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Submission to the Standing Committee on Health and Aging - inquiry into the Health
Benefits of Breastfeeding

We have recently commenced a review of epidemiological studies which compare chronic disease
incidence among those breastfed with those who were not breastfed.5 This work is part of a wider
study aiming to estimate the costs of chronic disease treatment incurred by artificial infant feeding and
it extends previous research on the attributable hospitalization costs for infants and young children
with common illnesses.

We have looked at research findings for the following chronic diseases:

• obesity

• diabetes, types 1 and 2

• cardiovascular disease and disease risk

• asthma

• coeliac disease

• inflammatory bowel disease (including Crohns disease and ulcerative colitis)

• cancer

The following findings are preliminary. We expect to complete our research study later this year. In
this paper, we present a summary of results from recent meta-analyses and provide a commentary on
plausible causal mechanisms and methodological problems currently encountered in breastfeeding
research.

Despite the benefits to the health and development of both infant and mother,2 breastfeeding rates in
Australia are poor. National3 5 and state surveys6'7 show that only around 5% of infants are
exclusively breastfed at 6 months, and only around 10% receive any breastmilk at 12 months. In
NSW, up to a third of indigenous Australians are never breastfed.6 Nationally, individuals in the
lowest two socioeconomic deciles are twice as likely as those in the top two deciles to have never
breastfed.8 Chronic disease is more prevalent among low socioeconomic groups and indigenous
Australians.9 Lack of breastfeeding in infancy thus helps perpetuate a cycle of educational, labour
market and economic disadvantage. Around 30% of adults born during the 1960s and 1970s, and
now in an age group experiencing a high incidence of chronic disease, were never breastfed.
With only around 40% of Australian infants breastfed at six months of age, less than half can be
said to have a 'healthy start to life', and breastfeeding rates at six months may even be declining.6

Preliminary findings on chronic disease risk and infant feeding

Our early findings suggest that 11—28% of chronic disease prevalence can be attributable to lack of
breastfeeding in infancy. This figure is based on epidemiological research summarized in Table 1
below.

The effect estimates from the meta-analyses in Table 1 may appear small in size (take the RR of 1.06
for coronary heart disease for example) but they do have the potential to translate into the prevention

1 This research was supported under the Australian Research Council's Discovery funding scheme.
Dr Smith is the recipient of an Australian Research Council Post Doctoral Fellowship (DP045111.7) on 'the economics of
mothers' milk and the market for infant food'. Dr Harvey is the editor of Breastfeeding Review, Australia's only peer
reviewed professional journal on breastfeeding. Both researchers are volunteers with the Australian Breastfeeding
Association (formerly Nursing Mothers').



of a substantial incidence of chronic disease." Martin and coworkers13 theorised that reductions in
mean blood pressure levels of the breastfed population would equate to the prevention of 3,000
coronary heart disease events and 2,000 strokes annually among those under the age of 75 years in the
UK. Similarly, Akobeng et. al.18 estimated that if 'no breastfeeding' was eliminated as a risk factor in
babies born in England and Wales in 2002, then the number of cases of asthma, coeliac disease and
obesity that could be prevented over 7-9 years would be 33,100, 2,655, and 13,639 respectively. In the
US, researchers estimate that as much as 15-20% of childhood obesity could be avoided by reducing
the country's 40% rate of exclusive artificial feeding.19 Potential health system cost savings are large.

Table 1: Results from epidemiological studies on infant feeding and later disease risk

Chronic
disease

Obesity

Diabetes (type 1)

Diabetes (type 2).

Heart, stroke and
vascular disease

Asthma

Coeliac disease

Inflammatory bowel
disease

Childhood cancer

Relative risk8 for artificially-fed
infants

1.15

1.23

1.43

1.64

Hypertension ~ 1.20
Coronary heart disease -1.06
Strokes/ischemic attacks -1.18

1.37

2.08

Crohn's disease 1.49

Ulcerative Colitis 1.3

All childhood cancers 1.28

Confidence
limits'3

1.12-1.18

1.14-1.35

1.15-1.77.

1.18-2.27

n.a.

