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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].
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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.
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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)
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GRAPH 2

EVOLUTION OF HEIGHT UP TO
HEIGHT (10 INFANTS EACH)
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