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Abstract

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

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

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

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

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

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

The following three sub-studies have been done:

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

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

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

c. Validation of report of exclusive breast-feeding

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

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

1.1. Objectives

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

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

1.2. Hypotheses

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

2. METHODS

2.1. Study design

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

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

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

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

2.2. Sample size

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

Indonesia

UK

Papua New
Guinea

Texas, US

Chilei

Chile2

Chile2

Mean intake
(ml)

564

829

601

648

865

9611

6932

SD
(ml)

193

108

100

63

129

120

110

# of women

20

8

23

9

10

10

10

Reference

Caballero B et al (non-published results)

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

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

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

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

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

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

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

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

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

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

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

Intervention
Control
Total

Breast-feeding pattern
Exclusive
20
8
28

Predominant
7
19
26

Total
27
27
54

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

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

2.3 Methods

2.3.1. Screening

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

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

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

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

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

2.3.2. Lactation counseling

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

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

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

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

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

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

2.3.3. Food intake

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

2.3.4. Anthropometry

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

2.3.5. Quality control

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

2.3.6. Measurements of breast milk intake

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

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

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

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

Mother
Child

Days
1
X

X

2 3

X

4
X

X

5 6 7 8 9 10 11 12 13

X

14
X
X

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

Samples will be analyzed using IRMS.

3. RESULTS

Preliminary results are presented in Annex 1.

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

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

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

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

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

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

4. PLANS FOR FUTURE WORK

4.1. Introduction

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

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

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

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

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

4.2. Objectives

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

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

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

4.3. Study design

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

A brief outline of the methods is given below.

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

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

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

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

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

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

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

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

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

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

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

Screened

Excluded (ineligible)

Refusals (screening)

Outside weekly quota

Included

MGRS

4801

4292 (89.4%)

54(1.1%)

67(1.4%)

388(8.1%)

Mirror study

2640

2419(91.6%)

29(1.1%)

188(7.1%)

TABLE V. EXCLUSION AT SCREENING*

Reason for exclusion

Lives outside study area

Multiple births

Morbidity (Intensive Care)

Maternal smoking

Gestational age

Unwilling to breast-feed

Low income

MGRS (% out of 4801)

1192(25%)

107(2%)

291 (6%)

968 (20%)

423 (9%)

19(0.4%)

2609 (54%)

Mirror study (% out of 2640)

639 (24%)

50 (2%)

208 (8%)

500(19%)

257 (10%)

4 (0.2%)

1507(57%)

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

TABLE VI. MOTHER-INFANT PAIRS FOLLOWED-UP

Excluded at 14 days

Refusals

Death of child

Followed-up

MGRS (% out of 388)

54 (14.4%)

42(10.8%)

1 (0.3%)

300 (74.5%)

Mirror study (% out of 188)

23(12.2%)

24 (12.7%)

0 (0%)

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

Main reasons

Does not want to participate

Back to work

Lack of time

Travel

Move out of town

Other

MGRS(%outof42)

28 (67%)

5 (12%)

4(10%)

2 (5%)

0 (0%)

3 (7%)

Mirror study (% out of 24)

16(67%)

0 (0%)

4(17%)

0 (0%)

3(13%)

1 (4%)

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

Food pattern

Exclusive breast-feeding

Predominant breast-feeding

Breast-feeding plus other milk

Breast-feeding plus solids

Breast-feeding plus other milk
plus solids

Weaned off the breast

Missing (visit skipped)

With lactation support
(n=64)

28

8

6

8

7

7

1

Without lactation support
(n=53)

16

9

6

3

4

12

2

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

Mother-infant pairs eligible*

Included

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

Number

72

25
5
13
3
1
3

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