1.23-1.66

1.69-2.5

1.16-1.92

1.04-1.65

1.01-1.64

Reference

Owen 200510

Harder 200511

Gerstein 1994

Owen 200612

Martin 200513

Gdalevich, 200114

Akobeng 200615

Klement200416

Martin 2006"

Assuming relative risk (RR) approximates the inverse of the odds ratio (OR), where OR represents the protective effect
of breastfeeding and RR represents the risk of artificial feeding.
b Confidence limits are based upon 95% confidence intervals of OR.

This is illustrated in Table 2, which calculates the population attributable risk proportion for various
prevalences of exposure to artificial infant feeding.

For example, if around 60% of infants are exposed to premature weaning from breastfeeding (a
definition corresponding approximately to the proportion of infants who were receiving no
breastfeeding at 6 months of age), around 11-28% of chronic disease incidence could be avoided
through increasing breastfeeding.

If breastfeeding rates were improved to National Health Target levels of around 80%, that is, an
exposure of around 20% of the population, this would reduce the attributable proportion of chronic
disease in the population to 4-11% (Table 2).

There are many uncertainties in this area of health research and some are quite important to consider.
Appendix I discusses some methodological problems encountered in breastfeeding research and uses
the recent research on obesity to illustrate these issues.

11 Although not summarised in Table 1, it is worth noting the work of Beral (2001) on breast cancer in the mother. This
large meta-analysis found that breastfeeding could account for almost two-thirds of the estimated reduction in breast
cancer incidence from 6.3 to 2.7 per 100 women by age 70, if women had the average number of births and lifetime
duration of breastfeeding that had been prevalent in developing countries until recently.



Table 2: Sensitivity analysis for different assumed 'breastfeeding' rates

Assumed rate of
population

exposure (%
'not breastfed')

100

90

80 •

70

60

50

40

30

20

10

0

Proportion (%) of chronic disease in the population that is attributable to the
exposure - range for chronic diseases in Table 1"'

Obesity

19

17

16

14

12

10

8

6

4

2

0

Childhood
cancer

' 22

20

18

16

14

12

10

8

5

3

0

Diabetes

39

37

34

31

28

24

20

16

11

6

0

CVDiv

17

15

14

12

11

9

7

6

4

2

0

Asthma

30

28

26

23

21

18

15

11

8

4

0

Coeliacv

26

24

23

21

18

17

15 '

12

9

5

0

Inflammatory
bowel
diseasevi

29

26

24

22

19

17

14

11

7

4

0

Range for all
conditions

17-39

15-37

14-34

12-31

11-28

9-24

7-20

6-16

4-11

2-6

0

Possible mechanisms by which feeding in infancy affects later life chronic disease risk

Recent neurobiological research provides new insights into how early brain functioning and
development affects physical and mental health, learning and behaviour throughout the life cycle.20'21

The brain controls the main functions of all mammals including metabolism, reproduction,
respiration, cardiovascular system, immune system, emotions, behaviour, response to stress and
threats, and learning. Brain development is a complex interaction between nature and nurture. Early
interactions with the main caregiver, including those via the sensory pathways as developed during
breastfeeding, builds basic capabilities of the brain, and shapes later social and emotional
functioning, and intelligence, literacy, behaviour and physical and mental health.21

The higher risk of infectious illnesses and the immunological vulnerability of artificially fed infants is
well known, but more recently, evidence has been accumulating from systematic reviews and meta-

III The population attributable fraction was computed using Pe(RR-l)/(l+Pe(RR-l)) where Pe is the prevalence of exposure
to artificial feeding, and RR is the relative risk calculated as the ratio of the incidence of morbidity in artificially fed
infants to the incidence in breastfed infants.
IV Based on relative risk of 1.2.
v The relative risk ratio used of 1.3 refers to the risk associated with weaning from breastfeeding before introducing solids.
As around 40-60% of Australian infants have been fully weaned from breastfeeding by 4-6 months when solids are
commonly introduced, we have calculated this figure by assuming that 50% are-not breastfeeding when solids are
introduced.
V1 The relative risk ratio used is 1.4, an average of the odds ratio for Crohn disease and ulcerative colitis.



