendations. On the other hand, complementary feeding
sometimes reduces breast milk intake and can introduce a potential source of
contamination leading to a number of gastrointestinal infections, which can substantially
impair growth. Thus, it is very important to accurately measure the amount of breast
milk consumed and also to assess the amount and quality of complementary foods
introduced to the infant's diet. An isotopic method for measuring breast milk intake
based on deuterium dilution and kinetics has been validated using isotope ratio mass
spectrometry (IRMS). Recently, a more economical infrared spectroscopy (IS) method
has also been used and validated against IRMS.

The objectives of this CRP were i) to develop stable isotope methods for
measuring breast milk intake using regionally available equipment, ii) use isotopic
methods to evaluate nutrient reserves, namely vitamin A, iron and zinc, and energy
expenditure in mothers to determine the relative needs for nutritional supplements of
mothers in the region, and iii) to use isotopic techniques to compare the nutrient density
of milk with nutrient levels in the mother to learn for which nutrients breast milk is a
reliable indicator of maternal nutrient reserves in marginally nourished women.

This was the second and final Research Co-ordination Meeting (RCM) which took
place at the IAEA headquarters in Vienna, from November 8 to 12, 1999. The purpose
of the meeting was to discuss and evaluate the results obtained from the research
projects, and to seek ways by which the knowledge gained from this project can be
beneficially applied. Chief scientific investigators, Dr. L.J.C. Bluck and Dr. W.A. Coward,
Medical Research Council Resource Centre for Human Nutrition, UK, and in-house staff
from the Nutrition and Health-Related Studies Section (NAHRES) participated in the
meeting.

Dr. Bluck presented a talk on the Alternatives to Isotope Ratio Mass
Spectrometry for the Measurement of Deuterium Content of Body Water (Background
Paper). Each country presented the current status (Country reports) of the projects being
developed:

Argentina: Bioavailability of a new iron source used in the fortification of fluid cow's
milk. Importance of its use in children after their nursing (ARG-9379).

Brazil:. Use of isotope methods to measure breast milk intake (BRA-10026).
Chile: Maternal smoking effects on infant growth (CHI-9380).
Mexico: Safeguarding of nutritional status of adolescent mothers (MEX-9381).
Pakistan: Establishment and application of D2O method for measuring the breast-

milk intake of Pakistani infants (PAK-9940).
Peru: Use of deuterium oxide to measure breast-milk intake in children aged 7-

12 months receiving complementary foods (PER-9382).
Venezuela: Maternal nutritional status, breast-milk production and the newborn

growth and development (VEN-9383).
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2. RESULTS

The main results of each project are as follows:

a) Argentina. Cow's milk was successfully fortified with a micro-encapsulated iron
source. Bioavailability was evaluated in animal models and later on weaning infants
giving a high value (9-10%). The new iron source in cow's milk could be used in
weaning infants to prevent anaemia.

b) Brazil. Compared with the deuterium dilution technique (the gold standard), the
observation method showed to be a reliable method to be used in epidemiological
studies to assess breast-milk intake.

c) Chile. Maternal smoking has been demonstrated to affect transient longitudinal
growth in infants, due to the effect of cadmium content of tobacco. Additionally,
committed IR-MS measurements have been provided for some members of the CRP,
and the remaining cases are underway.

d) Mexico. Infrared (IR) spectroscopy technique was established to apply the deuterium
dilution method to measure maternal milk production and body composition. In
addition, IR-spectroscopy was validated against IRMS. The body fat proportion of
women from Central Mexico was lower than of those from Northern Mexico,
suggesting that the last ones were able to breast-feed longer. Effect of breast-feeding
on nutritional status of adolescent mothers is still in process.

e) Pakistan. The D2O methodology was successfully established and has been applied to
quantify the breast-milk intake of infants. Simultaneous growth monitoring of breast-
feeding infants and the effect of maternal body composition on breast-milk output is
being studied. The follow up data needs to be collected and compiled in order to
conclude the study.

f) Peru. The isotopic methodology for measurement of breast-milk intake has been
established and compared with the test weighing technique. Validation of IR-
spectroscopy is underway. The second phase of this study (to assess the efficacy of
the community trial), needs to be completed.

g) Venezuela. Vitamin A status and body composition of mothers as well as the
nutritional status of infants have been assessed. A 6.3% of mothers were vitamin A
deficient and 11 % were undernourished at the beginning of the lactating period.

3. CONCLUSIONS

The main conclusions of the studies are summarised in the following points:

a) Deuterium dilution has been established for measuring breast-milk intake and body
composition using both IR-spectroscopy or IRMS according to the available equipment
in different countries. Other nuclear methods have been utilised to evaluate
micronutrient content and bioavailability of iron.

b) The isotopic methodology has been applied to estimate breast-milk intake and was
related to maternal nutritional status and infant growth.

c) This methodology was also applied to compare breast-milk intake evaluated by
observational methods and test weighing technique.

d) The studies have confirmed that maternal nutritional deficiencies do not impact the
volume of breast-milk, but have an effect on milk composition and eventually on
infant growth (weight or height). Maternal nutritional status may be compromised at
the end of lactation, endangering mother's health and further offsprings.



e) Isotopic methodology has legitimated the utilisation of observational methods in
epidemiological studies, so that the results of the nutritional counselling obtained by
the further method, can be fully trusted. These results are of great importance for the
recently implemented WHO- Integrated Management of Childhood Illnesses Course
(IMCI). Nutritional counselling content of IMCI was also demonstrated to be valid.

f) A new iron fortified cow's milk product has been proven to be a useful tool in
preventing weaning period anaemia.

4. PUBLICATIONS AND PROCEEDINGS

a) BOCCIO, J.R., ZUBILLAGA, M.B., CARO, R.A., LYSIONEK, A.E., SALGUEIRO, M.J.,
CALMANOVICI, G.P., SARABIA, M.I., WE1LL, R., Microencapsulated ferrous sulfate
to fortify cow milk: Absorption and distribution in mice, J. Nutr. Sci. Vitaminol, 44
(1998) 381-389.

b) LYSIONEK, A.E., ZUBILLAGA, M.B., CALMANOVICI, G.P., SALGUEIRO, M.J.,
SARABIA, M.I., BARRADO, A.D., CARO, R.A., BOCCIO, J.R., Modification of the
ferrozine technique to analyze iron contents in different foods. Comparative study by
the use of an internal standard as reference methodology, Biol. Trace Elem. Res. 65
(1998) 87-94.

c) PAEZ, M., SANCHEZ, A., LLOEVERA, D., MARINO, A., PONTILS, M., YEPEZ, C ,
TERAN, D., Retardo de crecimiento intrauterino y su asociacion con variables
matemas. Ciencia e Investigacion en Salud, 1998; Vol III No. especial.

d) SALAZAR, G., et ai, Maternal smoking effects on infant growth, Rev Med Chile, 126
(1998) 1059-1064.



TABLE I. LIST OF PROJECTS WITHIN THE CRP

Name

Jose Boecio

Ina dos Santos

Gabriela
Salazar

Ana María
Calderón de la
Barca

Rakhshanda
Bilal

Hilary Creed-
Kanashiro

María
Concepción
Páez Valéry

Institute/Country

Laboratorio de Radioisótopos

Facultad de Farmacia y
Bioquímica. Universidad de
Buenos Aires, ARGENTINA

Universidade Federal de
Pelotas, Rio Grande do Sul,
BRAZIL.

Institute of Nutrition and
Food Technology (INTA).
Universidad de Chile,
Santiago, CHILE

Centro de Investigación en
Alimentación y Desarrollo,
A.C. Hermosillo, Sonora,
MEXICO

Pakistan Institute for
Nuclear Science &
Technology, Islamabad,
PAKISTAN

Instituto de Investigación
Nutricional, Lima, PERU

Centro de Investigaciones en
Nutrición. Universidad de
Carabobo, Valencia,
VENEZUELA

Contract No.

ARG-9379

BRA-10026

CHI-9380

MEX-9381

PAK-9940

PER-9382

VEN-9383

Title of Project

Bioavailability of a
new iron source used
in the fortification of
fluid cow's milk.
Importance of its use
in children after their
nursing.

Use of the isotope
method to measure
breast-milk intake

Maternal smoking
effects on infant
growth

Safeguarding
nutritional status of
adolescent mothers

Establishment and
application of D2O
dilution method for
measuring the breast-
milk intake of
Pakistani infants

Use of deuterium
oxide to measure
breast-milk intake in
children aged 7 - 1 2
months receiving
complementary foods

Maternal nutritional
status, breast-milk
production and
newborn growth and
development



TABLE II. GENERAL SUMMARY OF PRESENT STATUS OF THE STUDIES

EXPECTED

a) The establishment of the
use of stable isotopic
method for the
measurements of breast
milk intake in infants

b) To build on existing
facilities for isotopic
measurements and
develop others

c) To apply the methods to
investigate national and
international nutritional
problems (see activities
Table 3)

PRESENT STATUS

a) Use of method has commenced in all countries. The
analytical facility of IRMS is available in CHI and PAK,
whereas IR is available in MEX and PER

b) Existing facilities in CHI-9380, MEX-9381, PER-9382
are being utilized. A new IRMS has been installed in
Chile; ARG-9379 and VEN-9383 are utilising technical
expertise in Chile, and validation studies from PER and
MEX. BRA -10026 was provided with technical
assistance from UK. PAK-9940 was able to utilize the
analytical established facility for hydrology to do the •
life science work.

c) Programmes using the isotopic methodology has
commenced in all participating countries and is being
utilized for national and international (regional) maternal
and child health problems.



TABLE III. SUMMARY OF INDIVIDUAL CONTRACT HOLDER'S PROGRESS

Expected

Full membership of CRP and exclusively
Latin American participation

Research Agreement

ARG-9379. Bioavailability of a new iron
source used in the fortification of fluid
cow milk, importance of its use in children
after their nursing

BRA-10026. The use of isotope method
to measure breast-milk intake

CHI-9380. Smoking effects on milk's
micronutrient content and infant growth

MEX-9381: Safeguarding nutritional
status of adolescent mothers

PAK-9940. Establishment and application
of deuterium dilution method for
measuring breast-milk intake in Pakistani
infants

PER-9382. Use of deuterium oxide to
measure breast-milk intake in children
aged 7-12 months receiving
complementary foods

VEN-9383. Maternal nutritional status,
breast-milk production and new-born
growth and development

Present status

Argentina, Brazil, Chile, Mexico, Peru,
Venezuela and Pakistan are CRP members.
The Pakistani investigator has worked in
Latin America.

Dunn Nutrition Centre provided assistance
to BRA-10026 for analyses.
Chile provided analytical services to ARG,
VEN and validation study for MEX and
PER.

Iron bioavailability studies in animal models
as well as in human beings were
completed. Iron intake by the ingestion of
breast milk intake was 50% performed.
Effect of iron-fortified cow's milk on iron
nutrition status in children was determined.

The study is concluded and results
reported.

The study has been completed and results
reported. Measurements of IRMS for other
countries in CRP, to be completed soon.

A 80% of the study has been completed.
The remaining 20% of samples are
currently underway to be collected or
analysed.

The D2O methodology is now established
and is being used to determine the breast-
milk intake of infants . Further recruitments
are being made and follow up needs to be
completed.

Field work of pilot study is completed.
Some problems with analytical system
were partly resolved and the
standardization of the methodology to
determine breast milk intake has to be
completed, with the technical-assistance of
Chile.

50% of the field work has been completed
and the analyses are being conducted.
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ALTERNATIVES TO ISOTOPE RATIO MASS SPECTROMETRY FOR THE
MEASUREMENT OF DEUTERIUM CONTENT OF BODY WATER

LESLIE J.C. BLUCK, Medical Research Council Resource Centre for Human
Nutrition Research, Downhams Lane, Cambridge, CB4 1XJ, U.K.

INTRODUCTION

The measurement of breast milk intake using the isotope dilution techniques is
now well established. The methodology involves the administration of a bolus of tracer
followed by observation of the kinetics of its passage though the system. For example
in the popular 'dose to the mother' method [1] a dose of labeled water is administered
to the mother, and over the following days samples of body fluids are taken and the
concentration of tracer determined in order to establish the rate of loss of tracer from
her body. Likewise samples are taken from the breast fed infant in order to determine
the rates of tracer intake and subsequent loss.

Deuterium is the tracer of choice for these experiments since it is non-radioactive,
and therefore suitable for use in these vulnerable subject groups, and also because of its
relative cheapness. Conventionally isotope ratio mass spectrometry (IRMS) has been
used for the determination of the amount of deuterium in the body fluids. However this
methodology is expensive (an instrument might typically cost US$150,000), and it
requires a considerable amount of dedicated technical expertise for its operation.
Consequently such instrumentation is not widely available, and this has limited the
number and scope of studies using this technique.

Recently there have been reports of possible alternative technologies for the
determination of deuterium in body water which appear attractive because of the wider
general availability of the equipment required. It is the purpose of this report to assess
these reported methods for their suitability for breast milk intake measurements.

Gas chromatography/mass spectrometry

Gas chromatograph/mass Spectrometers (GC/MS) instrumentation is widely found
in analytical laboratories. The coupling of the gas chromatograph for chemical
separation with the mass spectrometer for identification and quantitation of the
compounds as they elute from the column has resulted in an almost indispensable tool
for chemical analysis. There are many instruments available with increasing degrees of
complexity, but it is the 'benchtop' instruments which are of concern here. These
instruments use a mass spectrometer which utilises a combination of radiofrequency
and DC electrostatic fields to select ions of a particular mass/charge ratio and transmit
them to the detector. These mass spectrometers use a quite different principle to that
employed in IRMS methodology. Benchtop GC/MS spectrometers are capable of being
used over a much wider mass range, but are much less precise than their IRMS
counterparts.

A typical benchtop GC/MS system, like that shown in Figure 1, will cost about
US$75,000, the price including a data system and an autosampler. The considerable
amount of automation now built into these instruments, allowing them to operate
unattended while performing triplicate or more analyses of up to 200 samples, makes
them extremely cost effective and attractive for high volume studies. The major
consumable is high purity helium (or hydrogen) gas for the GC. Maintenance is low for
'clean' samples, involving periodic cleaning of the GC injector assembly and (less
frequently) cleaning of the mass spectrometer ion source.
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There are a number of companies (for example Hewlett Packard, Perkin Elmer,
Shimadzu, and Thermoquest) supplying a high volume of such instruments, and spares
distribution and service networks are generally well developed worldwide by all the
major manufacturers. However not every benchtop instrument is suitable for isotope
ratio work. The mass selectors used in these instruments fall into two distinct types -
the conventional quadrupole mass filter and the more novel ion trap. Although the latter
is rapidly becoming more popular due to its claimed increased sensitivity, the ion trap is
not suitable for isotope analysis. Quadrupole instruments should be used with an
electron impact ionisation (El) source. It is desirable to have the facility to vary the
energy of the ionising electron beam continuously in the range 10-70eV, but this option
is becoming less common on the grounds of added cost.

The properties of the capilliary column on which compound separation takes place,
and which is used to introduce the sample into the mass spectrometer make it
impossible to analyse body fluids directly. Aqueous samples are extremely damaging to
these columns, and so some method of presenting the hydrogen to be analysed in a
form other than as water must be employed. Recently two different approaches have
been proposed:- chemical transformation to a compound suitable for GC analysis, and
the exchange of hydrogens from water onto sites of other organic compounds.

Chemical transformation - the 'acetylene' method

The use of metal carbides to generate acetylene from water for determination of
deuterium content has been proposed many times in the last few years. Most recently
Previs et al [2] have proposed a GC/MS method for body water measurements using
this chemistry. Their method is to put an excess of CaC2 into a sealed tube fitted with a
septum, and then to inject the aqueous sample. The water is decomposed according to
the equation

CaC2 + 2H2O -» Ca(OH)2 + C2H2

The headspace gas is then injected into GC/MS, and acetylene measured at
m/z = 26 and 27Da. Ion molecular interactions can cause protonation of the molecular
ions within the GC/MS ion source, giving an enhanced signal at m/z = 27. The authors
claim that the severity of this effect depends upon the cleanliness of the ion source, but
can be largely overcome by reducing the energy of the ionising electrons from 70eV to
~40eV. However such effects are likely to be highly dependent on source design, and
an investigation would have to be conducted to find the correct conditions for the
particular instrument being used.

Although the reaction appears to take place almost instantaneously it is our
experience that in order to get the correct isotopomer* ratios it is necessary to wait at
least six hours between adding the sample to the calcium carbide and performing the
GC/MS analysis. The calcium carbide obtained from the usual sources tends to suffer
from the presence of impurities, and for this reason it has been suggested that lithium
carbide is more suitable [3].

A more serious drawback to this methodology is the presence of interfering
isotopomers due to naturally occurring 13C. This is most readily appreciated by
considering the distribution of isotopomers at natural abundance. As Table I indicates
the natural ratio of m/z = 27/26 is 2.204%, of which only 0.029% is due to

Isotopomers are molecules of the same chemical species but with differing isotopic composition. Thus
'H^O^C'H and ^ C ^ C ' H are both isotopomers of acetylene, the former with a molecular weight of 26, the
latter with one of 27.
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incorporation of deuterium. The precision of the GC/MS measurement of isotopomer
ratios under the best conditions has been found to be about ±0.025%, and so in
practice the limit of precision of this method is about 150ppm of deuterium. This is to
be compared with the maximum permissible enrichment of a subjects body water which
is probably limited to about 2000 ppm on ethical grounds.

Clearly the precision of the acetylene method is insufficient for human studies
without considerable refinement, possibly beyond the scope of current instrumentation.
The method may, however, have some use in animal or in vitro work where deuterium
fractional abundances in the range of 5,000-10,000ppm are possible.

Deuterium exchange - the acetone method

The polarity of the hydroxyl groups of many organic compounds is high enough to
allow exchange of the hydrogen with those of solvent water molecules via hydrogen
bonding. Since the water is in excess then the original isotopic composition of the
exchanging hydrogens of the organic is insignificant, and an equilibrium is reached
where the deuterium content of the organic molecule reflects that of the water sample.
The organic compound can then be analysed using GC/MS techniques.

In practice most hydroxyl bearing compounds are unsuited to gas chromatographic
separation without chemical modification because of the high reactivity of the polar
groups at the temperatures required for good chromatographic performance. To avoid
decomposition of the compound these functional groups are usually converted to
thermally stable entities, which invariably involves removing the hydrogen carrying the
isotopic information required. For exchange methods to be practical it is necessary to
find a method of exchanging hydrogens onto thermally insensitive sites.

One possible method is to use the action of keto-enol tautomerism. The organic
chosen should contain a carbonyl at a carbon adjacent to a chain terminating methyl
group. A canonical form of this grouping structure is an hydroxyl attached to a carbon
which is also attached to an unsaturated bond, although the molecule can be regarded
to be in this form for only a small fraction of the time. However it is sufficient for
hydrogen exchange with water to occur, the molecule then reverting to the ketone form
with the exchanged hydrogen safely attached to a carbon atom at a thermally stable
site. The process is shown schematically in Figure 2.

Yang et al [4] have successfully employed such exchange between water and
acetone under strongly alkaline conditions. In their method 1ml of the aqueous sample is
mixed with 2|ul 10M NaOH and 0.2^.1 acetone and incubated overnight. The acetone is
then extracted with chloroform of with hexane and the resultant solution dried and
injected into the GC/MS. There is again a possibility of ion-molecular interference in the
ion source, and it may be necessary to operate at extremely low electron energy,
perhaps as low as 10-15eV.

Acetone contains three carbon atoms, and might be expected to suffer from the
same interference from unwanted isotopomers as was found for acetylene. However
the commercial availability of universally labelled 13C acetone allows such effects to be
eliminated. The compound has six hydrogens available for exchange, and thus in the
absence of mass discrimination due to isotope effects the isotopomer ratio in the
acetone should be enhanced threefold over that in the original water.

Results on standard waters at HNR have shown that there is little in the way of
isotope discrimination, and that the normal error in measuring isotopomer ratio of
±0.025% translates into an error in deuterium abundance of around 40ppm. Whilst this
10



is still large compared with the IRMS gold standard it is approaching the useful range for
breast milk intake measurements. It is felt that the method warrants further
investigation, and currently we are making attempts to refine the methodology.

