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Abstract

Objective: To examine statistical models that have been used to predict the cessation
of breast-feeding.

Setting: In nutritional epidemiology, a knowledge of risk factors that lead to breast-
feeding cessation is essential to promote optimal infant health by increasing or
sustaining breast-feeding rates. However, a number of methodological issues
complicate the measurement of such risk factors. It is important when building
multivariate models that variables entered into the model are not intervening
variables, factors on the causal pathway or surrogate outcomes. Inclusion of these
types of variable can lead to inaccurate models and biased results. A factor often cited
to predict breast-feeding is ‘intention to breast-feed’” prior to the birth of the infant,
although this factor is directly on the causal decision-making pathway. Another factor
often cited is the age of introduction of formula feeding, which is actually part of the
outcome variable because formula feeding defines the difference between full,
complementary and no breast-feeding. Rather than include these as risk factors in
multivariate models, factors removed from the causal pathway such as influences of
educational practices, including advice to complementary feed, and beliefs and
attitudes of families and health-care practitioners should be measured.

Conclusions: The accurate quantification of modifiable risk factors is essential for
designing public health education campaigns that are effective in sustaining or
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increasing breast-feeding duration.

In this paper, we use the following definitions:

e [ull breast-feeding to describe either exclusive breast-
Jfeeding, i.e. infants who receive breast milk as their only
source of nutrition except for vitamin/mineral sup-
plements or medicines, or predominant breast-feeding,
i.e. infants who are breast-fed and receive liquids (water
and water-based drinks, fruit juice, oral rehydration
solution), ritual fluids and vitamin/mineral supplements
or medicines, but who do not receive infant formula or
solid or semi-solid foods.

o Complementary breast-feeding to describe infants who
receive breast milk but who also receive infant formula
or solid or semi-solid foods.

e No breasi-feeding to describe infants who receive no
breast milk.

Alarge body of evidence for risk factors that are associated
with the initiation and duration of breast-feeding has been
reviewed'. However, a number of key issues complicate
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Stafistical methods

the interpretation of risk factor evidence. One problem
that sometimes arises is that methodologically sound
approaches to building multivariate statistical models are
not always used. An issue that is frequently overlooked is
that any variable considered in a model must be a
potentially predictive factor but must not be an intervening
variable, a factor on the causal pathway or a surrogate
outcome®?. The inclusion of these types of variable in
multivariate models can bias measures of effect and mask
the importance of true risk factors.

Restricting the use of infant formula feeding has been
one of the most cost-effective health interventions
identified*. However, while current breast-feeding rates
remain below health targets, it is clear that new
approaches to further increase breast-feeding rates are
needed. Health promotions to increase breast-feeding
duration need to be based on sound evidence of risk
factors that predict whether mothers decline to initiate
breast-feeding or stop breast-feeding at an early stage.
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To obtain this information, epidemiological studies that
adhere to good practice and that use established
methodological and statistical principles are essential.

In this paper, we consider the methods used to generate
risk factor information for breast-feeding duration and
discuss alternative methods that are required for informing
effective public health campaigns to promote an increase
in breast-feeding duration in the population.

Background

The evidence that breast-feeding, particularly exclusive
breast-feeding, has a wide range of important health
benefits for both infants and mothers™® is supported by
knowledge of multiple biochemical pathways that confer
anti-bacterial, anti-fungal and antigenic effects”®. For
these reasons, a number of health authorities now
recommend exclusive breast-feeding for the first 6 months
of life and complementary breast-feeding for 1 to 2
years’™ "', Although there has been a gradual increase in
rates of breast-feeding in developed countries since the
1980s'#'3 a minority of infants are exclusively breast-fed
for the first 6 months. National survey data in Australia
suggests that, at 3 months, only 57% of infants are fully
breast-fed and at 6 months, only 19% are fully breast-fed
and 53% receive no breast milk after this time'®. These
rates may vary between surveys because of the methods
used, but all rates remain well below national and
international health targets.

