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PART I: SUMMARY REPORT



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

FIRST RESEARCH CO-ORDINATION MEETING
SUMMARY REPORT

The concept for this CRP was a consequence of discussions held between IAEA staff (Ms
Carla Fjeld and Ms Hinke Haisma), and participants in a regional training course on "Isotope
Techniques in Human Nutrition" held in Lima, Peru in June 1996. The intention then was to
develop research on factors influencing the success of lactation and the consequent effects
on the breast-fed child. The project would have Latin American participants to promote
regional exchange of expertise and ideas.

Initial participation was from Argentina, Chile, Mexico, Peru and Venezuela. Brazil and
Pakistan have now been added to these.

By some extraordinary coincidence the Pakistan participant, Rakhshanda Bilal, was at the
time of this meeting working at U. Sao Paulo so the Latin American principal can be said to
remain.

The individual programmes and their progress are described by the investigators
themselves in Part II of this report and summarised in Tables I and II but at this stage it is
appropriate to back-track slightly to show that this CRP is an outcome of IAEA's long-
standing activities in nutrition and other scientific fields in the region and Chile, especially.

Isotopic ratio mass spectrometry (IRMS) has been used for work in hydrology at The
Chilean Centre for Nuclear Energy (CChEN) for many years. In the '80s Carlos Infante
Barros, a physicist at U. Chile, and Fernando Vio del Rio (U Chile/INTA) realised that these
facilities could be used to apply newly developed methods for measuring breast-milk intake
and in the next few years several publications emerged [1-6]. This was the start of INTA's
transition from a traditionally oriented nutrition institution to a site employing the best of
modern scientific tools, including mass spectrometry for nutrition research. IAEA has
assisted in many of these developments including the recent purchase of IRMS equipment
for both U Chile and CChEN.

A potentially similar opportunity for linking facilities originally acquired for hydrology to
nutrition work also exists at PINSTECH in Pakistan but for all the other groups in this CRP,
both the technology and application in the measurement of breast-milk intake are new.

There are therefore three Specific Research Objectives:

1) To develop stable isotope methods for measuring breast-milk intake using regionally
available equipment.

2) To apply the methodology in the assessment of milk intake in infants in relation to
maternal nutrition, socio-economic status and education, and infant nutrition and intake
of macro- and micro-nutrients.

3) To use information gathered at 2) to determine the need for supplementation
programmes for mothers and/or infants, and educational programmes for the mothers.

Table I provides a list of the projects within the CRP and shows that these research
objectives will be fulfilled when the work is completed. Table II summarises the present
status of the work against the expectations for the CRP as a whole. Finally, Table III gives a
summary of individual contract holders progress with their work. These summaries show
that much has been achieved and with the recent additions of BRA-10026 and PAK-9940
(contracts awarded on 12/12/97 and 21/11/97 respectively) the variety of activities around a
single method will further diversify. It is especially satisfying to have an informal
collaboration with WHO programmes in Brazil and Ms Haisma's impending move from IAEA
to WHO when she will join the Brazilian group will further cement this link.
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TABLE I: LIST OF PROJECTS WITHIN THE CRP

Name

Jose Boccio

Ina dos
Santos

Gabriela
Salazar

Ana Maria
Calderon

Hilary Creed-
Kanashiro

Rakshanda
Bilal

Maria
Concepcion
Paez-Valery

Institute/Country

Universidad de Buenos
Aires, ARGENTINA

Universidade Federal
de Pelotas, BRAZIL

Universidad de Chile,
INTA, CHILE

Centra de Investigacion
en Alimentacion y
Desarrollo, MEXICO

Instituto de
Investigacion
Nutricional, PERU

Pakistan Institute of
Nuclear Science and
Technology, PAKISTAN

Universidad de
Carabobo, Fundacion
Cavendes, VENEZUELA

Contract No.

ARG-9379

BRA-10026

CHI-9380

MEX-9381

PER-9382

PAK-9940

VEN-9383

Title of Project

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

The use of isotope method to
measure breast-milk intake

Smoking effects on milk's
micronutrient content and infant
growth

Safeguarding nutritional status of
adolescent mothers

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

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

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

TABLE II. SUMMARY OF PRESENT STATUS

Expected
a) The establishment of the

use of stable isotopic
methods for the
measurement 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 the methods has commenced in CHI-9380, MEX-

9381 , PER-9382

b) CHI-9380, MEX-9381, PER-9382 have established the
facilities. A new IRMS system will be in place in Chile in
March, 1998. ARG-9379 and VEN-9383 will use technical
expertise in Chile. BRA-10026 will be provided with technical
assistance from UK until liaison with IRMS users in Brazil can
be established. PAK-9940 has its own equipment.

c) Programmes using the methodology have commenced in
CHI-9380, MEX-9381, PER-9382. VEN-9383 has identified
subject groups. ARG-9379 has done developmental work on
a special iron fortificant with animal experiments and radio-
active tracers. New entrants to the programme BRA-10026
have designed their studies.



TABLE III. SUMMARY OF INDIVIDUAL CONTRACT HOLDER'S PROGRESS

Expected
Full membership of CRP and exclusively
Latin American participation

Up to six Research Agreement holders
involved

ARG-9379. Programme started

BRA-10026. Programme designed

CHl-9380. Programme started

MEX-938. Programme started

PAK-9940. Programme designed
PER-9382. Programme started

VEN-9383. Programme started

Present status
Argentina, Brazil, Chile, Mexico, Peru,
Venezuela and Pakistan have joined the CRP.
The Pakistani investigator has worked in Latin
America.
No Research Agreements signed. Level of
expertise within the CRP is high so the large
number of agreements proposed is
unnecessary. The Dunn Nutrition Centre has
been invited to become an agreement holder to
assist BRA-10026 with analyses.
Animal experiments completed. Initial
arrangements made for location of work with
human subjects.
Integration of isotope programme into IMCI
(WHO) programme fully designed.
About 50% of subjects recruited, some
preliminary results available.
25% of subjects recruited. New IR analytical
system for 2H2O established
No full design yet available.
Field work of pilot study complete, some
problems with analytical system resolved with
advise from Chile.
Some recruitment difficulties. Early data on
anaemia and vitamin A status available. No
isotope work started.
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XA9951829
MODELLING METHODS FOR MILK INTAKE MEASUREMENTS

W. A. COWARD

1. INTRODUCTION

One component of the 1st RCM was a tutorial session on modelling in in-vivo tracer kinetic
methods. This section describes the principles that are involved and how these can be
translated into spreadsheets using Microsoft Excel and the SOLVER function to fit the model
to the data. The purpose of this section is to describe the system developed within the RCM,
and how it is used.

2. MODELLING THE SYSTEM

The mother baby pair is modelled with respect to movements of water through the system. A
dose of isotope (2H2O) given to the mother as water is viewed as mixing with the mother's
body water pool. It will be washed out of the mother by incoming naturally abundant water
and some of it also transferred to the baby, to be lost from the system as a consequence of
declining enrichment in the mother and additional water inputs in the baby if the latter is being
supplemented. A diagram illustrating this model is shown as Figure 1. Water flow is
indicated by Fand the subscripts (b,m,o, respectively baby, mother and outside) indicate the
direction. Thus Fmo is to the mother from the outside. Subscripts of the form Fmm indicate all
the outflows, in this case Fom + Fbm. Q is total body water.

Figure 1

1 Fmo

LJw
n

Fob

In dealing with models of this type it is customary to initially write equations in terms of
quantity of isotope (q). Following a bolus dose (D) dose disappears from the mother as a
single exponential (graphically a straight line in logs). This is written as:

qm = D e ~ w (1)

F
where k is a rate constant defined as — .

Equation 1 can be re-written in terms of isotopic concentration using the general
relationships, q = QC, D = q{0) = QmCmQ) thus:

Q,/77 ) m m(0)

m ( 0 m(0)

For the baby, the data is the sum of two decreasing exponentials with intercepts that are
numerically the same but have opposite signs:

(3)



Re-writing equation 3 as isotope concentration:

( k

and since Qmkbm = Fbm we can write:

r {Cm<A{ F»m Vr- f c - f P-b«>~[~Q~(k -k J^ ~
V w t J\*bb nmms

Thus, the intercepts of the curve for isotope concentration in the baby are

.1 "to || F.m l a n d _ _ ^ L ( _ ^ 2 ] and the term ^ can be regarded as

L Qb A«bb-kmJ { Qb Akbb-kmJ QL

breast-milk water intake normalised for the baby's body water. It is assumed that this is a
constant if Qb increases as the baby grows.

In practice data is fitted to equations 2 and 4 simultaneously to produce values for each rate

constant and the ratio ~ - .

To calculate Fbm, Qb needs to be known. It can be independently measured by giving a dose
of water labeled with 18O to the baby at the time the mother is dosed or more commonly by
assuming that an infants total body water can be related to its body weight. For the present
the relationship Qb = 0.92Wt08 can be used.

Fbm is equivalent to the water in milk. Milk volume can therefore be obtained as:

M=w (5)

where W is the fraction of milk that is water and has a value of 0.871.

In babies receiving other water and complementary food containing water Fbb will be this
water plus the water of oxidation of the complement, therefore

Fb0=Fbb-W'M (6)

where W' is the fraction of total milk volume that is water and the water of oxidation of the
solids. Whas a value of 0.94.

3. DATA AVAILABLE FROM THE METHODOLOGY

a) Estimates of breast-milk output.
b) Maternal body composition (total lean body-mass and total fat).
c) Estimates of non-milk water intake (Fb0).
d) If 18O is given to the baby, data on it's body composition (total lean body-mass and total

fat) can be obtained.
e) If 18O is given to the baby, it may be possible by using a novel procedure combining the

2H and 18O the to calculate the infants total energy expenditure. No extra doses will be
needed.

f) Data on the intake of any macro- or micro-nutrient (e.g. vitamins and minerals) will be
obtained if representative samples of milk are analysed.

4. SPREAD-SHEETS FOR CALCULATING MILK INTAKE

Figs. 2, 3 and 4 show pages of output of the spread-sheet in the form in which results might
routinely be presented and produced. In each of the pages, data that has been entered is in
italics on a light, shaded background. Data in normal format on plain background has been



calculated by the use of spreadsheet functions and data in a normal format on a dark
background are values derived from initial estimates using the SOLVER function.

Figure 2
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21
22

23

24
25
26

27

28
29

30
31

32
33

A
Page

Subject

MOTHER'S DA

age
Weight

B
1 of 2

rA
22.00
50.00

C

years

kg

D

BABY'S DATA
age

start weight

final weight

(1) Data for mothers saliva or milk

time
0.00

1.00
2.00
3.00
4.00

13.00
14.00

ppm
147.63
273.39
249.54
232.30
218.89
159.95
755.56

ppm
147.90
276.34
259.12
230.64
219.30
157.25
159.79

(2) Data for baby's saliva or urine

time
0.00
1.00
2.00
3.00
4.00
13.00
14.00

ppm
150.38
177.67
200.48
212.47
216.94
175.19
171.44

ppm
150.43
183.17
204.24
210.00
211.89
174.20
165.25

E

1.00
3.85
3.94

mean-predose

127.10
106.57

83.70
71.33

10.84
9.91

mean-predose

30.01

51.95
60.82
64.01

24.28
17.94

F

months

kg
kg

sigma

2.09

6.77
1.18
0.29

1.91
2.99

sigma

3.89

2.66
1.75
3.57
0.70

4.38

G

DOSE DATA
Dose

Dose diluted

Tap water
ppm in dil dose

ppm in TW

cv

1.64
6.35
1.41

0.41
17.64

30.16

cv

12.95

5.12
2.87
5.58
2.88

24.40

H

10.00
0.10

250.00
300
150

ppm calc
156.77

128.16
104.77
85.66

70.03

11.42
9.34

sum =

Body
Water
2.70

2.71
2.71
2.72

2.72
2.75

2.76

1

g

g
g

chi squared

0.00

0.00
0.00
0.00

0.00
0.00

0.01

del calc
0.00

32.23
50.37
59.07

61.62
22.66

19.22

sum =

J

chi squared

0.01

0.00
0.00

0.00
0.00

0.01

0.02

Figure 3
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Figure 4

67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

A
Smooth Plot

Time
0.00
0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80
0.90
1.00
1.10
1.20
1.30
1.40
1.50
1.60
1.70
1.80
1.90
2.00
2.10
2.20
2.30
2.40
2.50
2.60
2.70
2.80
2.90
3.00

B

Mother
156.77
153.64
150.58
147.57
144.63
141.74
138.92
136.15
133.43
130.77
128.16
125.60
123.10
120.64
118.24
115.88
113.57
111.30
109.08
106.91
104.77
102.68
100.64
98.63
96.66
94.73
92.84
90.99
89.18
87.40
85.66

C

Babv BW
2.70
2.71
2.71
2.71
2.71
2.71
2.71
2.71
2.71
2.71
2.71
2.71
2.71
2.71
2.71
2.71
2.71
2.71
2.71
2.71
2.71
2.71
2.71
2.71
2.71
2.71
2.71
2.71
2.72
2.72
2.72

D

Babv
0.00
4.03
7.86
11.50
14.96
18.24
21.35
24.30
27.09
29.74
32.23
34.59
36.81
38.91
40.88
42.73
44.47
46.10
47.62
49.04
50.37
51.60
52.74
53.80
54.77
55.66
56.48
57.23
57.91
58.52
59.07

E F G

Continues to row 269

5. DATA

The data is from a simulated experiment in which a lactating mother was given a dose of
deuterium oxide and samples taken from the mother and baby before and after the dose.
The pre-dose samples are, for ease of calculation, defined as belonging to time 0 but they do
not need to have been taken exactly at time 0, which is the time the dose was given. Any
time shortly before dose administration is adequate. Other samples are timed in decimal
days from time 0.

