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ABSTRACT. The beneficial effects of breast-feeding on
infant mortality and morbidity have been demonstrated
in many studies. Few of these, however, have taken into
account the possible confounding effect of birth weight.
Several studies have shown that babies of low birth
weight are less likely to be breast-fed. In some circum-
stances, this alone may account for a more than twofold
excess in postperinatal infant mortality rates among non-
breast-fed babies, even in the absence of any beneficial
effect of breast-feeding. The association between birth
weight and breast-feeding and the magnitude of the con-
founding effect is illustrated using data from a longitu-
dinal study of infant mortality in Pelotas, Southern Bra-
zil, and also using published results from other studies.
It is concluded that studies designed or analyzed to relate
breast-feeding to infant mortality should take the con-
founding effect of birth weight into account to avoid
overestimating the beneficial effects of human milk. Pe-
diatrics 1986;78:656-661; birth weight, breast-feeding, in-
fant mortality, human milk.

Several studies have shown beneficial effects of
breast-feeding on the nutritional status,’® morbid-
ity,*” and mortality*5® of infants. It is known, also,
that babies of low birth weight (<2,500 g) are more
likely to be malnourished at the end of the first
year of life than babies of normal birth weight.®*!
Morbidity during the first year of life is strongly
associated with birth weight, and McCormick et
al’? have shown that low birth weight babies are

Received for publication Dec 16, 1985; accepted April 1, 1986.
Reprint requests to (F.C.B.) Department of Maternal and Child
Health, Universidade Catolica de Pelotas, Av Dom Joaquim,
982, 96.100, Pelotas, RS, Brazil.

PEDIATRICS (ISSN 0031 4005). Copyright © 1986 by the
American Academy of Pediatrics.

656 PEDIATRICS Vol. 78 No. 4 October 1986

twice as likely, and very low birth weight babies
(<1,500 g) 4.5 times as likely, to be hospitalized
during the first year of life as babies weighing 2,500
g or more at birth. It was also shown in the inter-
American study carried out by Puffer and Serrano*?
that infants of low birth weight and insufficient
birth weight (2,500 to 2,999 g) account for a high
proportion of deaths in the first year of life.

Although both birth weight and the duration of
breast-feeding are positively associated with an im-
proved infant performance, it appears that the as-
sociation between these two risk factors has not
received much study. It is known that small babies
are less likely to be started on breast-feeding due
to the difficulties they experience in sucking during
the first days of life and also because they are
frequently kept separated from their mothers. Stud-
ies showing the patterns of breast-feeding according
to birth weight, however, are few,’*** and the po-
tential importance of this association has not been
discussed in the literature.

We have examined the association between birth
weight and breast-feeding in a cohort of babies
followed from birth in the city of Pelotas, Southern
Brazil. We considered, also, the possible magnitude
of the confounding effect that birth weight might
have in studies of breast-feeding and infant mor-
tality.

Population and Methods

All babies born in a hospital in the city of Pelotas,
Southern Brazil (population 260,000) in 1982 were
studied. Less than 1% of the births in the city in
that year occurred at home.®

Mothers were interviewed shortly after delivery



by members of the research team using a previously
tested, structured questionnaire, with questions on
demographic, environmental, socioeconomic, and
health service utilization variables. All but four
children were weighed during the first few hours
after birth. '

Early in 1984, when the children were between
12 and 27 months of age (average = 20 months), an
attempt was made to locate each child by visiting
all 68,600 households in the city. Of the original
cohort of 5,914 live births, 233 were found to have
died (215 in the first year), 4,931 were examined,
and the remaining 750 (12.7%) could not be located.

During the home visits, mothers were interviewed
again and questioned about the child’s feeding hab-
its, including the duration of breast-feeding. Infor-
mation about breast-feeding was obtained for 4,924
(83.3%) of the children in the cohort. In our anal-
yses, babies have been considered as breast-fed at
a given age if they were receiving breast milk either
exclusively or partially at that age. The median
duration of breast-feeding was determined using
actuarial methods.

As an indicator of socioeconomic status, family
income was measured in “minimum wages.” One
minimum wage is the monthly salary of an un-
skilled worker (about US $50).

RESULTS

Birth Weight and Breast-Feeding in Pelotas,
Brazil

The average birth weight for all live births was
3,187 g (SD = 589 g) and 3,275 g for babies born at
term. Of the total number of babies, 8.8% were of
low birth weight and 1.1% were of very low birth
weight. Among low birth weight babies, 40% were
preterm and the remaining 60% presumably intra-
uterine growth retarded.

