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Abstract

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

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

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

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

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

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

2. METHODS

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

2.1. Subjects and selection criteria

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

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

2.2. Diet, activity and socio-economic status

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

2.3.1. Sample preparation

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

2.3.2. Measurement of deuterium

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

2.3.3. Measurement of total body water

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

(C = D2O concentration and m= mother)

2.3.4. Measurement of milk ingestion

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

' bm

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

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

2.4.1. Milk composition

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

2.4.2. Milk nutrient and energy intake

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

2.4.3. Patterns of growth

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

2.4.4. Statistical analyses

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

3. RESULTS AND DISCUSSION

3.1. Subject selection

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

3.2. Maternal characteristics

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

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

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

3.3. Infant milk nutrient consumption and patterns of growth

3.3.1. Milk volume and composition

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

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

3.3.2. Milk nutrients and energy intakes

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

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

3.3.3. Growth pattern in infants

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

4. CONCLUSIONS

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

Our ability to test our hypothesis that lactation performance is compromised in
adolescent women was limited to our sample size and age. These women were not
undernourished and they produced adequate milk volume and composition to feed their
infants. Therefore, their infant's growth pattern was according to the ideal standard
(NCHS).
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TABLE I. MATERNAL CHARACTERISTICS AT TIME OF LACTATION IN NORTHWEST
AND CENTRAL MEXICO*

Northwest Mexico Central Mexico
1 mo

(n=27)
3 mo 1 mo

(n=20)
3 mo

Weight (kg)

Height (m)

BMI (kg/m2)

TBW (kg)

Body fat (%)

Energy intake (kca/kgl/d)

Energy intake (kcal/d)

Energy expenditure (kcal/d)

Physical Activity Level (PAL) 1.46 ± 0.13

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

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

24.513.9 22.8 ±3.1

30.2 ±4.0 28.8 ±5.5

31.1 ± 5.8a'c 29.5±6.3b>c

40 ±13a 28 ±22b

2332 ±754 2015 ±702

2087 ±202 2154 ±55

1.45 ±0.14 1.47 ±0.16

24.6 ± 4.0

30.0 ±3.7

34.6 ± 7.6a

37±8a

2250 ± 423

2101 ±300

21.5 ±1.9

27.9 + 4.6

25.4±9.4b'c

23 ± 22b

1929 ±487

2415 ±320

1.37 ±0.17

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

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

Weight (kg)

BMI (kg/m2)

TBW (kg)

Body fat (%)

Energy intake

(kcal/kg/d)

Energy intake
(kcal/d)

Energy expenditure
(kcal/d)

Physical Activity

Level (PAL)

1 mo

Adolescents

(n=23)

56 ±10.7

23.1+3.8

29.5 ±5.8

30.2 ± 6.3

36±14a

2059 ±501

2097 ± 261

1.45+0.13

Adults

(n=24)

60.6 ± 9.6

24.6 ±3.6

30 ±3.8

33.6 ±8.4

31.2 ±17b

2301 ±549

2113 ±295

1.48±0.15

3

Adolescents

(n=ll)

52.9± 11.8

22.3 ±3.9

27.4 ±4.2

28.4 ±10

23 ± 20b

1882 ±242

2354 ±349

1.36±0.14

mo

Adults

(n=H)

56.9 ±8.2

23.7 ±3

30.5 ±4.7

28.1 ±7.1

38±18b

2405 ±871

2092 ±230

1.49±0.17

Mean+SD; different letter superscripts across columns are significantly different from each other, p<0.05.
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TABLE III. HUMAN MILK COMPOSITION*

Protein (mg/mL)

Lactose (mg/mL)

Lipid (mg/mL)

Northwest

1 mo

(n=27)

13.4±2.1a

57.6±4.1a

45.9±20.2a

Mexico

3 mo

(n=ll)

12.9±2.4a

57.4±5.4a

50.2±20.1a

Central

1 mo

(n=20)

12.9±1.9a

58.3+3.la

29.3±9.1b

Mexico

3 mo

(n=H)

9.7±0.7c

62.5±6.8C

31.0±10.2b

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

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

Northwest Mexico Central Mexico

1 mo

(n=27)

3 mo 1 mo

(n=20)

3 mo

(n=H)

Human milk

g/d

g/kg/d

Protein

g/kg/d

Lactose

g/kg/d

Lipid

g/kg/d

Energy

kcal/kg/d

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

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

1.7±0.7a

7.5±2.7°

5.7±2.9a

.8+32.3a

1.6±0.5a

7.4+2.3a

6.3±2.8a

92.4±31.7a

2.2±0.8b

10.1+3.4b

5.2±3.1a

96.3±41.3a

1.3±0.4a

8.4±2.9a

bc4.2±2.1

77.0±30.1a

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