Cells A2:F6 contain the basic data about the subjects. Only the baby's weights are needed
for the calculation of milk intake.

Data for the dose is at cells E10:E16 and is primarily set up for measurements in which IRMS
has been used. While the calculation of milk output does not require the amount of dose to
be known, it is needed if maternal body composition data is to be provided.

a) Dose (D) is the weight of dose given to the mother.

b) Dose diluted (d) is the amount of a portion of the dose that was diluted in tap-water to
obtain a measurement of the dose on the instrument you are using.

c) Tap water (T) is the amount of tap water used for the dilution at (2).

d) Ppm in the diluted dose (Cd) is the amount measured.

e) Ppm in tap-water (Cw) is the amount measured in tap-water.



6. FORMULAS

In the next paragraphs the formulae within each cell will be described. These correspond to
equations 2,4,5 and 6.

E15:G20 calculates the mean value for enrichment in milk or saliva samples taken from the
mother, with the mean pre-dose values subtracted. Columns F and G give an indication of
the precision of the analyses.

13
14
15
16
17
18
19
?n

E
mean-predose

= AVERAGE(B15:C15)-AVERAGE(B$14:C$14)
= AVERAGE(B16:C16)-AVERAGE(B$14:C$14)
= AVERAGE(B17:C17)-AVERAGE(B$14:C$14)
= AVERAGE(B18:C18)-AVERAGE(B$14:C$14)
-AVERAGE(B19:C19)-AVERAGE(B$14:C$14)
= AVERAGE(B20:C20)-AVERAGE(B$14:C$14)

F
siama

= STDEV(B15:C15)
= STDEV(B16:C16)
= STDEV(B17:C17)
= STDEV(B18:C18)
= STDEV(B19:C19)
= STDEV(B20:C20)

G
cv

= 1OO*F15/E15
= 100*F16/E16
= 100*F17/E17
= 100*F18/E18
= 100*F19/E19
= 100*F20/E20

E27-G32 calculates the same data for the baby's saliva or urine.

25
26
?7
28
29
30
31
32

E
mean-predose

= AVERAGE(B27:C27)-AVERAGE(B$26:C$26)
= AVERAGE(B28:C28)-AVERAGE(B$26:C$26)
= AVERAGE(B29:C29)-AVERAGE(B$26:C$26)
-AVERAGE(B30:C30)-AVERAGE(B$26:C$26)
= AVERAGE(B31:C31)-AVERAGE(B$26:C$26)
-AVERAGE(B32:C32)-AVERAGE(B$26:C$26)

F
siama

= STDEV(B27:C27)
= STDEV(B28:C28)
= STDEV(B29:C29)
= STDEV(B30:C30)
= STDEV(B31:C31)
= STDEV(B32:C32)

G
cv

= 1OO*F27/E27
= 100*F28/E28
= 100*F29/E29
-100*F30/E3O
= 100*F31/E31
-100*F32/E32

H14:I21 calculates values for the isotopic enrichment in the mother's samples (column H),
and compares them with observed values. Values are based on the estimates of an intercept
(G38) and slope (G39) and the assumption that the mother's curve is a single exponential of

the form: Cm(t) = Column I calculates the square of the fractional difference

between the observed and fitted values and these are summed in cell 121.

1 3
1 4
15

16
17

15
19

20
21

H

ppm calc
= G38
= G$38*EXP(-G$39*A15)
= G$38*EXP(-G$39*A16)
= G$38*EXP(-G$39*A17)
= G$38*EXP(-G$39*A18)
= G$38*EXP(-G$39*A19)
-G$38*EXP(-G$39*A20)

sum =

I
chi squared

= ((H15-E15)/E15)A2
= ((H16-E16)/E16)*2
= ((H17-E17)/E17)*2
= ((H18-E18)/E18)A2
= ((H19-E19)/E19)*2
= ((H20-E20)/E20)A2
= SUM(I1 5:120)

H26:H32 provides estimates of total body water in the baby based on the assumption that
body water = 0.92W?°8 and that growth in weight is linear during the measurement period.
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24

25

26

27

28

29

30
31
32

H
Body
Water

=0.92*(E$6+(E$7-E$6)*A26/A$32)A0.8
=0.92*(E$6+(E$7-E$6)*A27/A$32)A0.8
=0.92*(E$6+(E$7-E$6)*A28/A$32)A0.8
=0.92*(E$6+(E$7-E$6)*A29/A$32)A0.8
=0.92*(E$6+(E$7-E$6)*A30/A$32)A0.8
=0.92*(E$6+(E$7-E$6)*A31/A$32)A0.8
=0.92*(E$6+(E$7-E$6)*A32/A$32)A0.8

I26:J33 calculates values for the isotopic enrichment in the baby's samples (column I), and
compares them with observed values. Values are based on fitting the difference between
two decreasing exponentials having intercepts with the same numerical value but opposite

signs i.e. Cb =
"(0) bm

k — k
\(e kmJ -e ***'). Column J calculates the square of the

fractional difference between the observed and fitted values and these are summed in cell
J33.

25
26
27
28
29

30
31
32
33

1
del calc

0
=G$38*G$41 /(G$40-G$39)/H27*(EXP(-G$39*A27)-EXP(-G$40* A27))
=G$38*G$41/(G$40-G$39)/H28*(EXP(-G$39*A28)-EXP(-G$40*A28))
=G$38*G$41/(G$40-G$39)/H29*(EXP(-G$39*A29)-EXP(-G$40*A29))
=G$38*G$41/(G$40-G$39)/H30*(EXP(-G$39*A30)-EXP(-G$40*A30))
=G$38*G$41 /(G$40-G$39)/H31 *(EXP{-G$39*A31 )-EXP(-G$40*A31))
=G$38*G$41/(G$40-G$39)/H32*(EXP(-G$39*A32)-EXP(-G$40*A32))

sum =

j

chi squared

=((I27-E27)/E27)A2
=((I28-E28)/E28)A2
=((I29-E29)/E29)A2
=((I30-E30)/E30)A2
=((I31-E31)/E31)A2
=((I32-E32)/E32)A2
=SUM(J27:J32)

J38:J39. These cells relate to equations 5 and 6. J38 provides an estimate of milk volume
by assuming that milk is 87.1% water and J39 calculates non-milk water intake by subtracting
from water output (Fbb = QbKbb) the amount of water that came from milk assuming that all the
solids in it were totally oxidised. This amounts to 94% of milk volume.

38
39

I
Milk vol
F(bo)=

j

=G41/0.871
=AVERAGE(H26:H32)*G40-J38*0.94

K
kg.day-1
kg.day-1

A70:D269 are repetitions of the calculation of data for the mother and baby to enable smooth
curves for the fitted data to be drawn.

68
69
70
71
72
73
74

A
Time

0
=A69+0.1
=A70+0.1
=A71+0.1
=A72+0.1
=A73+0.1

B
Mother

=G$38*EXP(-G$39*A69)
=G$38*EXP(-G$39*A70)
=G$38*EXP(-G$39*A71)
=G$38*EXP(-G$39*A72)
=G$38*EXP(-G$39*A73)
=G$38*EXP(-G$39*A74)

C
Baby BW

=0.92*(E$6+(E$7-E$6)*A69/A$32)A0.8
=0.92*(E$6+(E$7-E$6)*A70/A$32)A0.8
=0.92*(E$6+(E$7-E$6)*A71/A$32)A0.8
=0.92*(E$6+(E$7-E$6)*A72/A$32)A0.8
=0.92*(E$6+(E$7-E$6)*A73/A$32)A0.8
=0.92*(E$6+(E$7-E$6)*A74/A$32)A0.8



68

69

Baby
=G$38*G$41/(G$40-G$39)/C69*(EXP(-G$39*A69)-EXP(-G$40*A69))

70 =G$38*G$41/(G$40-G$39)/C70*(EXP(-G$39*A70)-EXP(-G$40*A70))

71 =G$38*G$41/(G$40-G$39)/C71*(EXP(-G$39*A71)-EXP(-G$40*A71))

72 =G$38*G$41/(G$40-G$39)/C72*(EXP(-G$39*A72)-EXP(-G$40*A72))

73 =G$38*G$41/(G$40-G$39)/C73*(EXP(-G$39*A73)-EXP(-G$40*A73))

74 =G$38*G$41/(G$40-G$39)/C74*(EXP(-G$39*A74)-EXP(-G$40*A74))

A38:C42 shows calculations of various parameters associated with the mother. Deuterium
space (Qm) is calculated by the dilution principle from the fitted intercept of the mother's

DTCm(o)
isotope disappearance curve and the amount of isotope given as a dose Qm =

True body water is assumed to be the deuterium space corrected by 4% and lean body mass
contains 73% water; thus body fat is body weight - lean mass. Finally, maternal water intake
is assumed to be the same as total water output, thus intake = kmmQm

36

37
38

39

40

41
42

A
Subject

MOTHER'S COMPOSITION
D space

Lean Mass
Body fat

fat
water intake

B
-B2

=H5*H7*(H8-H9)/(H6*H14*1000)
=B38/1.04/0.73
=B6-B39
=B40/B6*100
=B38*G39

c

kg
kg
kg
%
kg.day-1

7. USING THE SOLVER

Excel contains a very powerful tool called the SOLVER that is used in this spreadsheet. In
this instance it is used to find the best fit of the data for isotope enrichment in the mother and
baby by tuning the values in cells G38:G41.

37

38

39

40

41
42

F
KINETIC DATA

Cm(0) =
k(mm) =
k(bb) =

F(bm) =
k(bm) =

G

156.76
0.2
0.29
0.71
=G41/B38

H

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

Values are entered for these as rough estimates and when they have been entered the
SOLVER is used.

To use the SOLVER, it is necessary to go to TOOLS and then click SOLVER. This will
produce a box that allows target cell to be set whose value in this case has to be minimised.
In this case the target cell in J40 which contains the root sum of the squares of the residuals
from the two fitted curves.

40

I
Total error

j

=SQRT(I21+J33)
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This target cell is thus set to equal to a minimum value by changing cells G38-G41. The
SOLVER is then run.

Note that if SOLVER does not appear in the TOOLS menu it should be added to it. This is
achieved by using TOOLS-ADD-INS and checking the box marked SOLVER.