Fourier Transform infra-red spectrophotometry

Infra-red spectrophotometric techniques for the analysis of deuterium in water
have been used by many workers. Absorbance in the infra-red region of the spectrum is
due to molecular vibrations. Water exhibits three vibrational modes, which to a first
approximation can be regarded as modes of vibration of the O-H bond. The energy of
the vibration is proportional to the square root of the reduced mass of the atoms
between which the bond is made. The effect of substitution of deuterium for hydrogen
gives the biggest effect of any isotopic substitution, causing a shift to lower energy by
a factor of about 1.37. This is fortunate since absorption bands for liquids are quite
wide, and so a big shift is needed for adequate resolution of the signals due to the
different isotopes.

The infra-red spectra due to O-H and 0-D bonds are shown in Figure 3. In practice,
since the fraction deuterium present is very small (~1000ppm maximum), and since the
dynamic range of the detectors used is insufficient to allow accurate measurement of
the intensities of the peaks due to O-H and O-D in the same sample only the intensity of
the O-D peak is used at a fixed pathlength, and the concentration of deuterium
estimated using the Beer-Lambert law. Unfortunately at the low levels of deuterium
encountered the O-D signal appears as a small peak superimposed on the wings of the
peak due to the O-H bond. Furthermore atmospheric CO2 causes a sharp doublet on the
low energy side of the O-D signal. The consequences of these two effects is to make
the estimation of the baseline under the O-D peak difficult to estimate.

This problem is made more difficult if the intensity of the O-D signal is measured
at a single wave number. Infra-red instruments with optical systems based on dispersive
elements (prisms or gratings) can scan the spectral range required, but the scan rate is
slow. This methodology is not employed in more modern infra-red spectrophotometers.
Instead these use the Fourier Transform (FTIR) method. Infra-red radiation from the light
source impinges on a beam splitter, where half is reflected to a fixed mirror, whilst the
remainder is transmitted to a moving mirror, which oscillates with a period of around
one second (Figure 4). When the radiation from these two mirrors is recombined it
interferes providing a source of infra-red light which has a spectral composition
periodically modulated by the position of the moving mirror. This radiation is then
passed through the sample, and the absorption pattern measured as a function of the
moving mirror displacement. This output contains all the information regarding the
conventional absorption spectrum of the sample, which can be recovered by the
mathematical process of Fourier transformation.

FTIR instruments have many advantages over their dispersive counterparts. In
particular they provide a very fast method of scanning, a whole spectrum being
recorded for each period of the mirrors movement. The addition of visible laser radiation
to that from the infra-red source allows high stability operation, and in particular
eliminates frequency drift so that multiple spectra can be summed. An added advantage
is that since a large aperture can be used at the light source and there is no analogue of
the resolving slit all the radiant energy is used giving a very high signal to noise ratio for
the spectra recorded.

As is the case for GC/MS instrumentation FTIR equipment is now very common
and is widely available from a number of manufacturers. An instrument like the one
illustrated in Figure 5 typically costs US$30,000 including the data system, and is
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virtually maintenance free. The only routine work is the changing of a dessicant pack
which protects the optics, normally on a weekly basis, but more often in environments
with high humidity.

For determination of deuterium in body water it is best if each sample is read
against a basal sample. A reference calibrant is made up by adding pure D2O to local tap
water. If the absorption spectrum of the tap water is subtracted from that of the
reference then the instrument is calibrated directly in terms of ppm excess of deuterium.
Body water samples can be treated in the same way, but in this case the spectrum
subtracted should be the basal (time 0) body water sample. The facility to perform this
background subtraction is included in the instrument's software, and to facilitate the
measurement further an automated sample shuttle can be supplied to automatically
place first the basal (background) sample in the beam for measurement, followed by the
sample, without the operator having to open the spectrometer sample compartment.

A mathematical method for comparing the spectrum of calibrant and sample which
automatically fits baselines to the peaks has been described in the literature (5). This
method is now available as a programme"1" which runs under Microsoft Windows on the
same data system as supplied with the instrument, and operates directly on text files
generated by the FTIR vendor. Since most manufacturer export files in slightly different
formats from each other the HNR software must be pre-configured to match the
instrument being used. At present this can be done for instruments made by Thermo
Unicam and Shimadzu.

The amount of sample needed is about 100(il. If saliva samples are used there is
little sample preparation. The sample should be frozen as soon as possible after
collection, and thawed just prior to analysis. Brief centrifugation is all that is required
before the supernatent is transferred directly to the sample cell of the instrument (For
more details see reference [5]). Plasma can be treated in a similar way as can breast
milk, but correction factors need to be applied to account for the presence of dissolved
material. Urine has not yet been analysed successfully in the long term as it is known to
attack the CaF2 windows of the sample cells which we use. If there is no alternative to
using urine then ZnSe or quartz cells may be applicable.

The precision available by this method is about ±3ppm. For breast milk intake
studies by the dose to the mother method we routinely give 30g of deuterium, but there
is ample evidence that this could be halved without detriment to the quality of the
results. Agreement with IRMS is good - in the region 500-700ppm excess the rms
deviation between the two methods is of the order of 10ppm - and there is little bias
evident in comparisons of the methods by Bland and Altman analysis.

Conclusions

Both GC/MS and FTIR offer alternatives to IRMS for the measurement of
deuterium in body water for breast milk intake studies. Of the two techniques FTIR is
the better established, producing sound data at very moderate cost. The drawback to
the method is that it is not automated, and is labour intensive.

GC/MS, on the other hand, is routinely run in a highly automated fashion.
However the methodology for isotope measurement is not so well defined, and lacks
the precision offered by the optical technique. Methods involving exchange are the most

+ "Isotope.exe" available from Dr LJC Bluck, MRC Human Nutrition Research, Downhams Lane, Milton Road,
Cambridge UK, CB4 1XJ
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promising of the GC/MS proposals, and further investigations to refine the current
techniques should be pursued.
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Abstract

Iron deficiency anemia is the most prevalent nutritional deficiency in Argentina,
particularly among infants under 2 years old. At this age the most efficient way to
prevent it is through the daily intake of bioavailable iron in weaning foods. Fluid
cow's milk is the most popular weaning food in our country. Nowadays, it is
possible to fortify this kind of food with 15 mg of iron per liter by a new
technological procedure in which ferrous sulfate is microencapsulated with
phospholipids. Therefore at the beginning we studied the absorption of this novel
iron fortification compound called SFE-171in fluid cow's milk in animal models as
well as human beings. In both cases we found that the absorption values obtained
for iron from SFE-171 were 2 folds higher with regard to the values obtained in the
case of ferrous sulfate in cow's milk. In order to determine the importance that
this fortified milk has in children iron balance after their nursing, we have to
evaluate the iron intake by children near the weaning period. In this way we
standardized the methodology to determine the iron content in breast milk and the
method to determine the breast milk intake. The first part was performed and the

iron concentration in breast milk was 0.56+0.08 \lg/mL, the second part was
started but the experimental phase has to be done. After that we have to
determine the effect of iron-fortified cow's milk has on children iron status.
Preliminary results suggest that the iron fortified fluid cow's milk with this source
of iron produce an adequate iron balance in weaning children.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

The objective of this work is to evaluate the bioavailability of a new iron source
used in the fortification of fluid cow milk in order to determine the importance of its use
in children after their nursing. Iron deficiency anemia is the most prevalent nutritional
deficiency in Argentina, particularly among infants under 2 years old [1]. At this age the
most efficient way to prevent it is through the daily intake of bioavailable iron in
weaning foods. Fluid cow's milk is the most popular weaning food in our country.
Nowadays, it is possible to fortify this kind of food with 1 5 mg of iron per liter by a new
technological procedure in which ferrous sulfate is micro-encapsulated with
phospholipids. In Argentina, as well as in many other countries, cow's milk is the staple
food for infants after weaning; consumption of infant formulas is very low due to
cultural and economic reasons. Cow's milk is consumed every day by infants of all
socioeconomic levels and in amounts ranging from 35 to 45% to their total energy
needs. Cow's milk has great prestige in the population and it is generously distributed to
beneficiaries of governmental and NGOs food assistance programs [2,3]. Therefore,
cow's milk gathers most of the requirements for an ideal vehicle for iron fortification.
However, the fortification of cow's milk with iron is difficult due to alterations in its
sensorial properties produced by the interaction of fortification iron compounds with
lipids and other constituents of cow's milk. Fortification of fluid cow's milk is even more
difficult and until recently no suitable iron compounds were available.
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In order to evaluate the effect of iron fortified cow's milk with this new iron
source has on children iron status after their nursing, we have performed the following
studies:

Standardization of the different methods used to evaluate the nutritional iron
status in animals and human beings: Hemoglobin concentration, hematocrite, free
erythrocyte protoporphyrin and ferritine [4].

Present status: all the study was completed.

Iron absorption studies in experimental animals: These studies were carried out in
mice and the iron sources were labeled with 59Fe. The iron absorption was determined
by the method of the total body measurement [4].

Present status: all the study was completed.

Iron absorption studies in human beings: These studies were carried out in adult
men and the iron sources were labeled with 55Fe and 59Fe. The iron absorption was
determined by the method of the incorporation of absorbed radioactive iron into
hemoglobin [5].

Present status: all the study was completed.

Measurement of the iron intake by means of the breast milk intake:

1. Standardization of the technique to determine the iron content in breast milk by
the ferrozine method [6].

Present status: all the study was completed.

2. Determination of the breast milk intake in children by the method "Dose to the
mother" [7].

Present status:
• The Ethics Committee approved the experimental protocol.
• The assistants involved in the experimental work were trained.

• The experimental work has to be done.

Effect on children iron status by the ingestion of iron fortified cow milk.

Present status: preliminary studies were carried out.

2. METHODS

Standardization of the different methods used to evaluate the nutritional iron
status in animals and human beings. Hematocrit was determined by the micromethod,
the hemoglobin by Drabkin's technique and the free erythrocyte protoporphyrin (FEP) by
means of a ZP Hematofluotometer AVIV Model 206D and serum ferritin by IRMA (8).

Iron absorption studies in experimental animals: These studies were carried out in
mice and the iron sources were labeled with 59Fe. The iron absorption was determined
by the method of the total body measurement [4].

Iron absorption studies in human beings: These studies were carried out in adult
men and the iron sources were labeled with 55Fe and 59Fe. The iron absorption was
20



determined by the method of the incorporation of absorbed radioactive iron into
hemoglobine [5].

Measurement of the iron intake by means of the breast milk intake:

a) Standardization of the technique to determine the iron content in breast milk by
the ferrozine method (6). Samples of 20 mL were taken in the morning from ten
normal women in the fourth month of lactation. They were placed in plastic flask
and frozen at -20°C. Finally the iron content in the samples was determined.

b) Determination of the breast milk intake in children by the method "Dose to the
mother" [7].

3. RESULTS AND DISCUSSION

Standardization of the different methods used to evaluate the nutritional iron
status in animals and human beings: Hemoglobin concentration, hematocrite, free
erythrocyte protoporphyrin and ferritin.

Table I shows the hematocrit, hemoglobin and FEP values for each group. No
statistically significant difference could be found in any of the evaluated parameters.

TABLE 1. HEMATOLOGICAL PATTERNS FOR DIFFERENT ANIMAL GROUPS.

Hematocrit Hemoglobin FEP3

Group % g / dL ^g / dL RBC4

Ferrous Ascorbate1 49.9 ± 0.8 15.2 ± 0.7 70.3 ± 3.8
Ferrous Sulfate1 50.1 ±0 .9 14.9 ±0 .6 69.8 ±4.1
Ferrous Sulfate2 4 9 . 5 ± 1 . 3 15.1 ±0 .9 71.1 ±3.5
SFE-1712 50.1 ± 1.2 15.1 ±0.8 69.6 ± 3.8

All values are expressed as Mean ± SD. None of the cases showed a statistically
significant difference. These hematological results demonstrate the homogeneus iron
state of the different experimental groups. 1 -In water. 2-ln milk. 3-Free Erythrocyte
Protoporphyrin. 4-Red Blood Cell.

The absorption and metabolism of iron is significantly affected by the nutritional
status of the organism for this element. Therefore, it is important to demonstrate in a
comparative study that all the animals have the same nutritional status for this
micronutrient. With this purpose hematological studies were carried out in each animal
of the different groups. As it is shown in Table I, no case showed a statistically
significant difference for any of the studied parameters, demonstrating the homogeinity
of the nutritional status for iron of the different groups [4].

Table II shows the hematological patterns for the volunteers that participate in
the iron absorption studies.

TABLE II. VOLUNTEERS

Age
(y)

Mean 27.73

SD 7.1

IRON STATUS

Weight
(kg)

72.43

10.5

IN THE IRON

Height
(cm)

177.43

7.8

ABSORPTION

Hb.
g/dL

15.03

1.1

STUDY.

EZP1

2 2 . 1 3

5.4

S. F2

ng/mL

145. T
97.8-217.0

: erythrocyte zinc protoporphyrin, mmol/mol heme.
2S.F.: serum ferritin concentration; 3Arithmetic mean; 4Geometric mean.
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In all volunteers the hematological patterns agree with those present in normal iron
status [5].

Iron absorption studies in experimental animals

The absorption values of SFE-171, as well as that of the other iron sources used
for comparative purposes are shown in Table III. The absorption of SFE-171 in milk

(12.1±4.2%) does not differ significantly from the values obtained with the reference

standards, ferrous ascorbate in water (13.3+4.3%) and ferrous sulfate in water (12.7+

3.9%). The absorption of ferrous sulfate in milk (7.7+3.4%) was significantly lower
(p<0.01) than that of the other three groups.

TABLE III. IRON ABSORPTION FROM DIFFERENT IRON SOURCES.

Iron Source Ferrous Ascorbate Ferrous Sulfate Ferrous Sulfate SFE-171
in Water1 in Water2 in Milk3 in Milk3

Absorption % ± SD 13.3 ±4.3 12.7 ±3.9 7.7 ± 3.4* 12.1 ±
4.2

Number of Animals 30 3(3 30 30

1-Molar ratio ascorbic acid/iron = 1. 2-Under nitrogen atmosphere.
3-Heated 30 minutes at 100°C.
*-Value statistically different for the other groups (p<0.01).

The composition of the nutritional matrix of milk induces a strong decrease of
iron absorption. Our experimental results, demonstrate that ferrous sulfate in milk has a
statistically significantly (p<0.01) lower absorption than that of the reference standards
and than that of SFE-171. The iron absorption from this last product has not shown to
be statistically significantly different than in the case of the reference standards. Casein
is one of the principal milk proteins, being a phosphoprotein which oxidizes Fe + + to
Fe + + + , thus producing insoluble compounds in milk which decreases significantly iron

bioavailability. Other milk proteins, like (3-lactoglobulin and Ct-lactoalbumin, both of them
milk whey constituents and none of them phosphoproteins, also decrease iron
bioavailability by a still unknown mechanism. Phosphates and calcium are important
constituents of milk and potential inhibitors of iron absorption. Phosphates produce
insoluble salts principally with Fe+ + + , avoiding consequently its absorption. In the case
of calcium, there are some contradictions with regard to the degree of its inhibitory
effect and the mechanism by which it interferes with the iron absorption (4).

Iron absorption studies in human beings:

These studies were carried out in adult men and the iron sources were labeled
wi th 55Fe and 59Fe. The iron absorption was determined by the method of the
incorporation of absorbed radioactive iron into hemoglobin. The mean value of iron

absorption in the fortified cow's milk with SFE-171 was 1.99% (range±1SD 1.10-3.60)

and the iron absorption of ferrous ascorbate was 8.65% (range+1SD 4.87-15.39). The
iron absorption from SFE-171 in cow's milk was 9.2% when it was standardized to 4 0 %
of the reference dose of ferrous ascorbate. The values of iron absorption percentages
are in agreement with the ones described in individuals with optimal iron nutritional
status; absorption of the fortification compound was approximately one fourth of the
ferrous ascorbate. In individuals with marginal iron nutrition -which is the case of most
Argentinean infants- the absorption of the reference dose of ferrous ascorbate is about
4 0 % of the given dose. If percentages of absorption in this study are corrected
according to such percentage, the iron of the fortification compound would be absorbed
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9.2%, meaning that only with the ingestion of 700-750 mL/day fortified milk (15
mgFe/L) children could incorporate 1 mg/day of iron, which is their requirement. If we
considered that the iron absorption from ferrous sulfate in cow's milk is about 4% the
value of iron absorption obtained in the case of SFE-171 in cow's milk (9.2%) is 2.3
folds higher. This result allow to conclude that the iron from ferrous sulfate
microencapsulated with phospholipids has a good bioavailability and it is an effective
alternative for the fortification of fluid cow's milk without affecting its shelf life and
sensorial properties [5].

Measurement of the iron intake by means of the breast milk intake:

1. Determination of the iron content in breast milk by the ferrozine method [6].

• The methodology to determine iron content in breast milk was standardized [6].
• The mean value of iron concentration found in the breast milk sample was 0.56

±0.08 |Llg/mL, this value agree with the normal values found in the bibliography.

2. Determination of the breast milk intake in children by the method "Dose to the
mother".

• The Ethics Committee approved the experimental protocol.
• The assistants involved in the experimental work were trained.
• The experimental work has to be done.

Effect of iron fortified cow's milk on children iron status.

The preliminary results suggest that the iron from fortified fluid cow's milk with
SFE-171 have an adequate bioavailability. When this fortified milk is administered to
children their iron balance reach its normal value.
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Abstract

A study to test the efficacy of the nutrition counselling (NC) contents of
Integrated Management of Childhood Illnesses Course (IMCI, WHO/UNICEF),
funded by WHO, was planned and conducted in Pelotas (southern Brazil). The
study was a single-blind randomized controlled trial with the random allocation
of 14 municipal health centres to receive the NC training and 14 other centres
to the control group (current nutrition counselling, if any). The study included
testing the knowledge of doctors, observing consultations and visiting the
children at home 8, 45 and 180 days after the initial consultation. Dietary
intakes were studied on a sub-sample of 66 children (two per health care
provider), through daylong observations. Breast milk intake was assessed by
the frequency and duration of feeds. The deuterium study was carried out in
the same population to validate breast milk intake estimates.

The deuterium study was a cross-sectional assessment of breast milk intake
among those children enrolled in the day long sub-sample. From the 66 children
visited by the day long study, 18 were still breast fed and were selected for the
deuterium study. A total of 11 saliva samples were collected from each
mother/child pair at a 15-day interval: four from the mother (on days 0, 1, 6
and 14) and seven from the child (on days 0, 7, 2, 5, 6, 13, and 14).

The Pearson correlation coefficient comparing the amount of milk as estimated
by observation and the amount calculated through the deuterium technique
(gold standard) was equal to 0.53. This result indicates that the estimates
based on the frequency and the duration of breastfeeding through observation
correlated to the results of the gold standard method for breast milk intake
assessment, although this correlation was of moderate strength. As the gold
standard, the deuterium method showed to be practical and easily to perform at
field setting.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

The World Health Organization and UNICEF have developed a training course on
the Integrated Management of Childhood Illnesses (IMCI). One of the course's modules
- "Counsel the Mother" - consists mostly of nutritional counselling topics, covering
infant and child feeding practices [1] in an attempt to improve compliance with WHO'S
feeding recommendations [2]. It includes advice on frequency of breastfeeding, quality
of complementary feeding, active feeding behaviours and on avoidance of certain
feeding utensils (e.g., baby bottles). A second module, "Management of the Sick Young
Infant", covers the assessment and management of breastfeeding problems.

A study to test the efficacy of the nutrition counselling (NC) contents of
Integrated Management of Childhood Illnesses course, funded by WHO, was planned
and conducted in Pelotas (southern Brazil). Pelotas is a city located in a relatively
wealthy area of the country where food availability is not an important concern, a factor
that would remove one of the potential barriers to the intervention. In addition, the
average maternal schooling is 6.7 years and fewer than 5% of the mothers are illiterate.
Despite these characteristics, 9.8% of newboms have a low birth weight. In the lowest
income group - which comprises the infants who are most likely to use public health
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services - the average weight gain in between 6 and 12 months is 1.88 kg, or almost
500 g less than what would be expected with the NCHS reference [3]. These findings
show a clear problem in the weaning period suggesting that a nutritional counselling
intervention was warranted.

The city government runs a primary care system with health centres that were
used for the study. The study was restricted to children aged under 18 months because
this is the phase of life in which breastfeeding is most important, and when the timely
introduction of complementary foods is essential [4] and this is when nutritional status
is most likely to change [5].

The general objective of the study was to test the efficacy of the nutrition
couselling (NC) contents of IMCI under field conditions and to provide specific advice on
how it may be improved. A short summary including aspects of the methodology and of
the results of the intervention study is presented below.

