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ABSTRACT

Lactational outcome is believed to be positively influenced by
adequate weight gain during pregnancy and by controlled weight loss or
weight maintenance during the early postpartum period. To examine
this notion, 257 primiparous mothers and their full-term singleton
infants were studied during the first four postpartum months. Mothers
ranged in age from 20 to 35 years; 141 infants were exclusively
breast-fed whereas 116 infants were exclusively formula-fed; no
infants received solids before two months of age.

Maternal characteristics for breast-feeding and formula-feeding
groups were very similar for height, prepregnancy weight and pregnancy
weight gain. Breast-feeding mothers were slightly older, and the
difference was statisticallfisignifiéant (mean age 26.9 vs. 25.7 yrs,
p<0.05). Thirty two percent of mothers reported smoking during
pregnéncy or within four months postpartum but less than one third of
smoiing women breast-fed their infants.

Mean infant birth weight was 3.4 kg (7.4 1b) for males and 3.3 kg
(7.2 1b) for females. Infant weight at birth was positively
correlated with maternal pregravid weight (r=0.28), 1length of
gestation (r=0.27), pregnancy weight gain (r=0.24) and maternal age
(r=0.10). For infants born to smoking mothers, birth weight and head
circunference were reduced, but statistical significance was attained
only when comparing infants of smoking mothers with male infants from
the non-smoking group. Gestational age was not affected by smoking.

In general, rate of growth in length and weight was slower in
breast-fed compared with formula-fed infants and in females compared
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with males. Solid foods were first fed to breazi-fed infants at a
mean age of 3.6 months and to formula-fed males and females at 3.2 and
3.0 months, respectively. Whether solids were started at two, three
or four months of age, no differences in rate of infant growth were
observed. In each of three groups of infunts classified by their
birth weight as small, average or large in size, rate of growth in
length, weight and head circumference during the first four months of
life was very similar; mean weight gain was the same (3.6 kg) from
birth to four months for the smallest (n=12) and largest (n=13)
infants.

For maternal weight changes postpartum, no significant differences
were found between breast-feeding and formula-feeding or between
smoking and non-smoking mothers. Most mothers lost weight postpartum,
but none of the groups had returned to their former pregravid weights
by four months. To assess the effects of maternal postpartum weight
changes on infant growth, breast-fed infants and their mothers were
compared in several ways. Infants were first divided into groups by
sex and then by deciles of weight gain from birth to two months and
from two to four months for comparison with corresponding maternal
weight loss. Similarly, mothers were divided into groups by deciles
of weight loss postpartum for the same two month periods and compared
with corresponding infant weight gain. Male and female infants were
divided into groups according to whether their mothers gained, lost or
maintained weight postpartum. Maternal weight loss was expressed as a
percentage of pregravid metabolic weight [weight (kg)0'75] and
correlated with infant growth from birth to four months. No
significant correlations between infant and maternal weight changes
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were found with any of these comparisons. A stepwise multiple
regression procedure was also used to relate infant weight gain during
the first four months of life with maternal weight gain during
pregnancy, pregravid metabolic weight, maternal height, length of
gestation, maternal age and infant weight at birth. Infant weight
gain was related only with maternal age (r=-0.16, p=0.03). Thus, in
the present study, maternal weight changes during pregnancy and four
months postpartum did not affect lactational outcome measured as

infant growth.
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THESIS ORGANIZATION

Chapter 1 presents a review of the current literature that
describes the various effects cf maternal and infant factors on
lactational outcome. Maternal anthropometric parameters, ethnic,
social, cultural, nutritional, physiologic, geographic and demographic
factors that influence infant birth weight and growth are presented.
Weight gain and physiologic adaptations during pregnancy as well as
infant size and body composition at birth are discussed, and current
infant feeding recommendations and studies describing patterns of
early infant growth are included. Specific factors affecting
lactational performance via breast milk production including hormones,
withdrawal of milk from the breasts, mode of delivery, individual
differences of mothers, frequency and duration of feeds, dliet,
postpartum weight changes, maternal energy expenditure and smoking are
reviewed. Compositions of currently avallable infant formulas are
compared with mature breast milk, and reasons for mothers choosing to
breast-feed or formula-feed their infants are explored.

Chapter 2 reports the methodology and results of research
conducted in Calgary during 1986 and 1987 which examined the influence
of maternal weight changes during pregnancy and four months postpartum
on lactational outcome. During the first four months of 1ife, infant
growth - particularly infant weight gain -~ represents an 1index of
lactational performance. Since infant birth weight affects subsequent
growth during infancy, and since external factors such as smoking may
affect infant birth weight, these factors play an integral part in the

analysis of lactational outcome.
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CHAPTER 1

LITERATURE REVIEW AND RATIONALE



A. MATERNAL AND INFANT FACTORS AFFECTING LACTATIONAL OUTCOME:

A REVIEW

I. INTRODUCTION

Weight gain during pregnancy is required for optimal growth of
the fetus and preparation of the mother for lactation. Appropriate
weight gain is assessed according to maternal prepregnant weight and
stature, so that obese women are advised to gain less and very thin
women to gain more than the 10 to 13 kg usually recommended. Infant
birth size is a consequence of maternél pregravid weight, stature,
pregnancy weight gain, length of gestation, nutritional status and
lifestyle. Infant growth during the first few months of 1life {is
affected by birth size, feoding pattern and for breast-fed infants,
adequacy of milk supply. This review examines the relationships
between maternal factors, birth size and infant growth during the

first four montns of life for breast-fed and formula-fed infants.

ITI. MATERNAL FACTORS INFLUENCING BIRTH SIZE

Birth size is an important indicator of infant health (Schell &
Hodges, 1985) that may affect infant feeding patterns (Churella et al.
1985) and early growth (Bhatia et al. 1983). Low-birth-weight babies,
identified as those weighing 2500 g or less (Hytten & Chamberlain,
1980), very-low-birth-weight babies weighing 1500 g or less (Tyson et
al. 1983), infants who have not attained normal intrauterine growth

and development (Creasy & Resnik, 1984a) and oversized infants



3
weighing 4500 g or more at birth (Khwaja et al. 1986) are at increased
risk for morbidity and mortality. Low-birth-weight infants are more
often fed formula than breast milk (Forman et al. 1985; Walker et al.
1987) and small for gesfational age babies may not experience catch-up
growth for long periods of time (Bhatia et al. 1983). Consequently
maternal factors influencing size at birth are important as they
affect infant health, growth, and feecing patterns.

Prepregnancy Body Size and Composition: Maternal height and
pregravid weight are important determinants of infant birth size.
Infant length (Lauber & Reinhardt, 1979; Schell & Hodges, 1985) and
arm circumference. (Lauber & Reinhardt, 1979) are correlated with
maternal height and weight, while birth weight is strongly and
independently associated with maternal pregravid weight (Garn &
Pesick, 1982) apart frem height, race, age, pregnancy weight gain, and
smoking (Dimperio & Mahan, 1985). Although maternal pregravid weight
independently affects birth weight, pregnancy weight gain exerts a
further independent influence. Taken in combination, their effects on
birth weight are additive. Thus high prepregnant weight and weight
gain frequently produce the largest babies, and conversely, thin
mothers with low pregnancy weight gain produce the smallest infants
(Worthington-Roberts, 1985).

Hytten and Chamberlain (1980) reported that in Aberdeen women,
babies born to the tallest and heaviest mothers (180 cm; 80 kg)
averaged nearly 1000 g more in birth weight at term than babies of the
shortest and lightest mothers (145 cm; 35 kg). Women who are
underweight at time of conception usually deliver infants that weigh

less than 3,000 g (Rosso, 1985) and the incidence of these women
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bearing low-birth-weight infants is twice that of women who are of
normal weight at time of conception (Dimperio & Mahan, 1985),
Supplementation of calories to underweight and undernourished mothers
during pregnancy has been shown to increase birth weight (Picone et
al. 1982b; Coward et al. 1984; Metcoff et al. 1985). Therefore, women
who are underweight at time of conception are encouraged to gain more
weight during pregnancy than women who are average or abore average in
welght (Dimperio & Mahan, 1985).

To predict infant birth size, a variety of formulas utilizing
prepregnancy size have been used including the Weight for Height Ratio
Index, [weight (kg)] x [height(cm)z]-l x 100 (Bhatia et al. 1983), and
Ponderal Index, [weight (kg)] x [height (m)zl-l (Van Der Spuy, 1985).
The prevalence of infants with birth weights below the tenth
percentile has been shown to double when maternal Ponderal Index is
below 19.1 (Van der Spuy, 1985) which is equivalent to a Weight Height
Ratio Index of 0.191. Dimperio and Mahan (1985) believe that maternal
weight-for-height provides a more accurate index than absolute weight,
whereas Garn and Pesick (1982) believe that maternal pregravid weight
alone best predicts birth size. Micozzi et al. (1986) determined
correlations of various body mass indices with stature and weight,
using anthropometric data from more than 14,000 subjects collected for
the U.S. National Health and Nutrition Surveys, NHANES I (1971-1974)
and NHANES II (1976-1980). 1In the population studied, the most useful
body mass indices for women were [weight (kg)] x [stature (cm)]—1 and
[weight (kg)] x [stature (cm)l's]—l. For men, the most useful body
mass index was [weight (kg) x [stature (cm)z]_1 (Micozzi et al. 1986)

which is currently the index commonly recommended for use in Canada
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(Health & Welfare, 1988). These body mass indices reflect body
fatness and are independent of stature and highly correlated with
weight (Micozzi et al. 1986). Even though the indices detailed by
Micozzi et al. (1986) were derived for the general population, the two
recommended for application to women may also be useful in relation to
pregnant women, since a high correlation of the indices with weight
was maintained at extremes of fatness and leanness. Whatever the
approach, maternal prepregnancy body size clearly influences infant
size at birth.

Weight Gain During Pregnancy: Pregnancy weight gain is positively
correlated with infant birth weight, independent of race, age,
pregravid weight and smoking. The average primigravida, eating to
appetite, will gain about 12.5 kg (27.5 1b.) although the range may
vary from weight loss to weight gain of 23 kg or more (Hytten &
Chamberlain, 1980). Higher weight gain during pregnancy is associated
with higher birth weights and improved postnatal growth (Dimperio &
Mahan, 1985) whereas low weight gain of 6.8 kg (15 1lbs.) or less may
result in shorter gestations (reduced 0.5 wk.), smaller placentas,
lower birth weights, ponderal indices, and slower postnatal growth
although birth length may not be affected (Picone et al. 1982b) unless
food deprivation is extreme. This was the case for infants born in
Holland during the winter of 1944-45, known as the “hunger winter”
when food supplies were cut off during the Second World War, with the
consequence that both infant birth weight and length were
significantly reduced (Smith, 1947). Low weight gain, particularly in
underweight women, has been associated with aﬁ increased incidence of

low birth weight (Worthington-Roberts, 1985) whereas higher gains and
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pregnancies with edema have reduced incidence of low birth weight.
Women who gain little weight and have smaller babies may reflect an
overall pattern of poor reproduction rather than a causal relationship
(Hytten & Chamberlain, 1980).

Demographic Factors: Birth size, in particular birth Qeight, may
be affected by factors such as parents' education (Shiono et al.
1986a; Behrman, 1985), time of initiation of prenatal care (Behrman,
1985), marital status, socioeconomic status and alcohol consumption
(Shiono et al. 1986a). Prevalence of low birth weight is lower among
women with at least 12 years of education and among women who initiate
prenatal care during the first three months of pregnancy (Behrman,
1985). Prenatal growth retardation in infants born to disadvantaged
women may be caused by undernutrition (Worthington-Roberts et al.
1985).

Parity: Primiparous women tend to bear smaller babies than women
who have previously had one child, with the difference in birth weight
at term averaging about 100 g. Additional increases in birth weight
for other siblings are unlikely, although there may be a slight
increase in weight when comparing third- with second~born children
(Hytten & Chamberlain, 1980).

Age: Within the childbearing years, birth weight 1s inversely
related to age. Prevalence of low birth weight is greatest among
teenagers under age 15; however, it diminishes with advancing teemnage
years and attains 1its 1lowest level between ‘ages 25 and 29.
Thereafter, low birth weight prevalence again increases slowly with

advancing maternal age (Behrman, 1985).



7

Ethnicity: Birth weight varies considerably between ethnic
groups. Variation 1likely reflects. differences in maternal size,
nutrition and disease, but whether ethnic origin exerts an additional
genetic Influence is not clear. Nevertheless, African, Chinese, and
Indian women tend to have smaller babies than European women of the
same size (Hytten & Chamberlain, 1980), and Blacks have babies of
lower average birth weight than Whites, even after adjustments for
negative environmental factors (Rosso, 1985). A study by Shiono et
al. (1986a) examining more than 29,000 pregnancy outcomes in northern
California found large differences in birth weight among babies of
different ethnic groups. White infants had the highest birth weight
with a mean weight of 3.48 kg. Birth weights for Hispanics, Asians
and Blacks were lower than for Whites by an average of 72, 167, and
183 g respectively, after controlling for other variables such as
smcking, alcohol, maternal weight-for-height, and gestational age.
Baker (1986) observed that babies born to Asian (primarily Pakistani)
mothers living in England were on average 173 g lighter at birth than
their Caucasian counterparts.

Length of Gestation: Gestational age 1s the most significant
variable determining size at birth. Gestational age directly affects
weight and indirectly affects length (Schell & Hedges, 1985). Fetal
welght increases from approximately 300 g at week 20 to 1500 g at week
30 and to 3400 g at week 40. For the purpose of comparing birth
weight and other developmental indices, infants are grouped according
to completed weeks of gestation as "pre-term"” (less than 37 weeks),
“"term” (37 to 41 weeks) and “"post-term” (more than 41 weeks) (Hytten &

Chamberlain, 1980). Growth retardation in utero may affect birth size



irrespective of gestational age.

Altitude: An inverse relationship between altitude and birth
weight has been reported in the United States. Yip (1987) analyzed
more than 12 million records of infants born from 1978 to 1981 and
stratified groups according to 500 m gradations for altitude of the
mother's resident county. Analysis of a selected ‘“optimal”
subpopuiation of white births which controlled maternal age, parental
education, marital status and gestational age showed that mean birth
weight was reduced by 351 grams for infants whose mothers lived at
altitudes greater than 2500 metres compared with controls at sea
level, Compared with controls, prevalence of low birth weight more
than doubled at high altitude. This effect was primarily related to
an increased incidence of intrauterine growth retardation, thought to
be due to hypoxia.