8. ADDITIONAL COMMENTS ABOUT RESIDUALS

In the spreadsheet the residuals are calculated as fractional deviations from observed values

fitted - observed^2

i.e. : ; . This is the appropriate procedure if errors tend to be constant in
V observed )

proportion to the values. This is generally the situation in biological work and the curve fitting
programme will place equal emphasis on all the data points. However, when the
measurement of small increments in isotopic enrichment against a natural abundance
background are made, errors may tend to be absolute rather than proportional and in this
case it may be best to calculate residuals as absolute values i.e. (fitted - observed)2. In this
case higher values for enrichment carry more weight than the lower ones. With "good" data it
hardly matters which fitting procedure is used but with imprecise measurements at low
enrichment it will be evident that fitting with proportional errors does not work well. The best
solution to this problem is to improve the analytical procedures, or to give more isotope but if
either of these two options are not open then fitting with absolute values may produce more
accurate (but no more precise) results.
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BIOAVAILABILITY OF A NEW IRON SOURCE USED IN THE FORTIFICATION OF
FLUID COW MILK. IMPORTANCE OF ITS USE IN CHILDREN AFTER THEIR
NURSING.

JOSE Boccio, MARCELA ZUBILLAGA, ALEXIS LISIONEK , RICARDO CARO.

Laboratorio de Radioisotopos, Facultad de Farmacia y Bioquimica, Universidad de
Buenos Aires, Junin 956, 1113-Buenos Aires, Argentina.

Abstract

In agreement with the original objective of our work, we evaluated the bioavailability
of this new iron source used in the fortification of fluid cow's milk. With this purpose
studies of absorption were carried out in mice, demonstrating that this new iron
source has a high bioavailability when it is added to fluid milk. Afterwards,
according to the objective of this CRP, we organized a study to determine the
breast-milk intake and the amount of iron ingested to the baby, in order to evaluate
the correlation between the iron intake and its nutritional status in children near the
weaning period.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

At the beginning, the objective of our work was to evaluate the bioavailability of a
new iron source used in the fortification of fluid cow's milk and to determine the importance
of its use in children after their nursing. In Argentina there is high prevalence of anemia in
children after their weaning (about 50%) as a consequence of the consumption of non-iron
fortified pasteurized fluid cow milk 1. Afterwards, in agreement with the proposal of Dr. Carla
Fjeld, we have planned a study of breast-milk intake, with the purpose to determine the
correlation between the iron intake from the breast-milk and the nutritional status of the baby
for this micronutrient near the weaning period (4 months). With this purpose we associated
with other group of professionals from the "Hospital Materno Infantil Ramon Sarda" and
planned the study to be carried out. At this moment we are ready to start the experimental
part of this study.

Since April 1997, the start of the project, we have done the following:

a) Iron absorption studies in experimental animals (mice), by total body measurement
method, with the purpose to evaluate the iron absorption from this new iron source
(micro-encapsulated ferrous sulfate, called SFE-171) used to fortify fluid cow's milk.
Moreover this value is to be considered as reference value in order to compare it with the
iron absorption values obtained by the double iron labeling method.

b) Standardization of a spectrophotometric method with ferrozine reagent to determine the
mass of iron in the milk fortified with SFE-171 as iron source.

c) Standardization of the different methods used to evaluate the nutritional iron status in
animals and human beings, such as hemoglobin concentration, hematocrit, free
erythrocyte protoporphyrin and ferritin.

d) At this moment we are working in the resolution of the 55Fe and 59Fe mixture by the
method of the dual label DPM measurements in liquid scintillation analysis. In this way
we can determine the total iron of both radioisotopes in the same sample and calculate
the iron absorption. Afterwards we will compare this result with the value obtained by the

1 CALVO, E., GNAZZO, N., Prevalence of iron deficiency in children aged 9-24 months from a large urban area
of Argentina, Am. J. Clin. Nutr. 52 (1990) 534-540.
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method of the total body measurement considered as reference method. By means of
this methodology we can determine the iron absorption in adult human beings.

e) In agreement with the proposal of Dr. Carla Fjeld, we have planned a study of breast-milk
intake, with the purpose of determining the iron intake in children near the weaning period
and determine the iron nutritional state of the children for this micronutrient. With this
intention we evaluated several local hospitals, and the "Hospital Materno Infantil Ramon
Sarda" was the one that met all the requirements for the performance of the proposed
studies, due to the fact that in this institution there are, approximately 1500 feeding
babies per year. The group of the professionals that work in this project was selected, as
it can be observed in the enclosed list. Afterwards, the work protocol was discussed and
the auxiliary personnel were instructed on the characteristics of the test and in the
sampling process.

f) In July 1997, we were able to start with the studies, but they could not be initiated
because the video containing the details of the methodology that will be applied was not
received until November 1997, due to custom problems. The same problem took place in
the case of deuterium acquisition.

2. METHODS

a) To determine the iron absorption in mice by total body measurement we used the
method described by J. Boccio, et al2.

b) The iron mass was measurement by the method proposed by L. Stookey3.

c) The standardization of the different methods used to evaluate the nutritional iron
status were made by the following methods: Hemoglobin concentrations by Drabkin's
technique; hematocrit by the micromethod and free erythrocyte protoporphyrin (FEP)
by a ZP hematofluorometer AVIV Model 206D. All of these techniques were
described by B. Henry, et al4.

d) To resolve the mixture 55Fe and 59Fe in the same sample we used the method of the
dual label DPM measurements in liquid scintillation analysis, proposed by Kessler6.

e) The volume of the milk intake will be determined by the method "Dose to the
mother", proposed by B. Caballero, et al6.

3. RESULTS

The absorption values of SFE-171, as well as that of the other iron sources used for
comparative purposes are shown in Table I. The absorption of SFE-171 in milk (11.9±4.8%)
does not differ significantly from the values obtained with the reference standard, ferrous
ascorbate in water (13.5±4.5%). The absorption of ferrous sulfate in milk (7.4+4.1%) was
significantly lower (p<0.01) than that of the other groups.

2 BOCCIO, J., ZUBILLAGA, M., CARO, R., GOTELU, C, GOTELLI, M., WEILL, R., New procedure to fortify fluid
milk and derivatives with iron. Comparative study in mice, J. Nutr. Sci. Vitaminol, 41 (1995) 619-626.
3 STOOKEY, L., New method to measure iron by spectrophotometric determination. Analytical chemistry, 42
(1970)779-781.
4
 TODD-SANFORD-DAVIDSOHN, Clinical diagnosis and management by laboratory methods (1988). 17th Edition,

W.B. Saunders & Co., Philadelphia, USA.
5 KESSLER, M., Liquid scintillation analysis (1989). Publication N° 169-3052. Packard Instrument Co. Inc.,
USA.
6
 CABALLERO, B., et al., Am. J. Clin. Nutr. (1997). In Press.
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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 is shown in Table II, no case showed a statistically significant difference for any
of the studied parameters, demonstrating the homogeneity of the nutritional status for iron of
the different groups.

All values are expressed as MEAN ± SD. None of the cases showed a statistically
significant difference. These hematological results demonstrate the homogeneous iron state
of the different experimental groups.

At this moment we are working in the resolution of the mixture 55Fe and 59Fe, until
now we could not resolved this item properly, because we have some problems in the
determination of the degree of overlapping between both spectra due to software problems.

On the other hand we organized the experimental part of the studies of breast-milk
intake together with the professionals of the "Hospital Ramon Sarda".

4. PLANS FOR THE FUTURE WORK

In agreement with the objective of this CRP, during this project stage, the breast-milk
intake in children near the weaning period will be evaluated, and the quantity of iron
ingested by the baby will be determined as well as the nutritional state for this micronutrient.

TABLE I. IRON ABSORPTION FROM DIFFERENT IRON SOURCES.

Iron Source Ferrous Ascorbate Ferrous SFE-171
in Water1 Sulfate in Milk2

in Milk2

Absorption % ± SD 13.5 ±4.5 7.4 ±4.1* 11.9 ±4.8
Number of Animals 30 30 30

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

TABLE II. HEMATOLOGICAL PATTERNS FOR DIFFERENT ANIMAL GROUPS.

Group
Ferrous Ascorbate1

Ferrous Sulfate2

SFE-1712

1 = in water
2 = in milk
3 = free erythrocyte protoporphyrin
4 = red blood cell

Hematocrit
%

50.0 ±1.1
49.8 ± 0.9
50.2 ±1.2

Hemoglobin
g/DI

15.1 ±0.9
14.8 ±0.8
14.9 ±0.9

M-9 /
71
70
70

FEP3

dL RBC4

.3 ±4.5

.6 ±4.1

.9 ±3.9
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RESEARCH PROPOSAL ON THE USE OF THE ISOTOPE METHOD TO
MEASURE BREAST MILK INTAKE

INA DOS SANTOS, CESAR VICTORA

Departamento de Medicina Social, Faculdade de Medicina, Universidade Federal de
Pelotas, RS, Brazil

1. BACKGROUND

A large intervention study will be conducted by the University of Pelotas, Brazil
(C6/181/379), a WHO Collaborating Centre in Maternal and Child Nutrition. It will test the
efficacy of the nutrition counselling (NC) contents of Integrated Management of Child Illness
course (IMCI - WHO, 1995) under field conditions and provide specific advice on how it may
be improved.

The study will be a single-blind controlled trial, with the random allocation of 18
municipal health centres to receive the NC training and 18 other centres to the control group
(i.e., current nutrition counselling, if any). The study groups will include: (a) the health care
providers; (b) children under 18 months attending the selected health centres and being
managed by these health care providers and (c) the mothers or caretakers of these children.

The following outcomes will be compared between the two groups: (a) health care
provider's knowledge and practices; (b) maternal knowledge, satisfaction and attendance at
scheduled follow-up visits; and (c) child feeding behaviour and growth. Dietary intake will be
assessed during three home visits with a 24-hour semi-quantitative recall, including
frequencies and approximate portions of all foods eaten. These quantitative outcomes will
be complemented by an ethnographic study in which a selected number of health care
providers and mothers will be interviewed by a social scientist to understand the reasons for
non-compliance and the benefits perceived from complying with the recommendations.

For a sub-sample of 72 children (36 children in each group; two per health care
provider), a day-long visit will be paid in which all foods consumed by the child will be
weighed, using methods developed in an earlier local study1. This sub-study will take place
about 45 days after enrolment. Using local food composition tables, results of the semi-
quantitative and of the food weighing studies will be translated to energy and protein intake.
We are proposing a concomitant study to be carried out in the same day-long population
group using isotopic methods to estimate breast-milk intake, which can not be adequately
estimated otherwise.

2. OBJECTIVES

The aim of this study is to use an isotope method to measure the efficacy of
nutritional counselling under field conditions in improving (a) maternal lactational
performance and (b) breast-milk intake

3. METHODOLOGY

Among the 72 children of the day-long sub-study those still breast-fed will join the
isotope study group. Two nutritionist-interviewers will carry out the 72 full-day dietary
assessment and the breast-milk and urine sample collections.

1 OLINTO, M.T.A., VICTORA, C.G., BARROS, F.C., GIGANTE, D.P., Validity of 24-hour recall according to
the child nutritional status, Journal of Nutrition, 25 (1995) 880-884.
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3.1. Training

Field workers will be trained to collect milk from the breast with an electrical pump
and to collect urine from children through paediatric specimen bags. For children who have
been toilet-trained, specimens will be collected directly in a sterilised jar.

3.2. Instruments

The following research instruments and equipment will be used:
a) Food consumption forms for the full-day dietary assessments, including

information on breast-feeding frequency and duration
b) Electronic scales (UNICEF, Copenhagen, Denmark)
c) AHRTAG baby length measures; London, UK
d) Deuterium oxide oral doses (about 0.1g 2H2O/ kg body water) to the mothers
e) Electrical breast pumps
f) Polypropylene bottles for breast milk storage
g) Paediatric specimen bags to children not toilet-trained
h) Glasses for urine samples storage of older children
i) Material/laboratorial conditions needed to isotopic analyses through infrared

spectroscopy to be performed.

