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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.

28



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

30



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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