Smoking: Birth weight (Hytten & Chamberlain, 1980; Picone et al.
1982a; Grigsby Harrison et al. 1983; Schell & Hodges, 1985; Spady et
al. 1986), length (Grigsby Harrison et al. 1983; Schell & Hodges,
1985), head circumference (Grigsby Harrison et al. 1983; Spady et al.
1986), arm circumference (Grigsby Harrison et al. 1983) and lean body
mass (Spady et al. 1986) are reduced in infants born to mothers who
smoke. Birth weight is more strongly affected by maternal smoking
than are other anthropometric parameters, and the reduction in birth
weight is inversely proportional to the amocunt smoked (Schell &
Hodges, 1985). Behrman (1985) suggested that smoking may double the
risk of low birth weight and that smoking is a contributing factor in

20-40% of low birth weight cases in Canadian and American infants.
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Reduction in birth length appears to be related to decreased birth
weight (Schell & Hodges, 1985) but may only be apparent at the highest
dose level of smoking (Grigsby Harrison et al. 1983). Spady et al.
(1986) determined lean body mass in newborns by measuring total body
potassium, and found that while average lean body mass was reduced by
289 g in infants of smoking mothers, fat was reduced by only 6 g and
skinfold measurements were not significantly altered. Shiono et al.
(1986b) determined that smoking also increased the probability of
preterm birth and that this effect was dose-related as well. Four
percent of -preterm (<37 weeks' gestation) and 9% of very preterm
births (<33 weeks gestation) were related to smoking one or more packs
per day.

Several mechanisms to explain the complex effect of smoking on
birth size have been suggested. Low pre-pregnancy weight and
pregnancy weight gain have been reported in some studies (Picone et
al. 1982a; Grigsby Harrison et al. 1983) but not in others (Spady et
al. 1986). At one time, it was believed that reduced pregnancy weight
gain observed in smoking mothers was due to reduced energy intake. On
the contrary, smoking mothers have been shown to consume more food
energy than non-smokers, but maternal energy utilization may be
reduced (Picone et al. 1982a; Grigsby Harrison et al. 1983) and heart
rate, blood pressure, basal metabolic rate and lipolysis may be
increased, thereby raising caloric requirements. Maternal obesity
apparently eliminates the effects of smoking on birth weight (Picone
et al 1982a). A high proportion of women who smoke have other
characteristics which make them more prone to delivering small babies,

since smokers tend to be teenagers, single women or those living
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common-law, women with no post-secondary education (Stewart § Dunkley,
1985) and those who drink alcohol (Schell & Hodges, 1985). Folic acid
deficiency in smoking mothers has also been implicated (Spady et al.
1986). Smoking may result in diminished plaéental perfusion (Picone
et al. 1982a,b) and oxygen availability (Picone et al. 1982a; Grigshy
Harrison et al. 1983) thereby reducing fetal growth, particularly
growth of lean tissue. The observation that well-nourished infants at
high altitude have more fat and less lean tissue than comparable
infants at low altitude supports the theory that reduced oxygen
availability influences lean tissue growth (Grigsby Harrison et al.
1983). Smoking has also been associated with premature rupture of
membranes and other placental complications such as placenta previa
and abruptio placenta (Shiono et al., 1986b). Whatever the cause, it
is clear that smoking dramatically reduces infant birth size.

Diet: Diet before and during pregnancy is positively correlated
with birth weight (Dimperio & Mahan, 1985) and pregnancy outcome.
Generally, although requirements for most nutrients are increased
during pregnancy (Duhring, 1984) emphasis is placed on higher caloric
requirements since caloric adequacy is an index of other nutrient
intake (Dimperio & Mahan, 1985). Women are cautioned not to use
pregnancy as an excuse to consume an abundance of  high
calorie-nutrient-poor foods but rather to choose quality foods
(Worthington-Roberts et al., 1985) to provide an extra 100
kilocalories and 15 grams of protein per day during the first
trimester and 300 kilocalories and 20 to 25 grams of protein per day
during the last two trimesters of pregnancy. Recommended intakes for

iron, folacin, calcium and vitamin D are also increased during
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pregnancy (Canada, Health and Welfare, 1987). Although accurate
information about requiréments for many vitamin and minerals during
human pregnancy is generally lacking, both embryonic development and
growth of the fetus may be compromise? by specific nutrient
deficiencies and excesses, as reviewed by Worthington-Roberts et al.
(1985).

Alcohol: A moderate intake of alcohol during pregnancy does not
appear to adversely affect birth weight (Lumley et al. 1985) or length
of gestation (Shiono et al. 1986b), but maternal consumption of two or
more glasses per day has been shown to reduce birth weight by an
average of 300 g (Lumley et al. 1985). Few women would be considered
heavy drinkers during pregnancy; Shiono et al, (1986b) determined
that only 2.9% of over 30,000 women in northern California consumed
one or more drinks per day during their first trimester of pregnancy.
However, women who were heavy drinkers also tended to smoke,
compounding the adverse effects. Worthington~Roberts et al. (1985)
emphasized that no safe level of maternal alcohol consumption has been
established, and studies vary widely in their definitions of
"moderate” drinking. “"Fetal alcohol effects"” may be observed as a
result of moderate alcohol ingestion, exhihited by a higher incidence
of abruptio placentae, spontaneous abortion and low birth weight.
“Fetal alcoﬁol syndrome”™, usually associated with heavy maternal
drinking, wmay present with the <classic features of facial
dysmorphology, prenatal and antenatal growth deficits and mental
retardation. The adverse affects on pregnancy outcome resulting from

maternal alcohol consumption are believed to be dose~related.
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Caffeine: Consumption of caffeine from coffee, tea, colas and
drugs has been shown to reduce birth weight. Martin and Bracken
(1987) found that women who consume 151-300 mg of caffeine per day
(equivalent to 2-3 cups of coffee) have a twofold risk of having a low
birth weight infant compared with women who consume no, caffeine.
Similarly, women who consume more than 300 mg of caffeine per day
(greater than 3 cups of coffee) have a fourfold risk. In term babies,
significant reductions in birth weight equal to 105 grams were
observed with maternal caffeine consumption greatet than 300 mg per
day. It was suggested that caffeine, not other dietary constituents,
was responsible for growth retardation of the fetus delivered after 36
weeks gestation.

Maternal Drug Dependency: Significant reductions in birth weight
have been observed in infants born to opiate-dependent mothers. In a
recent New York study of 150 drug-dependent mother-infant pairs,
Doberczak et al. (1987) determined that perinatal exposure to drugs
such as cocaine, diazepam, heroin, barbiturates, amphetamines and
amitryptaline resulted in a fivefold increase of intrauterine growth
retardation compared to drug-free control subjects of similar racial
background and socio-economic status. Twenty percent of infants born
to drug-dependent mothers exhibited growth retardation, and mean birth
weight of the study group was at the 25th percentile for gestational
age. Clearly, the reduction in birth weight was caused by abnormal
fetal growth related to narcotic-mediated reduction in fetal cell

number.
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II1. PREGNANCY WEIGHT GAIN: Composition and Recommendations

Composition: Weight gain during pregnancy represents accretion
of fetal, placental and maternal tissues. A 12.5 kg (27.5 1b) gain
will on average consist of 3400 g (7.5 1b) fetus, 650 g (1.3 1b)
placenta, 800 g (1.75 1b) amniotic fluid, increases of 970 g (2.2 1b)
in weight of the uterus, 400 g (0.8 1b) in the breasts, 1250 g (2.7
1b) 1in blood volume, 1680 g (3.7 1b) in extracellular fluid, and
approximately 3.5 kg (7.7 1b) of fat. When generalized edema
accompanies pregnancy, additional fluid and less maternal fat may
comprise overall weight gain (Hytten & Chamberlain, 1980).

Recommendations: It is commonly recommended that optimal weight
gain during pregnancy be determined according to the woman's pregravid
weight (Dimperio & Mahan, 1985). A gain of approximately 10 to 13 kg
(22-28 1b) is often quoted as desirable (Picone et al. 1982a; Duhring,
1984), of which 9 kg (a little less than 20 1lb) should be acquired
during the last half of pregnancy (Hytten & Chamberlain, 1980). Small
and underweight women should gain more than 13.6 kg (30 1b) while
moderately overweight women should gain 9-11.5 kg (20-25 1b) and obese
women, 7-9 kg (15-20 1lb). Weight reduction diets are not considered
appropriate during pregnancy (Dimperio & Mahan, 1985). Rosso (1985)
has developed a chart to monitor and individualize weight gain during
pregnancy based on prepregnancy weight and height. For underweight
women, maternal weight should increase during pregnancy to reach a
'critical body mass' equal to 120% of standard weight, while a smaller
net gain is recommended for overweight women. The chart is useful for

women with prepregnancy weight up to 130% of standard; for women who
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~exceed this limit, a gain of at least 7 kg is recommended.

Although the metabolizable energy cost of pregnancy has been
estimated at nearly 75,000 kcal, recommendations for total  caloric
increments have historically varied from 36,000 to 40,000 kcal per
pregnancy (Hytten and Leitch, 1971). Current Canadian guidelines
recommend a total increment of approximately 64,000 calories, obtained
by the addition of 100 kcal/day during the first trimester and 300
kcal/day during the second and third trimesters of pregnancy (Canada.
Department of National Health & Welfare, 1987). Several studies
indicate that actual energy intake is much lower (Baird et al. 1985;
Durnin et al. 1985), representing less than 20,000 kcal overall. The
average daily caloric intake during pregnancy is increased by only 75
kcal (Durnin et al. 1985) to a total of approximately 2,000 (Picone et
al. 1982a; Duhring, 1984) to 2100 kcal/day (Durnin et al. 1985). It
is well documented that many women eat considerably less than is
recommended, yet they nevertheless gain weight and produce a normal
~baby (Baird et al. 1985). Durnin (1987a) has suggested that
reductions in energy expenditure may account for much‘ of the
difference between estimated and actual energy costs of pregnancy, and
that increases in basal metabolic rate and amount of fat deposited
during pregnancy are less than was preQiously reported (1987b). Thus,
the energy cost of pregnancy is now believed to be about 60,000 kcal.
Current recommendations for caloric increments are therefore too high
kDurnin, 1987¢). The real requirements appear to be about 50-110
kcal/day for the first 34-36 weeks and 200-300 kcal/day for the last

few weeks until term (Durnin et al. 1985).
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IV. PHYSIOLOGIC ADAPTATIONS OF PREGNANCY

During pregnancy, metabolic adaptations occur to safeguard both
the mother and fetus against variable and restricted energy intake in
order to ensure satisfactory growth and development of the fetus and
to provide energy stores for pregnancy and lactation. These
adaptations are achieved by a reduction in maternal energy expenditure
through decreased physical activity and increased metabolic efficiency
and also by two metabolic phases of pregnancy believed to be regulated
by placental steroid balance. The first phase occurs during the first
half of pregnancy and 1s characterized by deposition of maternal fat
stores (Baird et al. 1985) averaging 3.5 kg. (Hytten & Chamberlain,
1980). Progesterone, which dominates this phase, is believed to be
responsible, via insulin, for conserving energy and facilitating
deposition of fat stores. The second phase, during the second half of
pregnancy, is a period of rapid fetal growth. Estrogens are believed
to mediate the redirection of available energy to the fetus by
facilitating the transfer of 1lipid and glucose from the circulation to
meet fetal requirements (Baird et al. 1985). 1In addition, appetite
increases for most women during pregnancy, possibly caused by
progesterone, and in early pregnancy, by falling levels of plasma
glucose and amino acids (Hytten & Chamberlain, 1980). Thus
adaptations during pregnancy promote both growth and development of

the fetus and health of the mother, even when nutritional conditions

may not be optimal.
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V. SIZE AND BODY COMPOSITION OF THE NEWBORN

In 1979, new percentile curves were published for infant weight,
length, and head circumference based on United States National Center
for Health Statistics data. Accurate measurements made on large,
nationally represeﬁtative samples of children during the period from
1963 to>1975 were used to develop these curves (Hamill et al. 1979)
which are now widely used as standards (Rowland, 1985) for aséessing
physical growth of children. Comparisons with these standards
facilitate assessment of size, nutritional status and growth of.
children in the U.S.A. and around the world. Normal growth is
indicated by measurements falling between the 25th and 75th
percentiles (Hamill et al. 1979).

Body composition of the newborn is of interest due to the
relationship between size at birth and postnatal growth. Fomon (1974)
and Ziegler et al. (1976) have devised a 'reference fetus' detailing
body composition at various gestational ages. An immature fetus or
very low birth weight infant has a high proportion of water and little
adipose tissue (Walker & Watkins, 1985). Subcutaneous fat deposition
in the fetus begins at about 28 weeks (Grigsby Harrison et al. 1983)
and continues to increase, along with protein, while the
concentration of water decreases with advancing gestational age
(Ziégler et al. 1976). Although reported values vary (Widdowson,
1974; Ziegler et al. 1976),. an infant weighing 1.2 kg has
approximately 42 g (3.5%) fat whereas infants weighing 2.2 and 3.5 kg
contain 165 (7.5%) and 560 g (16%) fat, respectively (Widdowson,

1974). Changes in fetal body composition may occur within short time
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intervals of a week or less. The major constituents of the reference
fetus at term, showing changing body composition, (Ziegler et al.
1976) are listed (Table 1-1).

Percentage body fat in full term infants may vary considerably at
birth, ranging from 11-287% (Widdowson, 1974). Female infants tend to
be slightly fatter than male infants (Fomon et al. 1982) (Table 1-2).
After birth, body fat continues to increase until it peaks between

four and six months of age (Walker & Watkins, 1985).

Table 1-1 Body Weight, Water, Protein and Lipid Composition of the
Reference Fetus at 38-40 Weeks Gestation

* * *
Gestational Age  Body Weight Water Protein Lipid

(wk) (8) (8) (8) (8)
38 3160 75.6 11.8 9.9
39 3330 74.8 11.9 10.5
40 3450 74.0 12.0 11.2

*
Per 100 g of body weight

Table 1-2  Comparison of Length, Weight, Protein and Fat Composition

of Male and Female Infants at Birth

Length Weight Protein Fat
(cm) (kg) (% body wt.) (%)
Males 51.6 3.5 12.9 13.7

Females 50.5 3.3 12.8 14.9
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VI. INFANT FEEDING RECOMMENDATIONS

Breast-feeding is strongly recommended for all full-term newborns
as the sole source of nutrients for the first three to six months of
life, except in a few instances where contraindications preclude
breast-feeding (Nutrition Committee, Canadian Paediatric Society,
1978). Ideally breast-feeding 1s continued for most infants
throughout the first six to nine months. However, commercially
prepared formula is considered the most acceptable substitute for
breast-milk during the first six months of life, after which time
whole cow's milk may be introduced (Nutrition Committee, Canadian
Paediatric Society, 1979).