analyses that artificial feeding of infants increases maternal and infant risk for a number of acute and
chronic diseases. These include obesity10'24, the 'metabolic syndrome' of diabetes,12 cardiovascular
disease risk including high blood pressure13, as well as some childhood cancers,25 breast cancer m the
motherland a range of chronic digestive (ulcerative colitis, Crohn's disease and coeliac)15' 1 and
allergic diseases.14' 27' 28 Epidemiological studies also consistently show measurable cognitive
development disadvantage in populations of children who were not breastfed as infants,
notwithstanding methodological flaws leading to uncertainty about effect sizes. ' Meta-analyses
show breastfeeding confers permanent cognitive performance advantage of 2-5 IQ points, after
adjustment for confounding variables such as maternal education or style, and family socioeconomic
status. Studies on cognitive development also show effects which are longlasting3 and greater for
longer duration35 and intensity/exclusivity36 of breastfeeding, and for pre-term and small-for-
gestational age infants.35"38 Recent studies using diverse methodologies from both the natural and
social sciences reinforce these findings.39"45 Researchers are currently investigating possible links with
later life mental health problems and vulnerability to stress among artificially-fed infants.46"48

Recent work by JS has focused on artificial baby milks and the obesogenic environment in
Australia,49' 50 and we summarise below the mechanisms by which infant feeding is suggested to
influence later life obesity. Breastfeeding is likely to reduce the risk of obesity through similar
processes to those by which it protects against other conditions in the metabolic syndrome.

It is likely that the above observational findings reflect causality rather than unmeasured
socioeconomic or biological confounding variables as animal studies and a small number of
experimental studies show consistent results. There are also biologically plausible mechanisms by
which artificial feeding may increase obesity risk u> 19> 24'52"55.

Although these mechanisms are still unclear, it is probably through the metabolic programming
effects of human milk, as well as from effects of early feeding practices on infant and maternal
feeding behaviours.

Firstly, breastfeeding facilitates development of self control, and may also shape later food
preferences towards healthy eating, as components of human milk and the suckling experience affect
feeding behaviours of the mother and the child.

• Although infants can self-regulate energy intake, artificially fed infants have less self-control over
how much milk they will take56. Partly this is because the carer has more control over the
artificially-fed infant's intake and may keep feeding even when the baby is full57. It may also
relate to more vigorous feeding (larger feeds and higher sucking pressure) associated with bottle
feeding58'59.

• Parental interference, such as encouragement to eat or excessive food restrictions, can override
the development of self control in children, and increase obesity risk 60. Studies show that as
breastfeeding mothers cannot easily monitor and manipulate milk intake, their feeding style is
more responsive to infant feeding cues of hunger and satiety 61. Reinforcing this is the common
view that a heavy infant is a sign of successful feeding and parenting 62.

• As the taste of breastmilk varies with the mother's diet, breastfed babies accept new foods more
readily.63 This point is significant because infants naturally resist eating new foods and prefer
sweet or salty tastes 56 and the consistently bland flavour of artificial baby milk may make the
infant less willing to try new foods. Artificial feeding may thereby reinforce innate preferences
for salty and sugary foods and influence later life dietary choices.

• Artificially fed infants may have less control over food intake because artificial baby milk lacks
components of human milk (see below) which inhibit appetite and produce satiety.

Secondly, there is also growing evidence that diet in infancy has short- and long-term effects on how
the body metabolises food, as well as influencing food intake levels and composition.



• Research in the 1990s showed that the normal energy intake of infants has been considerably
overestimated64'65. Lower weight gain by breastfed infants reflected their lower mean caloric
intake 66. Regulatory nutrition standards for artificial baby milks were based on excessive
assumptions about normal intake and hence caused over-feeding. Excessive intake of energy and
protein in infancy is now a recognised factor in causing rapid early weight gain and altered
nutritional programming67"70 that increases the risk of obesity in adolescence and adulthood71

and plays a key role in adversely programming related health outcomes such as heart disease and
diabetes 72.