3.3. Quality control

Quality control procedures will include:
a) Strict blinding of interviewers regarding the intervention or control status of

mothers and children
b) Careful selection and evaluation of field workers
c) Training course on interviewing, anthropometric measurements, breast milk and

urine collection, followed by standardization sessions
d) Weekly calibration of weighing equipment

4. ETHICAL ISSUES

Ethical safeguards will include:
a) Ethical approval by the Ethics Committee of the University
b) Informed consent will be obtained from mothers enrolled in the study (after a

clear description of the study objectives and of the procedures to which the child
will be submitted and only after ascertaining that this information has been
adequately understood by her)

c) The information at the individual level will be kept strictly confidential
d) Children with severe malnutrition will be referred to hospital
e) Children who are found to be ill will be referred for appropriate care.

5. TIMETABLE

The field work related to the dietary intake study is supposed to last four months
(see timetable in the Annex 1).

6. BUDGET

6.1. Budget items

6.1.1. Personnel
Research assistant
Field workers
Transportation for field workers
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6.1.2. Equipment
Deuterium oxide oral doses
Electrical breast pumps
Polypropylene bottles
Paediatric specimen bags
Glasses for urine samples
Laboratorial equipment for infrared spectroscopy
Transportation of specimen to laboratory

CURRENT PRACTICES ON CHILD NUTRITION IN BRAZIL 1997

I. IDENTIFIED PROBLEMS IN BREAST-FEEDING:

1. Non-exclusive breast-feeding in first four to six months of life due to:
a) Use of teas
b) Use of supplementary milk
c) Use of other foods

2. Early cessation of breast-feeding

II. IDENTIFIED PROBLEMS IN COMPLEMENTARY FEEDING AFTER FOUR-SIX
MONTHS OF AGE:

1. Diet is low in energy due to:
a) Use of low energy dense foods
b) Food preparations (recipes) and presentations that reduce density
c) Dilution of formula

2. Diet is monotonous and restricted to small number of different foods

3. Diet is low in iron

III. REASONS FOR PROBLEMS IN BREAST-FEEDING

1 . Use of teas
a) Teas are used to cure and prevent colic.
b) Teas are given after bathing a child to warm the body.
c) Teas are given to calm a crying child.
d) Teas are given to prevent thirst and in response to an interpretation of infant's

behaviour as indicative of thirst.
e) Teas are given to prepare the infant for future use of teas, which are an important

way of treating and preventing illness throughout life.

2. Use of supplementary milk
a) Breast-milk is viewed as a substance that is often "weak", "poor", "inadequate in

quantity and quality" and therefore needs to be supplemented with other milk.
b) It is bad for the child if the mother gives breast-milk when she is in a negative

psychological or physical state, such as "nervous", or anxious, "tired" or when
she is sick.

c) Physicians encourage mothers to introduce supplementary milks.

3. Early introduction of complementary foods
a) Physicians encourage mothers to introduce complementary foods in early well

child and sick child visits.
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b) Mothers believe that children need to get used to foods early so they can make
the transition from milks to foods easily.

c) It is a cultural norm. Other people in the family and in the community also believe
that foods should be introduced at an early age.

4. Early cessation of breast-feeding
a) Mothers believe that children grow bigger and fatter on cow's milk than on breast-

milk and a fat baby is viewed as a healthy baby, so they switch to bottle-feeding
as soon as the baby begins to grow bigger - about 3 months of age.

b) Mothers believe that breast-feeding takes away their own energy or "force".
c) During the 40-day postpartum period, mothers are very observant for any signs

of problems in their own health status (as this is a vulnerable period) and a
headache may be interpreted as a signal to stop breast-feeding.

d) Bottle-feeding is quicker than breast-feeding, and can be done less frequently, so
the shift to bottle-feeding gives them more time for other pressing household
activities.

IV. REASONS FOR PROBLEMS IN COMPLEMENTARY FOODS

1. Use of low energy dense foods:
a) Traditionally, the most commonly used early foods are mashed potatoes and

black beans juice. These foods are low in energy density.
b) Energy dense foods cost more than foods of lower density.
c) Physicians are not familiar with the concept of energy dense foods and do not

advise about the importance of these foods.

2. Use of low energy dense recipes and presentations
a) Mothers believe that all of the nutritional qualities of soups and stews are in the

liquid portion.
b) Beans are viewed as heavy and difficult to digest, and are therefore not suitable

for babies. Babies are given only the water in which the beans have been
cooked, as this is seen as nutritious but not harmful.

c) It is probable that mothers do not regard children as having a need for high
energy foods.

3. Monotonous diets
a) Mothers believe that children who are given a variety of foods in infancy will want

them when they get older, and since the family will not be able to afford this,
children must "get used" to the usual diet from an early age.

b) The concept of dietary diversity for better nutrition is not a part of the culture.

4. Dilution of formula
a) Formula is expensive. Regular cow's milk is not diluted.

5. Low iron intake
a) Although both eggs and chicken liver are available and affordable, they are

generally not given to infants and young children since they are not regular foods
in adult diets.
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Abstract

Introduction. Smoking during pregnancy negatively affects birth weight and during
breast-feeding alters volume and duration of lactation. As consequence of both effects,
breast fed infants of smoking mothers have lower growth rates, compared to those of
non-smoking mothers. In smoking mothers, at the end of pregnancy, there is an
inverse association between cadmium content in maternal plasma and zinc content in
fetal blood, while their newborns exhibited increased copper and diminished iron
concentrations. No information exists on micronutrient content of breast milk of
smoking mothers, associated to longitudinal growth.

Subjects and methods. Ten smoking mothers (mean of cigarettes: 7.1) and 22 non-
smoker controls and their infants, have been recruited within one month after delivery,
at a Public Hospital in Santiago, Chile. Infant's weight, height, tricipital skinfold, arm
and head circumferences and mother's weight were registered. Milk volume has been
assessed by deuterium dilution and cotinine concentrations by radio-immuno-assay
(RIA).

Results. No significant differences existed in age and nutritional status, between
mothers. Cotinine levels were 50 times higher in smoking mothers (2576±2341mU/L vs
54+25) and 12 times higher in their infants compared with those of non smokers
(121 ±99 mU/L vs 10±5 mU/L). Birth weight was significantly different (3290±327 g vs
3558+432 g, p-0.01) but not so at 3 months of age (6026±550 g vs 6099± 510 g,
p=0.8). Infants' height was significantly smaller in smokers' infants at birth and 3
months of age (50±1 cm vs 51 ±1 cm and 59±1 cm vs 61+2 cm).

Conclusions. The evidence so far indicates that infant's height is compromised which
could be related to an altered transference of essential micronutrients, due to a lesser
amount of breast-milk and micronutrient concentrations. These objectives will be
proved in the second year of the Coordinated Research Project.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

Smoking has increased among fertile women in Chile in the last years (up to 43% of
women), even though is socially penalised and health authorities promote its cessation. This
habit has deleterious effects on the mother and infant's health and i i is well known to
increase the risk of cardiovascular diseases. Smoking during pregnancy diminishes birth
weight of new boms [1] and has sequelae on morbidity; during lactation, negatively affects
volume of breast milk [2, 3] and the duration of lactation [4, 5] and, as a consequence of
both effects, breast-fed infants of smoking mothers have lower growth rates, when
compared to those of non-smoking mothers [3].

The exact mechanism by which smoking affects birth weight has not been
elucidated; it has been suggested that the umbilical-placental flux is diminished in pregnant
smoking women [6]. A recent study in non-smoking pregnant women found a positive
correlation between concentrations of copper and zinc in maternal plasma and fetal blood,
suggesting that most of the heavy metals would move freely across the placenta [7].

21



Cadmium, a heavy metal, is one of the multiple compounds of a cigarette, since
tobacco plants have an affinity for cadmium. This heavy metal competes with other
minerals, such as copper and zinc, essential elements that are important part of
metaloenzymes for human nutrition.

Zinc is related to growth, tissue replacement and cellular immunity in the newborn [8,
9, 10, 11] and cadmium acts antagonistically to zinc [12]. In smoking mothers, at the end of
pregnancy, there is an inverse association between cadmium content in maternal plasma
and zinc content in fetal blood, while their newboms exhibit increased copper and
diminished iron concentrations [13].

On the basis of this information, some facts can be hypothesised: first, that smoking
during pregnancy and lactation produces excess cadmium in the mother's plasma and milk;
second, that during lactation excess maternal cadmium transferred through the milk may
alter zinc and copper levels in the infant; and third, that reduced milk production and the
decrease of zinc levels contribute to a delay of infant growth.

The main objective of this project is to demonstrate that maternal smoking affects
normal infant growth by a combination of factors that include reduced milk intake,
diminished transfer of zinc in milk and altered absorption of zinc due to the presence of
excess cadmium.

2. METHODS

2.1. Subjects

At the moment, ten smoking mothers and 22 non-smoker controls and their infants,
have been recruited within one month after delivery, at a Public Hospital in Santiago, Chile.
All the mothers are of low socio-economic status.

2.2. Inclusion criteria

For the mothers: a) intention of breast feeding their infants up to 6 months of age; b)
20-35 years of age; c) parity between 1 and 4 children; d) normal nutritional status at
delivery; e) lack of morbidity during pregnancy and at delivery (oedema, diabetes and kidney
and cardiovascular complications); f) level of smoking in smokers: at least 5 cigarettes per
day.

For infants: a) birth weights higher than 2800 grams; b) no congenital pathologies; c)
APGAR 9 at 5 minutes of life ; and d) gestational age 38-40 weeks of gestation.

Once mothers were informed about the experimental protocol and had accepted to
participate, they were asked to sign a written consent.

2.3. Methodology

When the infants were one month old, a nutritionist and nurse visited the homes and
after confirming the exclusiveness of lactation, the mother was asked to collect her urine
during a 24-hour period and a sample of the infants urine (spot sample) for cotinine
evaluation and basal samples for milk volume measurements.

Infant's weight, height, tricipital skinfold, arm and head circumferences and mother's
weight were registered.

The day after of the collection of basal samples, a labelled water dose (0.2 g/kg of
99.9% ) was given to the baby to assess the milk volume ingested. For eight consecutive
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days after this dose, the mother collected spot samples of infant's urine, registering exactly
date and time. Samples were collected by personnel participating in the study, every other
day, to control procedures with the mother and for assuring non-contamination of the
samples. All urine samples were frozen at -20°C before analysis. The analysis of deuterium
will be performed at INTA's Stable Isotopes Laboratory. Total body water is measured by a
simultaneous dose of 2 g/kg of weight of H2

18O (10% enriched), measured by the back-
extrapolation procedure.

At the end of the study, the dose to the mother will be used to asses milk volume in a
group of 10 pairs of mother-baby (smokers and non-smokers), following the standard
protocol agreed for the whole CRP.

2.3.1. Measurement of micronutrient content in hair and milk

A sample of hair was taken from mothers and babies to determine zinc, copper and
cadmium status. These analysis will be performed at the Laboratory of Micronutrients at
INTA.

During one day, after the urine collection period, the mothers were asked to collect
milk samples every time they fed their infants and to register the time of collection. These
samples will be analysed for zinc, copper and cadmium at the same laboratory.

2.3.2. Passive smoking

To assess passive smoking, the number of cigarettes smoked by the mother and
other members of the family was registered. This will be compared to the measurement of
cotinine in aliquots of urine. Nicotine will be measured in Laboratory of Endocrinology of the
Biological Sciences Faculty of the Catholic University of Chile, by analysis (RIA).

2.3.3. Follow up

The mothers have been and will be visited every month until 6 months of age of their
infants. The following factors have been registered monthly: exclusiveness of lactation, the
possible introduction of other foods, weight, height, tricipital skinfold, arm and head
circumferences of the infants and the number of cigarettes smoked by the mother and other
members of the family.

At the babies' first and sixth month of age, hair samples were collected from the
mother and infant.

At six months of age of the infants, the doses of deuterium were repeated to
determine milk volume (if lactation still continued).

2.3.4. Statistics.

Average figures were statistically compared by student test.

3. RESULTS

3.1. Growth

Ten smoking mothers and 22 non-smoking mothers have been included so far in the
study and are following the experimental protocol. Only three babies in each group have
reached six months of age; so, for comparison reasons, the results will be referred to the
smokers and 10 controls at three months of age of the infants. Table I, shows the
characteristics of the mothers.