Solid foods are recommended for introduction to infants at about
four to six months of age, a time deemed appropriate according to
neuromuscular development, physioclogical maturity and nutritional
requirements (Committee on Nutrition, American Academy of Pediatrics,
1980). The Nutrition Committee of the Canadian Paediatric Society
(1979, 1980) states that solids should be started by six months of age
to avold nutritional deficits, but in infants who are unsatisfied with
milk feedings as the sole source of nutrition, solids may be started
at three or four months of age. Fomon et al. (1979) suggest that
since introduction of solids before five months of age may interfere
with establishment of sound eating habits and contribute to greater
caloric intake and overfeeding, both breast-fed and formula-fed

infants should first receive solids at five to six months of age.
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VII. INFANT GROWTH DURING THE FIRST SIX MONTHS OF LIFE

Early infant growth is determined by gestational age, birth
weight and feeding patterns. Length, weight, and head circumference
may be compared to National Center. for Health Statistics percentiles,
comparisons which are useful for monitoring rate of growth and
identifying infants who fall into extremes of the range, indicating
risk of health or nutritional problems.

Formula-fed Infants: Formula-fed infants grow, on average, at a
faster rate during the first few months of life than breast-fed
infants. Differences are most apparent in terms of weight gain
(Czajka-Narins & Jung, 1986), while length may (Fomon et al. 1982) or
may not (Czajka-Narins & Jung, 1986) vary significantly according to
feeding pattern.

Exclusively Breast-fed Infants: Breast-fed infants may grow at
comparable rates (Ahn & Maclean, 1980) or slightly more slowly
(Czajka-Narins & Jung, 1986) than formula-fed infants during the first
six months of 1life. Ahn and MacLean (1980) determined that both
weight and length of 96 breast-fed infants remained above the 50th
National Center for Health Statistics percentiles for at least the
first six months, indicating adequate growth during that period.
However, Ahn and MacLean (1980) noted that length and Czajka-Narins
and Jung (1986) noted that weight was lower at six months of age in
exclusively breast-fed male babies compared to reference male infants;
thus recommendations regarding infant feeding may need to be tailored

according to sex of the infant. Nevertheless, breast-fed babies are

less likely than formula-fed babiles to be overweight (Czajka-Narins
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and Jung, 1986). Whether growth rates of exclusively breast-fed
infants are actually preferable to those of formula-fed infants has
yet to be determined, since the prevalence of exclusive breast feeding
to six months is low and therefore published information ususally
relates to small numbers of infants.

Infants Small for Gestational Age: Infants born small for
gestational age, defined as term babies with birth weight of 2500
grams or less, remain smaller on average throughout early childhood
than babies born appropriate for gestational age (Bhatia et al. 1983;
Bhargava et al. 1985) although some catch-up growth is possible,
particularly during the first three months of life (Rowland, 1985).

Infants Born to Smoking Mothers: Infants born to smoking mothers
commonly are lower in weight at birth and gain weight at a slower rate
early in life than infants of non-smoking mothers. Differences in
size have been shown to persist up to seven years of age (Grigsby
Harrison et al. 1983).

Effects of Solids Introduction: Many infants are given solids at
a much younger age than is commonly recommended (Fomon, 1975, Fomon et
al. 1979; Myres, 1979; Yeung et al. 198la; Canada, Health & Welfare,
1982; Quandt, 1984) which may be harmful, especially when solids are
introduced at one to two months of age (Committee on Nutrition,
American Academy of Pediatrics, 1980). Formula-fed infants generally
receive solids earlier than breast-fed infants (Myres, 1979; Yeung et
al. 198la; Canada, Health & Welfare, 1932) since formula-feeding
mothers tend to respond to impressions of unsatisfied hunger whereas
breast-feeding mothers more often follow the advice of their own

pediatricians or follow written guidelines (Ahn & Maclean, 1980).
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anndt (1984) studied the effects of solids introduction on the
diet and growth of 45 exclusively breast-fed, First-born infants
during the first six months of life. When solids were introduced to
infants less than four months old, nursing frequency and rate of
weight gain decreased although growth in length was unaffected. The
reduction in weight gain, attributed to interference with lactation,
1s contrary to the suggestion by Fomon et al. (1979) that early
introduction of solids results in overfeeding. Ferris et al. (1980)
examined the effects of diet on growth of 92 female infants and found
no differences in weight gain to age six months in either breast or
formula~fed infants that were introduced to solids after two months of
age. However, when solid foods were introduced earlier, formula-fed
babies gained significantly more weight than breast-fed babies.
Ferris and co-workers (1980) suggest that lactating mothers whose
breast milk volume is inadequate may be permitted to introduce
supplementary feedings early.

It appears that introduction of solids affects growth in varying
ways In breast-fed and formula-fed infants. Early introduction of
solids may reduce lactation and infant growth in breast-fed babies and
increase overfeeding and overweight in formula-fed babies. Further
investigation of large numbers of infants is required to determine
specific cause and effect of solids introduction on infant feeding,

growth, and in breast-feeding women, lactational outcome.



VIII. LACTATIONAL PERFOKMANCE

It has been suggested that lactational performance is a dominant
factor in determining infant growth (Prentice, 1985). The first two
months postpartum are critical for establishing lactation (McNally et
al. 1985) and many factors contribute to its success or failure (Yeung
et al., 1981b). In 1985, 78%Z of mothers in Calgary initiated
breast-feeding but only 40% persisted to four months (Walker et al.
1987). However, for women who do persist with breast-feeding for a
reasonable length of time, satisfactory weight gain in their infants
is considered an acceptable index of lactational performance (English,
1985).

During pregnancy, altered levels of several maternal hormones
initiate changes in breast structure to prepare for lactation.
Increased prolactin, in particular, is instrumental in the culmination
of milk synthesis by converting presecretory epithelium into active
cells. Estrogen, progesterone, placental lactogen, adrenal steroids,
thyroid hormone, insulin and growth hormone are also important in the
initiation of lactation. Oxytocin facilitates milk letdown through
the breast and nipple to the infant; physical removal of milk by the
infant stimulates further milk synthesis (Chappell & Clandinin, 1984)
and the release of oxytocin and prolactin which are necessary for
maintaining and augmenting lactation (Gil, 1985). The amount of
prolactin released during suckling in the early puerperium correlates
significantly with the amount of milk produced. Larger amounts of
prolactin are released by 'good' feeders (more than 700 ml of milk per

day) than by 'poor' feeders (less than 300 ml of milk per day).
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However, when a breast pump is used to remova milk from both breasts,
milk yield and amount of prolactin released increase, indicat.ng that
other factors such as inefficient removal of milk by the infant or by
manual expression without a breast pump may affect prolactin secretion
and lactational outcome (Hytten & Chamberlain, 1980). Thus factors
which determine lactational outcome are complex; in particular,
factors which affect maternal endocrine function may alter milk
production and lactational performance (Chappell & Clandinin, 1984).
Mode of Delivery: Delivery by cesarean section imposes increased
risk of morbidity and mortality for both mother and infant (Creasy &
Resnick, 1984b). However, lactational outcome is similar following
cesarean section or normal delivery since both the timing of milk
“coming in" and the changes in milk composition for lactose, proteins,
fat, electrolytes and glucose during the first seven days postpartum
are similar for the two groups (Kulski et al. 1981).

Breast Milk Production: Approximately 750 kcal are required daily
for milk production (Duhring, 1984). As one~third of this energy may
be derived ffom maternal fat stores, adequate weight gain during
pregnancy 1s important to assist lactation (Crawford et al. 1985).
Energy in the form of glycerol is obtained from adipose tissue and
from glucose, the carbohydrate precursor in the mammary gland (Garton,
1963). Adipose tissue also congributes to the fatty acid profile of
breast milk (Hartmann et al. 1985), since stored triglycerides
represent the largest pool of potentially available fatty acids in the
body (Field et al. 1985). The remainder of energy required for milk
production should be obtained from dietary additions, equaling about

450 (Canada, Health & Welfare 1986) to 500 kcal/day (Duhring, 1984).
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Breast Milk Volume: Volume of breast milk produced largely

determines lactational outcome (Jelliffe & Jelliffe, 1978) as lack or
perceived lack of milk is frequently stated as a primary reason for
early termination of breast-feeding (Yeung et al. 198lb; Goodine &
Fried, 1984). Wide variations in breast milk output occur due to
differences between individual:mothers, stage of lactation (Prentice
et al. 198la), length of time between feedings (Prentice et al. 1981la;
English, 1985), early introduction of formula supplements (Task Force,
American Academy of Pediatrics, 1984) o:r solid foods (Tuckerman &
Turco, 1983; Ferris & Jensen, 1984; Stuff et al. 1986), parity
(Prentice, 1985), maternal age (Hytten & Chamberlain, 1980), diet,
particularly energy intake (Butte et al. 1984), capacity of the
breasts (English, 1985), and in under-developed countries, season of
the year (Prentice et al. 1981b). Milk volumes are low for the first
few days following parturition (Tuckerman & Turco, 1983), but once
lactation is well established, the average milk output of exclusively
breast~feeding, well-nourished mothers ranges from approximately 600
to 925 ml/24 hr (Ferris & Jensen, 1984) although milk volumes as high
as 1100 ml/24 hr have been reported in Australia (Rattigan et al.
1981; Saint et al. 1984). Women breast-feeding twins or feeding their
own singleton infants and expressing milk for other infants are able
to produce more milk; yields of 1200-3300 ml/24 hr have been recordgd
(Hartmann et al. 1985). Frequent feeding, complete emptying of
breasts at each feed and feeding on demand increase milk volumes,
while partial breast-~feeding and early introduction of solids decrease

milk production.
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Breast Milk Composition: Wide variability of breast milk
composition appears .to be responsible, in part, for differences in
lactational outcome. Breast wmilk composition varies with length of
gestation (Ferris & Jensen, 1984) stage of lactation (Hartmann et al.
1985; Lonnerdal, 1985), parity, body composition (Prentice, 1985),
maternal nutritional status (Hartmann et al. 1985), diet (Pita et al.
1985; Coveney, 1985), drug use, physiology of the mammary glands, and
contact with environmental pollutants (Coveney, 1985). Striking
differences in breast milk composition are apparent betweén mothers,
but individual mothers produce milk of characteristic quality during
an entire lactational period (Prentice, 1985). Milk composition has
been shown to change within a feed, within a day (Ferris & Jensen,
1984; Hartmann et al. 1985; Gillies & Neill, 1985), between days
(Ferris & Jensen, 1984), during the menstrual cycle (Hartmann et al.
1985) and between different breasts of the same mother (Ferris §&
Jensen, 1984).

Colostrum is the secretion obtained from the mammary glands
during the first few days following parturition (Gil, 1985). Protein
and immunoglobulins are higher in colostrum than in transitioral milk
(6-10 days postpartum) or mature milk (day 11 postpartum and
thereafter). As lactation advances, concentrations of sodium,
potassium, 2zine, iron, and protein decline, and composition of fat
changes as medium chain fatty acids (ClO-Clz) increase and palmitic
(C16) and stearic (CIS) acids decline (Pita et al. 1985). Fatty acids
are derived from two sources; from synthesis in the mammary gland and
from serum lipids resulting from dietary intake and lipolysis of body

tissues (Hartmann et al. 1985).
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Fat is the most vatiable ma jor component of breast milk.
Although fat normally accounts for 50-60% of its calories (Jensen et
al. 1985) the relative fat content of breast milk may range from 37 to
195% of the mean (Prentice, 1985), and the energy content from 446 to
1192 kcal/l (Tuckerman & Turco, 1983). Fat content varies
significantly during a feed, between feeds, and with time of day
(Prentice et al., 198la). Milk 1lipids tend to be lower 1in
undernourished (Hartmann et al. 1985) or thin women (Prentice et al.
198la) and higher in women who are primiparous, under age 30, and in
those who have a high proportion of body fat based on triceps skinfold
measurements (Prentice, 1985). Breast milk fat concentration 1is
highest (Prentice et al. 1981b) and most variable (Schell & Hodges,
1985) during the first three months of lactation; levels then decrease
and stabilize within the first year (Prentice et al. 1981b). Reduced
amounts of milk lipid which have been implicated in the early
termination of breast-feeding (Ferris & Jensen, 1984) may result in
the perception by some mothers that their milk is inadequate (Yeung et
al. 1981b; Goodine & Fried, 1984).

Frequency and Duration of Feeds: Feeding on demand rather than
following a rigid schedule appears to improve lactational capacity by
influencing the release of key lactogenic hormones. However,
withholding milk feedings during the night does not necessarily reduce
milk output, as shown by Butte et al. (1985). Forty-five exclusively
breast-fed infants were studied from birth to four months; infants who
were breast-fed throughout a 24-hour day consumed the same amount of
milk, on average, as those infants Vho were not fed between midnight

and 6 a.m. Infants who did not feed during the night significantly
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increased their milk consumption during the day, and milk production

was adapted to meet those conditions.

Maternal Diet: Women who restrict food intake while lactating
have difficulty maintaining lactation (Ferris & Jensen, 1984) and
energy 1intakes less than 1200 kcal/day have been associated with
reduced milk output. However, successful lactation can be maintained
over a wide range of dietary conditions (Coward et al. 1984) and a
woman's dietary energy requirements are highly dependent on her body
fat stores as well as her activity levels and metabolic needs (Butte
et al. 1984). Energy utilization becomes more efficient when energy
intakes are low, particularly during lactation (Coward et al. 1984).
Schutz et al. (1980) determined that there were no significant
differences in mean total energy intake (1929 + 360 vs. 1875 + 404
kcal/day) or expenditure (2007 + 292 vs. 1966 + 382 kcal/day)
comparing lactating and non-lactating women in Guatemala. Thus,
although lactating women did not increase their energy intake, they
were able to successfully maintain lactation. However, these women
were also losing weight rapidly, and skinfold tests indicated that
adipose tissue was reduced. Roberts et al. (1985) studied lactational
performance in baboons fed ad libitum and restricted diets, and found
that efficiency of energy utilization increased by 17-25% when diets
were restricted. At 807 restriction, animals were able to maintain
milk output and protect body nutrient stores, but at 60% restriction,
milk output was reduced and body stores rapidly mobilized. It appears
quite clear that adequate dietary intake during lactation is critical

for successful lactational outcome.
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Supplementation: Nutritional supplementation of lactating
African women in Keneba, The Gambia was conducted by Prentice et al.
(1983) to determine the effects of dietary interventions on breast
milk volume and quality in undernourished women. The supplement
provided to 130 mothers increased maternal energy intake by
approximately 700 kcal/day to a mean level of 2291 + 14 kcal/day.
Although volume was unaffected, supplementation did improve milk
composition since protein, fat, and vitamin concentrations increased.
However, since milk lactose concentrations decreased, energy content
did not change.