The deuterium study was nested to the intervention in order to validate breast
milk intake estimates as calculated through a methodology developed in Bangladesh [6].

2. METHODS

2.7. The intervention study

2.1.1. Study design and randomization

The study was a single-blind randomized controlled trial, with the randon
allocation of 14 municipal health centres to receive the IMCI nutrition counselling (NC)
training and 14 other centres to the control group (current nutrition counselling, if any).

The training material (Counsel the Mother and Management of the Sick Young
Infant modules) [1,7] was first translated and adapted to local conditions according to
the WHO Adaptation Guide, section D. A group of three facilitators were trained on
course content and on how to teach the course for the medical doctors.

2.1.2. The intervention

Previous studies in the same area identified the lack of exclusive breastfeeding in
first four-six months of life and the early cessation of breastfeeding as the main
problems in breastfeeding [8,9]. For the remaining children, the main nutrition problems
identified were the use of monotonous complementary diets, that were low in energy
and in iron.

The planned intervention aimed to deal with those most prevalent nutritional
problems in accordance with WHO guidelines for child feeding practice. A "Mother's
Card" (attached) was developed to assist the health care provider in the counselling
process, summarizing the key feeding information to be discussed with the mother.

2.1.3. Outcome measures

The following outcomes were compared between the two groups, by observers
who were blind to the intervention or control group status of health care providers,
mothers and children: health care providers' knowledge about NC and practices
(counselling skills); maternal knowledge about basic NC recommendations; maternal
ownership of Mother's Card and understanding of its contents; maternal satisfaction
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with health care; maternal compliance with recommended feeding practices (including
exclusive breastfeeding for 4-6 months, complementary feeding after 6 months, types
of complementary foods and meal frequency); child's dietary intake; and weight and
length gains. These quantitative outcomes were complemented by an ethnographic
study.

2.1.4. Data collection

Health care providers in both groups had their knowledge on NC tested through a
questionnaire 30 days after training. Three consultations with each health care provider
(in both groups) were observed using structured instruments, covering key counselling
behaviours. This assessment took place shortly after the training course and 180 days
later. The observations were complemented by an in-depth interview with each health
care provider in the intervention group to understand the factors that facilitate or hinder
adoption of the recommended behaviours.

Three home visits took place 8, 45 and 180 days after the initial clinic
attendance. Ownership of the Mother's Card (or the combined Growth and Vaccine
Card, for the control group) and the proper understanding of its contents were assessed
at 8, 45 and 180-day visits. Satisfaction with the care received was assessed in both
intervention and control groups, at the 8 and 45-day visits.

Compliance with the recommended feeding practices was assessed at home
through interview and observation during the three visits (8, 45 and 1 80 days after the
first attendance). Children were weighed naked using electronic scales with an accuracy
of 100 g (UNICEF, Copenhagen, Denmark) and their supine length measured to the
nearest mm using especially designed length boards (AHRTAG baby length measures;
London, UK). Standardized procedures were used in all measurements [10]. Dietary
intake was assessed during the three home visits with a 24-hour semi-quantitative
recall, including frequencies and approximate portions of all eaten food.

For a sub-sample of 66 children (two per health care provider), a daylong visit
was paid in which all the food consumed by the child was weighed, using methods
developed in an earlier local study [11]. Breast milk intake was assessed by the
frequency and duration of feeds, using methods developed in Bangladesh [6] .This sub-
study took place about 45 days after enrollment. Using local food composition tables
results of the semi-quantitative and of the food weighing studies were translated to
energy and protein intake. The frequency of consumption of the recommended food was
also assessed for the preceding 7 days. The deuterium study was carried out among
those still breastfeeding by the time of the daylong study.

In-depth interviews and observations by an anthropologist with 17 mothers, one
from each health care provider in the intervention group, were conducted. Each mother
was visited four times, starting soon after the initial attendance. This ethnographic
study addressed factors that facilitated or constrained compliance with the counselling
provided. These mothers and children were not included either in the main study or in
the other sub-studies, to avoid interference with feeding practices.

2.1.5. Sample size

The units of randomization were the health centres. For sample calculations, the
significance level was set at 5% (one-tailed test) and the statistical power at 80%. Two
major outcomes were considered: the proportion of health care workers with adequate
knowledge of NC and the average weight gain in a six month period. The study was
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able to detect a difference in health care workers' knowledge of NC between 30% (in
the control group) and 75% (knowledgeable health care providers in the intervention
group). The study was also able to detect differences between 10 and 53%; 20 and
65%; 40 and 84%; and 50 and 92%.

According to the NCHS reference [12], the average boy gains 2.4 kg between 6
and 12 months, and the average girl 2.3 kg. Weight gain in the first six months is
faster. Data on the average weight gain by health centre are available from a population-
based birth cohort study carried out in Pelotas in 1993 [13]. The average weight gain
for both sex, per health centre, ranged from 1.7 to 2.3, showing that in most areas this
was below the NCHS reference. The standard deviation between health centres was
0.17 kg. Sixteen health centres in each group were needed for detecting a difference in
weight gain of 150 g. Sample sizes were calculated on the basis of health centres in
each group (intervention or control) which were the units of randomization. Since data
analyses were to be carried out using multi-level modelling, a substantial increase in
statistical power was expected.

2.1.6. Data analysis

The data from different forms were entered twice using Epi-lnfo and checked for
range and consistency. Data analyses took place with SPSS and MLn. The ZY-lndex
software was used in the ethnographic analysis. The intervention and control groups
were compared in terms of baseline indicators (at 8-day visit) including child health and
nutrition, and socio-economic variables [14]. Any differences between the two groups
that had occurred in spite of the randomization process were adjusted for. The two
groups were then compared in terms of the outcome measures described above. All
analyses were planned to be carried out using multilevel modelling. The highest
hierarchical level was the health centre, the second level the health care provider (as
there could be more than one per centre) and the third, the mothers and children. This
approach ensured that the interdependence between children attending the same centre
was taken into account. The initial analyses showed that only four health centres had
more than one doctor, and that the effect of the health centre level was therefore
negligible. The multilevel modelling, thus, considered only the doctor and the child
levels.

2.1.7. Ethical aspects

The study complied with the International Ethical Guidelines for Biomedical
Research Involving Human Subjects [15]. Since children in the control group continued
receiving routine nutrition advice, the study was ethically sound. Also, anthropometric
research involves a "minimal risk". The study protocols were cleared by the Ethical
Committee of the Federal University of Pelotas. Individual informed consent was
obtained from the parents of children enrolled in the study and children with signs of
severity were referred to appropriate care.

2.1.8. Main results

The effect of the intervention on child growth was most marked among children
who entered the study after completing one year of age. Weight gain between the first
and the third follow-up was significantly higher in the intervention group (1.58 kg) than
in the control group (1.22 kg). The difference in weight for age z-score (WAZ) gain was
also statistically significant (0.44 and 0.08 z-score gains, respectively).
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Children in the intervention group grew 6.04 cm while those in the control group
grew 5.12 cm during the study. This difference was not statistically significant.
Compared to the NCHS reference, the intervention group gained 0.24 z-score on
average, while the control group grew less rapidly than the reference (average change
of -0.13 z-score). However, this difference was not statistically significant.

The average weight for height z-score gain was also significantly higher among
children of the intervention group who entered the study with 12 months or more (0.31
versus 0.12).

2.2. The deuterium study

2.2.7. Study design

The deuterium study was aimed at validating the information reported by
mothers on breast milk intake during the daylong study. It consisted of a cross-sectional
assessment of breast milk intake among children enrolled in the main study.

2.2.2. Sample size and data collection

The daylong study took place immediately after the second follow-up (45 days
after enrollment at the intervention). From all children visited by the daylong study,
those still breastfed were selected and their mothers asked to participate in the
deuterium study. As part of the daylong study, mothers were first explained about the
limitations of assessing breast milk intake. The test-weighing technique, in which
children were to be weighed before and after breastfeeding, day and night, for a 24-
hour period was explained in first place. Giving emphasis to the practical advantage
over the test-weighing technique, the deuterium method was then explained. After
verbal agreement, written consent to take part in the study was obtained.

A baseline sample of 2 ml of saliva was collected from the mother and child on
day zero (the day after the daylong study). Small pieces of cotton wool were placed
inside their mouth for the time needed to collect sufficient sample (2 ml of saliva). The
absorbed wool was then put in a syringe and was squeezed so that the saliva could be
transferred to a measuring glass. After collecting the first sample of saliva from the
mother (day 0), she received an standard oral dose of 10 grams of heavy water with
enrichment of 99.8%.

A total of four samples were collected from the mother (days 0, 1, 6 and 14)
and seven from the child (days 0, 1,2, 5, 6, 13, 14) in a fifteen-day period. Pre- and
post-deuterium samples were collected only after ascertainment that neither the mother
nor the child had fed in the previous two hours. During transportation from the field
(child's household) to the research center to be stored in a domestic freezer (medium
temperature -20°C), saliva samples were kept in an ice-container handbag. Deuterium
determination was made through isotope ratio mass spectrometry (The Dunn Nutrition
Unit, University of Cambridge, UK)

Both the mother and the child had their weight and height or length measured.
The field work was done by three trained nutritionists. Training consisted of learning on
interview technique and on practical sections at a health centre to collect saliva samples
from mothers and children attending routine medical care.
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2.2.3. Data analysis

The data from different forms were entered twice using Epi-lnfo and checked for
range and consistency. Data analysis took place with SPSS. The Pearson correlation
coefficient comparing the amount of breast milk as estimated by the daylong study and
the amount calculated through the deuterium technique was calculated.

3. RESULTS

From the 66 children visited by the daylong study, 18 were still breastfed (11
from the intervention and 7 from the control group) and asked to participate in the
deuterium study. There were no refusals and all mother/child pairs completed the entire
follow-up.

Table I shows weight and height of children enrolled in the study, by the time of
the second follow-up (about 45 days after enrollment at intervention ). Thirteen of the
18 children were boys, and most of them (11 out of 18) were from the intervention
group.

Due to problems on packaging, samples from four mother/child pairs [3 from the
intervention (MB1, MB8, and MB10) and 1 from the control group (MB5)] were lost
during transportation to the laboratory. Table II compares the amount of breast milk as
estimated by Brown 's methodology and by the isotopic technique. The mean difference
between the two measures was of +44.1 grams.

The Pearson correlation coefficient comparing the amount of breast milk as
estimated by the daylong study and the amount calculated through the deuterium
technique was equal to 0.53.

4. DISCUSSION AND CONCLUSIONS

Accurate assessment of the amount of breast milk intake is essential in the study
of nutrient consumption by breastfed children. Quantification of infant's consumption
of breast milk has traditionally been calculated by the test-weighing technique.
According to this technique, the difference in an infant's weight before and after
nursing (test-weighing technique) has been assumed to consist in the amount of milk
consumed. Although methodologically simple to perform the test-weighing technique is
logistically complicated when applied at field settings for 24-hour periods. As a result,
more simplified methods suitable to use at field settings have been developed. The
prediction of the amount of breast milk consumption according to the age of the infant
and to the frequency and duration of feedings [6] is one among the proposed
methodologies. The intervention study used this indicators to estimate breast milk
intake among breastfed children.

Many studies have compared the dose-to-mother method to measure breast milk
intake by deuterium dilution [16] to the test-weighing technique [17- 20]. The results of
those studies provided strong evidence that similar estimates of consumption were
obtained by the two methods.

This study assumed that the deuterium technique is equivalent to the test-
weighing methodology and so, the estimates obtained through observation and maternal
report of frequency and duration of breastfeeding have been compared to the
consumption estimated by the isotopic method (the gold standard). The Pearson
correlation coefficient comparing the amount of breast milk as estimated by the daylong
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study and the amount calculated through the deuterium technique was equal to 0.53.
This finding indicates that, in this study, the estimates based on the frequency and the
duration of breastfeeding through observation correlated to the results of the gold
standard method for breast milk intake assessment, although this correlation is of
moderate strength.

Reasons for differences in estimates between observation and deuterium method
may be inherent to their methodology. First, the deuterium method gives an average of
consumption of 14 days; the observation method relates to one only day. Second, the
estimate of the observation method relates to a day not included in the 2-week period
assessed by the deuterium method (actually it refers to the day before the day 0 of the
deuterium study). And third, the time the child spends in the breast does not necessary
mean that he/she is suckling so that breast milk intake may be overestimated.

The reduced number of children imposed by the study methodology did not allow
a more detailed exploration of sensitivity and specificity of the observation method. The
correlation of the results obtained by the two methods, however, suggests that,
although the observation method does correlate moderately with the deuterium method,
its results should be interpreted with caution. Individual level estimates can lead to
substantial error, but for the sample, the average estimates were very similar, indicating
that observation is useful for epidemiological studies.
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TABLE I. DEMOGRAPHIC AND ATHROPOMETRIC CHARACTERISTICS OF CHILDREN
ENROLLED IN THE DEUTERIUM STUDY. PELOTAS, BRAZIL, 1998.

Pair

MB1

MB2

MB3

MB4

MB5

MB6

MB7

MB8

MB9

MB10

MB11

MB12

MB13

MB14

MB15

MB16

MB17

MB18

Sex

M

M

M

M

M

F

F

M

M

M

M

M

F

F

M

M

F

M

Age (months)1

7

9

2

4

3

2

2

3

6

5

5

3

2

2

3

10

12

2

Weight (kg)2

8.50

9.70

5.40

7.00

6.70

5.70

6.10

5.80

9.00

6.80

8.30

4.70

5.40

5.50

7.90

9.00

8.30

6.20

Length (cm)2

70.0

72.9

58.0

62.8

62.0

58.6

56.8

61.2

70.2

65.0

66.1

53.5

60.0

60.1

63.0

73.8

69.8

60.5

1 Child 's age by the time of the second follow-up (about 45 days after enrollment at the
intervention study)
2 Measurements taken at the second follow-up {about 45 days after enrollment at the
intervention study)

32



TABLE II. COMPARISON OF OBSERVATION AND ISOTOPIC METHOD TO ESTIMATE
BREAST MILK INTAKE. PELOTAS (BRAZIL), 1999.

PAIR1 BREAST MILK INTAKE
(grams per day)

OBSERVATION/
MATERNAL REPORT

DEUTERIUM

DIFFERENCE IN
GRAMS (DEUTERIUM

- OBSERVATION)

MB2

MB3

MB4

MB6

MB7

MB9

MB11

MB12

MB13

MB14

MB15

MB16

MB17

MB18

616.00

714.00

663.00

784.00

663.00

616.00

660.00

663.00

784.00

784.00

663.00

549.00

549.00

784.00

Mean 678.00

560.00

570.00

770.00

700.00

490.00

270.00

640.00

630.00

890.00

890.00

1250.00

560.00

800.00

1090.00

722,14

-56.00

-144.00

107.00

-84.00

-173.00

-346.00

-20.00

-33.00

106.00

106.00

587.00

11.00

251.00

306.00

+ 44.1

1 Saliva samples of four mother/child pairs were lost
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ATE 4 MESES
DE IDADE

DE 6 ATE 8 MESES DE
IDADE

DE 8 MESES ATE 1
ANO DE IDADE

• Amamente ao peito
quantas vezes a crianga
quiser, pelo menos 8
vezes, de dia e de noite.

D Nao de nenhum outro
alimento.

D Seu bebe nao
necessita de nenhum
outro liquido alem do
leite materno. Nao de
chas de ervas, agua ou
sucos. Estes liquidos
ocupam espago no
estomago do bebe e nao
alimentam.

DE 4 ATE 6 MESES DE
IDADE

• Amamente todas as
vezes que a crianga
quiser, noite e dia, pelo
menos 8 vezes durante
o dia inteiro.

D So adicione outros
alimentos caso a crianga:

D nao ganhe peso
adequadamente, ou

D demonstre fome apos a
mamada.

D Mas de esses alimentos
com xicara ou colher.
Nao use mamadeira

D Continue amamentando.

• De 3 refeigoes ao dia se
a crianga estiver mamando
ou 5 refeigoes se nio for
amamentada.

D De figado de galinha
amassado ou as carnes
desfiadas. A crianga deve
comer o figado e a carne
desfiada.

• De gema de ovo.

D De frutas variadas e
amassadas.

D De papas grossas de
legumes e verduras com
carne. Junte uma colher de
oleo (ou margarina ou
manteiga) para a comida
ficar mais forte.

D E importante dar o grao
do feijao amassado e nao
apenas o caldo do feijao.

D Continue
amamentando.

D De, no minimo, 3
refeigoes ao dia se a
crianga estiver
amamentando, e 5
refeigoes se a crianga
nao for amamentada.

• De a mesma refeicao
dos adultos da casa.

D Continue dando
carnes (figado, galinha)
que a partir de agora
devem ser cortadas em
pedagos pequenos.

D E importante para a
saude da crianga que o
cardapio seja variado.

D De papas bem
grossas.

DE 1 ANO ATE 2 ANOS
DE IDADE

• Continue
amamentando.

• De a mesma comida
da familia. Junte uma
colher de oleo (ou
margarina ou manteiga)
para a comida ficar mais
forte.

D Alimente seu filho
pelo menos 5 vezes ao
dia.

D Os alimentos nao
devem mais ser
amassados.

D Estimule a crianga a
comer permanecendo ao
lado dela durante as
refeigoes.

• E importante que a
crianga nao divida sua
refeigao com outras.
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MATERNAL SMOKING EFFECTS ON INFANT GROWTH
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Abstract

Maternal smoking is known to have adverse effects on birth weight, duration and
volume of breast feeding. It also negatively affects maternal body composition and
prolactin concentration at the end of pregnancy. The effect of smoking on
longitudinal growth has not been studied thoroughly. Sixteen smoking mothers fS)
during pregnancy and lactation (7.1 ± 4.4 cigarettes/day) and 22 non-smoking
mothers (NS), were selected at delivery time, in Santiago, Chile. Infants were
evaluated monthly and volume of breast milk was measured at one month by dose-
to-infant deuterium dilution, as well as cotinine levels. The concentration of zinc,
copper and iron in milk was measured by atomic absorption spectrophotometry
(AASj. Zinc, copper and cadmium were also determined in the infant's hair at one
and six months and once in the mother (beginning of lactation). Cotinine levels
were determined at one and six months by a radio-immuno-anafysis standard kit. In
monthly visits to the house, additional formula/food intake to breast feeding was
determined in a 48 hours questionnaire to the mother, as well as infant's morbidity
was registered.

At birth, weight and height were not significantly different, although higher in NS
infants. Cotinine levels were 30 times higher in S-mothers compared to A/S-
mothers and 12 times higher in their infants. Both S and NS infants grew within
normality as defined by the National Centre for Health Statistics INCHS) in the Z-
scores curves (weight/age, height/age and weight/height). Breast milk was similar
in a partial group of NS and S groups (730 ± 133 g/d, 736 ± 136 g/dj and there
was no difference in the content of zinc, copper and iron in milk or hair, except for
cadmium which was higher in infant's hair at one month of age.

Significant differences in height and height/age were found from one to six months
of age. Weight/height began to be significantly higher in S-infants from three
months onward, due to their slower height growth. Another group of infants (from
non-smoking mothers during pregnancy but smokers during lactation) had a growth
pattern intermediate to both curves, suggesting the impact of maternal smoking at
any period of infant growth. Smoking had a clear effect on infant height during the
period of breast feeding, attributable to the effect of the known content of
cadmium in smoker's milk, on the bioavailability of essential nutrients such as zinc.

1. SCIENTIFIC BACKGROUND OF THE PROJECT

Smoking effects on infant growth and maternal health, as well as other effects of
smoking on later morbidity have been previously studied. Smoking was found to alter
body composition in the mother, a trait maintained from the non-pregnant period [1], as
well as lowering the level of prolactin at the end of pregnancy, which has implications
for the lactation period [2]. A recent paper showed the effect of smoking on growth until
the 3rd month in a smaller sample from this same study [3] and the effect of passive
smoking in the infants from non-smoking mothers, but with other smoking resident in
their house [4]. Using the precise dose-to-mother deuterium dilution methodology,
mothers of smokers were found to produce significantly less volume of milk at one
month, which correlated with a slower rate of birth [5] at that age. Since then, the
Ministry of Health has started a vigorous campaign to stimulate breast feeding until six
months of age, and has trained health personnel to support the mother from the moment
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of delivery in her feeding procedure. Non-published data from the same Ministry of
Health suggests that the source of milk be obtained through breast feeding in 50-60%
of the cases.

There is concern that smoking could not only affect birth weight, but also inhibit
growth in height, given to the known presence of cadmium in tobacco. Such a study
required a bigger sample than the one utilised (10 S and 10 NS) in a previous work [5].
For that reason, the present work was designed to study these objectives.