Overall, 92% of the babies were breast-fed ini-
tially, and at the age of 3 months, 54% were still
being breast-fed. This proportion decreased to 30%
at 6 months, 20% at 9 months, and 16% at 12
months. The prevalences of breast-feeding during
the first week of life, and at 3, 6, 9, and 12 months
of age, in babies of different birth weights are shown
in the Figure. Of the babies weighing <2,000 g, 42%
were never breast-fed, whereas in all other weight
groups, the proportions of babies initially breast-
fed were more than 90%. At later ages, there was a
marked increase in the prevalence of breast-feeding
with increasing birth weight. These differences per-
sisted throughout the first year of life and were
observed for the whole range of birth weights.

The rates at which breast-feeding was discontin-
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Figure. Prevalence of breast-feeding according to birth weight, Pelotas, Brazil, 1982 to 1984. N = 4,905.
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ued at different ages are shown in Table 1. Low
birth weight babies are compared with those who
weighed 2,500 g or more at birth. The former were
not only more likely to be never breast-fed but were
also more likely to be weaned during the first 9
months of life.

In Pelotas, socioeconomic status is strongly as-
sociated with both birth weight?' and the duration
of breast-feeding.?? To examine the extent of con-
founding between these two factors, we determined
the median duration of breast-feeding for different
birth weight groups, with the children stratified
into five socioeconomic groups, according to family
income. Although the differences observed in the
duration of breast-feeding were not marked, there
was a trend for heavier babies to be breast-fed for
longer periods, within any socioeconomic group
(Table 2).

Estimates of the Magnitude of Confounding
Effect of Birth Weight on Studies of Breast-
Feeding and Infant Mortality

If the mortality of nonbreast-fed babies is com-
pared with that of breast-fed babies, without taking
into account differences in birth weight, the bene-
ficial effect of breast-feeding will be overestimated
(because this group contains a smaller proportion
of low birth weight babies). It is possible to calculate
the likely magnitude of this bias,”> which will de-

TABLE 1. Rates of Discontinuing Breast-Feeding Ac-
cording to Birth Weight, Pelotas, Brazil, 1982 to 1984*

Age (mo) Birth Wt
<2,500 g =2,500 g
- (n = 356) (n= 4,568)
Never breast-fed 17.1 7.4
0-2.9 478 40.8
3-5.9 474 43.9
6-8.9 : 39.5 31.5
9-11.9 10.2 20.7

* Results are percentages of children weaned during the
age interval with relation to those breast-fed at the be-
ginning of the interval.

pend on the incidence of low birth weight in this
population (P), the proportion of low birth weight
(p1) and appropriate birth weight (p,) babies who
are initially breast-fed, and the ratio of the mortal-
ity rates among low birth weight and appropriate
birth weight infants (R). The formula used for
estimating the relative risk due to confounding (Rc)
isRe={[RP(1-p)+1A-P)(1-p)][Ppr+
(1=P)pB/AIP (1 —py) + (1 — P} (1 —Py)] [R Pp
+ (1 - P)p}.

For example, in the Pelotas cohort of babies,
15.3% of babies who never breast-fed were of low
birth weight compared with 6.5% among those who
were started on breast-feeding during the first week
of life. In this population, the ratio of the postper-
inatal (seven to 364 days) infant death rates of low
birth weight and appropriate birth weight babies
was 5.4 (86/1,000 for low birth weight infants and
16/1,000 for appropriate birth weight babies). The
relative risk of postperinatal infant death for babies
never breast-fed, which could be attributed solely
to their unfavorable birth weight distribution,
would be 1.29. Thus, nonbreast-fed babies would
appear to be at 30% increased risk of death, even if
breast-feeding had no protective effect.

The relative risks for postperinatal infant death
due solely to the confounding effect of birth weight
that would have been observed in different studies
found in the literature, which give enough infor-
mation to permit this calculation, are given in Table
3. If it is assumed that the relative risk of postper-
inatal infant death for low birth weight babies
compared with appropriate birth weight babies is
approximately 5, which is the value found both in
our population and in England and Wales, the
relative risk of postperinatal death due to the con-
founding effect of birth weight in the Finnish pop-
ulation described by Taaminen et al*®* would be
2.26. This means that, if a study shows in this
population that nonbreast-fed babies are three
times more likely to die in the postperinatal period
than breast-fed babies, the relative risk of death
that can be ascribed to breast-feeding, after allow-