Energy expenditure: A study of lactating and virgin rats fed ad
libitum and restricted diets showed that lactating animals used less
energy on activity and maintenance than did control animals at each
level of dietary energy consumption, including ad libitum intake. At
80% restriction, energy expenditure was reduced but milk production
was maintained. However, when food was restricted to 60% of ad
libitum, energy expenditure decreased to its lowest level, milk output
was diminished, and growth of litters was retarded (Roberts & Coward,
1984). A similar study in lactating baboons producaed the same results
at levels of 60 and 80% dietary restriction, but at ad libirum intake,
energy used for activity and maintenance was not reduced, but remained
equivalent to that observed with ad 1libitum intake 1in the
non-reproductive state. The information obtained regarding energy
requirements for lactation in rats may not be appropriate for
extrapolation to humans because rodents have high milk energy output
rates relative to their total energy needs, whereas large animal

species such as baboons may have more similarities to humans in their
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energy requirements (Roberts et al. 1985). In humans, energy
expenditures of lactating and non-lactating women at rest are not
necegsarily significantly different (Blackburn and Calloway, 1985),
although a mechanism to protect lactation, similar to the one observed
in animal models, may also exist.

Smoking: Smoking reduces breastfeeding prevalence and duration
(Goodine and Fried, 1984) and smoking during lactation tends to
inhibit milk production (Counsilman and Mackay, 1985). Smoking may be
detrimental for breast-fed infants due to the transfer of harmful
substances to breast milk, including nicotine from cigarette smoke and
tetrahydrocannabinol from marijuana. Consequently, breast milk may

not be the best milk for infants of smoking mothers (Coveney, 1985).

IX. MATERNAL WEIGHT LOSS POSTPARTUM

Weight loss postpartum varies widely between individuals. Women
delivered by cesarean section lose considerably less weight soon after
parturition than do women who delivered vaginally. Women who
breast~-feed may 1lose more (Dennis & Bytheway, 1965) 1less
(Manning-Dalton & Allen, 1983), or the same amount (Chappell et al.
1985) of weight compared with those who formula-feed; women with
generalized edema in late pregnancy tend to lose more weight initially
(Dennis & Bytheway, 1965). In underdeveloped countries, weight may be
lost during lactation, but it may (Schutz et al. 1980) or may not

necessarily (Quandt, 1983) represent a loss of body fat.
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Recommendations vary, but in general, moderate and gradual weight

loss or weight maintenance 1s recommended during | lactation

(Manning-Dalton & Allen, 1983) to promote breast milk production

(Butte et al. 1984) and to minimize the risk of excessive trans fatty
acld mobilization from maternal fat stores (Chappell et al. 1985).

Although weight 1loss of approximately 0.5 kg per week for

well-nourished mothers is unlikeiy to adversely affect lactation,

long~term studies are needed to determine limits beyond which breast

milk production 1is adversely affected (Strode et al. 1986).

X. COMPARISON OF COMMERCIAL INFANT FORMULAS AND BREAST MILK

Commercial infant formulas are manufactured to meet the
nutritional requirements of most infants according to Recommended
Dietary Allowances established by the Food and Nutrition Board of the
National Research Council in the United States. Infant formulas are
mixtures of fats, proteins, carbohydrates, vitamins and minerals with
added thickening and stabilizing agents combined in a product designed
to simulate the composition of human milk. Although nutritional
deficiencles and adverse reactions had resulted from early
formulations, refinement of infant formula composition during the past
century and particularly during the last few years has virtually
eliminated problems concerning nutrient deficiencies. Adverse
reactions may still occur, most frequently related to intolerance of
cow's milk used in some formulas, but products utilizing soy protein
hydrolysate or meat as protein sources provide alternative infant

formulas. Stringent regulations ensure that infant formulas contain
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the required nutrients and that quality of components, processing
methods and microbial contamination are ©properly controlled.
Consequently, infant formulas presently available are accepted as a
reliable and nutritionally adequate alternative to breast—feeding
(Anderson et al. 1982).

Compositions of several Canadian commercial infant formulas and
mature breast milk are presented (Table 1-3). Similac and Enfalac are
milk-based; ProSobee and Isomil are milk-free formulas. Because these
formulas contain coconut oil and either corn or soybean oil, the fatty

acid composition of formulas differs from that of breast milk.



Table 1-3

Energy KJ (kecal)

Carbohydrate
Fat

Linoleic Acid

Protein
Ash
Moisture
Vitamin A
Vitamin D
Vitamin E
Vitamin C
Niacin

Pantothenic A

Riboflavin
Thiamin
Vitamin B
Vitamin K
Folic Acié
Biotin
Vitamin B
Sodium 12
Potassium
Chloride
Calcium
Phosphorus
Magnesium
Iron

Zinc
Copper
Manganese
Todine
Choline
Taurine
Carnitine
Selenium
Cobalt

1

g
g
g
g
g

g
Iu

IU
IU
mg
mg
mg
mg
mg
mg
mg
mg
ng
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
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Comparison of yutrient Composition of ,Four Commercial
Infant Formulas™ With Mature Breast Milk

Similac Enfalac ProSobee Isomil Breast M11k3
285 (68) 280 (67) 280 (67) 285 (68) 314 (75)
7.2 6.9 6.8 6.9 7.1
3.6 3.8 3.6 3.7 4,5 4
N/A 0.75 0.70 1.00 0.034
1.5 1.5 2.0 1.8 1.1
0.4 0.3 0.2 0.45 0.21
- = - - N/AS
200 210 211 200 189
40 40 40 40 = 5
2.0 1.0 2.1 1.7 .32
5.5 5.5 5.5 5.5 5.2
0.7 0.8 0.85 0.9 .18
0.3 0.3 0.32 0.5 +25
0.1 0.06 0.06 0.06 .04
0.065 0.050 0.050 0.048 .014
0.04 0.04 0.04 0.04 .018
0.0055 0.0060 0.0110 0.0100 N/A
0.010 0.005 0.011 0.010 .002
0.0014% 0.0020 0.0050 0.0030 .0002
0.00015 0.00100 0.00100 0.00030 -
20 18 29 32 17
65 69 78 77 51
45 45 50 59 38
52 45 63 70 34
39 30 50 50 14
4.1 4.5 6.0 5.0 3.5
0.15 0.15 1.3 1.2 .05
0.5 0.4 0.53 0.5 .12
0.06 0.04 0.06 0.05 .05
0.0034 0.0040 0.0200 0.0200 trace
0.010 0.004 0.007 0.010 .006
8.2 8.0 8.0 8.2 1.0
4.5 N/A N/A 4.5 N/A
N/A N/A N/A 1.13 N/A
- - - - .002
- - - - trace

2 Information was obtained from formula container labels.
Valugs are per 109 mL commercial infant formula {standard dilution)

3

Adapted from Tuckerman,

4 1983. pp.

157-158.
Adapted from Pierse, P.

and per 100 mL fluid breast milk.

M.M.,

, Van

5 Nutritional value of human milk.
Adapted from Worthington-Roberts et al., Nutrition in Pregnancy and

Lactation, 1985.

PP-

257.

and Turco, S.J., Human Nutrition,
Aerde, J., and Clandinin, M.T.
In press.
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XI. REASONS FOR BREAST-FEEDING OR FORMULA-FEEDING

The decision to breast-feed or formula-feed is most often made
prior to delivery (Task Force, American Academy of Pediatrics, 1984;
Fieldhouse, 1984). In particular, those women who choose to
breast-feed frequently make their decision even before becoming
pregnant (Mackey & Fried, 1981; Sarett et al. 1983), and most are
strongly influenced by their belief that breast milk is best for their
babies (Hally et al. 1984). Women who initiate breast-feeding are
more often primiparous (Forman et al. 1985), white (Fetterly &
Graubard, 1984), and well-educated (Martinez & Nalezienski, 1979,
1981; Task Force, American Academy of Pediatrics, 1984). Mothers who
choose to bottle~feed are more commonly unmarried (Committee on
Breastfeeding, Manitoba Pediatric Society, 1982), teenage (Fieldhouse,
1984), smokers (Goodine & Fried, 1984), and women who are more
strongly influenced by social taboo against breast exposure in public
and who consider bottle-feeding more convenient, allowing greater
freedom (Task Force, American Academy of Pediatrics, 1984). Method of
feeding is also influenced by previous experience (Feinstein et al.
1986), perinatal complications such as toxemia, cesarean section, and
infections (Reiff & Essock-Vitale, 1985) prenatal class attendance and

attitudes and beliefs of family, friends, and spouse (Lundquist Bevan

et al. 1984).
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XII. SUMMARY

Birth size, lactational outcome and early infant growth are
affected by many diverse factors including biologie, physiologic,
economic, demographic, social and cultural variables which exert their
effects independently or in combination. As knowledge: of these
factors and their impact on infant size, growth and maternal lactation
increases, the ability to ultimately influence infant health will be

enhanced.

B. RATIONALE

Breast-feeding is considered ideal for most infants and vigorous
promotion of a return to breast-feeding has inereased both its
prevalence and duration. However, early termination of breast-feeding
among a large proportion of mothers continues to dominate infant
feeding patterns. The primary reason for early termination of nursing
has been cited as insufficient milk. Sincez fat stores are needed to
provide energy for wmilk production, lactational failure due to
inadequate milk quantity or quality may be a consequence of
insufficient maternal fat stores due to low pre-conceptional weight or
low pregnancy weight gain. Rapid or excessive weight loss during the
early postpartum period may also adversely affect lactational outcome,
although effects of postpartum welght loss on lactation have yet to be
clearly delineated. Therefore, this study will determine the effects
of maternal weight changes during pregnancy and four months postpartum

on lactation and infant growth.
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C. OUTLINE OF THESIS

I. Hypothesis

The research hypotheses are:

1) that increases in maternal weight gain during pregnancy
improve lactational outcome

2) that minimal maternal weight 1loss postpartum improves
lactational outcome

3) that size at birth influences rate of infant growth during
the first four months of life. Size is evaluated according

to net measurements and percentiles.

II. Stztement of Objectives

Exclusively breast-fed and formula-fed first-born infants and
their mothers will be studied to determine the influence of maternal
welght changes during pregnancy on infant size at birth; and for the
breast-feeding group, to determine the influence of maternal weight
changes during the first four postpartum months on lactation outcome
measured as infant growth.

Number of Subjects

This study will examine a minimum of 250 subjects including
approximately equal numbers of breast-fed and formula-fed infants and
their mothers. The number of subjects has been chosen to provide a

sample size appropriate for statistical validity.
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Subject Selection

Subjects will be obtained through Calgary Health Services in
Calgary, Alberta by reviewing charts selected on the basis of criteria
established by the -investigator in accordance with the preceding
literature review. Selection of maternal subjects will therefore be
conducted according to age, parity and health to control wvariables
that particularly impact on infant birth weight and lactational
outcome. Accordingly, healthy, primiparous mothers between the ages
of 20 and 35 years who deliver singleton infants at term, 38-41 weeks
gestation, will be selected. Similarly, healthy infants without
congenital defects, which might impair feeding or growth, will be
included in the study sample.

Variables

Factors which affect infant birth weight and growth will be
assessed. Maternal height, pregravid weight, weight gain during
pregnancy, maternal age and smoking habits will be evaluated in
relation to both infant birth size and early growth; infant birth
size and maternal weight changes postpartum will be evaluated in

relation to infant growth during the first four months of life.
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A. INTRODUCTION

Approval for the study was obtained on March 27, 1986 from
Calgary Health Services' Research and Development Committee. Calgary
Health Services is a government-funded public agency which provides
community health services to the city of Calgary and surrounding
district. Calgary is a city with a population of 625,000 people,
located in southern Alberta. At the present time, there are more than
12,000 babies born in Calgary each year. Calgary Health Services
documents all live births, and through 1its eleven Community Health
Clinics and its centrally computerized Infant Health Monitoring
system, follows the growth and development of each child for at least
the first six months of 1ife. Due to the large number of births per
year and the unique public health documentation system operated by

Calgary Health Services, Calgary was chosen as an ideal location for

this study.

B. MATERTIALS AND METHODS
I. Calgary Health Services' Protocol

On January 1, 1984, Calgary Health Services instituted its new
Infant Health Monitoring System. This system provides for detailed
accounting of health information pertaining to each child born to
Calgary residents since the installation of the system in 1984.
Notification of each birth 1s sent to the agency via the "Physician's
Notice of Birth" (Appendix). The information cortained in this
document including date of birth, gestational age, mother's age,

details of delivery, pertinent medical information, and infant's
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length, weight and head circumference measured at time of hospital
discharge or within seven days of birth is recorded on computer.
Within one to two days of receiving the "Physician's Notice of Birth”,
Calgary Health Services' central agency assigns a "Health Record
Number” to each newborn and sends the number with a copy of the "Child
Health Record” (Appendix) to the Community Health Clinic closest to
the residence of the infant. The "Child Health Record” 1is used to
document feeding, immunization, illness, injury and development of the
child from birth to age 1L8. The form is completed by Community Health
nurses according to standardized protocol. During the infant's first
six months of 1life, information 1is recorded on the "Child Health
Record” during a home visit conducted within ten days of hospital
discharge and at the Community Health Clinic when the infant is
immunized. At the home visit, nurses record maternal height,
prepregnancy weight and pregnancy weight gain as reported by the
mother. General health information for the new infant and method of
feeding‘are also established at that time.

The immunization protocol in Calgary requires that infants be
immunized at two, four and six months of age. This protocol
facilitates regular collection of information pertaining to infant
growth and feeding patterns. Thus, infant length, weight, head
circumference and feeding history are recorded at the clinies at two,
four and six months of life. Nurses weigh and measure infants
(undressed, no diaper); weigh scales are calibrated by an outside
company . Following the six month immunization, the Child Health
Record 1is submitted to the central agency for computerization; the

remaining record is retained by the Community Health Clinic.
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IT. Study Design
The number of subjects was chosen to provide a sample size
appropriate for statistical validity, based on calculations using the
formula nx[(tzsz) X (d2)~1] where t = the tabulated value for desired
confidence level and degrees of freedom of the sample, s = sample
variance, d = half-width of the desired confidence interval (in our
case this was 0.,1), and n = total number of observations required.
Variance was estimated on the basis of work by Ahn et al. (1980)
related to growth of exclusively breast-fed infants, and from this
work we estimated variance to be 0.5. Thus, where d = 0.1, n = 125;
and therefore, a sample size of 250 was chosen, including 125 subjects
in each of the two groups.

Since several studies were being conducted concurrently under the
auspices of Calgary Health Services and since the‘agency wished to
protect the privacy of its clients, Community Health Nurses in all
eleven Calgary Health Services' clinics were asked to collect data
rather than allow the investigator to contact 1individual subjects.
The Community Health nurses were asked for their cooperation in
collecting data for the study, but were informed that in order to
minimize bias, the purpose of the study would not be disclosed until
its completion. Although the desire to wminimize ©bias was
well-intended, one disadvantage of this approach may have been a
reduction in the nurses' interest in the study or appraciation for its
relevance which could, in turn, have indirectly lessened subject
participation. This potential effect was not evaluated, but was
believed to have been minimal; the effort put forth by the nurses in

collecting data was appreciated at all times.
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Between May 1986 and March 1987, Calgary mothers and their newborn
infants registered on the TInfant Health Monitoring System were
screened by computer to determine wherher or not they met the fnitial
study criteria described on pages 51 and 52. Those who qualified for
the study were referenced in a separate computer file that was later
accessed by the investigator.