In developing countries, the protective effect of breast-
feeding is essential for child health through its role in
preventing major causes of child mortality including
gastrointestinal and respiratory infections. During the
1990s, modest improvements were made in exclusive
breast-feeding for the first 4 months of life, with rates
increasing from 48 to 52% in the developing world based
on 37 countries with trend data. Timely complementary
feedings at 6—9 months have also improved, with rates
increasing from 43 to 49% between 1990 and 2000"°. In
developing countries, the protection afforded by breast-
feeding increases with duration and exclusivity and
continues into the second year of life, although the risk
is reduced over time’. In countries or communities with
high child mortality, it is especially important to increase
the maintenance of breast-feeding practices.
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Causal pathways and surrogate outcomes

Good epidemiological practice in measuring risk factors
for breast-feeding cessation is essential. In this, risk factors
that are identified should be potential predictors of breast-
feeding practices but must not be on the causal pathway. If
a considered factor is on the causal pathway to the
initiation of breast-feeding, it must not be included in a
multivariate model.

A factor often used to predict breast-feeding is ‘intention
to breast-feed*®~ ', Intention to change is the basis of
health promotion theory, where it is clearly an interim step
on the pathway to altered behaviour. Figure 1 shows how
‘intention’ is directly on the causal decision-making
pathway to breast or complementary feeding patterns.
As with any behaviour, it is unlikely that someone would
engage in breast-feeding without the intention to do so.
With acknowledged factors such as this, we need to
investigate the influences that lead to the decision and not
treat the decision itself as a risk factor. We also need to
acknowledge that there may be intervening variables such
as cracked nipples or other breast-feeding problems that
may lead to breast-feeding cessation.

In addition to excluding causal pathway factors and
intervening variables, surrogate outcomes must be treated
carefully. Because they are associated with the outcome,
surrogate outcomes inevitably distort multivariate models.
From the definitions of breast-feeding, it is clear that
formula feeding is part of the outcome variable because it
is the alternative feeding method. Although the introduc-
tion of formula actually defines the difference between full
and complementary or no breast-feeding, early introduc-
tion of formula is often cited as a risk factor for breast-
feeding cessation'®*°~%2 Planning to introduce formula
feeding is also intuitively on the decision-making path-
way. This inherently strong association between ceasing to
breast-feed and introduction of formula feeds precludes its
consideration as a risk factor.

Influential factors

The introduction of infant formula has been described as a
symptom rather than a cause of breast-feeding difficul-
ties'’. The extent to which complementary feeding
interferes with infants’ feeding behaviours and undermines

Risk factors Decision-making Behaviour
(causal) pathway

Non-modifiable factors, e.g

Modifiable factors, e.g.
Health advice

Work commitments

Educational status Intention to breast-feed| ——| Full breast-feeding
Social class /
Birthplace +

! Intention to introduce
Family support formula feeds at an | ——»

Complementary
breast-feeding

early age

Maternal mental health

Fig. 1 Causal/decision-making pathway to uptake and duration of breast-feeding
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mothers’ confidence may be driven by infants who are
difficult feeders or may be a marker of poor advice from
health practitioners®. Instead of viewing the introduction
of formula as a risk factor for breast-feeding cessation, the
reasons behind the introduction, which are the real risk
factors, must be measured accurately.

Influences that lead to infant feeding decisions may
include advice to complementary feed from health-care
practitioners. Measures of the effects of advice have much
greater practical application as modifiable risk factors than
measuring the age of the introduction of formula. Other
risk factors include subtle marketing techniques targeted
at paediatricians and general practitioners by infant
formula companies®. Although marketing influences are
difficult to quantify, inclusion of the receipt of advice or
awareness of marketing messages to complementary feed
in a multivariate model would be sound in that these
factors are removed from the causal pathway. The
importance of measuring reasons for breast-feeding
decisions and the cultural beliefs and traditions underlying
breast-feeding decisions is recognised?*.

Epidemiological issues

There are other epidemiological issues in measuring risk
factors for breast-feeding that have been reviewed" %,
In observational studies, factors such as selection bias,
confounding and reverse causality need to be con-
sidered*!. For example, research participants may not be
randomly sampled so that the results are not generalisable
to the entire population, and the types of risk factor
included in models vary widely so that comparability
across studies is compromised. Other issues include low
statistical power, measurement error and bias arising from
misclassification, selection, recall and reporting of
information®.