2. SUBJECTS AND METHODS

2.1. Subjects

Mothers from low socio-economic status were contacted after delivery in a
hospital in the South-East region of Santiago (Sotero del Rio), after verifying their normal
status and infant's birth weight (3.000-4000 g), no intake of medication or any factor
affecting a normal lactation, their intention to breast feed until four months minimum.
The study was thoroughly explained to the mother and written acceptance was given
before being included to participate. Smoking mothers were selected with the same
characteristics and with a smoking pattern of a minimum of five cigarettes daily during
pregnancy and lactation. Such dyads of smokers mothers and infants are difficult to
find, and a total sample of 20 pairs smoking mothers and their infants (S) were
encountered; 35 non-smoking mothers (NS) and their infants were selected to increase
the statistical power of the sample.

Of the total group of non-smoking mothers, ten mothers started to smoke from
the third month of the lactation period. The non-smoking group during pregnancy and
lactation was reduced to 25 cases, and a mixed smoking status group (MSG) was
formed with the remaining ten mothers.

Some cases were excluded (2 smokers) for impossibility of the mother to
continue the protocol until six months (change of address, starting work), and some
others were excluded (2 smokers and 3 non-smokers) as they were found later not to
comply with inclusion criteria for birth weight (3.000-4000 g). The final group was
comprised then of: 22 non smokers, 16 smokers and 10 mixed smoking status.

2.2. Methods

Infants were measured at their homes monthly until six months of age (weight
using a SECA balance for infants and height with an infant stadiometer). Mother's
weight was checked at one-month post-partum.

Breast milk production was measured at infant's one month of age, and on those
infants still being breast fed at six months of age, by the dose-to-infant deuterium
dilution methodology. A dose of 0.2g/kg of 99.9% of deuterium oxide was administered
to the infants, after collecting a basal saliva sample of 3 ml. At one month of age, urine
samples were collected all days 1-8 after dosing, by a cotton layer over the nappy and
careful extraction of the urine; at six months of age, samples were collected at days 1-
10. Mothers were well trained to collect urine samples, but to assure the validity of the
milk measurement; the field worker personally collected samples of the first two days
and the final two days of the sampling protocol. Samples were frozen at -20°C until
measured in a Europa Scientific HYDRA continuous flow IRMS at INTA.

Hair from both mother and infant, was collected carefully at one and six months,
from the underneath hair in the back of the head, and stored immediately in sealed
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plastic bags at room temperature. The mother collected milk from 6-8 feedings along
one day, 2 ml before and after each feed on one breast; samples were pooled in one
tube to perform micronutrient analysis (copper, zinc, and iron) by AAS (atomic
absorption spectrophotometry). The first part was done at INTA, and the cadmium
measurements at the Department of Nutrition, Faculty of Medicine, University of Chile.

3. RESULTS AND DISCUSSION

3 . 1 . Results

In Table 1, the description of subjects (mother/infant) at birth is shown. There are
no significant differences in any characteristics of the subjects, except for the levels of
smoking and cotinine as expected.

TABLE I. DESCRIPTION OF SUBJECTS

[ Smokers (ni 16) | Non-smokers (n 22)
Mother

Age (y) 27.1 (5.2) 24.9 (4.3)
WAD(kg) 69.2 (7.4) 68.6 (5.5)
Height (cm) 155.9(4.3) 154.4(5.7)
Parity 2.6(1.0) 2.0(1.0)
Cotinine (ng/ml) 2694(2044)* 55(28)*
Cigarettes (n) 7.1 (4.4)

Infant

Birth weight 3306 (327) 3385 (256)
Birth height 49.5 (1.3) 50.0(2.6)
Gestational age 39.0 (0.8) 39.1 (0.7)

At one and six months of age in the infant, growth is shown as well as levels of
cotinine (Table II). Weight is always higher in non-smokers, without being significantly
different, and the difference of 190 g at one month is reduced to 107 g at six months.
Height begins to be significantly different at one month of age, and the difference in
favour of non-smokers of 0.5 cm at birth (Table I) is increased to 1.3 cm at one month
and to 1.5 cm at six months of age. Cotinine levels are statistically different at one and
six months, increasing with time in smokers, ratifying a tendency of mothers to smoke
more as lactation progresses.

TABLE II. GROWTH AND LEVELS OF COTININE IN INFANTS AT ONE AND SIX MONTHS
OF AGE

Non smokers Smokers

One month Six months One month Six months

Weight (g) 4277(351) 7886(684) 4087(310) 7779(768)
Height (cm) 53.6(1.3)# 67.5 (2.1 )& 52.3 (1.2) # 66.0(1.9)&
Cotinine (ng/ml) 12.0(10.4)* 11.1(13.8)+ 122.6(78.3)* 149.8(36.1) +

#p<0.01 &p<0.05 *p<0.0001 +p<0.001
In Table III, levels of zinc, copper and cadmium in infant's hair is shown. No

significant difference is observed in zinc and copper between smokers and non-smokers;
and zinc diminished with time in both groups. Cadmium is higher in smoker's infant's
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hair, but not statistically different given the dispersion of values. Cadmium values
increased in a dose-dependent manner from non-smokers, mixed smoking, and smokers.
The fact that non-smoker's infants have cadmium in their hair may be linked eventually
to passive smoking (from other members of the fami ly, other than the mother). Cadmium
levels in smoker's infants diminished at six months, according to a high proportion of
these infants not being exclusively breastfed, and reducing their source of cadmium
intake.

TABLE III. ZINC, COPPER AND CADMIUM LEVELS IN INFANT'S HAIR AT ONE AND SIX
MONTHS OF AGE

One month

Non smokers
Smokers
Mixed smoking

Six months

Non smokers
Smokers
Mixed smoking

N

22
16
10

22
16
10

Zinc (p

212.
215.
237.

120
119
144

g/

3
7
5

.8

.5

.2

g)

(104
(101
(118

(72.
(41.
(74.

• 1)
.8)
•4)

8)
3)
2)

Copper (y.g/g)

18.1 (10.0)
23.0 (16.6)
44.7 (45.6)

41.9 (48.7)
27.9 (22.0)
23.2 (14.8)

Cadmium jig/g

0.21 (0.49)
2.09 (8.18)
0.36 (0.39)

0.35 (0.45)
0.73 (1.48)
0.60 (1.33)

In Table IV, the maternal levels of zinc, copper and cadmium in hair are shown.
Maternal zinc and copper concentrations do not differ, which agrees wi th the normal
nutritional status of the mothers. Hair levels of cadmium did not differ between the t w o
groups, (a surprising fact), although routes of deposit of cadmium in the body are mainly
related to renal via. The low levels could be also attributable to passive smoking.

When comparing infant hair cadmium concentration at one month to maternal
cadmium hair content, infants of non-smokers have ten times the concentration of
cadmium; this ratio reaches 200 times in infants of smokers compared to their mothers.
By six months, this ratio has reached 17 times in non-smokers and 73 times in smokers.

These figures confirmed the accumulation of cadmium in the infant at one month,
probably due to in utero contamination and direct and passive ways [6] ; the effect of
passive smoking in the infants of non-smokers is also evident. Another point is the
effect of the detention of breast feeding in smokers, inhibiting acquisition of cadmium
from a direct gastrointestinal way.

TABLE IV. ZINC, COPPER AND CADMIUM LEVELS IN MOTHER'S HAIR

Non smokers
Smokers
Mixed smoking

N

22
16
10

Zinc (|j.g/g)

167.
189.
193,

.6

.8

.5

(28.
(47.
(40.

7)
3)
2)

Copper (u.g/g)

17.
17.
14.

.06

.53

.80

(9.6)
(9.7)
(13.2)

Cadmium

0
0,
0.

.02

.01

.04

(0.
(0.
(0.

M-g/g

03)
03)
10)

In Table V, zinc, copper and iron levels in maternal milk are shown; there was no
significant difference in any group either, due to the normal nutritional status of
mothers. Results for the milk content of cadmium are being processed at present, which
will complete the picture and will help to interpret the results in growth; nevertheless,
cadmium is a known contaminating factor present in maternal milk of smokers.
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Milk production has been determined in part of the sample (16 non-smokers and
10 smokers), showing no significant differences between smokers and non-smokers.
Breast milk was similar in a partial group of NS and S groups (730 ±133 g/d, 736 ± 136
g/d). The introduction of additional formula was done at three months in smokers (10
out of 16) and at five months in non-smokers (6 out of 22).

TABLE V. COPPER ZINC AND IRON LEVELS IN MATERNAL MILK

N Copper (mg/100g) Zinc
(mg/100g)

Iron
(mg/IOOg)

Non smokers
Smokers
Mixed smoking

22
16
10

0
0
0

.085

.069

.074

{0
(0
(0

.039)

.014)

.020)

0
0.
0.

.676
572
555

(0
(0.
(0.

.258)
109)
167)

0
0
0

.595

.540

.550

(0.
(0.
(0.

1
1
1

56)
62)
98)

In Tables VI and VII, it is shown that infants of smokers are being fed earlier
complementary feeding, and that by fourth months of age, infants are having a
significantly greater energy, protein and calcium intake. This fact could be related to the
greater weight/height of smokers' infants. Unfortunately, no determination of maternal
milk intake was done at three months of age to evaluate the contribution of each type of
feeding.

TABLE VI. COMPLEMENTARY FEEDING IN INFANTS OF NON-SMOKERS

Month/
N cases
Three

Four

Five

Six

(2)

(4)

(4)

(3)

Energy
(Kcal)

72 (84)

221 (272)

339 (311)

333 (184)

Protein
(g)

2 (1.9)

5(5)

8 (5)

9 (7)

Calcium
(mg)

45 (52.8)

174 (225)

224 (307)

207 (228)

Copper
(mg)

0.04 (0.05)

0.14 (0.19)

0.25 (0.21)

0.34 (0.03)

1

2

3.

3.

Iron
(mg)

.00 (1.0)

.28 (3.4)

80 (3.96)

81 (2.62)

1

1.

2

1.

Zinc
(mg)
.0 (0

3 (2.

.3 (2

1 (0.

.6)

2)

.6)

6)

TABLE VII. COMPLEMENTARY FEEDING IN INFANTS OF SMOKERS

Month/
N cases

Two

Three

Four

Five

Six

(4)

(6)

(8)

(9)

(9)

Energy
(Kcal)

54 (14)

271 (255)

421 (267)

528 (333)

673 (382)

Protein
(g)

2(1)

11 (12)

20 (16)

23 (20)

30 (19)

Calcium
(mg)

47(22)

345 (415)

653 (518)

354 (321)

717 (569)

Copper
(mg)

0.03(0.01)

0.10 (0.14)

0.21 (0.14)

0.34 (0.41)

0.54 (0.32)

Iron
(mg)

0.54(0.35)

1.29 (2.62)

1.24 (1.65)

3.95 (3.72)

4.94 (3.24)

0

1.

1.

1.

3.

Zinc
(mg)

.40(0.11)

14 (1.57)

63 (1.18)

71 (1.09)

45 (2.18)

In Figures 1a, 1b, 1c the Z-scores for Weight/age (W/A), Height/age (H/A) and
Weight/height (W/H) are reported. Height of NS-infants is significantly higher in the
whole period (from one to six months of age). Height/age is significantly greater in
infants of non-smokers in the period one to fourth months of age (Figure 1.b).
Weight/height becomes significantly different in infants of smokers, from the third
month onwards, mainly due to the deficit in height growth.
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3.2. Discussion

Smoking affects transiently the growth in infant's height, attributable to the
transfer of cadmium by tobacco smoking. Chronic contamination of cadmium is known
to be caused by smoking or shell food; although the placenta and breast do present a
barrier, cadmium has been shown to alter the ratio cadmium/zinc and cadmium/copper in
foetal blood, as there is evidence that cadmium is preferably attached to a-Lactoalbumin
or low molecular weight fractions in human milk (7,8). The most important interactions
are between cadmium and zinc and some results indicate disturbances of the
metabolism of zinc, copper and iron, especially when administered at low dose (6).
Accumulation of cadmium in the liver and kidney will also increase zinc levels in these
organs due to binding to metallothionein. Our hypothesis is that this binding may alter
the supply/bioavailability of zinc during breast feeding of smokers, altering growth in
height significantly. This problem begins to change after the early introduction of
formula feeding in infants from smokers in combination with the slow down of the rate
of growth from four months onwards.

Introduction of complementary feeding is done earlier and by four months in
infants of smokers; these children received a significantly greater intake of energy,
protein and calcium, when compared to infants of non-smokers. The rapid increase of
weight for age in smoker's infants could be attributable to the greater intake of
complementary feeding. No information was collected on the amount of breast-milk
volume, between two and five months included, but only if infants were breastfed.

Further work is necessary to evaluate the differences in intake in both groups, as
well as the role of cadmium on metallothionein synthesis and its effect on zinc
bioavailability, due to tobacco smoke.

4. CONCLUSIONS

Smoking has been shown to transiently affect growth in height preferentially
during the period of breast feeding. This may be due to eventual cadmium transfer by
milk, produced by tobacco inhaled by the mother; cadmium has been found to alter zinc
and copper metabolism, and zinc in particular has an important role in longitudinal
growth. The marked change in longitudinal growth after the ingestion of additional
formula in infants of smokers suggests that stronger efforts to be made to convince
mothers of stopping smoking during pregnancy and lactation. This campaign should
include the effects of the interference of toxic elements in their infant's health and
growth. Future studies should look into: cadmium loss in urine, the impact of cadmium
in preferential binding of zinc by metallothionein, and relate it to the linear growth of
smoker's infants in longer periods.
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Abstract

Milk intake of breast-fed infants and body composition of 47 lactating mothers
from Northwest and Central Mexico were monitored at 1 and 3 mo postpartum by
the deuterium dilution technique and infrared detection. Milk quality was evaluated
directly as milk composition and indirectly by infant growth. Maternal body fat
tended to be lower in Central than in Northwest Mexico and was significant at 1
mo postpartum (p<0.001). BMI correlated positively with percentage body fat at 1
mo {r=0.79, p<O.OOO1j and 3 mo (r-0.76, p<0.0001). In Central Mexico, mean
maternal energy intake was 19.4 and 23% below the RDA at 1 and 3 mo
postpartum respectively. There were no differences in TBW, percentage body fat,
BMI energy intake and estimated energy expenditure by activity diary between
adolescent and adult women. Milk production rates averaged 573 vs 865 g/d at 1
and 3 mo postpartum in Northwest Mexico and 680 vs 857 g/d in Central Mexico
and were not different between areas. Infants' energy intakes in Northwest Mexico
at 1 and 3 mo postpartum were not significantly different. Fat intake at 3 mo was
significantly lower in Central than in Northwest Mexico (p<0.05). Weight for age
and weight for length Z scores were above +0.5 for infants from Northwest
region, while for those in Central Area was between 0 and +0.5 at 2 and 3 mo.
There were no differences (p>0.05) in Z score values for weight/length for infants
in the two regions at 3 mo. Neither adolescent or adult mothers from Northwest or
Central Mexican regions were undernourished and they produced adequate milk
volume and composition to feed their infants and maintain their growth pattern
until 3 months postpartum.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

Breast feeding is the optimal way to feed an infant. However, low rates of partial
and exclusive breast feeding have been detected in both industrialised and developing
countries [1,2]. Hospital practices such as the delay in getting the infant to breast feed,
the separation of mother and infant, and the provision of formula by social programmes,
have been associated with low breast feeding practices [3]. To increase breast feeding,
a joint effort of the United Nations Children's Fund and the World Health Organisation,
has developed the Baby-Friendly Hospital Initiative (BFHI). This international programme
was designed to encourage health care providers to create an environment to support,
protect, and promote breastfeeding [4].

The State of Sonora in Northwest Mexico, one of the most developed areas of
the country, introduced the BFHI programme in hospitals in 1995. The effects of the
programme in lactation habits were very strong at the beginning. For example, in 1 996,
in Sonora exclusive breast feeding from 0-3 month of age increased from 9 to 49% [5].
The principal motivation to breast-feed was the fact that baby formulas were not
provided by the social health system and due to the economic crisis, little money was
available to buy baby formula. In spite of this, mothers lacked confidence in their ability
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to breast-feed their infants and providing an adequate nutrition. Therefore, Sonoran
mothers bought baby formulas as soon as they had cash availability. Low breast-feeding
is not a big problem in Central and South Mexico, where breast-feeding is still a
traditional practice.

On the other hand, adolescent pregnancy is common in Mexico. It is frequent that
their weight gain is not sufficient to promote adequate lactation without affecting their
health status [6]. According to Casanueva's group, adolescents that breast feed usually
show important weight losses 120 days postpartum, with a mean of 3.8 kg versus 0.18
kg in adult women [7]. Nowadays, because of the national application of the BFHI
programme, there is controversy with respect to babies from adolescent mothers that
could be at higher risk of malnutrition if they do not receive baby formula from the social
health systems.

Despite good intentions, is it possible that the Mexican health care system could
affect the nutritional status of adolescent mothers and infants negatively with the
application of BFHI programme? To answer it, the objective of this research was to
evaluate body composition of adolescent and adult lactating women and the quality and
quantity of breast milk intake in their infants after delivery and 90 days postpartum. In
order to compare the effect of environment, adult women and adolescents from
Hermosillo (Northwest Mexico) and Mexico City (Central Mexico) were included in this
study.

2. METHODS

Saliva and milk samples of adolescent and adult mothers in Hermosillo and
Mexico City were taken from September, 1997 to June, 1999. Analyses of D2O in saliva
and composition of human milk were carried out in our laboratory in Hermosillo.

2.1. Subjects and selection criteria

Initial selection of subjects included pregnant adolescents aged 14.5 to 17.5
years and adult women from 21 to 30 years who had to be in their first pregnancy, non-
smokers and not consuming alcohol or drugs. In addition, they had to be planning to
breast-feed exclusively. After delivery, criteria selection was restricted by infant birth
weight (>2.5 kg), Apgar 7-8, and gestation time of 37-42 weeks.

Pregnant women (adolescents and adults) were interviewed for the first time at
Instituto Mexicano del Seguro Social (IMSS Hospital, UMF-37), Centro de Salud Lomas
de Madrid (IMSS Clinic) and Hospital Infantil del Estado de Sonora (HIES) in Hermosillo,
and at Hospital of Instituto Nacional de Perinatologia (INP Hospital) in Mexico City. The
rest of interviews and studies were conducted at the women's households.

2.2. Diet, activity and socio-economic status

Socio-economic indicators were collected at the first interview in the households.
The following data was collected 2 weeks and 3 months after delivery: Body weight and
height for Body Mass Index (BMI), seven day physical activity diary [8] and a 24 h
dietary recall [9].
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2.3. Determination of D2O using infrared spectroscopy

2.3.1. Sample preparation

Water and D20 of the saliva sample were separated from other materials by
sublimation under reduced pressure after frozen at -70°C. The volatilised liquid was
condensed in a cold trap (-25 to -30°C) immersed in a 50% ethylene-glycol bath in our
sublimation system [10] and filtered in Millipore membrane (0.22 u,m).

2.3.2. Measurement of deuterium

Deuterium was measured using a Miran 1FF fixed filter infrared spectrometer
fitted with a 4 micron filter and a 0.2 mm calcium fluoride flow through-cell adapted
with a temperature controlled cell holder. For temperature control a constant
temperature circulator set at 15°C was used {VWR mod. 1150 A). The standards
(gravimetrically weighed amounts of D2O, 99.9 atom %, in deionized water) and
sublimated samples were drawn up into 2.5 mL syringes. Deionized water (15 ml_) was
used to rinse the cell after each sample. After stabilisation of the temperature of the
cell for 15 minutes, approximately 1 mL of each standard was sequentially injected into
the cell and the changes in absorption were recorded by means of a digital multimeter
(Fluke 83 III) serially connected to the IR-spectrometer. The samples were loaded and
measured in duplicates. A calibration curve was constructed daily and the D2O content
of the samples was calculated from the curve after subtraction of the D2O natural
abundance level measured in the zero standard (deionized water or basal saliva
samples).