A standardized form to facilitate collection of new information
for the study was designed and distributed to the Community Health
Clinics for each of the computer-selected subjects. When the nurses
visited the new mothers and their infants at home approximately one.
week after hospital discharge (or in the case of home deliveries, soon
after birth), the nurses introduced the study, showed prospective
subjects the form, and asked them to participate. Little information
regarding the purpose of the study was extended to the mothers; in
general they were told the study was related to nutrition and infant
growth. This was, incidentally, the nurses' interpretation of the
study's purpose. In order to complete the "Study of Infant Weight
Gain" form (Fig. 2-1), the nurses were required to ask the mothers
their body weights and their smoking habits at one week, two months
and four months postpartum and thelr smoking habits during pregnancy.
Body weights were self-reported by the mothers since there was no
means for the nurses to verify maternal weights. Not all of the
clinics contained scales and the nurses did not have portable scales
to carry to the home visit. For the smoking data, mothers were simply
asked it they had smoked "at all” during the four time periods. The
information was recorded at the home visit (one week postpartum) and

at the two and four month clinic visits. However, occasionally
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someone other than the mother took the infant to the clinic for

immunization and consequently no maternal data could be recorded at

that time.

r
STUDY BF INFANT  INFANT HEALTH )
WEIBKHT BAIN RECORD NUMBER
MOTHER'S WEIGHT AT
Ist Home Visit OLlbs. OKilo's
2 mo. Clinic Visit OLlbs. OKilo's
4 mo. Clinic Visit OLlbs. OKilo's
WAS MOTHER SMOKING AT ALL :
During Pregnancy
At time of 1st home visit ——_ OYes 0ONo
At time of 2mo. clinic visit OYes ONo
At time of 4 mo. clinic visit OYes ONo
* This form s to be kept with the child’s health record yntil collected
in the Fall of 1986 If you heve questions, please call Dr. Abernethy
ot 228- 7536,
\ e

Figure 2-1 "Study of Infant Weight Gain" form designed for collection

of new data in the present study

III. Subjects

Sixteen hundred primiparous mothers between the ages of 20 and 35
years and their full-term, singleton infants born at 38~41 weeks
gestation were computer~selected for the study. Both married and
single mothers and their infants were included. Initial exclusion
criteria required that mothers who were on medication or who were not

the natural parents of the children and that infants diagnosed with
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congenital heart defects were excluded. Surnames of selected mothers
and Health Record Numbers of their infants were then provided to the
investigator. Approximately €four months after the infants' births,
the investigator visited the clinics to review charts and establish
further eligibility for the study.

Each of the 1600 computer-selected charts was reviewed by the
investigator to determine health status of mother and child and
feeding patterns for the first four months of life. Mothers or
infants displaying significant illness or conditions which might
interfere with feeding were to be excluded from the study, including
mothers with diagnosed diabetes, pernicious anemia, Rh
incompatibility, pregdancy-induced hypertension with proteinuria or
antepartum hemorrhage, and infants with cleft palate. Infants who had
bean solely breast-fed or solely formula~fed from the first week of
life to four months of age were selected. Introduction of solid foods
and juices was permitted after two months of age, but provision of
milks or milk substitutes other than breast-milk and formula for the
two respective groups was not allowed past the first week home after
discharge from hospital.

After visiting each of the eleven Community Health Clinics six
times during a period of seven months, a sample of 297 mother-infant
pairs was selected. Forty subjects were subsequently deleted from the
study because the home visit, two month or four month clinic visits
did not occur within a reasonable period of time. Sub jects were
excluded if the visits did not occur within 25 days, 60-85 days, and
120-145 days after birth for the home visit, two month clinic visit,

and four month clinic visit, respectively. Confidentiality of
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information pertaining to all subjects was strictly maintained
according to agreement with Calgary Health Services. The final sample
for analysis consisted of 257 pairs of subjects including 141
exclusively breast-fed infants and 116 exclusively formula-fed infants
and their mothers.

IV. Data Collection and Analysis

Data for the study was acquired from the "Physician's Notice of
Birth”, "Child Health Record” and "Study of Infant Weight Gain" forms.
Validation that the data recorded by the investigator was accurate was
conducted by Dr. Tho@as Abernathy, Director of the Division of
Research and Development at Calgary Health Sgrvices. Dr. Abernathy
randomly chose data for a 5% sample of the 257 subjects to compare
values reported by the i: astigator with those reported by the nurses
and entered on computer at the health agency. It was established by
Dr. Abernathy that an appropriate level of accuracy was maintained.

The Mainframe Computer at the University of Alberta was used for
computerization of data. Statisical analyses were conducted using the
Statistical Package for the Social Sciences (SPSS) to provide Pearson
correlations, tests of regression coefficients and analysis of
variance. Duncan's multiple range test and the Student's t-test were
also performed.

The Student's t-test was used to compare maternal characteristics
for mothers who were breast-feeding or formula-feeding, smoking or
non-smoking. Oneway analysis of variance was used to compare infants'

birth size and growth for groups according tc their sex, gestational
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age, milk or formula-feeding, time at which solid foods were started,
and maternal smoking habits. Duncan's Multiple Range Test was
utilized for multiple comparisons pertaining to both maternal and
infant characteristics, and Pearson correlatiuns for evaluatfon of
corresponding infant and maternal weight changes postpartum. A level
of statistical significance was determined if probability (p) was less
than 0.05. A stepwise multiple regression procedure was used to
examine correlations between both infant weight at birth and infant
weight gain (dependent variables) and maternal characteristics
(independent variables) including maternal age, height, pregravid
weight, weight gain during pregnancy, and length of gestation. The
impact of infant weight at birtﬁ on subsequent infant growth during
the first four months of life was also evaluated within the multiple

regression equation.
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C. RESULTS

I. Degcription of Sample

Two hundred and fifty seven mothers and their first-born infants,
119 males and 138 females, were selected. The study population was
divided into twb groups according to method of infant feeding from the
first week home following hospital discharge until the infant reached
four months of age. Accordingly, 141 infants (63 males, 78 females)
were exclusively breast-fed and 116 infants (56 males, 60 females)
were exclusively formula-fed.

Subjects were acquired from all regions of the city of Calgary
represented by eleven Community Health Clinics. 1Individuals who met
the study criteria were incorporated into the study in a chronological
manner; there was no inherent bias in the selection of subjects. The
distribution of subjects by clinic is illustrated (Table 2-1). In
general, each clinic provides health services to the population
located geographically close to the clinic. Because various areas of
the city differ in age distribution, ethnicity and socio—-economic
status, the distribution of subjects by clinic in part reflects the
profile of the population surrounding the clinic. For example,
Ranchlands' Calgary Health Services Clinic services a typically young,
middle-class, well-educated population where a large proportion of new
mothers exclusively breast-feed their infants. The Downtown clinic
services a typically low income population, many of whom speak limited
English and have 1little formal education, and a large proportion of
new mothers either formula-feed their infants or provide formula
supplements. Although the proportion varied, all «clinics did

contribute subjects for both breast-fed and formula-fed groups.
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Table 2-1 Distribution of Subjects by Community Health Clinics 1in

Calgary

Clinic Name Clinic Number No. of Subjects 7Z Distribution
North Hill 1 17 6.6
Thornhill 2 38 14.8
Ranchlands 3 44 17.1
Downtown 4 9 3.5
Northgate 6 20 7.8
Forest Lawn 7 18 7.0
Haysboro/Ogden 8 22 8.6
South District 9 27 10.5
Scarboro 10 17 6.6
Shaganappi 11 22 8.6
Village Square 12 23 8.9

Total 257 100.0

A wide variety of ethnic groups was represented in the study
population. Although ethnicity was, by protocol, not recorded on the
clinic charts, sometimes mention of ethnic background was made in the
nurses' notes to assist staff in obtaining a language interpreter or
to identify specific health requirements such as immunization for
immigrant parents. Although the majority of subjects were apparently
of European decent, a small number of subjects were identified as
Vietnamese, Thai, native Indian, Oriental, Lebanese, Egyptian, Indian,
Sri Lankan and Phillipino. Ethnicity 1is of interest due to its
relationship with maternal size, infant size at birth and cultural

differences in infant feeding practices. However, since there was no
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systematic recording of ethnicity on the clinic charts, the ethnic
distribution was unknown and therefore it was not possible to conduct
analyses by ethnicity.

The Community Health nurses reported that many of the mothers
selected for the study were unhappy about the quéstions they were
asked regarding their postpartum weights. These mothers indicated
they "felt fat"” and self-conscious postpartum, and perceived the
questions an intrusion on their privacy. Some women refused to
participate in the study, but how many refused and whether they were
overweight and to what degree is not known. Furthermore, some mothers
who disapproved of the questions pertaining to their weight, but
nevertheless consented to participate in the study, complained each
time they were asked to report their weight or subsequently refused to
answer weight-related questions.

I1. Mothers' Profile

1. Breast-Feeding and Formula-Feeding Mothers

For the 257 women who participated in the study, breast—feeding
mothers (n=14l) were slightly older than formula-feeding mothers
(n=116) and the difference was statistically significant (26.9 vs.
25.7 yrs, p<0.0l) (Table 2-2). There was no significant difference
between the breast-feeding and formula-feeding groups for maternal
height, pregravid weight, weight gain during pregnancy, postpartum
weight at the Home Visit, two month and four month Clinic Visits, or
length of gestation. For breast-feeding mothers, mean height was
164.2 em (64.5 in; range 138.5 cm to 177.8 cm) and mean pregravid
welight was 58.3 kg (128 1b; range 41.8 kg to 94.5 kg), whereas for

formula-feeding mothers, mean height was 163.0 cm (64.0 in; range
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132.1 cm to 182.9 cm) and mean pregravid weight was 58.5 kg (129 1b;
range 33.2 kg to 125.0 kg). Average weight gain during pregnancy was
14.6 kg (32 1b; range 6.8 kg to 30.9 kg) for the breast-feeding group
and 15.0 kg (33 1b; range 2.2 kg to 31.8 kg) for the formula-feeding
group. Maternal weight at the Home Visit was approximately 4.5 kg (10
1b) higher than the mothers' usual weight. At two months postpartum
the breast-feeding group (n=118) had lost 1.8 + 0.2 (SE) kg (4.0 1b)
while the formula-feeding group (n=89) had lost 2.3 + 0.3 (SE) kg (5.1
1b). Weight loss from two to four months postpartum was 1.l + 0.2
(SE) kg (2.4 1b) for breast-feeding (n=121) and 1.4 + 0.2 (SE) kg (3.1
1b) for formula-feeding (n=90) mothers. From birth to four months,
weight changes in the breast-feeding group ranged from losses of 9.1
kg to gains of 6.8 kg, and in the formula-feeding group, from losses
of 14.1 kg to gains or 4.6 kg. By four months postpartum neither
group had resumed its former average pregravid weight. Interestingly,
the two groups were almost identical in weight both pregravid and at
four months postpartum. Both groups delivered their babies just under
40 weeks gestation and all babies were delivered vaginally. The
formula-feeding group had a higher incidence of smokers, with 347 of
formula-feeding mothers reporting to have smoked compared with only
12% of breast-feeding mothers.
2. Smoking and Non-Smoking Mothers
For subjects who had reported smoking "at all' during pregnancy,
at the Home Visit, or at the two month or four month Clinic Visits,
(Table 2-3), smoking mothers (n=56) were younger than non-smoking
mothers (n=176) and the difference was statistically significant (24.1

vs. 27.0 yrs, p<0.0l). There was no significant difference between
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Table'2-2 Comparison Between Breast-Feeding and Formula-Feeding
Mothers for Age, Height, Pregravid Weight, Weight Change
During Pregnancy, Weight Change Four Months Postpartum,
Length of Gestation and Smoking Habitsl-3

Breast-Feeding Formula-Feeding

Age (yr) 26.9 + 0.3(141)* 25.7 + 0.4(116)
Height (cm) 164.2 + 0.6(140) 163.0 + 0.7(116)
Pregravid weight (kg) 58.3 + 0.7(141) 58.5 + 1.2(115)

Weight gain during pregnancy (kg) 14.6 + 0.4(141) 15.0 + 0.5(116)

Weight at Home Visit (kg) 63.1 0.7(124) 63.6 + 1.2(101)

1+

Weight at 2 months postpartum (kg) 61.2 + 0.7(135) 62.1 + 1.3(101)

I+

Weight at 4 months postpartum (kg) 60.5 + 0.7(126) 60.4 + 1.2 (98)
Length of gestation (wks) 39.6 + 0.1(141) 39.7 + 0.1(116)
Smoking4 - Yes 17 . 39

- No 111 65

~ Unknown 13 12

Values are means + S.E. Numbers in parentheses indicate number of
observations per mean.

Smoking is defined as any smoking during pregnancy and four months
postpartum.

Statistical significance is based on Students's t-test. Means on
the same line with an asterisk are significantly different, p<0.01.
Complete data for smoking during pregnancy and at Home Visit, two
mouth and four month c¢linic visits were available for subjects
categorized as Smoking (Yes,No). Data missing at any time resulted

in categorization of subjects under Smoking (Unknown).
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Age (yr)

Height (cm)

60

Comparison Between Smoking and Non-Smoking Mothers for

Age, Helght, Pregravid Weight, Weight Change During

Pregnancy, Weight Change Four Months Postpartum and Length

of Gestation1-3
Smoking Non-Smoking

24.1 t.0.4(56)* 27.0 + 0.3(176)

164.5 + 0.8(55) 164.0 + 0.5(176)

Pregravid weight (kg) 5.7 4+ 1.2(56) 59.1 + 0.8(175)
Weight gain during pregnancy (kg) 16.1 + 0.7(56) 14.5 + 0.4(176)
Weight at Home Visit (kg) 64.1 + 1.4(50) 64.1 + 0.8(152)
Weight at 2 months postpartum (kg) 63.0 + 1.7(48) 62.1 + 0.8(166)
Weight at 4 months postpartum (kg) 61.7 + 1.7(45) 61.0 + 0.8(160)
Length of gestation (wks) 39.8 + 0.1(56) 39.6 + 0.1(176)
1

Smoking is defined as any smoking during pregnancy and four months

postpartum.

Values are means + S.E. Numbers in parentheses indicate number of

observations per mean.

Statistical significance is based on Student's t-test. Means on the

same line with an asterisk are significantly different, p<0.0l.
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the smoking and non-smoking groups for height, pregravid weight,
weight gain during pregnancy, postpartum weight at the Home Visit, two
month and four month Clinic Visits, or length of gestation. There was
a slight but non-significant difference in pregnancy weight gain
between the two groups, with the smoking group gaining 1.6 kg (3.5
1b) more than the non-smoking group. Non-smoking mothers lost
slightly more weight (NS) during the first four postpartum months.

