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Abstract

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

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

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

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

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

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

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

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

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

2. METHODS

2.7. The intervention study

2.1.1. Study design and randomization

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

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

2.1.2. The intervention

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

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

2.1.3. Outcome measures

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

2.1.4. Data collection

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

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

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

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

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

2.1.5. Sample size

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

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

2.1.6. Data analysis

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

2.1.7. Ethical aspects

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

2.1.8. Main results

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

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

2.2. The deuterium study

2.2.7. Study design

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

2.2.2. Sample size and data collection

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

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

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

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

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

3. RESULTS

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

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

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

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

4. DISCUSSION AND CONCLUSIONS

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

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

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

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

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

Pair

MB1

MB2

MB3

MB4

MB5

MB6

MB7

MB8

MB9

MB10

MB11

MB12

MB13

MB14

MB15

MB16

MB17

MB18

Sex

M

M

M

M

M

F

F

M

M

M

M

M

F

F

M

M

F

M

Age (months)1

7

9

2

4

3

2

2

3

6

5

5

3

2

2

3

10

12

2

Weight (kg)2

8.50

9.70

5.40

7.00

6.70

5.70

6.10

5.80

9.00

6.80

8.30

4.70

5.40

5.50

7.90

9.00

8.30

6.20

Length (cm)2

70.0

72.9

58.0

62.8

62.0

58.6

56.8

61.2

70.2

65.0

66.1

53.5

60.0

60.1

63.0

73.8

69.8

60.5

1 Child 's age by the time of the second follow-up (about 45 days after enrollment at the
intervention study)
2 Measurements taken at the second follow-up {about 45 days after enrollment at the
intervention study)
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TABLE II. COMPARISON OF OBSERVATION AND ISOTOPIC METHOD TO ESTIMATE
BREAST MILK INTAKE. PELOTAS (BRAZIL), 1999.

PAIR1 BREAST MILK INTAKE
(grams per day)

OBSERVATION/
MATERNAL REPORT

DEUTERIUM

DIFFERENCE IN
GRAMS (DEUTERIUM

- OBSERVATION)

MB2

MB3

MB4

MB6

MB7

MB9

MB11

MB12

MB13

MB14

MB15

MB16

MB17

MB18

616.00

714.00

663.00

784.00

663.00

616.00

660.00

663.00

784.00

784.00

663.00

549.00

549.00

784.00

Mean 678.00

560.00

570.00

770.00

700.00

490.00

270.00

640.00

630.00

890.00

890.00

1250.00

560.00

800.00

1090.00

722,14

-56.00

-144.00

107.00

-84.00

-173.00

-346.00

-20.00

-33.00

106.00

106.00

587.00

11.00

251.00

306.00

+ 44.1

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

DE 6 ATE 8 MESES DE
IDADE

DE 8 MESES ATE 1
ANO DE IDADE

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

D Nao de nenhum outro
alimento.

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

DE 4 ATE 6 MESES DE
IDADE

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

D So adicione outros
alimentos caso a crianga:

D nao ganhe peso
adequadamente, ou

D demonstre fome apos a
mamada.

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

D Continue amamentando.

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

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

• De gema de ovo.

D De frutas variadas e
amassadas.

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

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

D Continue
amamentando.

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

• De a mesma refeicao
dos adultos da casa.

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

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

D De papas bem
grossas.

DE 1 ANO ATE 2 ANOS
DE IDADE

• Continue
amamentando.

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

D Alimente seu filho
pelo menos 5 vezes ao
dia.

D Os alimentos nao
devem mais ser
amassados.

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

• E importante que a
crianga nao divida sua
refeigao com outras.