2.3.3. Measurement of total body water

Each lactating mother ingested 30 g of deuterium oxide (99.9 atom %) mixed
with 30 mL of tap water. An additional 30 mL of tap water was used to rinse the cup
and mouth of D2O. The equilibrium point (D2O ingested to equilibrate with the subject's
total body water) was calculated from a curve constructed with determinations after 1,
6 and 14 days of dosing. Saliva samples were taken and the D2O concentration was
determined by IR using sublimated samples. Calculation of total body water was done
according to a computer programme in Excel kindly provided by Dr. A. Coward at the
CRP meeting in Santiago. Dr. Coward modified this programme for us to improve fitting
of the values obtained by the IR-spectrometer. It is based on in vivo tracer kinetics
method where the isotope dose disappears from the mother as a single exponential:

(C = D2O concentration and m= mother)

2.3.4. Measurement of milk ingestion

After ingestion of D2O by the mothers, saliva samples from the infants were
collected at 1, 2, 5, 6, 13 and 14 days. The D2O concentration was determined by the
infrared spectroscopy method using sublimated samples. Daily ingestion of milk was
calculated with the same computer programme above cited.

' bm

(e
Qb (Kb b -Km m ) (2)

Cwt) = (C = D2O concentration, F= water flow, Q= total body water, subscripts b= baby and m = mother)
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2.4. Infant milk nutrient consumption and patterns of growth

2.4.1. Milk composition

Protein was analysed by a modified Lowry assay [11]. Fat (total lipid) was
analysed by a colorimetric method using a commercial kit based on the sulphuric acid-
vanillin reaction (Boehringer Mannheim, Cat. No. 124 303). Lactose was assayed
enzymatically using p-galactosidase and p-galactose dehydrogenase in a commercial kit
(Boehringer Mannheim, Cat. No. 176 303), following protein precipitation, according to
AOAC [12].

2.4.2. Milk nutrient and energy intake

The infant's consumption of energy per kilogram for each infant was calculated
from protein, lactose and lipid concentrations by using the factors 4, 4 and 9 kcal/g,
respectively. The resulting values were adjusted for the density of milk (1.02 kg/L) and
then multiplied by milk intake (in g) to calculate energy intake from milk. Energy intakes
were also expressed as percentages of the recommendations per kg and per day [13].

2.4.3. Patterns of growth

The infants' weight and length were measured with an infant electronic scale
(15 kg ± 0.5 g) (Detecto Co., USA) and a Holtain infantometer (90 ± 0.05 cm) (Holtain
Ltd., UK) and were compared with reference data from the US National Center for
Health Statistics [14] for weight-for-age, length-for-age, and weight-for-length. The
children's nutritional status were expressed as a proportion of the age- and sex-
specific standard deviation (Z score).

2.4.4. Statistical analyses

Data analysis were carried out on the SPSS package version 7.5 [15].
Regression analysis was used to explain milk nutrient concentration with mother and
infant's variables. Spearman correlation coefficients were used to examine the
relationships between maternal or infant characteristics and milk lipid, protein, lactose
and energy concentrations at 1 and 3 mo post-partum. Two-sample student's t tests
were used to identify differences in milk and nutrients intake and physical growth of
infants.

3. RESULTS AND DISCUSSION

3.1. Subject selection

Interview was applied to pregnant women or those whom has just given birth.
Thus, 27 women (15-26 years old) in Hermosillo and 20 in Mexico City (15-30 years
old) accepted to participate, fitted the inclusion criteria or exclusively breastfed their
babies for 1 mo and only 11 from each place breastfed for 3 mo. They were medium-
low socio-economic class, and had a level of education of 9-12 years.

3.2. Maternal characteristics

Mean values of physical characteristics and body composition of the mothers
estimated by deuterium dilution are presented in Table I. Maternal weights in both areas
displayed a gradual decline over the 3 mo postpartum. Percentages of TBW and body
fat did not differ between areas at 3 mo postpartum. However, body fat tended to be
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lower in Central than in Northwest Mexico and was significant at 1 mo postpartum
(p<0.001). BMI correlated positively with percentage body fat at 1 mo (r = 0.79,
p<0.0001) and 3 mo (r = 0.76, p<0.0001).

The group mean for energy intake was 10 and 7% below the recommended
allowance at 1 and 3 mo respectively in Northwest Mexico. In Central Mexico energy
intake was 19.4 and 23% below the RDA in the same periods. Energy intake and
estimated energy expenditure by diary did not differ between areas at 1 mo. At 3 mo,
energy expenditure tended to be lower but not significative in Northwest than in Central
Mexico. Values for Physical Activity Level (PAL) did not differ between regions or
periods. They were lower than value for non-lactating women with light (PAL=1.55)
physical activity level [16], due to the inactivity of lactating women. It seems that
mothers in Northwest region are able to breast feed longer than mothers in Central
region due to their higher body fat content (31 % vs 25%, respectively) at 3 mo.

In order to estimate differences between adult and adolescent women, the body
composition data was tested by grouping women from both areas due to sample size
(Table II). There were 24 adults vs 23 adolescents at 1 mo and 11 adults vs 11
adolescents at 3 mo. TBW, percentage body fat, BMI, PAL and estimated energy
expenditure showed no differences between adolescent and adult women. Only energy
intake of adolescents at 1 mo expressed per kg of body weight showed a significant
difference (p<0.05) compared to adults in the same period. According to previous
findings [7] we expected a lower mean of BMI and percentage body fat in adolescents.
Although there were lean women with BMI as low as 17 and body fat as low as 14%,
on average, energy stores in both groups seemed to be replete.

3.3. Infant milk nutrient consumption and patterns of growth

3.3.1. Milk volume and composition

Protein and lactose concentrations in milk (Table III) did not differ between the
two periods in Northwest Mexico. In Central Mexico, protein concentration was
significantly lower at 3 mo postpartum and lactose concentration was higher at the
same time (p<0.05). Fat concentration was significantly lower in Central Mexico at 1
and 3 mo postpartum (p<0.05).

Means of milk intake (Table IV) ranged from 573 to 865 g/day in both regions
and periods and were comparable with or higher than rates of well-nourished women
and similar to previous measurements in Mexican indigenous women [17,18]. Milk
protein concentration was positively correlated with weight, BMI, and body fat
(r = 0.745, p < 0 . 0 0 0 1 ; r = 0.650, p < 0 . 0 0 1 ; r = 0.589, p<0.004 respectively) at 3 mo
postpartum. Milk fat concentration was positively correlated with body fat (r = 0.465,
p<0.001) at 1 mo postpartum, as it was shown before by [19-21]. Additionally, milk
fat concentration was also affected by BMI, mother protein and energy intake.

3.3.2. Milk nutrients and energy intakes

The mean nutrient intakes of infants exclusively breast fed are listed in Table IV.
Milk's nutrients and energy intakes at 1 and 3 mo postpartum were not significantly
different (p > 0.05) in Northwest Mexico. In Central Mexico, protein, lactose and fat
intakes were significantly higher at 1 mo than at 3 mo postpartum. Fat intakes were
significantly lower in Central than in Northwest Mexico (p<0.05). Protein intake appears
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to be low in comparison to the RDA for infants less than 3 mo, but fits > 70% reported

as g/kg/day and energy intake fits > 75% of the RDA (1989).

3.3.3. Growth pattern in infants

Infants' weight was positively correlated to mother's body fat (r = 0.396,
p<0.006) at 1 mo postpartum. Protein and lactose intakes explained 78% of the
variability in infant's length at 1 mo (adjusted by infant weight). Lactose intake
explained 79% of the variability in infant weight (adjusted by infant's length). The age-
related changes in average weight-for-age, length-for-age, and weight-for-length,
expressed as mean Z scores, are shown in Fig. 1 for Northwest Mexico and Fig. 2 for
Central Mexico. In Northwest Mexico, the Z score of length for age stayed basically at
the level of zero, which can be interpreted as following a normal growth pattern. In
Central Mexico, this indicator was slightly below the level of zero. Weight for age and
weight for length were also above zero in both areas, but tended to increase slightly at
3 mo. Thus, breast feeding permitted weight and length gain comparable to the
reference population (NCHS). There were no differences in Z score values for
weight/length (p>0.05) for infants in the two regions at 3 mo. Weight/length Z score
for infants in Northwest Mexico, at 2 and 3 mo were above +1 compared to ranging
between 0 and +0.5 for infant in Central Mexico.

4. CONCLUSIONS

Milk's nutrient intake and infant growth were not different in both regions
(Northwest and Central Mexico) at 3 mo. However, it seems that mothers in Northwest
Mexico are able to breast feed their infants longer than mothers in Central Mexico, due
to their higher body fat content at 3 mo postpartum.

Our ability to test our hypothesis that lactation performance is compromised in
adolescent women was limited to our sample size and age. These women were not
undernourished and they produced adequate milk volume and composition to feed their
infants. Therefore, their infant's growth pattern was according to the ideal standard
(NCHS).

5. SCIENTIFIC PRODUCTION

a) CALDERON DE LA BARCA A.M., BOLANOS A.V., CAIRE G., ROMAN PEREZ R.,
VALENCIA M.E., CASANUEVA E., COWARD A. Evaluation del Consumo de Leche
Humana por Dilucion con Deuterio y Deteccion por espectroscopfa de Infrarrojo.
Perinatol Reprod Hum. 1998;12:142-150.

b) CALDERON DE LA BARCA A.M., BOLANOS A.V., CAIRE G., ROMAN PEREZ R.,
VALENCIA M.E., CASANUEVA E., COWARD A. Un Metodo Accesible de Dilucion con
Deuterio y Deteccion por Espectroscopfa de Infrarrojo para Cuantificar Ingestion de
Leche Humana. LXXXVI Proceedings of the Reunion Reglamentaria. Asociacion de
Investigation Pediatrica. Jun. 1998.

c) BOLANOS A.V., CAIRE G., VALENCIA M.E., CASANUEVA E., ROMAN PEREZ R. AND
CALDERON DE LA BARCA A.M. Energy intake and growth of breast-fed infants in two
regions of Mexico. Proceedings of the 9th International Conference of the International
Society for Research in Human Milk and Lactation. Bavaria, Germany. (In press,
1999).

48



d) CALDERÓN DE LA BARCA A.M., CAIRE G., BOLAÑOS A.V., ROMÁN PÉREZ R.,
VALENCIA M.E. Evaluación de la Producción de Leche y del Estado Nutricional de las
Madres Lactando por la Técnica de Dilución con Oxido de Deuterio. V Reunión de
Investigación en Salud. Hermosillo, Son. Mexico (Abstract) 1998.

e) BOLAÑOS A.V., CAIRE J.G., VALENCIA M.E. AND CALDERÓN DE LA BARCA A.M.
Una metodología isotópica para calcular composición corporal de las madres sin
interferir en la lactancia. Ill Congreso Internacional de Nutriología. Puebla, Mexico
(Abstract) 1998.

REFERENCES

[I] LONG DUNLAP, RIVERA DOMMARCO J., RIVERA PASQUEL M. Feeding Patterns
of Mexican Infants Recorded in the 1988 National Survey. Salud Pública Mex; 37
(1995)120-29.

[2] HOWARD R.C., HOWARD M.F. AND WEITZMAN L.M. Infant Formula Distribution
and Advertising in Pregnancy: A Hospital Survey. Birth 21 (1994) 14-19.

[3] WRIGHT A., RICE S. AND WELLS S. Changing Hospital Practices to Increase the
Duration of Breast feeding. 97 (1996) 669-75.

[4] WHO and UNICEF. Baby Friendly Hospital Initiative. Midwives Chronicle.
1992:353

[5] ROMÁN PÉREZ R., CALDERÓN DE LA BARCA A.M., ABRIL VALDEZ E.,
CUBILLAS RODRÍGUEZ M.J. AND CAIRE JUVERA G. Breast feeding and public
health policies: an analysis of the last 10 years in Northwest Mexico. Conference
Papers, International Conference Breast feeding- the Natural Advantage. Sydney,

Australia. Oct, 1997 (in press).

[6] CASANUEVA E., LEGORRETA D., DÍAZ BARRIGA M. Weight gain during
pregnancy in adolescents. Evaluation of a non-nutritional intervention. Rev Invest
Clin 1994; 46:157-162.

[7] CASANUEVA E., SOBERANIS Y., ORTIZ T., BOBADILLA M. Cambios en la
composición corporal en el período perinatal en un grupo de adolescentes.
Perinatol Reprod Hum. 5 (1991) 28-32.

[8] HAGGARTY P., VALENCIA M.E., MCNEILL G., GONZALES N.L., MOYA S.Y.,
PINELLI A., ET AL. Energy expenditure during heavy work and its interaction with
body weight. British J Clin Nutr. 77 (1997) 359-373.

[9] SANJUR D. Food consumption survey: issues concerning the process of data
collection. In: Social and cultural perspectives in nutrition. Prentice-Hall, Inc. New
Jersey, USA 1982. pp 169-194.

[10] INTERNATIONAL ATOMIC ENERGY AGENCY. Co-ordinated Research Project on
Isotopic Evaluations of Maternal and Child Health Nutrition to Help Prevent
Stunting, IAEA-NAHRES-44, Vienna (1999).

[II] PETERSON G.L., A simplification of the protein assay method of Lowry et al.
which is more generally aplicable. Anal Biochem. 83 (1977) 346-356.

[12] AOAC, Official Methods of Analysis of the Association of Official Analytical
Chemists. 14th edition. (1984) 284.

[13] RDA, Recommended Dietary Allowances. National Research Council. 10th edition.
National Academic Press, Washington DC, (1989).

[14] NATIONAL CENTER FOR HEALTH AND STATISTICS, Growth curves for children:

birth-18 y. Washington, DC: DHEW, 1977. [Publication No (PHS)78-1650]

[15] SPSS. SPSSX user's guide. New York: McGraw-Hill, 1983.

49



[16] FAO/WHO/UNU EXPERT Consultation (1985). Energy and Protein Requirements.
World Health Organisation, Geneva.

[17] BARBOSA L, BUTTE N.F., VILLALPANDO S, WONG W.W., SMITH E.O. Maternal
energy balance and lactation performance of Mesoamerindians as a function of
body mass index. Am J Clin Nutr 66 (1997)575-583.

[18] VILLALPANDO S.F., BUTTE N.F., WONG W.W., FLORES-HUERTA S, DE JESUS
HERNANDEZ BELTRAN M., SMITH E.O., GARZA C. Lactation performance of rural
Mesoamerindians. Eur J Clin Nutr 46 (1 992) 337-348.

[19] BROWN K.H., AHMED A.N., ROBERTSON A.D., GIASHUDDIN A.M. Lactational
capacity of marginally nourished mothers: relationships between maternal
nutritional status and quantity and proximate composition of milk. Pediatrics 78
(1986) 909-919.

[20] PRENTICE A.M., WHITEHEAD R.G., ROBERTS S.B., PAUL A.A. Long-term energy
balance in child-bearing Gambian women. Am J Clin Nutr 34 (1981) 2790-2799.

[21] PEREZ-ESCAMILLA R., COHEN R.J., BROWN K.H., RIVERA L.L., CANAHUATI J.,
DEWEY K.G. Maternal anthropometric status and lactation performance in a low-
income Honduran population: evidence for the role of infants. Am J Clin Nutr 61
(1995) 528-534.

50



TABLE I. MATERNAL CHARACTERISTICS AT TIME OF LACTATION IN NORTHWEST
AND CENTRAL MEXICO*

Northwest Mexico Central Mexico
1 mo

(n=27)
3 mo 1 mo

(n=20)
3 mo

Weight (kg)

Height (m)

BMI (kg/m2)

TBW (kg)

Body fat (%)

Energy intake (kca/kgl/d)

Energy intake (kcal/d)

Energy expenditure (kcal/d)

Physical Activity Level (PAL) 1.46 ± 0.13

61.6±10.1a 60.4±10.6a'c 54.0±9.0b'c 49.3 ± 4.6b

1.60±0.04a 1.57±0.03a 1.50±0.1b 1.52±0.04b

24.513.9 22.8 ±3.1

30.2 ±4.0 28.8 ±5.5

31.1 ± 5.8a'c 29.5±6.3b>c

40 ±13a 28 ±22b

2332 ±754 2015 ±702

2087 ±202 2154 ±55

1.45 ±0.14 1.47 ±0.16

24.6 ± 4.0

30.0 ±3.7

34.6 ± 7.6a

37±8a

2250 ± 423

2101 ±300

21.5 ±1.9

27.9 + 4.6

25.4±9.4b'c

23 ± 22b

1929 ±487

2415 ±320

1.37 ±0.17

* Mean±SD; different letter superscripts across columns are significantly different from each other, p<0.05.

TABLE II. MATERNAL CHARACTERISTICS OF TOTAL ADULTS AND ADOLESCENTS
WOMEN ACCORDING TO LACTATION PERIOD*

Weight (kg)

BMI (kg/m2)

TBW (kg)

Body fat (%)

Energy intake

(kcal/kg/d)

Energy intake
(kcal/d)

Energy expenditure
(kcal/d)

Physical Activity

Level (PAL)

1 mo

Adolescents

(n=23)

56 ±10.7

23.1+3.8

29.5 ±5.8

30.2 ± 6.3

36±14a

2059 ±501

2097 ± 261

1.45+0.13

Adults

(n=24)

60.6 ± 9.6

24.6 ±3.6

30 ±3.8

33.6 ±8.4

31.2 ±17b

2301 ±549

2113 ±295

1.48±0.15

3

Adolescents

(n=ll)

52.9± 11.8

22.3 ±3.9

27.4 ±4.2

28.4 ±10

23 ± 20b

1882 ±242

2354 ±349

1.36±0.14

mo

Adults

(n=H)

56.9 ±8.2

23.7 ±3

30.5 ±4.7

28.1 ±7.1

38±18b

2405 ±871

2092 ±230

1.49±0.17

Mean+SD; different letter superscripts across columns are significantly different from each other, p<0.05.

51



TABLE III. HUMAN MILK COMPOSITION*

Protein (mg/mL)

Lactose (mg/mL)

Lipid (mg/mL)

Northwest

1 mo

(n=27)

13.4±2.1a

57.6±4.1a

45.9±20.2a

Mexico

3 mo

(n=ll)

12.9±2.4a

57.4±5.4a

50.2±20.1a

Central

1 mo

(n=20)

12.9±1.9a

58.3+3.la

29.3±9.1b

Mexico

3 mo

(n=H)

9.7±0.7c

62.5±6.8C

31.0±10.2b

Mean±SD; different letter superscripts across columns are significantly different

TABLE IV. HUMAN MILK AND NUTRIENT INTAKES OF PREDOMINANTLY BREAST-FED
INFANTS DURING FIRST 3 MONTHS OF LIFE*

Northwest Mexico Central Mexico

1 mo

(n=27)

3 mo 1 mo

(n=20)

3 mo

(n=H)

Human milk

g/d

g/kg/d

Protein

g/kg/d

Lactose

g/kg/d

Lipid

g/kg/d

Energy

kcal/kg/d

573.0±219.7 864.5+249.5 680.0+239.1 857.0±297.9

132.8±44.3a 13O.O±35.8a 177.5±62.9b 137.3±45.6a

1.7±0.7a

7.5±2.7°

5.7±2.9a

.8+32.3a

1.6±0.5a

7.4+2.3a

6.3±2.8a

92.4±31.7a

2.2±0.8b

10.1+3.4b

5.2±3.1a

96.3±41.3a

1.3±0.4a

8.4±2.9a

bc4.2±2.1

77.0±30.1a

* Mean±SD; different letter superscripts across columns are significantly different from each other, p<0.05.
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Figure 1. Mean Z score for length-for-age (L/A), weight~for-age (W/A) and weight-for-
length (W/L) of Northwest Mexico's infants
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Figure 2. Mean Z score of length-for-age (L/A), weight-for-age (W/A) and weight-for-
length (W/L) of Central Mexico's infants
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Abstract

We established the deuterium dilution method in our laboratory and have applied it
in the field for quantification of milk intake of babies. A comparison of the test
weighing (TWJ data with the D2O data is also being made. The growth of children
fed exclusively on breast milk is also being monitored. The method once
established will be made available for various projects where correct estimation of
milk intake/out put is desired. First year of the project was devoted to
standardization of the D/H preparation from biological fluids using Zn shot method.
During the report period, the D2O dilution methodology for measuring the breast
milk intake of infants was streamlined. 21 infant-mother pairs have been recruited
and data including deuterium dilution assay was collected at 4 weeks of age.
Growth of the infants is being followed up-till six month. Analysis of 21 infant
mothers data is presented. Samples of six infant mother pairs collected at 13th

week of age are waiting to be analyzed.