23



As can be seen, there is no significant difference in age and nutritional status
between smoking and non-smoking mothers.

Table II, shows the cotinine concentrations of mothers and infants and the number of
cigarettes smoked by smoking mothers and other members of their families in order to
estimate passive smoking of the infants.

As expected there is a significant difference between smokers and non-smokers, in
both mothers and infants. Cotinine levels are 50 times higher in smoking mothers and 12
times in their infants, compared with non-smokers' infants. Table III shows the evolution of
weight and height of the infants up to 3 months of age.

Difference of birth weight decreases with time, but not so in height. This fact could
eventually be associated to the expected influence of smoking on zinc content of maternal
milk, due to the presence of cadmium in tobacco.

4. PLANS FOR FUTURE WORK

4.1. During year 1998

Collection of sample. The total of the sample will be collected to achieve 30 non-
smokers and 30 smokers. In the last 10 smokers and 10 non-smokers, the dose-to-mother
will be used to measure volume of breast-milk.

Follow-up of cases. The infant-mother pair will be followed up to 6 months of age to
check on infant's growth. Anthropometric measurements will be conducted monthly in the
infants. At 6 months of age, new measurements of breast-milk intake will be conducted as
well as collection of hair and milk for Cd, Zn, Cu determination.

Measurement ofCd, Zn, and Cu. Measurements of these metals will be conducted in
all samples of hair and milk (mother and child), at 1 and 6 months of age in the baby.

Measurement of breast milk volume . Measurements will be started in samples from
the Chile project as well as from other projects of Latin America (Argentina, Peru and
Venezuela) with the new mass spectrometer provided by the IAEA in the scope of TC
project CHI/7/007.

Statistical analysis. The data on growth and breast-milk volume will be associated in
relation to the mothers' smoking habits, as well as the transfer of essential micronutrients in
both groups of infants.

At least one paper is expected to be produced with the information on growth and
micronutrient content of maternal milk in smokers compared to non-smokers.

4.2. During year 1999

Follow up will continue in the year 1999 until completion. The final measurements will
be conducted for Chile and Latin America for the determination of breast-milk volume.

All final analysis will be finished and the last 4 months will be used in writing up of
papers and final report.

4.3. Changes in the original methodology

Measurement of breast-milk intake. Giving the difficulty in obtaining smoking women
during pregnancy and lactation, part of the sample has been used from another study that is
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being conducted at the same time, in which measurements of energy expenditure in the
infant are made. This fact precludes the use of the dose-to-the mother to evaluate breast-
milk intake in the 2/3 of the sample, but there is sufficient experience beforehand for the
habit of including external liquids apart from milk (which amounts to a maximum of 50 ml
daily), except in the cases where formula feeding has been introduced. The use of the dose
to the mother in the last 20 cases (10 smokers and 10 non-smokers) will corroborate this
fact.

On the other hand, the period of exclusive lactation has been extended from 4 to 6
months, 3 years ago, and the Chilean population comply very successfully with the National
Health Service measures. Additional liquids have been found in 10% of the sample in 3
infants of smoking mothers, as described above with a maximum of 120 ml of formula per
day.

Blood samples. These samples have been eliminated from the study due to new
proceedings at the Hospital. In a smaller sample (20 infants), blood will be collected, if
mothers agreed, at 6 months of age, with the objective of checking essential minerals,
including iron.

Follow up. A longitudinal study has been designed, instead of a single measurement
at 1.5 months, due to the difficulty of associating zinc status with growth. Breast-milk volume
will also be measured at 6 months of age, as well as indicators of cadmium, zinc and
copper. These fact makes the study more robust, but has the difficulty of multiplying field
work considerably.
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TABLE I. BIOMEDICAL CHARACTERISTICS OF THE MOTHERS (AVERAGE +
STANDARD DEVIATION: N=10).

Smokers
n=10
Non smokers
n=10
t test, p<

Age
(years)

26,2
±6,1
24,8
±3,9
0,6

Weight
(kg)
58,2
±3,9
60,2
±4,4

0,3

Height
(cm)
156,1
±4,9
156,0
±7,3

1,0

IMC
(Wt/Ht2)

24,0
±2,3
24,8
±2,4

0,4

TABLE II. COTININE CONCENTRATIONS AND NUMBER OF CIGARETTES SMOKED
(AVERAGE ± STANDARD DEVIATION N=10).

Smokers
n=10
Non smokers
n=10
t test, p<

Cotinine
Mother
2576
±2341

54
±25

0,008

in urine (ng/ml)
Infant
121
±99
10
±5

0,01

Cigarettes
Mother

7,1
±5,4

-

smoked
Other

Range 0-5

-

TABLE III. EVOLUTION OF WEIGHT AND HEIGHT OF THE INFANTS (AVERAGE ±
STANDARD DEVIATION: N=10).

Smokers
n=10
Non smokers
n=10
t test, p<

Birth

3290
+327
3558
±432
0,01

Weight (g)
Month

1
4423
±414
4538
±361
0,5

Month
2

5166
±242
5353
±418
0,3

Month
3

6026
±520
6099
±510
0,8

Birth

50
±1
51
±1

0,03

Height
Month

1
54
+ 1
55
1

0,08

(cm)
Month

2
57
+2
58
±2

0,05

Month
3
59
+ 1
61
±2

0,03
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In Graph 1 and Graph 2 the evolution in weight and height is shown for both groups of
infants. The difference in height is clearly seen.

GRAPH 1

EVOLUTION OF WEIGHT UP TO
MONTH 3 (10 INFANTS EACH)

6500

-S

-NS

1 2

Age (months)

GRAPH 2

EVOLUTION OF HEIGHT UP TO
HEIGHT (10 INFANTS EACH)

•S

-NS

1 2

Age (months)
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Abstract

The Baby-Friendly Hospital Initiative (BFHi) has been introduced in Mexico in order to
increase breast feeding. The Mexican health care system may be contributing
negatively to the nutritional status of adolescent mothers and their infants due to the
reduction of baby formulas which were previously supplied as a benefit. The aim of
this study is to evaluate breast-milk production, the quantity and quality of protein and
changes in body composition in adolescent and adult mothers in order to design the
right ways to help mother and infants fulfill their requirements or obtain support to
apply to the BFHI program. We propose to measure breast-milk intake and total body
water by deuterium kinetics using infrared spectroscopy. Protein concentration and
composition will be measured by electrophoresis. Adolescent and adult mothers who
are breast-feeding exclusively and living in two different urban regions, northwest and
central Mexico, will be dosed with deuterium oxide; saliva and breast milk samples
will be taken. Currently, both of the working groups are standardized. A sublimation
system for separation of water and D2O of the saliva samples under reduced
pressure was designed and it has a 100% of D2O recovery. The setting up of
conditions for D2O determination using infrared spectroscopy was achieved and
calibration curves of absorbance of sequentially diluted D2O were obtained with an
r=0.9948. Total body water was measured in 12 women after 1,3,6,9 and 14 days of
the D2O dose. Zero-time values obtained by extrapolation were similar to those
directly obtained after 4 h equilibrium. In addition, 50 women (under inclusion criteria)
have signed consent letters to participate and part of the study is currently underway.
For 1998, we intend to have 40 women and their infants with both dosing periods
analyzed, as well as the analysis of breast milk composition.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

Low rates of partial and exclusive breast-feeding have been detected in both
industrialized and developing countries [1,2]. Some hospital practices and the provision of
formula by social programs have been associated with low breast-feeding practices [3]. To
increase breast-feeding, the Baby-Friendly Hospital Initiative (BFHI) was developed in a joint
effort of the United Nations Children's Fund (UNICEF) and the World Health Organization
(WHO). This international program was designed to encourage health care providers to
create an environment to support, protect, and promote breast-feeding [4].

Mexico introduced the BFHI program in hospitals in 1995. The effects of the program
in lactation habits seem to be very strong. For example, in northwest Mexico exclusive
breast-feeding from 0-3 month of age has increased from 9 to 49% [5]. Currently, mothers
are breast-feeding because the social security system programs do not provide formulas
anymore and because they do not have enough money to buy them. In spite of this, they
are not convinced of their milk quantity and quality to fulfill their babies' needs.

On the other hand, adolescent pregnancy is common in Mexico. It is frequent that
the adolescents' 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 program, there
is controversy with respect to the health status of lactating adolescent mothers and their
babies that could have a higher risk of malnutrition.
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Protein undemutrition is still an acute problem in many parts of the world, and its
long-term negative effects on growth and neurodevelopment of the child are well-known [8].
Even in privileged societies malnutrition can occur in low-birth-weight and premature infants.
Children from undernourished and adolescent mothers could have a higher nutritional risk.
Despite good intentions, is it possible that the Mexican health care system could negatively
affect the nutritional status of adolescent mothers and infants with the application of BFHI
program? We think it is necessary to evaluate body composition of adolescent mothers as
well as the quantity and quality of their breast milk in order to design adequate programs to
help mothers and infants fulfill their requirements and/or obtain support to apply to the BFHI.

2. METHODS

2.1. Sample selection criteria

Pregnant adolescents of 14.5 to 17.5 years of age and adult women of 21 to 30.
Exclusive breast-feeding. First pregnancy. No tobacco, alcohol or drug users.

2.2. Other data to be collected

Socioeconomic indicators to define social and economic condition of group
participants. Body weight and height for BMI. Seven day physical activity diary. A 24-hour
dietary recall. Note: These procedures will be applied at 2 weeks and 3 months after
delivery. Body weight and height will also be recorded in the last trimester of pregnancy.

2.3. Determination of D2O using infrared spectroscopy

2.3.1. Sample preparation

In order to separate the water and D2O of the saliva sample from other materials, the
aqueous phase was frozen at -70°C and sublimated under reduced pressure to near total
dryness. The volatilized liquid was condensed in a cold trap (-25 to -30°C) and immersed in
a 50% ethylen-glycol bath. Figure 1 shows the sublimation system (designed by us) which
was assayed in several ways for optimization. First, 5 ml of tap water (-70°C) were
sublimated to quantify recovery of condensed water and to measure time of condensation.
Next, 5 ml of saliva were sublimated. Then, a deuterium oxide solution (1500 ppm) was
sublimated to quantify D2O recovery. Finally, saliva samples (after 4 h, and 1,5,6 and of
days 14 after dosing) of 12 women dosed with 30 g of deuterium oxide (99.9 atom %) were
sublimated.

2.3.2. Measurement of deuterium

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 was
used. 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
bidistilled water) and sublimated samples were drawn up into 2.5 ml syringes. Bidistilled
water (15 ml) was used to rinse the cell after each sample. The samples were loaded and
measured sequentially in duplicates. A calibration curve was constructed daily and the D2O
content of the samples was calculated from the curve after subtraction of the natural
abundance of D2O.

2.3.3. Measurement of total body water

A pilot assay was done with 8 adult women in order to look for the number of days
for sampling after dosing. Each subject 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 residual D2O. The equilibrium point (D2O ingested to equilibrate with the
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Figure 1. System for sublimation under reduced pressure fora battery of 5 samples
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subject's total body water) was directly measured as well as calculated from a curve
constructed with determinations of days 1, 3, 6, 9 and 14 after dosing. Saliva samples were
taken and the D2O concentration was determined by the infrared spectroscopy method
using sublimated samples. Calculation of total body water was calculated according to
Schoeller [9].

2.4. Protocols underway

2.4.1. Measurement of milk ingestion

After ingestion of D2O by the mothers, saliva samples from the infants are being
collected on days 1, 2, 5, 6, 13 and 14. The D2O concentration is being determined by the
infrared spectroscopy method using sublimated samples. Daily ingestion of milk will be
calculated as described in Part II with infant body water estimated according to Butte et al
[10].

Subjects were interviewed for the first time at Instituto Mexicano del Seguro Social
(IMSS Hospital, UMF-37) and Centra de Salud Lomas de Madrid (IMSS Clinic) in
Hermosillo, and at Hospital of Instituto Nacional de Perinatologia (INP) in Mexico City. The
rest of the interviews and studies are being conducted with the adult and adolescents
women in their households in Hermosillo. In Mexico City, women are attending the INP for
all studies.