The collection of risk factor information is not a simple
task, but assessing the effect of advice and other factors on
the decision to introduce formula feeding is a research
area in need of urgent attention. In practice, both outcome
and risk factor information are usually collected by
interview or questionnaire, which is generally easy to
obtain, but reporting bias will always be a major issue
when mothers are aware of the benefits of breast-feeding.
In future studies, influential risk factor information may
be more difficult to quantify accurately because of its
subtlety and a greater potential for reporting and recall
bias. For example, it may be important to measure
the impact of formula advertising in parenting magazines
or of advice to complementary feed from a health
professional. In this, well-designed cohort or experimental
studies are essential.

In any study, the reporting of unadjusted associations
between breast-feeding and risk factors may be mislead-
ing. For accurate information, it is important that multi-
variate statistical analyses are used to measure the
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adjusted, i.e. independent, effects. Large longitudinal
cohort studies could provide the statistical power needed
to support such complex analyses, but the costs and skills
required to implement such studies can be prohibitive.
Nevertheless, another generation of breast-feeding epide-
miology with a fresh approach to informing public health
campaigns is needed. This could begin with a re-analysis
of existing data using more stringent methods, but will also
require new, more rigorous research to collect a high level
of evidence.

The methods used to analyse risk factor data will
depend to a large extent on the study design. For cohort
studies, survival analyses provide the most useful tool for
investigating factors that influence breast-feeding duration
because they make the most value of data from mothers
who are still breast-feeding and factors such as time of
follow-up. In cross-sectional studies, analyses are usually
limited to multiple and logistic regression with no period
effect so that the measurement of factors that influence
rates of change over time is precluded.

Non-modifiable and modifiable risk factors

The development of effective breast-feeding public health
promotion campaigns centres on addressing modifiable
risk factors after taking non-modifiable risk factors into
account. Non-modifiable risk factors for breast-feeding
include mother and infant characteristics such as maternal
age, ethnicity, social class, having a partner, educational
attainment, gestation age, parity, gender and, in some
situations, mode of delivery of the baby. These non-
modifiable factors can be used to identify and target
groups who are at high risk of deciding to introduce
formula feeds.

In countries where beliefs about breast-feeding are
influenced by local culture®’, targeted interventions
will be especially important. Interpretation of the results
of studies in developing countries is difficult because of
many confounding factors such as the child’s health at
time of weaning in addition to cultural habits and taboos.
In such countries, a higher social class implies increased
affordability of infant formula and may be on the causal
pathway to stopping breast-feeding.

For designing any public health intervention, an
accurate and locally applicable knowledge of modifiable
risk factors is essential. The many modifiable risk factors
for breast-feeding duration include paternal and family
support, smoking, need to return to work and the nature
of the working environment'. Other important modifiable
factors may include attitudes of health-care workers and
family members, access to nutritional advice, psychosocial
factors such as mental health of the mother including
maternal stress, depression and coping mechanisms, and
the effects of marketing campaigns. Factors such as the
time that infant feeding decisions are made®®, which is
influenced by previous experiences in addition to the
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factors above, are important for maximising the effective-
ness of health promotions by planning interventions at
critical periods.

Recommendations

To increase breast-feeding rates further, it is important that
a high level of information about the influences of
educational practices, such as advice to complementary
feed, is collected. Although experimental approaches to
measuring influences on breast-feeding have generally
been precluded, the effectiveness of interventions to
initiate and maintain breast-feeding® and the effects of
planned introductions of formula feeding'” have been
measured in randomised controlled trials. Collecting a
high level of evidence of the effects of health messages
about complementary feeding could be achieved in
randomised trials, including cluster-designed trials to
prevent contamination between study groups. Such trials
will need to address many issues, including the difficulties
in implementing changes in hospital and health pro-
fessional practices, problems of staff attitudes to new
routines and the need for skilled help to prevent or
overcome breast-feeding difficulties™.

Accuracy in measuring risk factors for shorter breast-
feeding duration has the potential to lead to more effective
health campaigns and better educational messages. In the
future, the effects of feeding recommendations and of the
beliefs and attitudes of both parents and health-care
workers will be estimated more accurately if factors on the
causal pathway and surrogate outcomes are excluded
from multivariate models. This model building approach is
essential for collecting accurate information in all health
disciplines. In promoting healthy infant feeding, the
development of effective campaigns that are locally
tailored for clearly identified groups of mothers, delivered
at critical time points and built on rigorous models will
maximise our potential to sustain or increase rates of
breast-feeding in both developed and developing
countries.
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