• Components in breastmilk (including a complex and dynamic mix of nutrients, hormones,
growth factors and fats) play a key role in developing body systems to appropriately regulate
food intake, process fats and sugars, and influence fat formation and body weight7 "75. Human
milk contains leptin which controls appetite and satiety, and energy expenditure, and regulates
weight gain; it may perform a counter-regulatory role to insulin in the body 76"80. Artificially-fed
infants not only have significantly higher energy intakes than breastfed infants, their feeding
triggers different hormonal responses to feeding; higher insulin concentrations found in
artificially-fed infants are likely to stimulate fat deposition and early development of adipocytes
81,82 .*

• Importantly, the dietary fat composition of artificial baby milk also differs in important ways
from breastmilk, and this promotes excessive and abnormal fat cell proliferation and
development83"85. Notably, commercial infant milk also has a cholesterol and saturated fatty acid
content more markedly different from mature breastmilk than the unmodified cows milk used for
artificial feeding until the late 1960s 86. Most significantly, recent research on the fatty acid
composition of the fats in mothers milk and artificial baby milk shows that commercial infant
milks marketed between 1980 and 1995 have had extremely high (up to 120:1) ratios of linoleic
acid (LA) to ot-linolenic acid (LNA) Such a neonatal feeding regime which is known from animal
studies to strongly promote fat cell and adipose tissue formation and result in highly abnormal
weight gain. The LA content in formulas remains very variable, depending on the fat sources
used. Furthermore, the fat content of commercial infant formulas continue to reflect standards
and recommendations which are based on the very high LA/LNA ratios in milk of US, Dutch and
UK women (13-14:1), rather than the more historically and biologically normal ratios of around
7-9:1 found in Northern European and Canadian women85.

These altered hormone levels and fat concentrations in infancy disturb the normal functioning, growth
and development of body organs and tissues, increasing the propensity for fat and glucose metabolism
disorders 53.

Although the causal pathways for effects of breastfeeding are not fully understood, the effects of
breastfeeding on mental development are also believed to result from maternal infant interactions
during breastfeeding, alongside or interacting with the unique and highly complex composition of
human milk.37'40'87'88

Conclusion

Our research is still at a preliminary stage. There are many uncertainties due to methodological flaws
in existing research. These flaws work in the direction of understating the effect on chronic diseases
risk from formula feeding in the case of how breastfeeding is defined, and overstate the risks where
there is residual confounding. Overall, we would suggest that poor measurement of breastfeeding
lowers the measured effects in these studies at least as much as does ihadequate control for relevant
confounding. Confidence in many of the studies is also weakened by the small sample sizes. High
quality studies (such as those with large sample sizes, clear comparisons of substantially breastfed and
substantially artificially-fed infants, and adjustment for confounding various) typically find an effect



between lack of substantial breastfeeding in infancy, and increases in incidence of later life chronic
diseases.

Despite the uncertainties, we suggest there is enough evidence to show that breastfeeding affects
chronic disease incidence at the population level and is therefore of significance to public health
policy. Although the average effects are modest, the widespread population exposure to premature
weaning means that relatively small effects from improving breastfeeding have a potentially large
impact on population health. For example, researchers in the United States estimate that as much as
15-20% of childhood obesity could be avoidable by reducing the country's 40% rate of exclusive
artificial feeding.19 Similar size effects have been found for several other chronic diseases. Likewise
effects of artificial feeding during infancy on cognitive performance are only slightly less than the
deficits from anaemia or lead burden,88 and of the same order of magnitude as those from highly
regarded early childhood education interventions, which raise IQ by 5 points. 9 However, population
exposures to artificial feeding are much greater than for anaemia or lead. Hence relatively small
effects can be highly important for public health.33

Breastfeeding is a one off 'intervention'™ that continues to reduce chronic disease risk throughout the
life cycle. Unlike other interventions, such as exercise programs, or dietary changes, it does not have
to be continued throughout the life cycle in order to maintain this protection, and so has no ongoing
costs. This point means that it is likely to be very cost effective as a disease prevention measure.

There are few other preventative health interventions which have proven permanent effects in
reducing risk factors for chronic disease or chronic disease in such a variety of settings.

In summary, supporting breastfeeding as a policy priority is not a bad bet if you want to do
something effective now, about an urgent problem which we still don't really know how to
prevent.

Recommended priorities

Breastfeeding is already recognized to be a public health priority. Australian governments
acknowledge its wide-ranging benefits in reducing ill health and chronic disease and facilitating
normal child development. 'The encouragement and support of breastfeeding' is an Australian Dietary
Guideline, acknowledging the nutritional, health, social and economic benefits it provides for the
Australian community.9 Encouragement of breastfeeding is a key component of recent public health
and nutrition strategies targeting child health,94 obesity95'96 and chronic disease.54 Breastfeeding also
contributes to the national economic reform agenda - in 2006 the Council of Australian Governments
prioritised chronic disease prevention and early childhood development on the national economic
reform agenda because of the major implications for health system costs and labour productivity.97

More effective promotion of breastfeeding would assist this agenda.