3. RESULTS

3.1. Standardized determination of D2O using infrared spectroscopy

3.1.1. Sample preparation

Our system for sublimation under reduced pressure presented a 95% recovery in
volume for both tap water and saliva. Sublimation time was approximately 1ml/h for saliva
samples. D2O concentration in samples was completely recovered in the condensation flask
after sublimation.

3.1.2. Measurement of deuterium

The typical calibration curves obtained in our laboratory by absorbance
determinations of D2O in sequentially known dilutions, presented correlation values higher
than 0.9845. Day to day variability in the slope of the calibration curve was less than 5%.

Figure 2 presents an empirical regression line showing rate of decrease in
concentration of deuterium oxide in saliva from 8 dosed women after oral administration of
D2O. There were no significant differences (p<0.01) between the zero-time values obtained
by extrapolation of 3-days samples (1, 6 and 14) and those of 5 days (1, 3, 6, 9 and 14). On
the other hand, the zero-time values obtained by extrapolation were 6-10% lower than those
directly obtained after equilibrium (4 h). D2O concentrations at equilibrium ranged from 806
to 1092 ppm and by extrapolation from the regression curve, they ranged from 730 to 939
ppm. These last values were used for the calculation of total body water by the dilution
principle, because Wong et al., [11] reported to be more accurate than the equilibrium
values. Total body water ranged from 32.04 to 39.84 kg and total body fat from 15 to 31%.

Pregnant adolescents and women already selected in Hermosillo, Sonora will be
evaluated according to their gestation time from October 1997 to May 1998. Location of
pregnant adolescents and women in Mexico City is not a problem because they attend the
INP, one of the largest perinatology hospitals in Latin America. Part of the study is currently
underway.
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Figure 2. Typical calibration curve for the D20 assay

4. PLANS FOR FUTURE WORK

In the second year of the program, we intend to have 20 women and their infants
from each site (Hermosillo and Mexico City) with both dosing periods analyzed, in addition
to the analysis of the breast milk composition.
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Abstract

This project will be a collaborative study between the Pakistan Institute for Nuclear
Science and Technology (PINSTECH) and Department of Pediatrics, Pakistan Institute
of Medical Sciences (PIMS). It may also involve the Polyclinic, Islamabad.
Pediatricians who have had experience in lactation management clinic and hence
breast-milk intake studies by conventional methods (test weighing) will be formally
involved in the study. Human milk intake and growth performance of exclusively
breast-fed infants will be monitored over the first six months of life. The deuterium
dilution method will be used for measuring breast-milk intake and will be compared
with the test weighing method. The growth of exclusively breast-fed children will be
compared with the NCH growth standards. Records of illnesses that may lead to sub-
optimal growth will be kept. Episodes of diarrhoea, in particular, will be correlated with
growth faltering. Acquisition of Helicobacter Pylori detected by the use of the 13C Urea
breath test at three month intervals during the study period examined for relationships
with diarrhoea.

Thus, this study will not only provide preliminary data on breast-milk intake (based on a
more accurate isotopic method as compared to test weighing) but also on the growth
patterns of exclusively breast-fed infants. Further, information on the significance of
Helicobacter Pylori to infection with episodes of diarrhoea! infection and growth
faltering.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

While PINSTECH has good analytical facilities in IRMS they have to be developed
for clinical and physiological studies. In particular, sample preparation systems, specifically
for use in this work, and separate from those used in isotope hydrology are required. When
this has been done the laboratory will be in a position to apply stable isotope techniques in
areas relevant to this CRP, namely the relationship of breast-milk intake to growth in
Pakistani infants and the significance of diarrhoel disease to growth faltering and the
putative links with the acquisition of Helicobacter Pylori infection1.

2. METHODS

2.1. Subjects

The identification and selection of suitable subjects will be made by the trained
regular staff of MCH centre, affiliated with Polyclinic Hospital, Islamabad. The enrolment will
be made during antenatal visits. The investigators will then explain the purpose of the study
and ethical issues to mothers willing to breast-feed. All mothers with positive consent will be

1 WEAVER, L.T., Aspects of Helicobacter pylori infection in the developing and developed world. Helicobacter
pylori infection, nutrition and growth of West African infants, Trans R Soc Trop Med Hyg, 89 (1995) 347-350.
DALE, A.,THOMAS , J.E., DARBOE, M.K., COWARD, W.A., HARDING, M., WEAVER, L.T., Helicobacter pylori
infection, gastric acid secretion, and infant growth. J Pediatr Gastroenterol Nutr 26 (1998) 393-397.
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recruited for the study and will be followed up at their homes. The selection criteria will be
that the mothers:

• should be healthy
• live in the vicinity of Islamabad/Rawalindi area (and are thus within reach of the

project team)
• are willing to be visited
• are willing to continue breast feeding.
• be in their second or later pregnancy
• had no difficulties at labour

The babies will be normal with birth weight > 2.5 kg. Approximately 20-25 subjects
will be recruited.

2.2. Equipment and field work

The MCH centre is a 60 bed maternity unit and has all the facilities necessary for
anthropometric measurements on mothers and babies. Field workers trained to collect milk
samples from the mother and saliva or urine from the babies will be recruited. The field
workers will also make the anthropometric and other measurements required for the study
(age, weight, height, skin fold thickness, dietary and morbidity records). Breast-milk intake
measurements will be made on alternate months up to one year using the "dose to the
mother method"2 Comparisons will be made between the isotope method and a test-
weighing procedure. In addition, the urea breath test for Helicobacter Pylori will be
administered.

2.3. Mass spectrometric measurements

All IRMS measurements will be made at PINSTECH. While the procedures for 13C
analyses in breath samples are routine, preparation line facilities for hydrogen preparation
from water samples are only available for hydrology and additional lines have to be built.
IRMS measurement of D/H ratios in gas samples is subsequently routine.

2.4. Results

The outcomes of the study are expected to be available in 2000, with most of the
studies being performed in 1999. In 1998 the mass-spectrometric methods will be
established.

2 BUTTE, N. F., WONG, W. W., PATTERSON, B. W., GARZA, C, KLEIN, P. D., Human-milk intake measured by
administration of deuterium oxide to the mother: A comparison with the test-weighing technique, Am. J. Clin.
Nutr. 47 (1988) 815-821.
ORRWING, A. K., HEYWOOD, P. F., COWARD, W. A., Longitudinal measurements of breast milk output by a
2H2O tracer technique in rural Papua New Guinean women, Hum. Nutr. Clin. Nutr. 40 (1986) 451-467.
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Abstract

The present study is being conducted to pilot the use of the deuterium oxide method
for the measurement of breast-milk intake in children 7-12 months of age receiving
complementary foods. This will be 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, in order to apply the methodology to this evaluation the washout
period of deuterium from the mother and the child after the administration of a dose to
the mother is being determined and the comparison of this methodology with the test
weighing technique for breast-milk intake. The measurement of deuterium oxide using
the infrared spectrometer of the Instituto de Investigacion Nutricional [UN] is being
compared with the IR Mass Spectrometer of INTA Chile.

During the present period we have conducted a pilot study to measure breast-milk
intake using deuterium oxide in 9 mother-child pairs of children aged 7-11 months of
age; samples of saliva have been taken for analyses. One child has completed the 28
days of the study and 8 children are in process. Test weighing for 48 hours has been
conducted on 5 children; unadjusted breast-milk intake ranges from 589 to 682 g per
24 hours. The samples are awaiting analysis for deuterium oxide.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

Childhood malnutrition, characterized 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, where it is related to longer duration and increased severity and
mortality, particularly during the 6 - 2 4 months period [1-5], 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. It appears that this stunting is generally not reversible later in life unless improved
nutritional intake occurs at a very young age [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 even in the presence of a high prevalence of diarrhoea [10,11]. A
combination of energy and multiple nutrient deficiencies is the main reason for poor growth
in Peru, as in other parts of the world, although in some areas certain nutrients, and low
bioavailability, may be specific limiting factor [12-16].

Previous studies in many parts of the world, including peri-urban areas of Lima, have
shown that the median growth rate of children is the same as the NCHS standards from
birth to 4 - 5 months of age. Thereafter, both length and weight fall away from the reference
curves, with the result that 20% of children have a weight-for-age of <-2 SD by the end of
the first year [17] a trend which continues until 18-20 months of life [18,19]. When compared
with predominantly breast-fed privileged children [20], the growth curves coincide until
around 8 months of age [21], when that of the Peruvian population begins to fall behind,
indicating that the nutritional intake of these infants in Lima becomes deficient during the
second 6 months of life.
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Studies in this population by the investigators, have demonstrated a progressive
decrease in dietary intake in relation to recommended amounts during the course of the first
year [22]. Mean energy intakes of infants in this population was near recommended intakes
during the first trimester of life, but decreased to a mean of 82% in the last trimester,
according to recently published energy requirements [23]. Similarly the intake of several
micronutrients decreases in relation to requirements during this period. Added to this, during
diarrhoea or fever there is a reduction of around 10% of energy intake from the normal,
"healthy" day intake, due entirely to a decrease in the consumption of non-breast-milk foods
[24]. These reductions coincide with the introduction of low energy and nutrient density
weaning foods, on average that similar to milk [0.6 - 0.7 kcals/g], thus providing inadequate
complementation of breast-milk.

There are a number of approaches to improving food and nutrient intake of small
children. These include the distribution of a pre-prepared, multi-fortified food to provide a
major part of the energy and nutrient requirements of the child, fortification of widely used
foods or specific nutrient supplementation. However, in populations where there is access to
suitable food, the ideal intervention is the promotion of local food sources to provide a varied
diet of adequate nutritional content, and thus obtain increased intake for several nutrients as
well as contribute to optimum nutritional practices. In several parts of Peru, including Lima, a
variety of foods are available and economically accessible to the population, yet are mostly
given in preparations of inadequate energy and nutrient density, and in reduced quantity and
frequency, according to local cultural practices and perceptions of the child's needs.

There have been a number of projects in Peru to improve food and nutrient intake
during weaning through behavioural change interventions and which have shown the
increased use of the promoted concepts, recipes or food [25-27]. Yet most of these studies
were not evaluated for improved nutritional outcomes.

A community-targeted communications campaign in the proposed population
demonstrated an improvement in weaning practices [26]. As a result of the campaign there
was a significant, positive, delay in the inappropriately early introduction of foods: at 4
months 47% of children had received weaning foods prior to the intervention as compared to
26% afterwards. There was a significant increase, from 15% to 28% of children 6 - 1 2
months of age, consuming 2 servings per day of energy-dense food preparations, evaluated
by 24-hour recall; savoury purees of appropriate food combinations being the preparations
more commonly adopted. The non-breast-milk energy density of prepared foods increased
significantly from an estimated mean of 0.63 to 0.82 kcal/g., also evaluated by 24-hour
recall. However, there was apparently little change in the total amount of food consumed
with the intervention and no change in the feeding frequency; the latter was not one of the
messages of the campaign as it was not considered critical at the time.

In a separate study the preparation and serving of appropriate weaning foods from a
community kitchen in Lima led to a slight but not significant increase in dietary intake on the
days that these foods were consumed and with no effect on nutritional status between the
intervention and control groups. It appears that the promoted complementary foods replaced
some of the more liquid foods [soups]; the effect on breast-milk intake was not clear,
although some substitution appears to have occurred [28].

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 [25,29,30]. Nevertheless such strategies are an
important component of all child survival programmes including WHO and UNICEF. Hence
it's important to document that this approach can work.

A major concern is whether the promotion of weaning foods with the possible
substitution or replacement that may occur, might lead to a negative effect on the child's
diet, and not only the absence of a beneficial effect. This is particularly critical in relation to
the premature or excessive replacement of breast-milk during the weaning period, when
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breast-milk remains important both nutritionally and for protection against disease. Recent
studies from Honduras indicate that substitution of breast-milk occurs with no nutritional
benefit when complementary foods are added to infants' diets between 4 and 6 months [31].
Similar observations have been made in children under 1 year in rural Thailand [32].
Consequently it is important to study whether it is possible to increase total dietary intake
through the adoption of appropriate weaning practices under carefully controlled conditions
in the community and investigate the effects on the different components of the diet.