The mean breast milk intake of infants measured by deuterium dilution method is
801+ 262 gm at first sampling at 31.15 ±7.7 days of age (n= 18). The milk
intake determined by test weighing was significantly higher than estimated by D2O
dilution. The values were 1169 + 384 per day as compared to 705 ± 129 per day
for TW and D20 method respectively (n= 13). The growth data collected over six
month period for 21 infants showed that they fall within 5 percentile of NCHS for
weight. The height of boys is in 50 percentile whereas for girls it at 5 percentile.
The data collected so far suggest that although majority of infants are exclusively
breast fed and the intake values are normal yet their growth is far from optimum.
This emphasizes the need to take up the studies involving quality of milk in relation
to the nutritional status of the mothers.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

There is an increasing awareness of positive effects of breast feeding (BF) on
health of infants worldwide. Breast milk (BM) provides all macro and micro nutrients in
most palatable form and in appropriate quantity and quality. Most mothers are aware of
this fact and wish to breast feed their babies. However, their breast feeding behavior
may not be optimum.

Breast feeding provides a multitude of advantages for infants including protection
from infections. The maximum beneficial effects of BF however can only be obtained
with exclusive breast feeding, which should be practiced at least for the first 4-6
months of life. Thereafter, BF should be supplemented with other foods [1,2]. With
formula milk usually given in bottles, the baby not only is deprived of the many
advantages of BF but is also exposed, especially in developing countries to a very high
risk of acquiring intestinal, respiratory and other infections resulting in disease and death
[3].

Breast feeding adequacy is determined by studying the infant growth. The growth
standards currently being used are based on formula fed infants. Hence there is a

54



requirement to reassess the growth standards and this envisages the need for
determining the amount of BM intake and weight gain by infants. Moreover, there is a
common belief that the nutritional status of the mother affects the BM output. Although
some studies carried out in UK [4] found no relationship between body mass index and
volume of milk produced. The authors concluded that "lactation performance is
extremely robust".

Pakistan is a country of large population of about 140 million, of which nearly
45% are children under 15 years who suffer from severe nutritional problems. The worst
affected are very young ones. Lack of appropriate breast feeding is a major factor in
wide spread prevalence of malnutrition and infections. According to UNICEF [5] 38% of
children below five years of age are under weight, while 13% are severely so in
Pakistan. Breast feeding status in Pakistan has been very well documented through
various studies [6]. They show an increased prevalence of bottle feeding, especially in
urban areas. Though most mothers still breast feed, this is not optimum. It is rarely
exclusive even in first weeks of life [7]. Supplementary water, other fluids, milk and
foods are commonly introduced after the first or second months of life. These foods are
likely to be contaminated. Initiation of breast feeding is delayed for 2-3 days and
prelacteal feeds are commonly used [6].

Owing to the multitude of advantages associated with breast feeding there is a
profound need to promote BF in its optimum form, so that full benefits can be obtained.
A lactation management clinic was set up at the Children's hospital, Islamabad. Its main
objectives were to help mothers to maintain BF as long as possible by counseling
according to WHO guidelines. The conceptual model for the lactation management clinic
is to identify underlying problems when lactation process is not successful and when
mothers find it difficult to breast feed. The common complaint of mothers attending the
lactation management clinic is insufficient milk which according to a study was
perceived in 50% of the cases [8].

There are a number of instances where it is important to accurately determine the
breast milk intake and output. The conventional methods generally used for
measurement of breast milk output is by test weighing, flow meter method and more
recently is tracer technique based on measurement of water turnover rate [9].
Conventional methods are most prevalent, since facilities for performing the
sophisticated isotopic methods are not available in many countries. However, the stable
isotopic methods though not very simple and straight forward are gaining popularity due
to a multitude of advantages over traditional methods.

The isotopic method can be with tritium or deuterium labeled water. It is ethically
acceptable and safe to use stable rather than radioactive isotopes where infants and
women of child bearing age are involved. The dose of deuterium can be given to the
baby [10] or to the mother [11] The method has been validated [12,13] and is
increasingly been used the world over.

The deuterium dilution, especially dose to the mother method provides not only
an accurate estimate of total body water, which can in turn be used to calculate milk
intake/ output but also the maternal body composition [14,15], and estimates of non
milk water intake. With an additional dose of 180, it is possible to calculate energy
expenditure and body composition of the infant also.

Radiation and Isotope Applications Division (RIAD) of PINSTECH has all the
facilities for doing the preparation and analysis of all major isotopes of interest. The
mass spectrometry group has streamlined expertise for accurate and precise analysis of
2D, 13C, 15N, 18O from biogenic and abiogenic samples. The Life Science Group of RIAD
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is the pioneer in the country for application of stable isotopes in nutrition and health
related research.

The current project was initiated in collaboration with the Department of
Pediatrics, The Children's Hospital Islamabad and is continuing with the involvement of
Islamic International Medical College. The project has following objectives:

• Establishment of D2O dilution method for measuring the BM output.

• Apply the established methodology for determining the BM intake of Pakistani
Infants.

• Monitor the growth of infants fed exclusively on BM up to 4-6 months of age.

It is envisaged that method once established will prove to be a very useful tool in
addressing a number of questions e.g., nutritional requirements and lactation
performance and other factors affecting breast milk production [16,17], energy
requirements of the mother for optimal output in developing countries (recommendations
come from west might not apply directly to the developing country situation); total
weight gain in the mother and distribution in various compartments during pregnancy
and the utilization of fats during lactation; water turnover and its relationship to the milk
output [18]. All these issues can be addressed using an appropriate study design,
whereby milk output and body composition of the mother is determined simultaneously.

Most studies done so far have relied on test weighing for milk intake and
anthropometric methods for body composition.

The execution of this IAEA project has brought prospects of utilizing the stable
isotopic method not only for milk intake but simultaneous determination of body
composition. Once refined the more sensitive and sophisticated methodology can assist
in generating the data on a number of problems regarding maternal and child health
nutrition.

2. METHODS

2.1. Subjects

The mothers residing in the Barakahu area, who were breast feeding their infants
were interviewed and recruited post-natally. Twenty one infant mothers have been
recruited and assayed.

2.2. Inclusion criteria

The volunteer mothers were required to meet the following selection criteria
(Parity 1 or 2) Gravid 2 + , no abnormality at Labor, birth weight >2.5 Kg, no prenatal
problems in the baby or mother, willing to breast feed, willing to be visited.

2.3. Study design

The mothers meeting the selection criteria were pre-empted by the hired lady
health worker, who was in charge of that area. When the infants were 25-30 day of age
the research team visited them at their homes to explain the study objectives in detail
and collect the data. Anthropometric measurements were obtained on the mother and
infant at first visit. Pertinent information regarding civic facilities, socioeconomic status,
nutritional habits of mother were also recorded at this stage.
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The base line samples of saliva/breast-milk and urine were collected and dose of
deuterium dilution given to the mothers. Explicit instructions were given to the LHW and
the mother regarding collection and timing of post dose saliva and urine samples and
their storage. The LHW was asked to keep a record of the time of collection of samples
and to record any deviation from the stipulated time of sample collection.

Although study protocol specified exclusive breast feeding, the non compliance
to study protocol along with reason was recorded. The study procedure were postponed
if either mother or infant were ill or unavailable at the expected time. The determination
of milk intake was done at 25-30 days (4th week) and then again at 1 3th week. Test
weighing was usually conducted at 6 or 7th day of D2O sampling.

The monitoring for infant growth were performed at monthly interval. The actual
ages of infant at the times of D2O were 4.5±1.2weeks (Table II) and 31.15±7.7 days
(Table III). All study procedures were conducted at homes under the supervision of LHW.

2.4. Test weighing

The amount of milk ingested over a 24 h period was determined by weighing the
infant before and after each feeding. The LHW was instructed to use an automatic,
electronic balance (Tanita, Japan), which integrates repetitive weighing and displays
figures when constant. The precision stated by the manufacturer is ±0.05 gms. A diaper
was placed on infant before and during feeding, to keep a record of loss of urine during
feeding. Any losses of milk during feeding were not recorded.

The test weighing procedure was conducted at 6th or 7th day of D2O assay. Only
day time readings were recorded. It was not possible to find a subject where night time
feeding could be weighed. The number of night time feedings were based on mothers
recall. The mean intake per feed during day was averaged and multiplied by the number
of feeds in 24 hrs to calculate milk intake per day.

2.5. Anthropometry

Infant weight was recorded using Tanita electronic balance and infant length was
measured on an infant board. Head circumference was measured by a soft tape. Most
anthropometry readings were collected from LHW record, however readings at alternate
months were taken by the research team.

2.6. Deuterium dilution method for measuring breast milk intake

The dose to the mother method of Coward eta/., [19] was adopted with some
modifications.

2.7. Preparation and administration of deuterium oxide

The 99.9% D20 (CIL Andover, MA 01810 USA) was prepared as follows for oral
administration to the mothers. Seven gram of 99.9% D2O was made up to 70ml with
distilled water and given to subject 1 and two. Later, bulk dose was prepared for entire
study and stored as diluted dose. At each field trip 70 grams of dose aliquots were
weighed and carried in the field pack.

After taking the pre dose saliva or milk sample from the mother, she was given
the dose aliquot. The bottle was rinsed with water and mother was asked to drink the
washings too. The time of dose administration was noted.
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2.8. Sample collection and storage

The saliva samples were collected either through cotton wool placed in the mouth
of the mothers or by direct collection by the subject into collection vial. The urine
samples from the baby were collected, either through cotton wool placed in diaper or by
direct collection into the bottles. The samples from the mother and baby were collected
on day 0, 1,2, 3, 4, 5, 13 and 14. The collected samples were stored in refrigerator,
while in the field and later, in the lab at - 1 5°C in a deep freezer.

2.9. Sample preparation

The samples were thawed at room temperature and then centrifuged at 15,000
rpm for 15 min. The supernatant was separated and stored in Eppendorf tube. For D/H
analysis, 8//I of samples was reduced to H2 gas using Zinc shot method [20]. The details
of procedure adopted and modifications were reported earlier [21].

2.10. Accuracy and precision of standards

Before the initiation of D/H analysis in our laboratory, the enriched and natural
standard samples from IAEA were analyzed. The IAEA standards used were IAEA-302A,
GISP, I-S-8A and l-S-9 along with internal laboratory standards. The results obtained are
presented in Table I.

TABLE I. PRECISION OF IAEA-302A, GISP, I-S-8A AND l-S-9 OF IAEA AND INTERNAL
LABORATORY STANDARDS

Average
SD

5D vs. V. SMOW (%o)
IAEA-302A

511.04
505.71
507.31
508.02
2.23

GISP
-189.72
-190.62
-189.34
-189.89

0.66

I-S-8A
1.10
0.83
1.03
0.99
0.14

l-S-9
-140.58
-140.29
-139.95
-140.27

0.32
1. Average IAEA-302A value determined by the IAEA: 508.4 and range 505.5-511.3.
2. Average GISP value determined by the IAEA Laboratories: -189.50 ±1.0

2.11. Sample analysis (D/H determination)

The D/H was determined on at least five samples from the mother and seven
samples from the baby (baseline and day 1,2, 13 and 14 from the mother and baseline
and day 1,2,3,4 ,13 and 14 from the baby) and were analyzed using isotope ratio mass
spectrometry (Modified Finnigan Mat GD-150). Preparation and analysis of sample were
performed in duplicate for D/H abundances.
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3. RESULTS AND DISCUSSION

3.1. Subjects

Twenty one women were enrolled. The data for 1s t sampling is available for 21
mothers. Of these 21 mothers, two subjects discontinued and left during first sampling
(M-3 and M-17). Two could not comply to BF protocol (M-4 and M-20).

M-4 and M-5 data is excluded due to inappropriate sample collection.

The women were in low socioeconomic status. Mean maternal age was 23.85±
4.48 year and mean weight was 54.35±8.75 kg at the beginning of study (one month
post natal) and a BMI of 22.66±3.62, mean level of education was less than 5 year in
school. Maternal characteristics are presented in Table II .The mean birth weight of 17
infant was 3.02±0.37 kg (range 2.2 to 3.5 kg). The mean gestational age could not be
ascertained. There were 16 boys and 5 girls. Table III shows the characteristics of the
babies included in the study.

3.2. Determination of milk intake

The milk intake of the infants calculated from water intake using deuterium
dilution method was 801+262 ml/day (n = 18) (Table IV). Although most mothers
promised to comply to exclusive breast feeding protocol, yet the non milk intake of
infants as determined by deuterium dilution method was up to 120 ml per day. In some
cases negative values of Fbo were obtained. No explanation for that could be found. The
matter warrants to be discussed with the technical officer of the project.

3.3. Comparison of D2O vs test weighing

The milk intake was determined at 4.5±1.2 week by D20 dilution method as well
as by test weighing method. The average milk intake determined by D2O method was
705±129 ml (n = 13) whereas by test weighing it was 11691384 ml (n = 13) and is
presented in Table V and Fig 1.

Possible reason for high values in test weighing could be that only day time
readings were recorded. Mothers recall was relied upon for the total number of feeds
during night time, which might be a source of error. Moreover, since the number of
feeds per 24 hours were up to 20, consequently the amount milk per feed was smaller.
One of the inherent problems of test weighing method in developing countries, where
feeds are more frequent and, consequently small, induce error in weighing.

Deuterium dilution method values for BM intake are also on higher than what one
would normally expect at four weeks of age of infants. This envisages the need to look
into the accuracy and precision of analysis as well as more careful sampling schedule
(How much is that likely to effect the results. To be discussed with technical officer or
experts in the field). The results of standards analyzed in our laboratory show high
accuracy and precision (Table I). However, handling and preparation of biological
samples in our laboratory needs to match the accuracy and precision that is normally
attainable for all other hydrological samples [Ref]. It is expected that with a little more
expertise and experience we will be able to resolve the problem of accuracy in analysis
of biological samples also.
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The data on water intake of mother is also erroneously high in cases where BM
intake values are significantly higher than normal. The probable reasons for that need to
be discussed with the CRP members and experts.

3.4. Growth

The mean birth weight of all infants was 3.02±0.37 kg (Table III) and at first
sampling at 4.5±1.2 week it was 3.92±0.57 kg {Table IV) . The weight for age and
length for age data is given in Fig. 2 and Fig. 3. The growth data collected over six
month period for 21 infants showed that they fall within 5 percentile of NCHS for
weight. The height of boys is in 50 percentile whereas for girls it is much below 5
percentile.

3.5. Intake/growth

The normal daily intake of water and calorie requirement of infants at four weeks
of age is up to 100 to 120 ml/kg/day. [22]. The estimated milk intake of infants in the
study 202+62 (Table 111) should provide needed energy for optimum growth. However,
the data obtained is contrary to what is expected. More data is therefore needed to
verify the findings. Moreover, the amount of milk intake determined by either
methodology need to be reviewed. The growth standards used as reference are of
NCHS. The WHO growth charts should be used as reference.

4. PROBLEMS ENCOUNTERED

4.1. Samples

Initially plan was to collect saliva from the baby and breast-milk from the mother
for D/H determination. However, at first sampling i.e., when infants were 25 days old it
was not possible to collect any saliva. Baby's mouth was quite dry. Therefore it was
decided to collect urine samples from the baby instead.

The breast milk sample collection posed no problem. However, the results of D/H
determination from BM samples was highly variable. Since the bench top microfuge was
not available, to spin down the probable particles, we therefore, changed from BM to
saliva for the mothers.

4.2. Sample collection

The collection of samples over 15 day sampling for D2O presented certain
problems. The families sometimes moved to some other town without informing. This
created difficulty in keeping to the strict time schedule for collection of samples.
Although effort was made, by explaining to mother, the importance of keeping the time
schedule. The test weighing were usually scheduled for the 5th & 6th day of deuterium
study, so that data from all subjects could be standardized.

4.3. Sampling

The D2O sampling was initiated a bit late because, the tracer (D2O) ordered
through IAEA procurement section could not be delivered as initially planned . However,
Dr W.A. Coward was kind enough to supply some, through his own resources and later
IAEA procurement rescheduled the order.
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The Kontess ampoules, which are considered better than O-ring type J-young
type ampoules, could not be procured. The glassware required for sample preparation
arrived quite late (because of re-ordering after May 29th).

The sampling for D20 dilution involved a number of precautions, which became
more clear, once the analysis of samples were made.

The LHW normally available, are not quite trained in the type of sampling that
was involved in the method. The variation in the D2O and test weighing could be due to
the timings of sample collection and the test weighing only during day time.

A few assays conducted in strict supervision of the research team gave
comparable estimates e.g., (B-10 and B-11} of Kg/day by D2O method and by TW (Table
V).

Since the TW gives immediate estimates whereas, the D2O dilution estimates
come when the samples are analyzed in the laboratory and are plotted through Microsoft
Excel. It was therefore not possible to keep strict scrutiny over the field workers who
were mainly responsible for collecting the samples routinely. The data of D2O was the
last one to compile. Therefore no further precautions was possible on already collected
samples.

5. PLANS FOR 2000

• Follow-up the remaining recruited infants at 4 month (13 week) of age for milk
intake by D20 and test weighing methods.

• Follow-up the growth of infants using anthropometry up to 1 year of age.

• Work on accuracy and precision of analysis of D/H samples.

• Work on dose administration, sampling accuracy and test weighing procedure.

• Analyze the samples already collected, to compute the milk intake.

• Interpret and analyze when all the data is available, for the following: a) correlation
of milk output with the body composition of the mother, b) milk intake and growth
of the baby at 1 and 4 months of age, c) correlation of milk output and nutritional
status of the mother, d) correlate the illness record during first six months of age
as possible explanation of sub optimum growth.

• Perform 13C urea breath test on malnourished children at six months of age, to
account for Helicobacter pylori colonization, which might provide some clue for
growth failure.

5.1. Conclusions so far

The results obtained so far suggest that the D2O method once streamlined is a
useful and accurate method to provide the quantitative data on milk intake of infants.
Besides milk intake data, additional useful information on maternal body composition is
also obtained if dose to the mother method is used.