Unfortunately, smoking data was not obtained for 25 of the 257
subjects. On several occaslions, nurses in the community health
clinics apologized to the investigator for not having recorded smoking
information, stating that they had forgotten to ask mothers the
pertinent questions. Consequently, 25 women were excluded from the
statistical analysis of smoking and non-smoking mothers.

III. Infants' Profile

l. Infant Birth Weight

The average weight at birth for infant subjects was 3.4 kg (7.4
1b) + 0.04 (SE) for male infants and 3.3 kg (7.2 1b) + 0.04 (SE) for
female infants. The distribution of infant birth weight according to
percentiles for this population is outlined (Table 2-4). In addition
to variations 1in birth weight according to sex, there was a
significant difference in birth welght relative to gestational age
(Table 2-5). The differences between mean birth weights from
gestational age 38 to 39 weeks, 39 to 40 weeks and 40 to 41 weeks were
179 g, 220 g ard -1 g for males and 49 g, 234 g and ~41 g for females,
respectively.

In this study, six babies, three males and three females, weilghed

2500 grams or less (mean wt. 2438 g, range 2310-2485 g) resulting in



Table 2-4

Percentiles
5
10
25
50
75
90

95

Table 2-5

38
A
Males 3.065 + 0.1
(19)
3.112 + 0.1%

Females

(16)

Values are means i S.E.

observations per mean.

Male Infants

Distribution of Infant Birth Weight by Percentiles

Female Infants

(kg) (1b) (kg) (1b)
2.6 5.8 2.6 5.7
2.7 6.0 2.7 6.1
3.1 6.8 3.0 6.6
3.4 7.4 3.3 7.2
3.7 8.2 3.6 7.9
3.9 8.6 3.9 8.5
4.1 9.0 4.1 9.0

62

1,2

Distribution of Infant Birth Weight by Gestational Age

Gestational Age (wks)
39 40 41

3.246 + 0.1% 3,466 + 017 3,463 + 0.1°

(24) (55) (21)

b

3.161 + 0.1%  3.395 + 0.05>  3.354 + 0.1%P

(34) (72) (16)

Numbers in parentheses 1indicate number of

2 Statistical significance is ~ased on analysis of variance. Means in

a row (across) with

different, p<0.05.

the same superscript are not significantly
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their classification as low-birth-weight infants. One infant was
breast-fed; the remaining five were formula-fed. For these low birth
weight infants, mean values for maternal height, weight, and pregnancy
weight gain were 156.8 cm (61.7 in), 46.7 kg (102.8 1b) and 10.1 kg
(22.2 1b), respectively. Maternal pregnancy weight gain ranged from
4.08 to 15.8 kg. Weight for Height Ratio Index was 0.19, mean length
of gestation was 39.2 weeks and mean maternal age was 26.3 years.
Only one of the six mothers reported smoking during pregnancy.

2. Breast-Fed and Formula-Fed Infants

Significant differences in infant size were observed when the
breast-fed and formula-fed groups were compared (Table 2-6). Mean
gestational ages for breast-fed and formula-fed male and female
infants were not significantly different, ranging from 39.6 to 39.8
weeks . Breast-fed male infants were larger at birth (p<0.05) than
both male and female formula-fed infants for length, weight, and head
circumference. Breast-fed males were also larger (p<0.05) than
breast-fed females for head circumference.

For male infants, the rate of weight gain during the first four
months of life was very similar for breast-fed and formula-fed babies;
consequently, theilr weights were significantly different at two and
four months as well as at birth. However, formula-fed males grew more
rapidly than breast-fed males in both length and head circumference
with the result that these parameters were significantly different for
the two groups at birth but not at four months of age.

For female infants, there were no significant differences between
the breast-fed and formula-fed groups for 1length, welght or head

circumference at birth. Both groups grew at very similar rates during
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the first four months with the result that length, weight and head
clrcumference were not significantly different during that time.

In general, female infants grew more slowly than male infants in
length, weight, and head circumference throughout the firét four
months of 1life. This observation was expected, since this pattern of
growth for male and female infants has been well documented by the
National Center for Health Statistics in the United States.

Mean values for length, weight and head circumference for male
and female breast-fed and formula-fed babies were converted into
percentages of growth for two month periods, from birth to two months
and from two to four months of age. Formula-fed male babies exhibited
the greatest percentage growth in length, weight and head
circumference followed in descending order of growth by breast-fed
males, formula-fed females, and lastly, breast-fed female infants.
The rate of growth during the first two months of life far exceeded
the rate of growth between two and four months, particularly for
welght. The rate of weight gain Juring the first two months was more

than double the rate recorded for two to four months (Fig. 2-2).

'j S i %’

a7 24
AQe 0 Mttt

e e e et ey

fll 51 Petes et tenains E207 taies A1 femaas

Figure 2-2  Percentage growth in weight for ©breast-fed and

- formula-fed infants during the first four months of 1life
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3. Introduction of Solid Foods

The first feeding of solid foods occurred at a mean age of 3,6
months for breast-fed iInfants and at 3.2 and 3.0 months for
formula~fed males and females, respectively. To determine whether or
not the feeding of solids affected early infant growth, breast~fed and
formula~fed infants were divided into groups according to their
introduction to solids during the second, third or fourth months of
life (Tables 2-7, 2-8). For breast-fed babies, only two infants (1%)
received solids between two and three months of age whereas 52 (39%)
received solids between three and four months and 82 (61%) received
solids between four and five months nf age. Five breast-fed bvabies
were first fed solids after five months. For formula-fed babies, 21
infants (19%) received solids between two and three months, 62 (55%)
received solids between three and four months and 29 (26%) received
"solids between four and five months of age. Two formula-fed babies
were fed solids after five months. When infants were divided by sex,
patterns of growth were similar within groups of breast-fed and
formula-fed infants whether solids were introduced in the second,
third or fourth month.

4, Comparison of Infant Birth Size With NCHS Petcentileé

A comparisonféf infant subjects' anthropometric measurements with
National denter for Health Statistics (NCHS) percentiles indicated
that both similarities and differences appear to exist between Calgary
infants and norms established for American infants (Table 2~9). 1In
the present study, breast-fed babies had higher percentile scores than
formula-fed infants for length, weight and head circumference. Both

groups had relatively high percentile scores for length but average
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percentile scores for weight and low percentile scores for head
circumference. Male formula-fed infants had the lowest percentile
scores for all anthropometric measurements. However, all percentiles
fell between the ZSth and 90th percentiles which 1is an important
observation, since measurements between the 25th and 75‘:h percentiles
likely represent normal growth, whereas values above the 90th and
below the lOth percentiles should first be evaluated for accuracy of
measurement and recording and then asseésed for the need to evaluate
the child medically.

5. Infants of Smoking and Non-Smoking Mothers

Size at birth, two months and four months of age was compared for
infants born to smoking and non-smoking mothers (Table 2-10). There
were no significant differences between the groups for gestational age
or length at birth. Mean birth weight of male infants born to
non~-smoking mothers (3.4 kg) was slightly but not significantly
greater than that of their female counterparts (3.3 kg) but was
signficantly different than mean birth weights of both male and female
infants born to smoking mothers (3.2 kg). Mean head circumference at
birth for male infants born to non-smokers (34.7 cm) was significantly
different (p<0.05) than that of female infants of non-smoking mothers
(34.0 cm) and .male and female infants of smoking mothers (33.9 cm and
34.0 cm, respectively). Regardless of their mothers' smoking habits,
male infants grew mcre rapidly than female infants in length, welight
and head circumference during the first two months of life but similar
rates of growth were observed for both sexes between two and four

months. At four months of age, male infants from both groups were

significantly larger than female infants.
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Eleven mothers who smoked during the first four postpartum months
did not smoke during pregnancy. These mothers were categorized in the
"non-smoking"” group along with mothers who had never smoked “at all"
(Table 2-11) to evaluate the effects of smoking during pregnancy on
birtﬁ size. No significant differences were observed for gestational
age or length at birth for infants of smocking or non-smoking mothers.
However, mean values for weight and head circumference for male
infants whose mothers smoked during pregnancy were significantly lower
(p<0.05) than for male infants whose mothers had not smoked. For
female infants, identical mean values for birth weight and head
circumference were observed for 1infants born to smoking and
non-smoking mothers.
IV. Infant Birth Size and Growth

Rates of growth in length (Fig. 2-3), weight (Fig. 2-4) and head
circumference (Fig. 2-5) were similar for infants classified as small,
average or large in size at birth. 1Infant birth weight percentiles
ranging from O to 10, 45 to 55 and 90 to 100 were used to categorize
infants as small, average or large. Male and female infants were
separated to illustrate differing rates of growth. Gestational age
was significantly different (p<0.05) for infants in these groups, with
means ranging from 39.1 to 40.2 weeks. Within each of the three
parameters, anthropometric measurements were significanely different
(p<0.005) at birth, two months and four months of age.
V. Infant Birth Size and Maternal Characteristics

Comparison of mothers who delivered infants categorized by weight
as small, average, or large at birth revealed that maternal height,

pregravid weight and pregnancy weight gain influenced infant size at
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Figure 2-3 Growth in leagth from birth to four months of age for
infants classified as small, average or large based on
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Figure 2-4 Growth in weight from birth to four months of age for

infants classified as small, average or large based on

percentiles of weight (0-10, 45-55, 90-100) at birth
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birth (Table 2-12). For male infants, mean maternal age (range of
means, 25.8 to 26.1 years), did rot differ significantly for the three
groups. Mothers who delivered small babies were shorter, lighter
pregravid and lighter at parturition than mothers of average or
large-sized babies, but statistical significance was only reached for
welght and weight gain when mothers of small and large babies were
compared. Mean height of mothers who delivered small male babies was
significantly different than mean height of mothers of either average
or large-sized babies. For female infants, mothers who delivered
small babies were lighter pregravid and lighter at parturition than
mothers of average or large-sized infants, but differences were
significant only when mothers of small and large babies were compared.
No significant differences in mean height were observed; mothers who
delivered small bables were «lightly taller than mothers from other
groups. In all three groups, pregravid weight and pregnancy weight
gain were higher for mothers of female than male infants. Why this is
so 1s not clear, since both male and female groups were divided
according to size in the same way using percentiles 0-10, 45-55 and 90
to 100 to establish groups of small, average and large-sized infants.

The Weight for Height Ratio Index was highest for mothers of
average or large-sized female infants. The ratio for mothers of
small, average and large infants, calulated as maternal [Wt.(kg)] x
[Ht.(cm)21-1x100), was 0.21, 0.20, and 0.22 for mothers of male

infants and 0.20, 0.23, and 0.24 for mothers of female infants,

respectively.
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VI. MAternal Weight Changes Postpartum and Infant Growth
To examine the effects of postpartum maternal weight loss on
lactational outcome and early infant growth, the breast-feéding group
was separated from the formula-feeding group for analysis. For the
breast-feeding group, infant weight gain was not significantly
affected by maternal weight gain, loss or maintainance either during
the first two months or from two to four months postpartum (Table
2-13). All infants gained weight during the first four months of
life, although female infants on average gained slightly less than
male babies. Because of the differences in growth rates, male and
female infants were separated within the breast-fed group. From birth
to two months of age, mean weight gain ranged from 2.3 to 2.4 kg (5.1
to 5.3 1b) for male infants and from 1.9 to 2.0 kg (4.2 to 4.4 1b) for
female infants, regardless of postpartum maternai weight changes.
Similarly, from two to four months of age, mean weight gain ranged
from 1.0 te 1.3 kg (2.2 zo 2,9 1lh) for male infants and from 0.9 to
1.0 kg (2.0 to 2.2 1b) for female infants. Most women lost weight
postpartum; 78% of women surveyed lost weight between parturition and
two months postpartum whereas 67% lost weight between two and four
months postpartum. The average loss ranged from 4.3 to 4.7 kg

(approximately 9.5 to 10 1b) during the first four postpartum months.
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The relationship batween weight gain in a combined group of male
and female breast-fed infants and weight loss in their mothers was
examined. Infant weight gain was divided into deciles for the periods
from birth to two months (Table 2-14) and two to four months (Table
2-15). From birth to two months postpartum, infant welght gain ranged
from 1.1 to 3.4 kg (2.5 to 7.4 1b). Mean maternal welght loss
corresponding to deciles of infant weight gain during the first two
months ranged from 1.2 to 2.8 kg (2.6 to 6.2 1b). From two months to
four months postpartum, infant weight gain ranged from 0.2 to 2.4 kg
(0.4 to 5.3 1b) whereas corrasponding mean maternal weight loss ranged
from 0.6 to 1.8 kg (1.3 to 4.0 1b). No correlations between infant
weight gain and maternal weight loss were observed from birth to two
months or from two to four months postpartum.,

VII. Impact of Maternal Characteristics on Infant Birth Weight and
Growth

A stepwise multiple regression procedure was used to determine
correlations between various maternal characteristics and infant
birth weight. Maternal pregravid weight was found to have the
greatest effect on infant birth weight (r=0.28) followed by length of
gestation (r=0.27), weight gain during pregnancy (r=0.24) and maternal
age (r=0.10). There was no correlation between maternal height and
infant birth weight. To evaluate effects of maternal characteristics
and infant weight at birth on infant growth during the first four
months of life, a second stepwise multiple regression procedure was
conducted. However, when maternal height, metabolic pregravid weight

6.75

(weight ), pregnancy weight gain, age, length of gestation, and

infant weight at birth were correlated with infant weight gain from
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birth to four months, only maternal age was significaht, by an inverse

correlation (r=-0.16, p=0.03).

Table 2-14 Relaticnship Between Weight Gain in Male and Female

Breast-Fed Infants and Weight Loss in Their Mothers

Between Birth and Two Months Postpartum! >

Deciles Infant Weight Gain (kg) Maternal Weight Loss (kg)
0-10 1.4 + 0.03(10) -2.1 + 0.6(10)
11-20 1.6 + 0,01(13) -2.8 + 0.5(13)
21-30 1.7 + 0.02(10) -1.6 + 0.5(10)
31-40 1.8 + 0.01(13) -1.6 + 0.6(13)
41-50 2.0 + 0.01(14) -1.3 + 0.8(14)
51-60 2.1 + 0.02(12) - =1.2 + 0.5(12)
61-70 2,2 + 0.01(11) -2.0 + 0,5(11)
71-80 2.4 + 0.01(12) -1.2 + 0.8(12)
81-90 2.7 + 0.04 (8) 2.2 + 0.7 (8)
91-100 3.0 + 0.03(10) -2.5 + 0.6(10)

1 Values are means + S.E. Numbers in parentﬁeses indicate number of
observations per mean.

2 Infants were divided into ten groups according to weight gain during
the first tﬁo months of life to facilitate comparison of infant and
maternal weight changes.