The present study is a pilot study to explore the use of deuterium oxide for the
measurement of breast-milk intake. Once the technique has been perfected locally and
validated, and if the budget permits, it will be applied to a community based controlled
efficacy trial, the objective of which is to measure whether weaning practices using locally
available, culturally acceptable foods, can indeed lead to a beneficial effect and increase
total daily energy and nutrient intake, and to what extent there may be substitution of other
foods, including breast-milk, during the critical weaning period.

Children between the ages of 7 and 12 months, living in an urban shanty town of
Lima where growth retardation is prevalent, will be enrolled in the intervention and control
groups: 80 in each group. The intervention group will receive individualized nutrition advice.
Mothers will be asked to implement the recommendations during 3 - 4 weeks. Dietary intake
will be evaluated before and after the intervention by individually weighing food intake,
breast-milk intake by test weighing [2 consecutive 12-hour periods] with and in selected
cases using deuterium oxide. Test weighing will be conducted for 48 hours on a sub-sample
to develop regression equations to extrapolate 12 to 24-hour breast-milk intakes.

We have previously used the test weighing technique extensively in these
communities [22]. We have found it very useful and consistent results have been achieved,
nevertheless it has certain disadvantages and limitations. In this population test-weighing
needs to be conducted by an outside trained field worker rather than the mother and thus
involves a considerable degree of invasiveness in the home. The presence of an outside
observer and the weighing of the child may well change breast-feeding patterns; for
example: the mother may be reluctant to breast-feed due to this procedure, the child may
fall asleep at the breast while feeding and wake up when placed on the balance, and require
more milk afterwards. It is impossible to conduct this procedure for more than 2 successive
days and the field worker needs to remain in the house at night to measure breast-milk
intake around the clock.

The deuterium oxide methodology is an attractive alternative which permits the
overcoming of several of these difficulties and limitations, also giving the breast-milk intake
over a longer period of 14 days, thus taking into account daily variation [33,34]. However
this has been mostly used to date to measure breast-milk intake in small infants; it has not
yet been used to explore breast-milk production in relation to complementary feeding
practices for children over 6 months of life.

The use of Isotope Ratio Mass Spectrometry has been used for determination of
breast-milk intake. However as many of these studies need to be conducted in the field in
countries where stunting occurs, the application of these techniques using the IR
spectrometer is an advantage. The method has recently been validated for measurement of
breast-milk intake with Indonesian mothers [35].

In order to apply this technique to the described protocol for the measurement of
breast-milk intake before and after an intensive educational intervention of 3 - 4 weeks it is
necessary to know the washout time of the deuterium from the bodies of the mother and
infant so that the timing of the baseline evaluation can be correctly programmed so as not to
interfere with the intervention, and to calculate the time for initiating the final evaluation,
assuring that there is no deuterium from the first dose still remains and which could interfere
with the final breast-milk measurement.
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The specific objectives of this phase of the study are:

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.

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

The community efficacy trial has just been financed by Thrasher Research Fund and
WHO-CHD. Dr. Gabriela Salazar has been collaborating closely with the deuterium oxide
measurements.

2. METHODS

2.1. Administration of deuterium oxide and collection of samples

Breast-milk intake is measured using the dose to the mother methodology
[33,34,36]. A base-line sample of 2 ml of saliva is collected from the mother and the child,
day 0, the exact time of the sample noted, ensuring that neither the mother of child has
consumed any food within the previous 1/2 hour which could dilute the deuterium oxide in
the mouth. Salivettes or small pieces of cotton wool attached by a thread is placed in the
mouth for the time required to collect sufficient sample. Both the mother and the child are
weighed and height or length measured.

Thirty grams of deuterium oxide [1 g per kg total body water [approx.] of the mother]
are weighed in a bottle and given to the mother. The bottle is then re-weighed so that the
exact amount of the deuterium oxide taken by the mother is calculated. The mother then
drinks some water to ensure that no deuterium oxide remains in the mouth. The exact time
of giving the sample is noted.

During the successive days saliva samples are collected and the exact time of each
collection noted. In the case of the infant samples are collected on days 1, 2, 5, 6, 13, 14,
21, 28. In the case of the mother 1,6,14,21,28. Although breast-milk intake will be measured
on days 1-14, days 21 and 28 are included to see whether there is still residual deuterium
oxide in the body. The mother and child's weights are measured on days 14 and 28.

Urine samples have been collected on one child [AB1] for comparison with saliva.

2.2. Sample preparation

The saliva samples are stored at -20°C for purification and analyses. The aqueous
portion of the saliva or urine is extracted by vacuum sublimation. The liquid sample is frozen
along the inside walls of a test tube to maximize its surface area. The test tube is connected
to a condensing tube submerged in a -50°C bath. The top of the condenser tube is attached
to a vacuum. Water vapour is drawn by the vacuum from the test tube containing the
sample and trapped and frozen in the condenser.

2.3. Deuterium determination

Samples/standards are pumped continuously from the autosampler through the cell
of the Infra Red Spectrometer 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.

2.4. Test-weighing

The test-weighing method, which we have used extensively in previous studies, is
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being used for comparison with the deuterium oxide methodology. We are conducting the
test-weighing procedure during 48 hours, to coincide with days 5 and 6 of the deuterium
study, and assuming that these 48 hours are representative of the normal intake. The infant
is weighed, fully-clothed, before and after each breast-feed, using calibrated Ohaus
mechanical balances that weigh to a precision of 1 g., the difference in weight being the
amount of breast-milk consumed. A factor of 3% is applied to take into account insensible
water losses during the feed. The time at the breast is also noted.

Other foods consumed during the 48-hour period are also being observed and noted
in order to get an idea of complementary food and liquid intake.

One field worker remains with the mother for the first 24 hours and is replaced by a
second field worker for the second 24-hour period.

3. RESULTS

The number of children enrolled to date are shown in Table I. Child AB-1 has been
completed, the others are in process. Both male and female children in the age range of 7 -
11 months are included.

3.1. Problems encountered

In a few cases we have not found it easy to collect the samples on the allotted day
due to absence of the mother and/or child, including travel. In these cases the nearest day
has been taken for the sample collection. The studies are programmed so that sample
collection days do not coincide with weekends.

We have also tried the collection of urine instead of the saliva as the collection of
sufficient saliva from one infant was difficult. However, we have found that the collection of
saliva is easier and the exact time of obtaining the sample is more precise. In the case of
the urine the mother collects the sample at the time that she changes the nappy, but the
actual time of urine excretion is unknown. However with most of the children it has not been
difficult to collect the saliva although with some infants it has been difficult. However with a
small group of children it has become increasingly difficult to collect saliva, we are
continuing to do so rather than change to urine, but wonder about this as an alternative.

We are currently programming the test weighing on days 5 and 6 of the deuterium
collection days, thus coinciding with the middle days of the deuterium measurement. We
wonder whether this is the most appropriate or whether we could have more variation in this.
This is important when applying the methodology to the full protocol.

Interestingly [and not surprisingly] the acceptance rate on the part of the mothers is
much higher for the deuterium oxide method than the test weighing method as it is less
invasive and uncomfortable for the mother. Nevertheless we have achieved a high
acceptance rate. We have had an acceptance rate of 70% for the deuterium and of these
63% accepted the test weighing for 48 hours.

Almost all the children had "colds" at the time of the study, although none had
diarrhoea or any other symptom.

After a series of problems during the past year the IR spec, of the UN is currently
undertaking final adjustments to improve its sensitivity, particularly for readings of lower
concentrations with the running of validations. It will be in working order to initiate the
analyses of the present samples during the course of the next week.

4. PLANS FOR FUTURE WORK

By the end of this period [late Jan.] we will complete 1 2 - 1 4 mother-infant pairs for
deuterium and 9 test weighing if the acceptance continues as it is.
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We plan to do some evaluations of total body water with the next group of 6 children
in January, using 18O.

The community-based efficacy complementary feeding study has now been financed
and will commence in early 1998. We need to await the results of the present study but to
date several advantages of the deuterium methodology have been perceived. We are
considering the possibility of readjusting the budget to include deuterium oxide on all of the
children in the study. Yet at US$12 per sample this would be 80 [children per
group]*2[interval & control]*2 [pre and post]*11 [samples per mother-child pair] =
US$42,240.
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TABLE I. CHARACTERISTICS OF CHILDREN IN DEUTERIUM OXIDE BREAST-
MILK MEASUREMENT STUDY

NE Samples Collected
mother

6**

5

5

5

5

4

4

4

4

[*] Days: 0,1,2,7,8,11,28
[**] Days: 0,1,2,8,11,28

The unadjusted amount of breast-milk consumed during the 2 day period is
presented in table II. In fact the amount of breast-milk consumed by the children is very
similar. Varying amounts of other foods have been eaten by the children.

AB-1

AB-2

AB-3

AB-4

AB-5

AB-6

AB-7

AB-8

AB-9

Age of child
months

7.1

7.1

9.5

9.2

9.2

6.6

10.0

7.0

10.1

Sex

F

F

F

M

M

F

M

M

M

Age of Mother
years

26

31

34

20

24

21

21

40

15

NE
. chil

7*

7

7

7

7

5

5

5

5
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TABLE II. BREAST-MILK INTAKE BY TEST WEIGHING

Child

AB-2

AB-3

AB-4

AB-6

AB-9

Age
[months]

7.3

9.7

9.5

6.8

10.2

Study day

5-6

5-6

7-8

5-6

5-6

Breast Milk
Day Day

1 2

666

537

-

568

597

698

783

661

609

722

Intake [g]
Mean

682

660

661

589

660

Time
Day

1

81

138

-

138

73

at Breast
Day

2

99

80

70

71

67

[mins]
Mean

90

109

70

105

70

The proportion of breast-milk consumed during the nighttime period [6pm to 6am] is
around 50% [table III], some slightly more during the night, others slightly less.

TABLE III. BREAST-MILK INTAKE: DAY AND NIGHT

AB-2

AB-3

AB-4

AB-6

AB-9

Intake

Intake

Intake

Intake

Intake

g-

g.

g-

g-

g-

Day1

341
(51)

242
(45)

-

321
(57)

303
(51)

6 am to 6 pm

Day 2

338
(48)

357
(46)

337
(56)

381
(63)

307
(43)

Mean

340
(50)

300
(45)

337
(56)

351
(60)

305
(46)

Day1

325
(49)

295
(55)

-

247
(43)

294
(49)

6 pm to 6 am

Day ,2

360
(52)

426
(54)

268
(44)

228
(37)

415
(57)

Mean

343
(50)

361
(55)

268
(44)

238
(40)

355
(54)
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Abstract

The decrease in the practice of breast-feeding has occurred in Venezuela like in
many other countries. In Venezuela, many efforts have been made to promote this
practice because of its impact on children growth and development, and also
because breast-feeding is not a common practice among the socioeconomic
deprived groups of our urban areas.

Several methodologies have been used to evaluate different breast-milk aspects,
including' questionnaires on beliefs and attitudes, milk composition studies, and
immunity studies. However, is not an accurate and reliable technique for breast milk
volume determinations. In this study we selected to use isotopic methods to
measure breast-milk output, and its composition in lactating women who are at
nutritional risk. Another objective of the project is to assess vitamin A status and
reserves according to the conjuntival impression cytology (CIC) and the retinol dose
response (RDR) methodology. Body composition will be determined through
different skin fold measurements, and body mass composition (BMI). Also, the
growth development of their babies, during the first three months of breast-feeding
will be evaluated.

1. SCIENTIFIC BACKGROUND

Decrease in the practice of breast-feeding, that has occurred in developed countries
and has extended to developing ones, is of concern to health care professionals and
government health authorities because of its negative implications on children growth and
development. It is not just that breast-feeding is not a common practice but there is a
shortening of the period of exclusive breast-feeding, an early inclusion of other milks, and an
early inclusion of other foods. To make the situation worse, this problem is more common
within groups of low income and low educational levels.