The volume of intake that baby ingested was adequate, however, the observed
growth pattern of the baby suggest that the nutritional requirements were not met. This
envisages the need to look at the maternal nutritional status and also the milk
composition besides other environmental factors like infections which might explain to
the sub optimal growth of the infants.
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TABLE II: CHARACTERISTICS OF MOTHERS ENROLLED IN THE STUDY

Sr.No

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

Code No

M-1

M-2

M-3

M-4

M-5

M-6

M-7

M-8

M-9
M-10

M-11

M-12

M-13

M-14

M-15

M-16

M-17

M-18

M-19

M-20

M-21

Age (yrs)

26

22

28

23

25

19

22

19

35

21

27

28

21

23

26

15

25

30

24

18

Mean 23.85

SD 4.48

Range 15-35 yr

Height

Meter

1.55

1.61

1.47

1.55

1.61

1.674

1.45

1.55

1.5

1.55

1.643

1.473

1.575

1.65

1.575

1.524

1.524

1.6

1.55

1.473

1.55

0.0618

Wt(kg)
4wkPN

50

63.5

67.8

65.9

na

59

56

30.6

54.6

45

51

49

46..5

58

48

49

51

57

63

50

53.24

8.31

30-67

Wt(Kg)
12wkPN

45

61.6

Difference

-5

-1.9

Volunteer discontinued

71.5

64

60

64

51.5

33

57

48

51

nd
44.5

58

50

3.7

-1.9

na

5

-4.5

2.4

2.4

3

nil

-2

0

2

Volunteer discontinued

57

56

58.8

47.5

54.35

8.75

33-64

Body mass index was calculated according to the following formula:
Ref: VINCENT HEGARTY(1988), Decissions in Nutrition, Pb.Times mirror/ P
Body Mass Index: Reference values from encylopedia Brittanica

-1

-4.2

-2.5

i/losby College

BMI

22.22

24.5

31.38

27.42

23.14

22.5

26.7

13.18

24.26

18.73

19.92

22.6

20.5

22.13

19.5

21.2

22.07

22.2

26

23.1

Education

UM
UM

UM

UM

UM

UM

UM

UM

UM

UM

UM

UM

UM
UM

UM

UM

UM
matric

UM

UM

UM
22.66

3.62

13.18-31.38

BMI = m
(length)2

20-24 Desir 25-29.9 Over weight 30 or above = Obese
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TABLE III: CHARACTERISTICS OF INFANTS INCLUDED IN THE STUDY

Sr.No

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Code

B-1
B-2
B-3
B-4
B-5
B-6
B-7
B-8
B-9

B-10
B-11
B-12
B-13
B-14
B-15
B-16
B-17
B-18
B-19
B-20
B-21

Birth wt
(Kg)

3
2.5
NA
2.5
3

NA
3.5
3.5
3.5
2.8
NA
3

2.2
3
3
3
3

NA
3

3.5
3.4

delivery

normal
normal
normal

c-section
normal
normal
normal
normal
normal
normal
normal
normal
normal
normal
normal
normal
normal
normal
normal
normal
normal

infant wt/age
perentile(birth)

25
5
X

5
25
X

75
75
75
10
X

25
<5
25
25
25
25
X

25
75
50

age (week)
1st sampling

4
4
3
4
7
7
7
7
4
3
4
5
5
4
4
4
4
4
4
4
4

Sex
male
male

female
male

female
male
male
male
male
male
male

female
female
male
male

female
male
male
male
male
male

Remarks

left the study
Excluded
Excluded

left the study

Non compliance

Average 3.02 4.5 Male =16
SD 0.37 1.2 Female=5



Table 4: Breast milk and non breast milk intake of infants at 4 week of age
Determined by deuterium dilution method

Sr.No

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Mean
SD

Infant
Code

B-1
B-2

Wt. (kg)

3.4
4.04

Age(d)

30
23

HC (cm)

nd
36

Height F(tno)
(1st sampling)

nd
nd

3.72
4.83

M* (ml)

690
1660

F(bm)
(ml)

600
1450

gm/kg

202.9
410.89

Fbo(gm)

60
90

B-3 excluded from the study
B-4 2.66 23 34.5 50 excluded from the study
B-5 4.22 51 36 56 excluded from the study
B-6
B-7
B-8
B-9

B-10
B-11
B-12
B-13
B-14
B-15
B-16
B-17
B-18
B-19
B-20
B-21

(n=18)

5.54
4.64
4.28

4
3.4
3.75
3.75
3.32
4.04
4.08
4.02
3.84
3.14
4.04
3.96
4.22
3.92
0.57

50
37
35
24
19
28
34
33
30
28
30
31
30
30
30
27

31.15
7.7

40
38
38
37
34
37
37
35
35
35
36
37
36

37.5
37
36

nd
57
57
55
51
55
53
51
53

51.2
52
53
54
57
54
58

3.09
10.34
6.29
3.07
2.82
3.29
2.93
2.91
4.65
6.2

6.04
8.63
3.5
12.3
14.32
4.72

900
1040
540
870
520
790
720
610
680
890
730
1040
670
880
720
470
801
262

790
910
470
760
460
690
630
530
590
780
640
900
590
760
630
410

162.45
224.13
126.16
217.5
152.9
210.6
192

183.73
168.3

218.13
181.5
270.8
213.3
217.8
181.81
111.3
202

62.26

70
-470
-10
30
10
-50
-40
40
90

-290
50

-320
-60
-50
120
46
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TABLE V: COIVIPARISON OF TEST WEIGHING AND D20 DILUTION METHOD

Sr.No
1
2
3
4
5
6
7
8
9
10
11
12
13

code No
B-1
B-8
B-9

B-10
B-11
B-12
B-14
B-15
B-16
B-18
B-19
B-20
B-21

TW-1
1.58

1
0.8

0.52
0.86
1.032

1.5
1.1

1.55
1.6
1.77

0.672
1.22

D2O-1
0.69
0.54
0.87
0.52
0.79
0.72
0.68
0.89
0.73
0.67
0.88
0.72
0.47

Mean 1169 705
SD 384 129

Data for 13 subjects was available for comparison

2
1.8

C O . .
T31.4
*****

S.2
J 1
f0.8

0.4 ]
0.2 )

0 I

Fig 1: Comparison of test weighing and D2O dilution
method

6 7 8
Infant code

10 11 12 13

STW-1

• D2O-1
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Fig 2: Weight for age of infants (mean +/- SD compared to NCHS

Girls
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Age (months)
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Boys

NCHS Percentile

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Age (month)

Ref: Hamil! eta!., (1979) Physical Growth: National Centre for Health Statistics Percentiies.
Am. J. Clin. Nutr. 32:607-629
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Fig 3: Length for age of infants (mean +/- SD compared to NCHS

Girls'
NCHS Percentile

95

2 3 4 5 6 7 8 9 10 11 12 13
Age (months)

Boys
NCHS Percentile

95

0 H—

3 4 5 6 7 8 9

Age(month)

10 11 12 13

Ref: Hamill et.al., (1979) Physical Growth: National Centre for Health Statistics Percentiles.
Am. J. Clin. Nutr. 32:607-629
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USE OF DEUTERIUM OXIDE TO MEASURE BREAST MILK INTAKE IN
CHILDREN AGED 7 - 1 2 MONTHS RECEIVING COMPLEMENTARY FOODS

HILARY CREED-KANASHIRO, Instituto de Investigacion Nutricional Av. La
Universidad 685, La Molina, Lima, Peru

Abstract

In the present study we performed a pilot study using deuterium oxide method to
determine the breast-milk intake in children 7-12 months of age receiving
complementary food. This is applied to a community efficacy study to determine
the effects on total energy and nutrient intake and on breast-milk consumption of
an intensive education intervention using locally available, culturally acceptable
complementary foods. We determined the washout period for the deuterium
finding a value of 21 days for the mother and child. This measurement was
performed using the infrared spectrometer of the Instituto de Investigacion
Nutricional and compared with the values obtained with the IR Mass Spectrometer
of INTA Chile. The test weighing was conduced on 14 children and compared with
the values obtained using the deuterium methodology. Our result suggest that the
breast milk intake determined by the weighing test was lower with regard to the
value obtained with the deuterium methodology.

1. SCIENTIFIC BACKGROUND AND SCOPE OF WORK

Childhood malnutrition, characterised by linear growth retardation, affects
approximately 25% of the world's children under five years of age. These levels have
barely changed during the past 20 years despite numerous attempts to intervene. This
stunting is associated with diarrhoea, contributing to longer duration and increased
severity and mortality, particularly during the 6-24 months period [1,2,3,4,5], impaired
cognitive function and school performance as well as reduced work capacity [6,7], and
obstetric performance. Mild to moderate malnutrition has been shown to be related with
increased risk of mortality [8].

The critical time for post-natal growth retardation is during the weaning period
when foods other than breast milk are introduced to the diet, principally between 6 and
12 months of age, at which time nutritional intake becomes deficient. This has been
demonstrated in Peruvian and other Latin American populations. It appears that this
stunting is generally not reversible later in life [9]. Thus, improvement in child nutrition
needs to occur during this critical period to prevent growth retardation and its
consequences.

A number of studies indicate that the most important factor influencing growth at
this stage is food intake, namely giving inadequate weaning foods to complement breast
milk [10,11]. Thus improving weaning practices will prevent malnutrition.

The object of changing weaning behaviour is to achieve a positive effect on the
nutritional and health status of the population. However, although targeted to improve
nutrition and health, the promotion of weaning practices has not always translated into
improved dietary intake or nutritional status [12,13,14]. Nevertheless such strategies are
an important component of all child survival programmes. Hence it's important to
document that this approach can work.

A major concern is whether the promotion of weaning foods might lead to
substitution or replacement of other foods, which could result in no increase or even a
reduction in overall energy or nutrient intake. This is particularly critical in relation to the
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premature or excessive replacement of breast milk during the weaning period, when
breast milk remains important both nutritional and for protection against disease.
Consequently it is important to study whether it is possible to increase total dietary
intake through the adoption of appropriate weaning practices in the community and
investigate the effects on the different components of the diet.

The measurement of total food and breast milk intake is a necessary component
of the evaluation of programmes during this critical period. To date the test weighing
method has been used for the determination of breast milk intake [15] for evaluation in
developing countries. However the application of the techniques using deuterium oxide
for this purpose will greatly facilitate these evaluations [16,17,18].

A protocol for the determination of the change of energy and nutrient intake from
both breast milk and complementary foods with adoption of currently recommended
complementary feeding practices has been funded by the Thrasher Fund and WHO. The
present project is a complementary component to evaluate the application of he use of
the deuterium oxide methodology for the measurement of breast milk. The information
obtained will permit the evaluation of complementary feeding programmes and their
effect on intake of breast milk and other dietary components. There is very little
information available to date on the effects of complementary feeding programmes on
breast milk intake and on total energy and nutrient intake.

It is necessary to evaluate the effect of programmes on dietary intake over
relatively short periods as increase in age has a marked effect on breast milk and other
food intake during this transitional time of changing feeding patterns. Thus it is
necessary to explore the possibility of successive measurements of breast milk intake
using D2O over short periods.

There has been little work documenting the effect of introduction of
complementary foods in breast milk intake and total energy and nutrient intake during
the weaning period. Recent studies from Honduras indicate that substitution of breast
milk occurs with no nutritional benefit when complementary foods are added to infant's
diet between 4 and 6 months [19]. Similar observations have been made in children
under 1 year in rural Thailand [20] and no beneficial effect was demonstrated with the
promotion of a nutritionally adequate complementary food in Nigeria [13].

The use of deuterium oxide for the measurement of breast milk intake has been
used in different centres to document breast milk intake in different situations, such as
with smoking mothers [21] but mostly during the first few months of life. It has not yet
been employed during the weaning period to elucidate issues such as a lack of
nutritional impact of nutritional intervention, etc.

The use of Isotope Ration Mass Spectrometry (IRMS) has been used for
determination of breast milk intake. However, as many of these studies need to be
conducted in the field in the countries where stunting occurs, the application of these
techniques using the IR spectrometer is an advantage. The method has been recently
validated for measurement of breast milk intake with Indonesian mothers [22].

To date breast milk intake has been measured by test weighing in the field
projects of UN. We have had considerable experience in this technique. It is necessary to
continue to use this technique due to the sample size required for the study design of
measuring changes in dietary intake. We measure breast milk intake during 12-hour
periods and, on a sub sample, for 24-hour periods to be able to extrapolate the 12 to 24
hour breast milk intake. We have considered the possibility of using D2O determination
for the 24 hour intake, thus facilitating the calculation of the 1 2 to 24 hour intake.
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1.1.Objectives

a) Measure the time required to return to base-line values of deuterium oxide in the
mother and the infant, after a dose-to-the-mother for the measurement of breast
milk intake in children of this age group who are receiving complementary foods,
aged 7 - 1 2 months.

b) Validate the infrared spectroscopy methodology for the evaluation of breast milk
intake in the field using the infra red spectrometry method, equipment of the UN
in comparison with the isotope ratio mass spectrometry method in collaboration
with Dr. Gabriela Salazar at INTA, Chile.

c) Use the deuterium oxide methodology to measure the change in breast milk
intake with the adoption of recommended complementary feeding practices in a
group of mother-children pairs aged 7 - 1 2 months.

In addition we included a fourth objective:

d) Comparison of the breast milk intake to the test weighing methodology in a group
of children 7 - 1 2 months of age.

In this project we have been co-ordinating with INTA, Chile, with Dr. Gabriela
Salazar who helped us to start the project with the training of the project team in the
procedures, and in the analysis of the samples using IRMS at INTA. We have also been
co-ordinating with Johns Hopkins University, Dr. Benjamin Caballero, who advised us in
the development of the study protocol and in the discussion of the initial results.

2. METHODS

2.1. Field procedures

Prior to the initiation of the protocol each mother participating in the project was
visited, the project explained to her and written consent obtained. For each of the
mother-child pairs participating in the study the following procedures were conducted:

On day 0 a base-line sample of 2ml. of saliva was collected from the mother and
the child and exact time noted. Neither the mother nor the child had taken food or drink
or breast milk for at least 1 hour prior to the taking of the sample. The sample was
collected using Salivets and in the case of the children, using a small piece of cotton
wool secured with thread, as this was found to be more comfortable for the children.
Both the mother and the child were weighed and measured.

A dosis of 30g of deuterium oxide was given to the mother. The bottle in which
the sample was weighed with the deuterium oxide was weighed again after
administration, so that the exact amount of deuterium oxide given to the mother was
calculated.

The house was subsequently visited at a similar time on the days when samples
were collected from the mother and the child. Samples of saliva were taken from the
infant on days 1,2,5,6,13,14,21,28, and in the case of the mother on days 1,6,14,21,
and 28. The samples on days 21 and 28 were collected in order to examine the
presence of residual deuterium on these days, to determine the washout period for
purposes of the phase 2 part of the study, where breast milk intake needs to be
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measured successively after a period of nutrition education. The samples of saliva were
kept at -20C for future purification and analysis.

2.2. Sample preparation

The aqueous portion of the saliva or urine was extracted by vacuum sublimation.
The liquid sample was frozen along the inside walls of a test tube to maximise its
surface area. The test tube is connected to a condensing tube submerged in a -50C
bath. The top of the condenser tube is attached to a vacuum. Water vapour is drawn by
the vacuum from the test tube containing sample and trapped and frozen in the
condenser.

2.4. Deuterium determination (D2O quantification)

Samples/standards are pumped continuously from the autosampler through the
cell of the infrared spectrometer (IRS), with a distilled water wash between them. The
change in absorbance is recorded as a chromatogram by an integrator connected directly
to the IRS the peak height corresponding to each sample is related to its D2O
concentration.

2.5. Calculation of breast milk intake

The calculation of the volume of breast milk intake from the results of the
analyses of deuterium oxide were made using the formulae of the spreadsheets provided
by Dr. Andy Coward. {Include formulae) Two formulae were provided for the
calculations, the second one adjusted for a better fit of the chi-squared to the curve.

2.6. Test weighing

Test weighing for 48 hours was conducted on a sub-group of the children for
comparison with the deuterium oxide method. Four field workers were trained in the
methodology. One field worker was present in the house for the first 24 hours followed
by a second field worker who replaced her for the subsequent 24 hours. During the
observation period the child was weighed on Ohaus mechanical balances, weighing to a
precision of 1 g., before and after each breast-feed during the 48 hours. The total 24-
hour intake was corrected for insensible water losses during the weighing period using
the factor of 3%. The test weighing was conducted mostly on days 5 and 6 of the
deuterium study. There was good acceptance on the part of the mothers. The intake of
foods during the observation period was noted, although this was not measured
quantitatively.

2.7. Comparison of deuterium oxide between infrared and mass spectrometry

Duplicate samples from a selected group of mother-infant pairs were sent to INTA
for analysis using mass spectrometry. These analyses are underway, we already have
some preliminary results.

To date we have completed objectives 1 and 4. Analysis of the deuterium oxide
by mass spectrometry in Chile for comparison with the infrared of the UN is currently
being completed.

The evaluation of the change in food and breast milk intake as a result of an
intensive period of nutrition education is currently being initiated. The community
efficacy study is supported by the Thrasher Research Fund and WHO. The protocol
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involves a 2 day weighed dietary intake study. The intervention period is followed by a
period of 3 - 4 weeks of intensive education with the selected complementary feeding
messages developed as a result of previous studies and of formative research for this
study, followed by a repeat of the 2 day dietary intake evaluation to explore changes in
total dietary intake, feeding patterns, intake of the different foods and breast milk as a
result of the education.. As the sample size for this study is 90 per group (intervention
and control) it is not possible to measure breast milk intake with the deuterium oxide
method on all the children. Thus test weighing is being used and D20 on a sub-sample of
8 mother-child pairs per group (total 16, each with 2 determinations).

This study commenced with the formative research in 1998 and the second part,
the efficacy study, commenced in the middle of this year. Consequently we are just
commencing the evaluation of breast milk intake using deuterium oxide in a sub-sample
of these children. We shall complete sample collection in January and expect to have
the analysis and final results shortly afterwards.

3. RESULTS AND DISCUSSION

3.1. Number of participants

A total of 30 mother-child pairs participated in the deuterium oxide study, we
surpassed our originally proposed sample. The distribution by age group, between 6 and
11 months is shown in Table I. Of these children 14 participated in the test weighing
comparison study, as shown in Table II.

3.2. Breast milk intake volume and comparison between methods

The breast milk volume was calculated using the formula 2 in the Excel
spreadsheet. In figure 1 the kinetics of the exchange of deuterium oxide on one mother-
child pair is shown as an example. It can be seen that by day 21 there is minimal
content of deuterium, as read by the infrared, in the saliva of both the mother and the
child, indicating that this is sufficient washout period at this level of dose of deuterium
oxide.

In Table III the individual data used for the calculation and the final result of
breast milk volume from the excel spreadsheet for the same mother-child pair is shown.

The results of the breast milk intake volume for both the deuterium oxide and the
test weighing methods are shown in Table IV. The percentage difference between the 2
methods, calculated for formula 1 and formula 2 and the test weighing results are
presented. The percentage difference varies between - 6 . 2 1 % to 36.47% for the
individual children, with a mean difference between the 2 methods of 17.25% when
formula 2 is used, and a mean of 18.93% for formula 1. For all but one child, test
weighing gives a lower volume of breast milk intake than the D2O method. The percent
variation per child between the methods and for each of the formula is presented
graphically in Figure 2.

Figures 3, 4 and 5 show the linear regressions of the infrared against the test
weighing method results using each of the formulae and the mean of F1 and F2. It can
be seen that there is a better correlation between the 2 methods when formula 2 is
used, with a R2 = 0.6839.These results indicate that there is considerable variability
between the 2 methods and the test weighing gives mostly lower intakes than the
deuterium. On the whole the differences are greater than those reported by other
authors [17].
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3.3. Comparison of the deuterium oxide results using mass spectrometry and
infrared analyses

We have the initial results of the concentrations of deuterium oxide from the 2
methods for 4 children, shown in table V. The mean difference between the analyses is
2.96%. Further analyses will provide more light on these results, and the comparison of
the breast milk intake calculated by the 2 methods will be interesting.

3.4. Other foods consumed by the children

The frequency of consumption of the complementary weaning foods consumed
by the children during the 48-hour observation period is shown in table VI. In fact these
children were eating little; although their complementary food intake was not measured
quantitatively it can be seen that it is inadequate in terms of the frequency of foods
consumed in these cases. Bread and biscuits were the most common foods consumed,
followed by stews or purees, milk preparations and soups and broths. On averaging the
foods by child/day the mean frequency of consuming bread is 0.74 times per day and
stews or purees, 0.6 times per child per day.

4. CONCLUSIONS

From the results of the kinetics of the exchange of the deuterium oxide there was
little residual deuterium oxide in the body of the mother or the child at 21 days with the
dosis of 30g given to the mother. This means that the methodology can be applied to
the protocol of the efficacy study. On the basis of these results, deuterium is to be
given to the mother 2 weeks before the 2-day dietary intake measurement, and the
education intervention started immediately after this. Breast milk intake will be measured
by deuterium oxide during this 2-week period. One week after the dietary intake study a
second dose of deuterium oxide is given for measurement of breast milk intake during
the period of the intervention when the mother is implementing the improved
complementary feeding practices (hopefully!). The second dose of deuterium is given
between 21 and 25 days after the initial dose, so, on the basis of the present results,
there should be no problem with residual deuterium at that time.

There is a tendency for the measured breast milk intake volume by the test
weighing method to be less than by deuterium oxide method, results similar to those of
other studies [17]. Nevertheless in the efficacy study we have no option other than to
use the test weighing because of the sample size required to measure differences in
total energy and nutrient intakes with or without an education intervention. Obviously
the results indicate that one method is not comparable with the other in the same study,
i.e. cannot use 1 2-hour intake by test weighing and 24 hour intake by deuterium oxide,
it needs to be the same method for each determination. However, the regression
coefficient using formula 2 is interesting and we should like to discuss using this formula
to adjust the breast milk intakes for all the children in the efficacy trial.

The results of the comparison of the measurement of deuterium oxide and
volume of breast milk consumed using the mass spectrometry and infrared methods are
interesting. We await further results and discussion to understand the significance of
this. It will be important to see whether there are differences in the breast milk intakes
using the results from the 2 methods.

The food intakes from foods other than breast milk in the children studied are
low, in fact even lower than in other studies with larger sample sizes. This is the reason
for conducting the efficacy trial, to try and improve complementary feeding practices,
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which are currently deficient in many sectors of the population in Peru, and to explore
the effect of this on breast milk intake.

4 . 1 . Current situation

As explained above we are currently initiating the application of the technique to
the community efficacy trial for measuring total dietary intake and the different dietary
components as a result of an intensive education campaign. Sample collection will be
completed in February and the results and final analyses are planned for March 2000.
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TABLE I

NUMBER AND AGES OF CHILDREN WHO
PARTICIPATED IN BREASTMILK INTAKE
MEASUREMENT BY DEUTERIUM OXIDE

AGE
(months)

6
7
8
9
10
11

TOTAL

NUMBER
CHILDREN

5
9
2
7
6
1

30

TABLE II

NUMBER OF CHILDREN WHO PARTICIPATED
IN MEASUREMENT OF BREASTMILK INTAKE:

DEUTERIUM OXIDE AND TEST WEIGHING

AGE
(months)

6
7
8
9
10

TOTAL

NUMBER
CHILDREN

4
3
1
4
2
14

77



00

SUBJETSNo.