TABLE 2. Median Duration of Breast-Feeding (in Months) According to Birth Weight

and Family Income (N = 4,904)*

Birth Wt (g) Family Income (Minimum Wages/mo) All No. of
2 113 316 6110 > [ncomes [Infants
<2,000 0.80 092 0.69 3.00 4.50 0.93 88
2,000-2,499 2.42 2.96 3.07 3.37 3.50 2.83 267
2,500-2,999 3.12 3.05 3.17 3.17 1.83 3.09 1,140
3,000-3,499 3.20 3.15 3.19 4.45 4.56 3.31 1,897
3,500--3,999 3.72 3.50 3.44 3.68 4.79 3.59 1,208
4,000- 3.17 3.43 2.94 4.00 7.00 3.49 304
All groups 3.11 3.19 3.22 3.91 4.42 3.28 4,904
No. of infants 980 2,384 955 311 274 4,904

* One minimum wage equals approximately (US) $50.
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TABLE 3. Relative Risk Attributed to Confounding Effect of Birth Weight on the Association Between Breast-
Feeding and Postperinatal Infant Mortality for Some Published Studies*

Authors Country %LBW  RR-PPIM % LBW  %ABW  RR-PPIM (Breast-Fed/
(LBW/ABW) Breast-Fed Breast-Fed Not Breast-Fed) Due to
Confounding Effect of
Birth Weight
Taaminen et al® Finland 4.2 5 78.0 98.5 2.26
4.2 4 78.0 98.5 1.98
4.2 6 78.0 98.5 2.53
Biering-Sorensen et al'® Denmark 5.0 5 70.0 85.0 1.18
5.0 4 70.0 85.0 1.14
5.0 6 70.0 85.0 1.22
Butz & Davanzo'* Malaysia 9.0t 5 79.0 84.0 1.09
9.0 4 79.0 84.0 1.07
9.0 6 79.0 84.0 1.10

* Abbreviations used are: LBW, low birth weight (<2,500 g); RR-PPIM, relative risk of postperinatal infant mortality;

ABW, appropriate birth weight (2,500 g).

+ From UNICEF: The State of the World’s Children, 1985, p 115.

TABLE 4. Relative Risk Attributed to Confounding Effect of Birth Weight on the
Association Between Breast-Feeding and Postperinatal Infant Mortality in Some Hypo-

thetical Situations*

% LBW RR-PPIM % LBW % ABW RR-PPIM (Breast-Fed/

Breast-Fed Breast-Fed Not Breast-Fed) Due to

Confounding Effect of

Birth Weight

5.0 5 80.0 90.0 1.17
5.0 5 80.0 95.0 1.45
5.0 5 90.0 98.0 1.55
5.0 5 70.0 95.0 1.71
5.0 5 80.0 100 4.30
15.0 5 80.0 90.0 1.32
15.0 5 80.0 95.0 1.75
15.0 5 90.0 98.0 1.85
15.0 5 70.0 95.0 2.09
15.0 5 80.0 100 3.34

* Abbreviations used are: LBW, low birth weight (<2,500 g); RR-PPIM, relative risk of
postperinatal infant mortality; ABW, appropriate birth weight (=2,500 g).

ing for the effect of birth weight, would be 3.0/2.26
= 1.32. For the Malaysian population described by
Butz and DaVanzo,!* and for that of Copenhagen
described by Biering-Sorensen and colleagues,'® the
confounding effect of birth weight was only mini-
mal.

The magnitude of the confounding effect of birth
weight on the association between breast-feeding
and infant deaths in some hypothetical situations,
with different incidences of low birth weight and
different proportions of babies of low birth weight
and appropriate birth weight being initially breast-
fed, is given in Table 4.

DISCUSSION

Information about birth weight and breast-feed-
ing was collected for 83.3% of the original cohort
of 5,914 children, at a mean age of 20 months. An
additional 4.0% of these children are known to have
died during the first year of life. This rate of follow-
up, which is high for a developing country, was

achieved by visiting all urban households to search
for the children born in 1982. A comparison of the
biologic and socioeconomic characteristics of the
children who were located with those lost to follow-
up showed only minor variations.”®

We found that 17.1% of the low birth weight
babies were never breast-fed, compared with 7.4%
of babies weighing 2,500 g or more at birth. This
difference has been described previously®® and is
likely to be the result of the fact that small babies
tend to be kept in nurseries and suffer from respi-
ratory problems and other diseases that prevent
them from staying with their mothers. Several as-
pects of the present findings suggest, however, that
other factors, in addition to perinatal problems, are
responsible for shorter periods of breast-feeding in
low birth weight infants. First, the prevalences of
breast-feeding increased gradually throughout the
range of birth weights. Second, low birth weight
babies who were initially breast-fed were more
likely to be weaned during the first 9 months of life
than heavier babies. Thus, it appears that the lower
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