There has been a deterioration of the nutritional status in Venezuela due to social
and economic crisis. From about 9.5 million inhabitants living in poverty conditions (40.4% of
the total population), there is a very large group where clinical protein-energy undemutrition
and iron deficit exists with serum levels of vitamin A (VA), iodine, and zinc below normal [1].
This situation concerning micronutrients status, known as "hidden hunger" may be detected
by vitamin and mineral status indicators which allow to identify people at nutritional risk.
Many efforts have been made to promote the practice and increase breast-feeding.
Optimistic partial results seem to emerge like those shown below, done by FUNDACRESA
(Official Venezuelan Institution for Growth and Development Studies) [2].

SURVEYS OF BREAST-FEEDING

Breast-feeding
Time

< 1 month
< 3 months
< 6 months

1992 1994 1995
(n=251) (n=450) (n=312)

35% 43% 52%
21% 30% 37%
14% 18% 20%
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In Venezuela, there are several groups working in breast-feeding related topics,
among all social classes and geographical regions, mostly trying to diagnose general
situation [2]. Currently, to motivate, educate, and create awareness towards breast-feeding
a priority [3-8]. In this context, the Ministry of the Family created the "Comision para la
Lactancia Materna" which coordinates all activities addressed to change policies within
hospitals, regarding the promotion of exclusive breast-feeding. Hospitals where the UNICEF
recommendations on breast-feeding are followed have been renamed : Hospitals Friends of
the Mother and Child. The only one in this category in our country until now is the Central
Hospital of the city of Maracay.

In Venezuela, there is no data on breast-milk volume or factors affecting its
production.

The Nutrition Research Unit (UIN) of Universidad de Carabobo, has been studying
the nutritional status of vulnerable groups of the populations like elderly and children from 1
to 14 years, living in the slum areas of the city of Valencia, during the last four years. The
evaluation has included socioeconomic and dietary assessment, biochemical determinations
(serum retinol by HPLC, Zn, I, Fe, proteins, etc.) immunological assays, and hystological
tests (Conjuntival Impression Cytology for VA status).

A high percentage of children with different stages of deficiencies has been
identified. At the present time, a nutritional intervention and a follow-up program is being
designed.

Also, currently, a research project on the mother-baby dyad is being carried out,
which examines the maternal and child nutritional status. This same project will assess the
anthropometry and VA status of both mother and child. Food consumption and analysis of
some of components of breast-milk (retinol, iron, zinc, etc.) are being done just on mothers.

Currently a study on maternal nutritional status, weight gain during pregnancy, and
baby birth weight is being done in pregnant teenagers. Among other activities UIN offers a
growth and development clinic where diagnosis and management of malnourished children
is done.

2. METHODS

2.1. Sample

Thirty women who, after delivery, are willing to breast-feed exclusively for at least a
period of three months.

2.2. Inclusion criteria for the mother an her babies

a) Mother age: 18-35 years old
b) Mother and babies free of any disease different from undernourishment state.
c) Non-smoker or alcoholic mothers.
d) Low socio-economic status (according to the Graffar modified method).
e) Parity: Preferably with two or more children and with antecedents of breast-

feeding
f) Gestational age: 37-42 weeks.
g) Nutritional status according to anthropometric assessment (BMI according to pre-

gestational weight). The sample will be chosen in order to have 15 mothers with
nutritional deficit, and 15 healthy, well-nourished mothers.

2.3. Parameters to be measured

a) Mothers' body composition and VA deposits at the beginning and at the end of a
exclusive breast-feeding period (3 months).
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b) Breast-milk volume (isotopic method) will be measured during the same period of
time.

c) Babies' growth and development will be assessed by anthropometric evaluation
during this time.

d) Vitamin A content in breast-milk

2.4. Methodology

2.4.1. Socioeconomic status evaluation

Assessment by Graffar-Mendez Castellano Method [16].

2.4.2. Anthropometric assessment

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

Babies: Weight, height, triceps and subscapular skinfold, mid arm circumference,
cephalic circumference.

2.4.3. Body Composition

By body mass index (BMI) in kg/m2, and combination of skinfolds for body fat
calculations [17]. Reference values for the mother by NCHS and for the babies by
PROYECTO VENEZUELA [18, 19].

2.4.4. Vitamin A reserves

Determined by Relative Dose Response (RDR) [20].

2.4.5. Breast milk output

Measurement of water turnover rates using 2H2 O as described by Coward [21].

2.4.6. Dietary Assessment

Determined by multiple 24-hour recalls and a semi-quantitative food frequency
questionnaire.

2.4.7. Vitamin A content in milk

By HPLC assay developed by Shery Tanumihardjo [14].

Deuterium analysis will be performed by Gabriela Salazar, in INTA
Departament of Physics, Faculty of Science, University of Chile (personal
agreement).

2.5. Schedule

Time 0:. 24 hours after delivery

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

participation in the project.
c) Obtain venous blood sample and delivery of the retinyl palmitate (3.5 ^mol) and

a breakfast.
d) Obtain breast-milk sample.
e) Anthropometric assessment of mother and child.
f) Dietary assessment of mother.
g) Obtain breast-milk sample to determine VA content.
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Time 1:30 days after delivery:
Anthropometric assessment of mother and child, mother's dietary assessment,

obtain breast-milk sample, and determination of breast-milk volume (by isotopic method).

Time 2:3 months after delivery.
Anthropometric assessment of mother and child, mother's dietary assessment,

obtain breast-milk and determination of breast-milk volume.

3. RESULTS

The present results are based on data gathered from a pilot project (from 2 June
1997 to 9 Sept 1997) in which the deuterium was not used. The objective of this pilot project
was to establish and assess methodologies needed for the main project, but that were new
for our research team. For example, we tested the method of RDR used to establish vitamin
A reserves, and the breast-milk collection procedure. The pilot project kept the same
objectives as the main project, except for the measurement of the milk production.

3.1. Sample

For the pilot project, the inclusion criteria and the site selection of the main project
were kept. All the subjects that attended during the mentioned dates and met the criteria
were asked to participate. Of these 72% accepted, having a total of seventy-four women. Of
this group, 30% (n = 22) attended the first month control, and 7% (n = 9) attended the third
month appointment.

All mothers received written and oral information regarding breast-feeding, and a
complete assessment on anthropometry (Mother and neonate), food intake, and blood
chemistry (including vitamin A, iron, and zinc) and social test was obtained.

It was not possible to collect the colostrum from all the subjects due to problems with
the milk production, namely, not enough volume (less than 2 ml) in approximately 50% of
the mothers. However, during the first month control, more than 2 ml were collected from
over 90% of the sample. Of those who attended the first month control (n=22), 59% breast-
fed exclusively (n=13), 23% offered water besides the breast-milk (n=5), and 18% offered a
mixed feeding (bottle plus breast-milk).

There was a poor attendance of the first nutritional appointment (a month after
delivery). Follow up of the subjects was difficult since it was not possible to locate many of
the households because of false addresses given by the women. Some of the subjects that
did not attend, but were located at their households or were contacted through telephone,
explained that it was too complicated to attend the center only for a nutritional control,
another reported reason was the desertion of exclusive breast-feeding.

In spite of the strategy designed to motivate the mothers toward breast-feeding, the
low attendance to the free nutritional appointment offered, makes us think that there is
ignorance in this social stratum regarding the importance of preventive medicine on their
babies' health and development.

To be able to carry through the project, it was necessary to reconsider the strategy
for the enrollment and follow up of the mothers. Currently, instead of a monthly appointment
open to all the mothers that wanted to breast-feed their children, we have an early follow up
(after the first week of delivery) of the mothers at their households. This is to keep a strict
control of those who are exclusively breast-feeding, and only those who meet the pre-
established criteria are kept in the project.
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3.2. Preliminary descriptive results of the pilot project

3.2.1. Socioeconomic status

Of the total sample, only 7% were classified as middle-class (SES II and III), and the
remaining 93% were in some state poverty (63% in relative poverty and 30% in critical
poverty). This is a reflection of the selected collection site.

3.2.2. Pre-gestational weight of the subjects

According to the reported information supplied by the subjects, 77% of the mothers
had a normal weight before pregnancy, 18% started their pregnancy with a nutritional deficit,
and 5% with overweight, according to Body Mass Index.

3.2.3. Nutritional status of the mothers at delivery

A nutritional deficit, according to weight/height, of 8.5% was found among the
sample. However, when using other indicators that do not take into account the weight (mid-
arm circumference, and limb fat area), it was found that more than 23% of the mothers had
low values. Also, 28% of them had values below the third percentile for height, according to
Frisancho [18], which could point towards a state of chronic malnutrition.

3.2.4. Nutritional status of the newborn

According to weight/height, 11.3% of the newboms were classified as having
intrauterine growth retardation (IUGR), and of this group, 78% were considered proportional.
According to height/age, 8.3% were under the tenth percentile, according to Venezuelan
reference (PROYECTO VENEZUELA, 1995).

3.2.5. Laboratory tests of the mothers

The following results are preliminary, and due to logistic and technical problems only
a small amount of them have been processed. However, this information has an important
value, since there are no previous references in this "at risk group" of the Venezuelan
population.

Anemia. After a month of delivery, from a sample of 22 subjects, 4.5% had
hemoglobin levels below 11 g/dL.

Vitamin A Status. According to the results of the conjunctival impression cytology (n
= 60), 3.3% had a sub-clinical deficiency at the time they started breast-feeding.
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PART IV: APPENDICES



AGENDA

8 Dec. 1997

09:00 Words of greeting -INTA's representative and Ms. Hilde Rohland (CchEN)
09:30 Administrative arrangements
10:00 IAEA's systems and programmes- W.A. Coward
10:30 Coffee Break
11:00 Participants: Description of nutrition problems in their respective countries,

(about 15 plus 5 minutes discussion, 20 minutes each country).
13:00 Lunch in the mountains

9 Dec. 1997

09:00
09:30
10:00
10:45
11:30
12:15
13:00
14:30
15:15
16:00
16:30
17:15

Logical frameworks for CRPs (see next page)
Coffee Break
Country reports-Argentina
Brazil
Chile
Mexico
Lunch Break
Pakistan
Peru
Coffee Break
Venezuela
Close

10 Dec. 1997

09:00 Guided tour of INTA
10:00 Informal discussions with INTA staff (CRP members)
10.00 Meeting of members of TC Project CHI/7/007
12:30 Travel to La Reina (CChEN), lunch and guided tour
15:30 Use of Excel spreadsheets for modeling- development of common protocols

W.A. Coward
17:00 Close

11 Dec. 1997

09:00 Talk : "Long-term effects of lactation (cognitive development and infant
health)" - Isidora Andraca

10:00 Discussion
10:30 Coffee Break
11:00 Video show
11:30 Discussion of video- is it useful?
12:30 Lunch Break
14:00 Talk: "Methods for measuring nutritional status at INTA" - Erik Diaz
15:30 Coffee Break
16:00 Talk: "Body composition, breast-feeding and growth" - Gabriela Salazar
17:00 Close
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12 Dec. 1997

09:00
10:30
11:00

13:00
14:30

15:30
16:00
17:00

20:00

Evaluation of programme so far-discussion led by W.A. Coward
Coffee Break
Setting tasks and targets for 1998 and developing a logical framework for the
CRP (see below)
Lunch Break
Talk: " Epidemiological transition in Chile and Latin America and effects on
nutritional problems" - Fernando Vio
Coffee Break
Talk: "Lactational infertility" - Maria Seron-Ferre
Close

Dinner at a traditional place
End of meeting party

A LOGICAL FRAMEWORK FOR THE CRP

During the meeting we need to develop a "Framework" (plan) for the CRP. This will allow us
to set objectives, targets and milestones for the things we intend to do. This is a new task
the Agency asks the co-ordinator to do. The Agenda indicates that we will produce this plan
on Friday 12th Dec. but it will help if you begin thinking about it before you come to the
meeting.

Resumen

Totalidad del Proposito
del CRP

Proposito especifico de
su parte del CRP

Resultados

Actividades a realizar

Indicador de
Progreso

Medios de
Verificacion

Presunciones de
Importancia
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