DATOS DE LA
edad
peso

MADRE
37.00
54.00

2

anos
kg

DATOS DEL 1
edad

peso-inicial
peso-final

BEBE

7.70
7.23
7.27

TABLE III

meses
kg
kg

DOSIS
dosis) 30.06 \g

(1) Datos de saliva de la mama

tiempo ppm ppm

1
2
6
14

887
774
427
119

887
776
397
119

promedio

887
775
412
119

sigma

0.00
1.28

20.85
0.00

cv

0.00
0.16
5.06
0.00

ppm calc
1039.21
894.38
766.06
412.52
121.46
sum =

chi squared

54
87
0
5

147

(2) Datos de saliva del bebe

tiempo ppm ppm

7
2
5
6
13
14

137
245
373
377
215
205

137
245
365
369
200
188

promedio

137
245
369
373
207
196

COMPOSICION DE LA MADRE
D space

Lean Mass
Body fat

grasa
wat intake

28.89
38.06
15.94
29.52
4.43

kg
kg
kg
%
ka

sigma

0.43
0.00
5.53
5.96

10.64
11.49

cv

0.31
0.00
1.50
1.60
5.13
5.85

kg.day-1

DATOS CINETICOS
Cm(0)
k(mm)

k(bb)
F(bm)
k(bm) = 0.03

Body
Water
4.48
4.48
4.48
4.48
4.48
4.50
4.50

del calc
0.00

148.74
251.56
363.66
362.96
217.13
196.90

sum =

chi squared

141
45
30
102
97
0

415

1039.21
0.15
0.22
0.79

ppm
day-1
day-1
kg.day-1

LECHE
F(bo) =

Total error

0.91
0.12

23.72

kg.day-1
kg.day-1

day-1



TABLE IV

TOTAL VOLUME (kg) OF BREASTMILK PER CHILD AS MEASURED BY
DEUTERIUM OXIDE (formulas 1 and 2) AND TEST WEIGHING, AND THE

DIFERENCES BETWEEN THE METHODS

CHILD

2
3
4
6
9
15
16
17
18
21
25
27
28
31

MEAN

AGE

7.1
9.5
9.2
6.6
10.1
9.2
7.6
6.6
6.6
7.4
6.9
8.2
10.4
9.1
8.2

By Deuterium oxide
Formula 1

0.86
0.82
0.85
0.68
0.70
0.73
1.40
1.00
0.79
0.91
0.96
0.98
0.91
1.04
0.90

Formula 2
0.91
0.86
0.84
0.71
0.85
0.77
1.19
0.97
0.83
0.91
0.92
0.86
0.89
0.86
0.88

T.W.
+ 3%
0.70
0.68
0.62
0.61
0.68
0.49
1.08
0.94
0.88
0.79
0.85
0.67
0.74
0.59
0.74

Difference: D20 - T.W.
F1 - T.W.

0.16
0.14
0.23
0.08
0.02
0.23
0.32
0.06
-0.09
0.12
0.10
0.31
0.17
0.45
0.16

F2 - T.W.
0.20
0.18
0.22
0.11
0.17
0.28
0.10
0.03
-0.05
0.12
0.07
0.19
0.16
0.27
0.15

%F1 - T.W.
18.74
16.70
26.96
11.21
2.50
32.31
22.52
6.30

-11.52
13.65
10.73
31.34
18.88
43.56
18.24

%F2 - T.W.
22.46
20.63
25.86
15.16
19.98
36.54
8.58
3.00
-6.14
13.39
7.66

21.75
17.39
31.80
16.55
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TABLE V

ANALYSIS OF D20 IN SALIVA AS MEASURED BY MASS SPECTROMETRY (CHILE)
AND INFRARED SPECTROMETRY (PERU)

Child number

AB19-01
AB19-05
AB19-13

AB20-01
AB20-06
AB20-13

AB21-01
AB21-06
AB21-13

AB22-01
AB22-06
AB22-13

Mass
spectrometry

ppm D20

96.157
240.615
156.419

162.519
356.798
209.035

131.623
377.086
259.582

129.19
341.669
195.26

Infrared

ppm D20

107.163
164.638
180.123

139.650
224.912
206.136

130.933
386.582
272.350

140.096
360.926
196.907

Difference

-11.006
75.977
-23.704

22.869
131.886
2.899

0.690
-9.496

-12.768

-10.906
-19.257
-1.647

Percentage

-11.45
31.58
-15.15

14.07
36.96
1.39

0.52
-2.52
-4.92

-8.44
-5.64
-0.84
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TABLE VI

FOOD CONSUMED BY THE CHILDREN DURING THE
2 DAY TEST WEIGHING PERIOD (n=14)

FOOD CONSUMED

Bread, biscuits
Stews, purees, potato
Milk, milk and cereal
Soups, broths
Puddings, jelly
Tea, herbal infusions, fruit juices,etc
Banana
Egg
Oatmeal
Potato,
Tuna fish
Rice

TOTAL NUMBER OF
PREPARATION IN 2 DAYS

21
17
16
10
8
8
5
4
2
2
1
1

00
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FIGURE 2
PERCENT DIFFERENCE IN AMOUNT OF BREASTMILK BETWEEN D2O AND

TEST WEIGHING METHODS BY CHILD
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FIGURE 5

LINEAR REGRESSION OF COMPARISON OF
BREASTMILK INTAKE BETWEEN D2O

TEST WEIGHING METHODS
(Mean of Formula 1 and 2)
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FIGURE 3
LINEAR REGRESSION OF COMPARISON OF

BREASTMILK INTAKE BETWEEN D2O
TEST WEIGHING METHODS
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FIGURE 4
LINEAR REGRESSION OF COMPARISON OF

BREASTMILK INTAKE BETWEEN D2O
TEST WEIGHING METHODS
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FIGURES 6 -9

RESULTS OF D2O MEASUREMENT IN SALIVA BY MAS SPECTROMETRY (CHILE)
AND INFRA RED SPECTROMETER (PERU)
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MATERNAL NUTRITIONAL STATUS, BREAST-MILK PRODUCTION AND
NEWBORN GROWTH AND DEVELOPMENT

M A . CONCEPCI6N PAEZ VALERY, ARMANDO SANCHEZ JAEGER, ANGELA MARINO

Centro de Investigaciones en Nutricion, Universidad de Carabobo, Valencia,
Venezuela

Abstract

Breast-feeding practice of Venezuelan mothers is very short (less than 3
months). In 1995, 52% of the lactating women stopped breast feeding before
the first month. Exclusive breast-feeding is very infrequent, especially among
low income women. The most important reasons for quitting breast feeding
are: early weaning, working mothers in "informal market", and lack of
nutritional knowledge. There are new programs, from governmental
(CONALAMA) and non-governmental (UNICEF) groups that improve this
practice. There is little information regarding breast-milk production,
composition, nutritional and socio-cultural behaviors of lactating women in
Venezuela. With the goal of providing reliable information on this topic, we are
studying maternal nutritional status, and breast-milk production of low SES
mothers, and growth of their infants. In this study we selected isotopic
methods to measure breast-milk intake, on the other hand, vitamin A contained
in women breast milk was determined. Another objective of this project was to
assess mother's vitamin A status according to the conjunctiva! impression
cytology (CIC) and the retinol dose response (RDR) methodology. Mother body
composition was determined through different skinfold measurements and body
mass index (BMI). Also, the babies' growth during the first three months of
breast-feeding was evaluated. During that period it was possible to evaluate
vitamin A reserves and corporal composition of the mother and nutritional
status of their infants. No important prevalence of vitamin A deficiency was
detected (6.3%), high risk of malnutrition was demonstrated by SES (92%),
and between 11 and 18% of the mother began the lactating period
undernourished.

1. SCIENTIFIC BACKGROUND

Breast-feeding practice of Venezuelan mothers is of very short duration (less
than 3 months). In 1995, 52% of the lactating women stopped breast feeding before
the first month [1-2].

Exclusive breast-feeding is very infrequent, especially among low income
women. The most important reasons for its abandonment are: early weaning, high
number of working mothers in "informal market" (even though we have laws that
protect the working mother during the lactating period, many of the low SES women
are not protected because they work in the informal sector of our economy), and lack
of nutritional knowledge [1-4].

In view of these problems, new programs that advocate breast-feeding have
been created, both from governmental (CONALAMA) and non-governmental (UNICEF)
groups. We are conducting our study in one of the two hospitals in the city of Valencia
with such programs. The hospital is located within a very poor suburban area of the
city. Only natural deliveries are attended and their breast-feeding program follows
UNICEF guidelines, such as common rooming and counseling on lactating issues.

From the beginning of the project, in May 1996, our research team has
participated in all of the hospital's activities concerning breast-feeding, among them,

87



we provide counseling to mothers, prepare visual aids material for breast-feeding
education programs, and written information to handout.

There is little information regarding breast-milk production, composition,
nutritional and socio-cultural behaviors of lactating women in Venezuela.

With the goal of providing reliable information on the topic, we are studying
maternal nutritional status, breast-milk production of low SES mothers, and the growth
of their infants.

2. METHODS

2 .1 . Sample

Thirty women, after delivery, were willing to breast-feed for at least a period
of three months. Currently we are including mothers who breast- and bottle-feed
(mixed-feeding), as well as those who breast-feed exclusively. This decision was taken
because exclusive breast-feeding during the three-month period is almost impossible to
find in this low SES sample. Most of the women are working-mothers and/or they have
a cultural-social bias, in the sense that they feel that an exclusively breast-fed baby is
not well nourished. Hence, we will be measuring breast-milk intake in infants with both
exclusive breast-feeding and mixed-feeding.

2.2. Inclusion criteria for the mother an her babies

a) Mothers' age: 18 to 35 years old.
b) Mothers and babies free of acute or chronic diseases. Undernourished mothers

were included.
c) Mothers that do not drink alcohol and non-smokers.
d) Low socio-economic status.
e) Gestational age: 37-42 weeks.

2.3. Parameters to be measured

a) Maternal body composition and vitamin A (VA) status at the beginning and at
the end of a 3 months breast-feeding period.

b) Breast-milk volume by isotopic method, measured during the same period of
time.

c) Infants' growth and development, assessed by anthropometric evaluation during
this period.

d) Vitamin A content in breast-milk, after the first month of breast-feeding.

2.4. Methodology

Socioeconomic status evaluation: Assessment by the Graffar Mendez-
Castellano Method [5].

2.5. Anthropometric assessment

Maternal: Weight, height, mid-upper arm circumference, triceps ,biceps,
subscapular, and suprailiac skinfolds.

Infant: Weight, height, triceps and subscapular skinfold, mid-upper arm
circumference, and cephalic circumference.
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2.6. Body composition

Assessed by body mass index (BMI), and combination of skinfolds for body
fat estimates. Reference values for mothers by NCHS and for infants by PROYECTO
VENEZUELA, a national reference [6-11].

2.7. Vitamin A status

Assessment by serum retinol levels, retinol dose response (RDR) and
Conjuntival Impression Cytology by ICEPO [12-13]. Serum retinol was determined by
HPLC.

2.8. Breast milk output

Measured by water turnover rates using 2H2O, as described by Coward [14-
16]. [Note: Deuterium analysis will be performed by Gabriela Salazar, in INTA
Department of Physics, Faculty of Science, University of Chile, (personal agreement)].

2.9. Vitamin A content in milk. Assessed by HPLC assay.

2.10. Work Schedule

time 0: 0-3 days after delivery:

:=> Selection of the mother (n = 30) according to pre-established criteria.
=> Mother's motivational talk and encouragement towards breast-feeding and

participation in the project.
=> Collection of venous blood sample and CIC samples for vitamin A status.
=> Anthropometric assessment of mother and infant.

time 1: 30 days after delivery:

=> Mother and infant anthropometric assessment.
=> Collection of breast-milk sample to determine VA content.
=> Determination of breast-milk volume (by isotopic method).
=> Collection CIC samples for the vitamin A status.

time 2: 3 months after delivery:

=> Mother and infant anthropometric assessment.
=> Collection of venous blood sample and CIC samples for vitamin A status.
=> Collection of breast-milk sample to determine VA content.
=> Determination of breast-milk volume (by isotopic method).

3. RESULTS

We have had very important limitations in recruiting the mothers and
obtaining their breast-milk samples. Sample collection by the isotopic method was
initiated with the saliva samples. For the mother, saliva samples collection was very
difficult, so we decided to change the collection to urine samples. Very few mothers
have successfully completed the procedure, even though the team has thoroughly
explained and showed the methodology. One of the limiting factors affecting the
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collection may be the low educational level of the women. Another important limiting
factor has been the lack of safe transportation to visit the households in order to
collect the samples. Currently only 8 mothers successfully completed the urine
collection. These samples were sent to Chile (INTA) in October 1999 for analysis. Data
on these results are not available yet.

The determination of breast-milk vitamin A content is another objective of the
project. Here, I would like to comment that, even though it has been difficult to
accomplish, last month we started with the analyses. I do not have any results yet

During 1997, as a pilot project, 162 mothers and their newborn were
evaluated according to the work plan at time 0. Antropometric data, serum retinol, CIC
and RDR test were collected and analyzed. Only two of them completed urine
collection to evaluate milk production satisfactory. Results of antropometric nutritional
status of mother and infants and vitamin A status of mother are showed.

During 1999, 40 mother-infant pair was assessed. Eighteen of these units
attended the first month control visit and were assessed. Of these, only 11 agreed to
continue in the study, and samples of maternal milk, blood, and CIC were obtained. At
this visit, deuterium was administered in order to evaluate milk production and vitamin
A transfer from mother to infant. Not all of them completed satisfactorily the urine
collection (only 7) (Table I). Reasons for not attending to the first control visit (n = 22,
55%) were similar to those reported previously (1997). Cessation of maternal nursing,
lack of interest, motivation, and knowledge regarding nutritional control visits, and
household moving. During the first months of 1999, laboratory results and nutritional
counseling were offered as incentives for mothers to attend. In view of the difficulties
found during the first stage of the project regarding the attendance to the control
visits, in July 1999 it was decided to offer a $35 bonus to those subjects that
attended all the controls. Since then, the attendance to the first and third month
control increased by 17%.

TABLE I: RECOLLECTION DATA OF THE SAMPLES

1999 Anthropometry,
Socioeconomics

Vitamin A Breast-milk
collection

Urine collection

Time 0:
40 mother-
infant pairs

Time 1:
11 mother-
infant pairs

Time 2:
7 mother-
infant pairs

40

11

40 by CIC, and
Serum retinol

7 by CIC

7 by CIC, and
Serum retinol

12

7 6

3.1 . Socio-economic results

1997: 92.3% of the mother were in poverty condition (Status IV and V
Graffar method modified by Mendez Castellano). Mother's education level was low:
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38,6% had completed elementary school, 4 3 , 1 % had incomplete high school
education, and 16,3% completed high school. None of the subjects had a university
education.

1999: 8 7 . 1 % of the mother were in poverty. As presented for 1998,
mother's education level was low: 35,9% had completed elementary school, 43,6%
had incomplete high school, and 17,9% completed high school. Only 1 subject (2.6%)
had a university education.

A high percentage of them live under poverty conditions and, therefore, are
at risk for malnutrition by this indicator.

It is important to note that 80% of our population are considered poor, as
assessed by the Graffar method.

TABLE II: ANTHROPOMETRIC STATUS

1997
Deficit
Normal:
Excess:

1999
Deficit
Normal:
Excess:

Pre-pregnancy

22.%
65%
14%

16%
8 1 %
3%

Mothers

BMI Postpartum BMI

1 1 %
57%
32%

18%
45%
37%

Limb Fat Area

15%
83%
2 %

15%
85%
—

New born

Weight/age index

1 1 %
86%
3%

23%
72%
5%

We observed that a number of women are undernourished during the first
months of pregnancy (22% for 1997 and 16% for 1999) and some of them started
their lactation period in the same condition (11 % for 1997 and 18% for 1999). A good
correlation between BMI, pre-gestational BMI and fat area was found. The percentage
of undemutrition in the newborn was similar to the postpartum BMI (11% for 1997
and 23% for 1999). These percentages are above the national prevalence. According
to NCHS references, 30% of the mothers were below 3rd percentile for height.

TABLE III: MATERNAL ANTRHOPOMETRIC INDEX (MEAN ± SD) ACCORDING TO
NEWBORN NUTRITIONAL STATUS, 1997.

Newborn Pre-pregnancy Weight gain Maternal Maternal
nutritional BMI (Kg/m2) (Kg) * Height (cm) * Weight (Kg)*
diagnosis
IUGR(16) 19.6 ± 2.4 7.7 ± 2.8 154.8 ± 4.18 51.3 ± 6.1

AGA(136) 22.5 ± 2.9 10.6 ± 6.4 156.1 ± 5.89 59.4 ± 7.7

Total (147) 22.2 ± 3.1 10.2 ± 6.4 156.0 ± 5.69 58.0 ± 7.9

*significanctly different (p<0,001) T student
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TABLE IV: MATERNAL ANTRHOPOMETRIC INDEX AND BODY COMPOSITION
INDICATORS (MEAN±SD) ACCORDING TO NEWBORN NUTRITIONAL STATUS, 1997

Newborn Limb fat area Fat free area Fat % * Arm circunference
nutritional (cm2) * (cm2) (by Siri) (cm)*
diagnosis
IUGR(16) 13.0 ± 3.2 31.4 ± 5 . 3 24.6 ± 3.2 23.5 ± 1.78

AGA{136) 22.2 ± 8.9 34.1 ± 5.7 30.0 ± 5.5 26.5 ± 1 . 8 1

Total (147) 21.1 ± 8.8 33.9 ± 5.7 29.4 ± 5.4 26.2 ± 2.90

*significantly different (p<0,000) T student

Comparing some indicators of the maternal nutritional status by the infant
nutritional diagnosis, it was found that the pre-gestational BMI, mother limb fat area
and the percentage of the body fat was significantly minor in the mothers of the infant
with intrauterine growth retardation.

TABLE V: MATERNAL VITAMIN A STATUS

VA< 30 u.g/dl Abnormal CIC RDR>20%

1997 0% 6.3% 6 . 1 %

1990 0% 0% 12.5%

The percentage of women with vitamin A deficiency was low with all
indicators. This level of vitamin A deficiency suggests that it is a light problem of
public health.

4. CONCLUSION

During puerperal period vitamin A reserves, corporal composition of the
mothers and nutritional status of the infants were determined. No important prevalence
of vitamin A deficiency was detected, high risk of malnutrition by SES was
demonstrated, and between 11 and 18% of the mother began the lactating period
undernourished. Breast milk intake as well as vitamin A breast milk concentration are
been performed.
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PART IV: APPENDICES



AGENDA

Monday, 8 Nov. 1999

10.30 Welcome - Venkatesh lyengar
10.45 Administrative matters, adoption of Agenda
11.00 IAEA Activities in Nutrition - Andy Coward
11.30 Current and Planned CRPs - Cristina de Souza
12.00 Lunch Break
13.30 Use of the Europe Hydra IRMS for the measurement of 2H/1H and 18O/1$O ratios

in aqueous biological materials - Gabriela Salazar
14.30 Country presentation: Background, objectives, methods, results (30min) and

discussion (15min) - Argentina
15.15 Break
16.00 Country presentation - Brazil
17.00 Close

Tuesday, 9 Nov. 1999

09.30
10.15
11.00
12.00
13.30

14.15
15.30
16.00
17.00

Country presentation - Chile
Break
Country presentation - Mexico
Lunch break
Alternatives to IRMS for the measurement of deuterium in water (e.g. Infra red and
GC/MS)" - Les Bluck
Country presentation - Pakistan
Break
Country presentation - Peru
Close

Wednesday, 10 Nov. 1999

09.30 Country presentation - Venezuela
10.15 Break
11.00 General discussion - Summary of projects results and critical appraisal of projects

(15 min for each country)
12.30 Lunch Break
14.00 Meeting with technical officers at NAHRES to revise project reports
17.00 Close

Thursday, 11 Nov. 1999

09.30
12.00
13.30
17.00
18.30

Finalise report for RCM Technical document
Lunch Break
...continued
Close
Dinner

Friday, 12 Nov. 1999

09.30 Review of RCM - what we have learned, presentation of project revisions,
RCM documentation

10.30 Coffee Break
11.00 .. .continued
12.30 Lunch
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