No significant differences were found using Pearson correlation

coefficients, p<0.05.



Table 2-15

Deciles

0-10
11-20
21-30
31-40
41-50
51-60
61-70
71-80
81-90

91-100

Values are Means + S.E.
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Relationship Between Weight Gain in Male and Female

Breast-Fed Infants and Weight Loss in Their Mothers

Be;ween Two and Four Months Postpartum

Infant Weight Gain (kg)

0.6
0.8
0.9
1.0
1.1
1.2
1.3
1.4
1.6

1.9

+ 0.10(10)

+ 0.01(13)

|+

0.01(15)

I+

0.01 (9)

1+

0.01(13)

0.01(11)

I+

|+

0.01(11)

I+

0.02(14)

I+

0.02(11)

|+

0.10 (9)

observations per Mean.

1-3

Maternal Weight Loss (kg)
~1.1 + 1.0(10)
-1.1 + 0.3(13)
=0.6 + 0.4(15)
=1.6 + 0.7 (9)
-1.1 + 0.4(13)
-1.8 + 0.5(11)
-1.1 + 0.5(11)
=0.7 + 0.4(14)
-1.5 + 0.5(11)

-1.1 + 0.3 (9)

Numbers in parentheses indicate number of

Infants were divided into ten groups according to weight gain

between two and four months of life to faclilitate comparison of

infant and maternal weight changes.

No significant differences were

coefficients, p<0.05.

found using Pearson correlation
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D. DISCUSSION
I. Description of Sample

The acquisition of infant subjects who were exclusively
formula~fed from the first week of life to four months of age
progressed more slowly than the acquisition of exclusively breast-fed
subjects. This is not surprising since a recent Canadian survey
reported that 75%Z of mothers breast-feed their infants in hospital and
62% continue to breast-feed at two months post-partum (McNally et al.
1985). 1In Calgary during 1984, 49% of infants were exclusively
breast-fed during the first week home following hospital discharge
after birth whereas only 257 of infants were exclusively formula-fed
at that time (Walker et al. 1987). Since approximately 30% of
formula-fed babies are switched to cow's milk by three to four months
of age (Canada. Department of Health & Welfare, 1985), short duration
of formula-feeding may have excluded some infants from the study.
Furthermore, formula-fed infants tend to receive their first solid
foods earlier than breast-fed infants (Myres, 1979), and it was noted
by the inQestigator tha¢ several formula-fed infants did, in fact,
receive solids prior to two months of age, causing the exclusion of
those infants from the study.

Although the birth rate is slightly higher for male than for
female infants (Canada. Minister of Supply & Services, 1986), our
sample retained 119 male and 138 female subjects. Because male
infants may require more milk (Pao et al. 1980) or may be unsatisfied
with breast milk alone, there might be a greater tendency for mothers
to supplement breast-fed male infants with formula or introduce solids

during the first one to two months of life. A previous study



85
indicated that in 1984, 33% of male infants and 25% of female infants

were given solids during the first and second months of life (Walker
et al. 1987). Since any formula supplementation after the first week
home or provision of solids before two months were reason for

exclusion, both factors may have resulted in the sex distribution

observed in the present study.

Ail of the eleven Community Health Clinics in Calgary contributed
varying numhers of breast-fed or formula-fed infant subjects for the
study. Since method and duration of infant feeding may be affected by
factors such as parity (Forman et al. 1985), education (Myres, 1979),
receipt of formula gift packs, income, first language of the mother,
influence of relatives, friends, family, hospital staff, prenatal
class education, La Leche League, books and publications (Canada,
Health & Welfare 1982) as well as maternal age (Fieldhouse, 1984,
Hally et all 1984), the distribution of subjects by clinic tends to
reflect some of the socio-demographic features of the community
surrounding the health clinics. The identification of clinics which
present predominantly formula-fed subjects may be usefu1a>.}n
determining education strategies or specific needs of the community
serviced by a particular clinie. For example, the Downtown clinic in
Calgary serves a low-income population consisting of a relatively
large proportion of Vietnamese people. Culturally, the Vietnamese
tend to choose formula-feeding, but if educational materials were
available in their own language or if an interpreter was available in
the clinic, an opportunity to discuss alternative methods of infant
feeding may arise. In addition, low-income groups may be the ones to

benefit most from the cost-saving and immunological features of
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breast-feeding compared with formula-feeding.

Various ethnic groups were represented among the infants and
mothers comprising the study sample. It was conceivable that a
greater proportion of the formulz-fed infants came from Asian or
Oriental heritage than from Caucasian backgrounds, but without
systematic recording of ethnicity it was impossible to determine the
proportion of ethnic groups within either of the breast-fed or
formula-fed groups. Other investigators have reported that African,
Chinese, Indian (Hytten & Chamberlain, 1980), Black (Rosso, 1985),
Hispanic and Asian women (Shiono et al. 1986a) have babies of lower
average birth weight than Whites, even after adjustments have been
made for maternal and environmental variables. Ethnicity may account
for a difference in birth weight by 300 to 400 grams (Hytten &
Chamberlain, 1980). To scme extent, one would expect a greater effect
with new immigrants than with second or third generation families, but
whether ethnicity affects feeding patterns, infant birch weight or
growth in this population has not been established.

Since many of the mothers were unhappy with questions about tneir
weight, and some women refused to participate in the study, some
self-selection of respondents occurred. Although this may have skewed
results, the extent of the effect is unknown. Furthermore, although
some concern about the accuracy of self-reported welghts may be
justified, a report by Stunkard and Albaum (1981) provides assurance
that self-reported éeights are indeed valid. In their study, reported
weights were compared with measured weights for slightly more than
1300 subjects in the United States and Denmark. The American

component of the study included 550 subjects; 19% men and 81% women,



87

with a mean age of 40.0 + 0.6 (SE) years, whereas the Danish component
included 752 subjects; 79% men and 21% women. The American sub jects,
even those who were obese, were remarkably accurate in their
reporting, resulting in a correlation coefficient close to one
comparing reported and measured weights. Although the Danish
subjects, particularly women over age 40, were somewhat less accurate
than the Americans in their reporting, another study by Pirie et al.
(1981) supports the belief that self-reported weights in the United
States are useful. Pirie and her colleagues devised equations to
predict measured weight from reported weight, based on a study of more
than 3400 subjects' data (1610 men, 1799 women; white, aged 20 to 59
years) collected by the Lipid Research Clinics Program Prevalence
Study in Minnesota. Different equations were used for men and women
since women in all weight categories tended to understate thelr
weights, while in general, lieavy men tended to understate while lower
weight men tended to overstate their body weights. For women in the
20 to 39 year age group, the amount of discrepancy between measured
and reported weights 1increased as their degree of overweight
increased. The linear regression equaticns for predicting measured
weights were "measured weight (1b) = [1.03 x reported weight (1lb)] -~
3.79" for men and "measured weight (1b) = [l1.10 x reported weight
(1b)] ~ 8.80" for women (Pirie et al., 1981). Using these equations,
R2 was highly significant; 0.92 for men and 0.34 for women. Although
no large Canadian studies comparing self-reported with measured
welghts are currently available, it 1s 1likely that Canadian subjects
in the present study are more similar to Americans than to Danes, and

the concept of using self-reported weights is valid. As Stunkard and
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Albaum (1981) aptly state, “"measuremeut of body weight 1is often not
feasible for financial and/or logistical reasons” but the skepticism
traditionally directed towards the validity of self-reported weights
1s not justified. It is possible that a larger amount of error may
have been present in the self-reported weights of women during the
early postpartum period. Ideally, a sub study comparing self-reported
with actual body weights in this population would have been conducted
to quantify the variance.
II. Mothers' Profile

1. Breast-Feeding and Formula~Feeding Mothers

It was not surprising that breast-feeding mothers were older (26.9
vs. 25.7 yrs) than formula-feeding mothers, since this trend has been
reported previously by a number of investigators (Coruittee on
Breastfeeding, Manitoba Pediatric Society, 1982, Fieldhouse, 1984,
Hally et al. 1984, Walker et al. 1987). Forman et al. (1985) showed
that the prevalence of breast-feeding is highest in the 25-34 year old
age group and that breast-feeding rates increase slightly with age
within the 25-39 year age group. Nevertheless, it was interesting
that in the present study the trend for breast-feeding mothers to be
older was maintained even though women under the age of twenty, who
tend to formula-feed, were excluded.

The similarity between the breast-feeding and formula-feeding
groups for maternal height, pregravid weight, weight gain during
pregnancy and length of gestation facilitated easy comparison of
infant birth size and growth during the first few months of life.
Size of maternal subjects was similar to that reported for pregnant

women in Glasgow, Scotland (Durnin et al. 1985, Durnin, 1987) and
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weight for height based on means was within the ideal range
(Metropolitan Life Foundation, 1983). Mean weight gains during
pregnancy, 14.6 kg (32 1b) in the breast-feeding group aad 15.0 kg (33
1b) in the formula-feeding group, were comparable to the 14.7 + 4.2 kg
(32 + 9 1b) mean gain measured by Blackburn and Calloway (1985) but
greater than the 10.8 to 12.5 kg (24 to 28 1b) mean gains measured by
Durnin et al. (1985). Mean wei-“its postpartum were similar to those
reported by Butte et al. (1984) and Quandt (1983) for lactating women
(Table 2-16). The observation that neither breast-feeding nor
formula-feeding mothers had resumed their former pregravid weight is
also in agreement with findings by Butte et al. (1984) and Quandt
(1983), although their studies included only breast-feeding subjects.
Naismith and Ritchie (1975) reported a similar rate of weight loss
comparing breast-feeding and bottle-feeding mothers ﬁp to three months
postpartum, even though the breast-feeding group was consuming an
average of nearly 900 kcal/day more than the bottle-feeding mothers.
This is surprising since the energy cost of milk production is
approximately 700 kcal/day. Breast-feeding women are encouraged to
increase their food consumption during lactation to provide an
additional 450 kcal/day above their pre-pregnant requirements (Canada.
Department of Health & Welfare, 1987). Thus, weight loss of lactating
women over a four month period may be less than that observed for
formula-feeding women who may choose to restrict caloric intake to

effectively induce weight loss.
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Table 2-16 Comparison of Mean Maternal Weights During the First Four

Postpartum Monthsl

Postpartum Two Months Four Months
Breast-Feeding 63.1 + 0.7 61.2 + 0.7 60.5 + 0.7
Formula-Feeding 63.6 + 1.2 62.1 + 1.3 60.4 + 1,2
Butte et al. (1984) 64.6 + 1.4 60.7 + 1.5 59.3 + 1.7
Quandt (1983) 63.4 + 1.3 61.9 + 1.3 60.4 + 1.3

L Values are means + SE.

2. Smoking and Non-Smoking Mothers

The increased prevalence of smoking among formula~-feeding mothers
has been reported previously (Yeung et al. 1981a, Goodine and Fried,
1984, Walker et al. 1987). It is well known that non~smokers are more
likely to initiate breast-feeding and to continue breast-feeding for a
longer duration (Goodine and Fried, 1984). It is also encouraging
that many mothers stopped or reduced smoking after they learned they
were pregnant, and that only 127 of breast-feeding mothers in this
population were smoking during pregnancy and four months postpartum.

Previous studies (Grigsby Harrison et al. 1983; Picone et al.
1982a) have reported that women who smoke have lower pregravid weight
and pregnancy weight gain than non-smokers, in spite of evidence that
smokers actually consume more calories. In the present study, no
effect of smoking on pregravid weight was observed, but mothers who

smoked gained slightly but not significantly more weight than those
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who did not smoke. Another interesting trend, although not
statistically significant, was that non-smokers lost slightly more
weight than smokers in the first four postpartum months. As this
trend has not been reported elsewhere, additional study is needed to
further explore this finding; the difference may have been related to
a higher incidence of breast-feeding among non-smokers. In agreement
with a recent report by Spady et al. (1986), mothers who smoked were
significantly yecunger than non-smoking mothers.

Unfortunately, in the present study, smoking data was missing for
nearly 10% of subjects. An error in the original "Study of Infant
Weight Gain” form used for data collection was responsible, in part,
for missing data. Boxes to indicate answers of "Yes" or "No" for
maternal smoking habits were included on the form corresponding to
times of the "home visit”, “2 month" and "4 month” clinic visits, but
not corresponding to “"during pregnancy.” Consequently, nurses
recording data on the "Study of Infant Weight Gain" form quite often
omitted recording smoking habits during pregnancy. After the error on
the form was discovered, the format of the form was corrected.

ITI. Infants' Profile

1. Infant Birth Weight

Average birth weights for infant subjects, 3.4 kg (7.4 1b) for
males and 3.3 kg (7.2 1b) for females, were slightly higher than mean
welghts of reference infants in the United States. There, the
National Center for Health Statistics has established that mean birth
weights for male and female infants are 3.3 and 3.2 kg, respectively

(Hamill et al., 1979).



92

A comparison of infant birth weights by percentiles with National
Center for Health Statistics” percentiles indicated considerable
similarities between the two groups (Table 2-17), In the present
study, female infants were slightly heavier at each percentile and
male infants were slightly heavier from the ZSth to.95th percentiles,
inclusive,. compared with National Center for Health Statistics
references. The reascns why the Calgary infants were slightly heavier
are not clear, but may be due to differences in ethnicity, nutrition

or other factors.

Table 2-17 Birth Weights for Calgary Subjects and MNational Center

for Health Statistics Reference Infants, by Percentiles

Calgary Subjects NCHS Reference Infants
Welight (kg) Weight (kg)
Percentiles Males Females Males Females
5 2.6 2.6 2.6 2.4
10 2.7 2.7 2.8 2.6
25 3.1 3.0 3.0 2.9
50 3.4 3.3 3.3 3.2
75 3.7 3.6 3.6 3.5
90 3.9 3.9 3.8 3.6

95 4.1 4.1 4.2 3.8
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Significant differences in birth weight were observed acco£d1ng to
gestational age. Forty-six percent of male infants and 52% of female
infants were delivered at 40 weeks gestation. HMean birth weight at 40
weeks gestation was 3464 g for male infants and 3395 g for female
infants; weights which were very similar to the weight of a refercuce
fetus, 3450 g, reported by Ziegler et al. (1976). In the present
study, birth weight was reduced in male and female infants,
respectively, by 220 and 234 g at 39 weeks and by a furcther 179 and 49
g at 38 weeks gestation. Ziegler et al. (1976) reported a reduction
in birth weight of 170 g at 39 weeks and a further decrease of 120 g
at 38 weeks gestation. The lower birth weights observed at 38 and 39
veeks gestation were expected since gestational age 1s the most
significant variable determining size at birth (Schell & Hodges,
1985). Fat accretion occurs from 28 weeks (Grigsby Hazrison et al.
1983) to term, and fetal body composition changes within short time
intervals of a week or less. However, reduced birth weight at 41
veeks was also observed in both male (-1 g, n=21) and female (—4} g,
n=16) infants, but this may represent random variation since the
reduction in birth weight was small.