The Commonwealth and State governments need to 'back words with actions' in areas where
government has primary responsibility. Many public health and child health and development
strategies include the promotion of breastfeeding as a goal, but don't follow through with firm
commitment to specific actions or measures to achieve this. Such measures should include the
following:

1. Collection of national, as well as state level breastfeeding data

Good statistics are essential to design and evaluate programs and to target resources effectively.
Australian collections on breastfeeding rates are ad hoc and full of gaps and inconsistencies, a

v u Though strictly, it is premature weaning/artificial feeding that is the 'intervention' in these studies.



problem that dates back over a decade.90 The lack of adequate statistics on breastfeeding reflects the
low political priority given.to it. For example, the 2001 ABS National Health Survey collected
information on breastfeeding as one of a number of lifestyle behaviours and related characteristics
which have been established as risks to health. In the next survey, the ABS will no longer include
breastfeeding in its Survey, even though this is the only national source of information which links
health risks and behaviours with obesity and chronic disease risk, and other data such as
socioeconomic status, indigenous status, ethnicity etc. They do not see it as a priority, yet it affects
many areas (such as diabetes) that they do collect data on.

2. Protection of breastfeeding from misleading and inaccurate commercial marketing and
promotion

This marketing and promotion relates to that targeted at health professionals and hospitals, as well as
direct advertising to mothers, including media and shelf advertising, promotions, health professional
education and sponsorship of continuing medical education etc.

3. Targeting of health system barriers to breastfeeding by low income and indigenous mothers

Poor quality maternity care and outdated, inaccurate breastfeeding information is a particular problem
for low income and indigenous mothers. Well-educated women in affluent communities are more
likely to have access to a hospital meeting Baby Friendly Hospital standards for supporting
breastfeeding, and to be cared for by well trained health professionals who are up-to-date and properly
skilled to support breastfeeding. Strategically chosen geographic areas may be necessary as low
income and indigenous mothers have a high rate of chronic disease and addressing this issue may
require close targeting of well resourced programs.
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Appendix I

Methodological problems in infant feeding research.

There are uncertainties in this area of health research, and some are quite important.

Firstly, there are very few randomized control trials which compare the effects of breastfeeding
versus artificial-feeding, because this is generally unethical. It would be unethical to deliberately
deprive infants of breastfeeding as breastfeeding is known to be important and desirable in nearly all
cases.

Therefore most studies are observational, that is they compare the prevalence of chronic disease
observed in a population group which was breastfed, with the disease incidence for a population
group that was not. It is difficult for such studies to show 'causation' and the results can also be
'confounded' by differences in the groups' characteristics, other than infant feeding method, which
also affect chronic disease risk.viii This difficulty is especially so if the studies are comparing later life
outcomes, when many environmental or behavioural factors could affect the outcome. Hence, a single
study may not prove a result. However, if a number of studies get similar results, the findings are
strengthened. Meta-analyses and systematic reviews are studies which compare and combine the
results of several studies, and this approach is very useful to show the broad picture, and give more
confidence that a statistically significant link exists.

It is difficult for observational studies to show 'causation'. Findings are more persuasive if there
are biologically plausible ways in which an 'exposure' (such as artificial feeding) could result in a
higher incidence of a subsequent condition. It is also more conclusive if there is a dose-dependent
relationship, that is, if earlier or more complete artificial feeding shows larger differences or effects
than when artificial baby milk is introduced later, or when artificial baby milk is combined with
breastfeeding.

A further problem in breastfeeding research is that studies often compare feeding groups which are
defined inconsistently or inappropriately. Many studies compare babies who were 'ever'
breastfed, with those who were 'never' breastfed. Not surprisingly, such studies rarely find a
difference - unless the study size is very large, or is for conditions like gastrointestinal illness or
necrotizing enterocolitis where the effects of even a small period of breastfeeding are very powerful.
The strongest effects would show in studies comparing infants exclusively breastfed to six months
with those exclusively artificially-fed to six months. However, such studies are rare because exclusive
breastfeeding is uncommon in most western countries, making it expensive to recruit enough study
subjects. The result is that many of the existing studies underestimate the true differences between
'breastfed' and 'not breastfed', and it is important to look carefully at how 'breastfed' and 'not
breastfed' is defined in each study.