Mean weight at birth for the six low-birth-weight infants (2438 g)
fell below the fifth percehtile for the etudy population and was
approximately 750 g lower than the mean birth welght for infants of
similar gestational age. For the low-birth-weight group, mean
maternal height, pregravid weight and pregnancy weight gain were all
markedly lower than means for both the breast-feeding and
formula~feeding groups. Most of the low-birth-weight infants were

formula-fed, in agreement with results published by others (Yeung et
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al. 1981b; Goodine & Fried, 1984; Barros, 1986); three of the six
infants were believed to be Oriental, judging by names of their
parents. Small babies are less likely to Le breast~fed due to
difficulties in sucking during the first few days of life (Hytten and
Leitch, 1971) and separation from their mothers (Elander & Lindberg,
1984).

Pregravid weight of mothers of low-birth-weight infants was 11.8
kg lower and pregnancy weight gain was nearly 5 kg lower than for the
formula-feeding group. Low weight gain during pregnancy (15 lbs. or
less) has been associated with shorter gestations (0.5 wk) and smaller
placentas as well as reduced birth weight (Picone et al. 1982b).
Hytten and Chamberlain (1980) caution that although women who gain
little welght have smaller babies, a pattern of poor reproduction
rather than a causal relationship may be responsible;

Low-hirth~weight infants are considered to be at increased risk
for wmorbidity and mortality (Behrman, 1985). Anthropometric
measurements below the 25th percentile and certainly below the 10th
percentile are cause for further evaluation of the infant's health
status (Hamill et al. 1979). Identification of mothers of low-birth-
weight infants may well be an important function of community-based
health care professionals, since they play an important role in
targeting nutrition education programs to high-risk segments of the
porulation. In addition to the immediate needs of the low-birth-
weight infant and his mother, planning for future siblings may need to

include nutrition education since birth weights of siblings tend to be

very similar.
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2. Breast-Fed and Formula-fed Infants

Birth size and subsequent growth patterns for breast-fed and
formula-fed infants within a population are of particular interest
since varying results are reported elsewhere (Ahn and MacLean, 1980;
Ferris et al. 1980; Czajka-Narins and Jung, 1986). By definition,
breast-feeding in other studies frequently includes some formula
supplementation, whereas in the present study, only exclusive breast-
feeding was permitted. Populations in the United States or in other
centres in Canada may also present different results due to variations
in ethnicity, socioeconomic status, education and other factors.

In the present study, birth length, weight and head circumference
were lower in formula-fed infants than in breast~fed males. However,
formula-fed males grew at a faster rate than breast-fed males in
length and head circumference during the first four months of life.
Female infants from both the breast-fed and formula-fed groups grew at
similar rates. The comparable rate of weight gain in the breast-fed
and formula-fed groups may be one indicator of successful lactation in
this population.

Females infants were smaller at birth and remained smaller than
male infants during the first four months of life. This finding 1s in
agreement with National Center for Health Statistics reference
standards (Hamill et al. 1979).

3. Introduction of Solid Foods

Mean ages at which solid fooés were first fed to breast-fed and
formula-fed infants were similar to published results from a previous

study conducted in Calgary during 1984 (Walker et al. 1987).
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Formula-fed infants are commonly fed solids at an earlier age than are
breast-fed infants (Yeung et al. 1979, 198la; Canada. Department of
Health and Welfare, 1985) but current trends in Calgary indicate that
solids are first fed at a somewhat later age than was the case a
decade ago (Myres, 1979; Sarett et al., 1983). 1In the present study,
female infants first fed solids at two months of agé were slightly
heavier at birth compared with those fed solids at a later age, but
this trend was not observed with male infants. The pattern of solids
introduction did not appear to affect growth in length; weight or head
circumference during the first four months. Furthermore, it is
apparent that lactating  mothers continued with exclusive
breast-feeding during that time, without seemingly adverse affect on
their lactational success.

4. Comparison of Infant Birth Size with NCHS Percentiles

In the present study, mean values for male and female breast-fed
and formula-fed infants' weight at birth ranged from the 44th to the
66th percentile compared with National Center for Health Statistics
(NCHS) reference standards (Hamill et al. 1979). Although
measurements of infant weight as well as length and head circumference
obtained in the community health clinics were not well standardized,
percentile values for the study sample nevertheless fell between the
ZSth and 90th percentiles, indicating normal growth according to
established standards (Hamill et al. 1979).

5. Infants of Smoking and Non-Smoking Mothers

Weight at birth was reduced by an average of 100-200 grams for
infants of smoking mothers. The reduction was statistically

significant (p<0.05) for male but not for female infants. Other
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investigators have reported larger reductions in birth~weight related
to maternal smoking habits (Grigsby Harrison et al. 1983; Spady et al.
1986) with a dose-related effect (Grigsby Harrison et al. 1983).
Since smoking was not quantified in the present study, a dose response
cannot be confirmed, but it was noted that many smoking mothers
decreased smoking while others stopped smoking during pregnancy.

Length of infants born to smoking mothers was not reduced, unlike
results reported by Schell and Hodges (1985) and Spady et al. (1986).
Similarly, no reductions in head circumference were observed whereas
Spady et ;1. (1986) determined that head circumference was reduced
from 35.4 to 34.8 cm (p<0.05) in infants of smoking mothers. It is
conceivable that no differences in length and head circumference were
found in the present study due to lack of standardization in
technique for measuring those parameters, or perhaps higher doses of
smoking are required before infant length and head circumference are
affected. Schell and Hodges (1985) suggested that reductions in birth
length appear to be related to decreased birth weight and may only be
apparent at fhe highest dose level of smoking.
IV, Infant Birth Size and Growth

The concept of catch-up growth by infants born small for
gestational age has been discussed elsewhere (Rowland, 1985; Bhatia et
al. 1983). However, in the present study, infants classified as
small, average or large in size according to weight at birth showed
similar absolute rates of growth during the first four months of life.
On a relative basis, some catch up grpwth may have occurred.
According to weight at birth, infants within the tenth percentile

displayed similar growth in length, welght and head circumference
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th to 55th percentiles and infants above

compared to infants in the 45
the 90th percentiles. Thus no catch-up growth was observed for the
smallest babies in this population, and conversely, no slowing in the
growth rate was demonstrated for the largest babies.
V. Infant Birth Size and Maternal Characteristics

The relationship between maternal size and infant size at birth
has been well established (Hytten and Chamberlain, 1980). Thus it is
not surprising that maternal height, pregravid welght and pregnancy
weight gain were positively related with infant weight at birth for
small, average and large-sized babies. This maternal/infant
relationship was evidenced by differences in the maternal Weight for
Height Ratio Index, since mothers with a lower index gave birth to
smaller babies. However, it appears that pregravid weight and
pregnancy weight gain are more significant than maternal height. The
lmportance of adequate weight gain during pregnancy has been strongly
emphasized to promote fetal growth and to prepare the mother for
lactatibn, as well as to protect the health of the fetus and newborn
since size at birth is a reflection of health status and in part,
determines postnatal growth. Certainly, efforts to educate
prospective mothers regarding the importance of appropriate weight
gain during pregnancy continue to be important, especially given the
consideration of our weight conscious society.
VI. Maternal Weight Changes Postpartum and Infant Growth

Maternal energy stores (Hytten and Chamberlain, 1980) and diet
(Ferris and Jensen, 1984; Butte et al. 1984) affect lactational
outcome. Manning~Dalton and Allen (1983) studied well-nourished

lactating women during the first three months postpartum and reported
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that those women who lost the smallest amount of weight and consumed
the greatest amount of calories éxhibited a positive 1lactational
response. Ferris and Jensen (1984) suggested that women who restrict
food intake while lactating have difficulty maintaining lactation and
that maternal energy intakes less than 1200 kcal/day have been
associated with reduced milk output. In the present study, no effects
of maternal weight changes postpartum on infant weight gain were
observed for the duration of the four month study period. In
particular, maternal weight loss postpartum did not diminish the rate
of growth in exclusively breast-fed infants, even when weight changes
postpartum were evaluated in several different ways. Maternal weight
changes postpartum were divided into deciles of weight loss, weight
maintenance, and weight gain and compared with infant growth.
Similarly, infant weight gain during the first four Qonths of life was
divided into deciles and compared with maternal weight changes.
Pregravid maternal metabolic weight (calculated as [weighto'75]) was
also compared with weight loss postpartum to evaluate the effects of
relative weight and weight loss on infant growth. None of the
calculations indicated é significant effect of maternal weight change
postpartum on lactation outcome when lactational success was measured
in terms of infant weight gain.
VII. Impact of Maternal Characteristics on Infant Birth Weight and
Growth

The finding that maternal pregravid weight and pregnancy weight
gain are strongly associated with infant weight at birth has been
previously reported by Garn and Pesick (1982). However, contrary to

results reported by Hytten and Chamberlain (1980), maternal height in
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this study did not influence infant birth weight. The effects of
maternal age on birth weight have praviously been reported by Behrman
(1985), and the association between length of gestation and birth
weight has been well documented (Ziegler et al. 1976; Schell & Hodges,
1985). It 1is interesting to note that in the present study, length of
gestation had a slightly stronger correlation with infant birth weight
than pregnancy weigh; gain, even though length of gestation for
subjects was an established criterion limited to 38-41 weeks.

Maternal age was inversely correlated with infant growth during
the first four months of life. This finding may reflect variability
of breast-milk composition and particularly a reduced content of milk
lipids in older women, since Prentice (1985) found that milk lipids
are higher in women under age 30. A reduction in the content of milk
lipids would likely result in the slower rate of growth observed. An
examination of breast-milk composition in the Calgary population would
be needed to confirm this suggestion, since Prentice conducted most of
her work in underdeveloped countries. The absence of any correlations
between maternal height, weight, pregnancy weight gain, length of
gestation, infant weight at birth and infant growth during the first
four months of life is perhaps encouraging from the point of view that

few factors seem to physiologically inhibit successful lactation.
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F. CONCLUSIONS AND GENERAL DISCUSSION

In the present study, infant birth weight was positively
correlated with maternal pregravid weight (r=0.28), length of
gestation up to 40 weeks (r=0.27), pregnancy weight gain (r=0.24) and
maternal age (r=0.10). Birth weight was negatively related with
maternal cigarette smoking and gestational age greater than 40 weeks.
Average weight at birth was 3.4 kg (7.4 1b) for male infants and 3.3
kg (7.2 1b) for female infants, weights which were slightly higher
than mean infant birth weights established by the National Center for
Health Statistics. Six low-birth-weight infants, weighing 2500 grams
or less at birth, were included in the study. Breasf—fed male infants
were larger than formula-fed infants at birth, but rate of growth
during the first four months of life was similar for males and for
females within the two groups with the exception of male formula-fed
infants, who grew more rapidly in length and head circumference than
the breast-fed males.

In general, male infants grew more rapidly than female infants,
and the rate of growth during the first two months of life far
exceeded the rate of growth during the two to four month period.
Solids were fed to breast-fed babies at 3.6 months and to fecrmula-fed
males and females at 3.2 and 3.0 months, respectively. Feeding solids
did not apparently interfere with lactation or early infant growth.

Mothers in the breast-feeding and formula-feeding groups were
similar in height, weight and pregnancy weight gain but breast-feeding
mothers were significantly older and formula-feeding mothers were more
commonly smokers. Women who smoked gained slightly more weight during

pregnancy (NS). For the breast-feeding group, no effects of maternal
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postpartum weight changes on early infant growth were observed.

The results of this study indicate that maternal pregravid weight,
length of gestation, pregnancy weight gain and maternal age are
important determinants of infant size at birth. Growth of gfeast-fed
infants during the first four months of life may be affected by
maternal age, since a negative correlation between maternal age and
infant weight gain was observed, but in this population, maternal
postpartum weight gain, loss or maintenance were not correlated with

infant growth during the first four months.
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G. FUTURE STUDIES

Several areas of research merit further investigation. Previous
studies indicated that infants born small for gestational age may
(Rowland, 1985) or may not (Bhatia et al. 1983; Bhargava et al., 1985)
exhibit catch-up growth during infancy and early childhood. 1In the
present study, six full-term infants (slightly more than 2% of the
sample) weighed 2500 grams or less at birth, resulting in their
classification as low-birth-weight infants. Using Calgary Health
Services' Infant Health Monitoring System and Child Health Records,
low-birth-weight infants and babies born small for gestational age
could be followed during the first six years of life or longer to
assess growth in length (height) and weight to determine the presence
or absence of catch-up growth. In addition, postnatal growth in these
infants could be correlated with maternal weight gain during pregnancy
and, using the same parameters, could be compared with average and
large~sized babies and their mothers to test the assertion by Dimperio
and Mahan (1985) that higher weight gain during pregnancy is
associated with higher birth weights and improved postnatal growth.

A second area of interest pertains to lactational outcome in
mothers who deliver by cesarean section. Although Kulskl et al.
(1981) reported that lactat;onal outcome is similar following cesarean
section or normal delivery, there is a paucity of information on this
sub ject.

Thirdly, the observation from the present study that postpartum
weight loés in smokers was reduced compared with non-smokers 1is of
interest since this finding has not been reported elsewhere.

Inclusion of larger numbers of smoking mothers and quantifying smoking
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would facilitate further evaluation of this trend.

Fourthly, maternal physical -activity during pregnancy has been

studied by several investigators, but there is more work to be donme in
this area. A study by Treadway and Lederman (1986) examined the
effects of exercise on lactational performance in rats corresponding
to milk yield, wmilk composition and early postnatal growth of
offspring. Two human studies have recently been published, one by
\Langhcff-Roos et al. (1987) that evaluated effects of exercise on
maternal lean body mass, pregnancy weight gain, maternél fat accretion
and infant birth weight, and one by Wong and McKenzie (1987) that
evaluated effects of aerobic fitness on maternal labor and delivery,
infant birth weights and Apgar scores. Although these studies provide
evidence for the beneficial effects of moderate exercise during
pregnancy and during the carly postpartum period, it would be
advantagous to increase the number of subjects, vary the kind,
intensity and duration of exercise, and evaluate effects of altitude
combiued with exercise on pregnancy and lactation outcomes.

Lastly, a comparison of self-reported and measured weights for the
adult population in Calgary would be useful for verification of study
results. Whereas Stunkard and Albaum (1981} and Pirie et al. (1981)
reported relatively reliable correlations between self-reported and
measured weights, variations in reliability a~. ewvident for different
populations. Self-reported weights among Calgary residents may be
more oi less accurate than those reported elsewhere, but this can only

be determined by a study of the population in question.
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