It is also important to consider whether the study is large enough to show an effect. Many studies have
too few infants who are exclusively breastfed and exclusively artificially-fed for the study to show
any statistically significant differences between the infant feeding methods. Where there are also
problems in how the feeding groups are defined, such small studies showing no difference are even
more unreliable.

VU1 For example the artificial feeding group may be less well educated than the breastfeeding group. Less well educated
groups may be more likely to smoke, and this will affect their risk of chronic disease for reasons which have nothing to do
with whether they were breastfed as infants.



In summary, it is hard to find high quality studies in this area. High quality studies are expensive as
they require recruitment of large numbers of infants for whom breastfeeding and artificial feeding is
carefully and specifically defined. Hence, meta-analyses and systematic reviews provide the best way
to get an overview of the findings of research to date, and until more high quality studies are funded,
conducted, and available.

Dose response studies indicate causation in obesity studies

A number of studies have found a dose-response of obesity to early life artificial feeding. A meta-
analysis of 17 different studies measuring duration of breastfeeding, with around 121 000 participants,
found that the probability of overweight/obesity in later life was reduced by 4% for each month of
breastfeeding, with breastfeeding for less than a month increasing obesity risk by nearly 50%
compared to breastfeeding for more than six months11. Likewise, there is evidence of a thresh-hold
effect for exposure to artificial feeding. Several studies have found that a significant protective effect
of breastfeeding against obesity arose only for infants who had been breastfed exclusively for around
four months or for a substantial duration. In two such studies, infants who were breastfed longer than
six months or breastfed exclusively for more than four months had a reduced odds of obesity in
childhood or adolescence of around 30%91' 92. In other studies measuring duration, breastfeeding
reduced later life obesity by between around 20%52 and 45%55. The 2005 meta-analysis by Owen and
co-workers found the association between early feeding and later obesity was stronger in studies
where breastfeeding was sustained beyond two months, or where initial feeding was exclusive.

These greater observed effect sizes in studies with more precise measurement of duration or intensity
of exposure to artificial feeding is important, because it suggests pooled estimates from meta-analyses
which includes studies with ambiguous measures of exposure may understate the magnitude of
effects. Many studies included in recent meta-analyses defined breastfeeding without minimal criteria
for exclusivity or duration, and categorised 'mixed fed' infants as either 'breastfed' or 'formula fed'.ix

More precise categorization of exposure such as comparing predominantly or exclusively artificially-
fed with predominantly or exclusively breastfed from birth to six months may result in larger effect
sizes than shown by pooled estimates from meta-analysis of numerous mixed quality studies.

Confounding factors in obesity studies

While imprecise exposure measurement may understate the role of breastfeeding in protecting against
later life obesity, residual confounding on the other hand, may result in overstated effects of infant
feeding on later life obesity. Few of the studies of infant feeding and obesity risk control for all
important confounders 24, and it is difficult to accurately assess parental attributes or family
environments associated with alternative lifestyles such as dietary habits or physical activity levels 54.

A recent study contributed to this question of confounding by comparing siblings who had discordant
breastfeeding duration. This within-family study of 2709 families included 2372 discordantly fed
sibling pairs and showed that those breastfed for a longer duration (four months longer on average)
had a 6—8% lower odds of overweight in adolescence93. This finding suggests that apparently
protective effects of breastfeeding are not due to unmeasured socio-cultural factors because the
association of breastfeeding duration with adolescent obesity for siblings raised in the same family
environment was similar to the results for the whole sample. Furthermore, another very recent study
of 15 253 adolescents from relatively homogenous socioeconomic and parental occupational
background found that exclusive breastfeeding reduced obesity by around 25-35% after adjusting for
important confounders including maternal overweight/obesity, maternal diabetes, household income
maternal smoking, and birth weight, as well as dietary intake and physical activity. 94

IX This definition was often necessary to obtain sufficiently large sample sizes of breastfed infants in populations where
exclusive or sustained breastfeeding beyond the early weeks is rare.


