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Abstract: There is increasing evidence that breastfeeding has long term beneficialt
effects on the infant. The most important are improved cognitive
development, reduced incidence of immune related diseases (e.g. Type-1
diabetes and inflammatory bowel disease), and childhood cancers. A 
reduced risk of breast cancer in the mother is another important benefit.
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1. INTRODUCTION 

Breastfeeding (BF) has numerous advantages for the child and affects 
several physiological mechanisms/systems. Not only short-term effects,
but also effects in later life have been reported. Many of these health
benefits exhibit dose-response relationships; i.e. longer duration of BF is 
associated with greater degrees of benefit. The WHO recommended 
optimal duration of exclusive BF is 6 months (WHO, 2002). This is
based on a systematic review of studies from developed and -developing
countries comparing growth, development, morbidity, and mortality of 
infants with different durations of BF (Kramer and Kakuma, 2002). Thef
aim of this paper is to briefly review the effects of BF on infant and
maternal health with emphasis on long term effects. The effect of BF on 
childhood obesity is covered in another chapter.  
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2. METHODOLOGICAL CONSIDERATIONS  

Studies examining the effects of BF are mainly based on 
observational studies, as it is unethical to randomise newborn infants to
BF or formula. This presents methodological challenges due to possible 
sources of errors such as confounding, reverse causality and selection
bias, e.g. social status and maternal education are strong predictors of the 
duration of BF and some of the outcomes studied. The quality of 
observational studies has, however, improved over the last 15 years
through improved designs and better control for relevant confounders.

3. COGNITIVE DEVELOPMENT 

Many studies have found an association between BF and cognitive 
development. A meta-analysis including studies of children between 6
months and 15 years reported an overall effect of 3.2 IQ points after 
controlling for potential confounders (Anderson et al., 1999). The effect 
was stronger in preterm infants. There was a significant dose-response 
relationship with the duration of BF and the effects seemed to be
independent of the age at which the outcome was measured. One study
has suggested that this effect persists into later life since a positive
association between duration of BF and intelligence in a group of men 
(mean age 18.7) and in another group of both women and men (mean age
27.2) was found  (Mortensen et al., 2002). Different IQ tests were, used 
for the two groups.

The most plausible explanation for the positive effects of BF on 
mental function is the higher level of long chain poly-unsaturated fatty
acids (LCPUFA) especially the n-3 fatty acid docosahexaenoic acid 
(DHA.) in breast milk compared to infant formula, DHA accumulates in 
neural membranes during infancy (Lauritzen et al., 2001; Michaelsen et 
al., 2003; SanGiovanni, 2000). Preterm infants have a lower LCPUFA
status which supports this mechanism. Although the effect on cognitive
function is not large in the individual it can have an important impact at 
the population level.
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4. GROWTH 

Breast-fed infants generally exhibit a different growth pattern to that 
of formula-fed infants. The weight gain of breastfed infant is lower and,
in some studies, the length gain is also affected. Furthermore, breast-fed 
infants are generally leaner then formula-fed infants by 12 months of age 
(Michaelsen et al., 1994; Dewey, 1998). There are no known adverse
consequences related to the slower growth in breast-fed infants.

5. IMMUNE SYSTEM AND ITS DISORDERS 

Breast milk contains many immune factors, which give the infant 
passive protection against infections. The most important immune 
related factors are leucocytes including B and T lymphocytes, 
macrophages, neutrophiles, secretory immunoglobulin A (SIgA), 
cytokines, bifidus factor, lyzosyme, oligosaccharides, and lactoferrin 
(Heinig & Dewey, 1996; Hanson et al., 2003). BF also stimulates the
infant’s own immune system: the thymic gland is larger in breast-fed 
infants (Hasselbalch et al., 1996), SIgA concentration in urine is higher 
in BF infants (Goldblum et al., 1996) who also respond with higher
levels of antibodies after certain vaccines (Hahn-Zoric et al., 1990). It 
seems that this stimulation has long-term effects.

The incidence of infections is lower in breast-fed infants compared to
formula-fed infants. BF provides the most significant protection against 
gastrointestinal infections but also the incidence of respiratory infections 
is reduced (Howie et al., 2002; Oddy et al., 2003). Protection against
urinary tract infections and otitis media up to 3 years has also been
reported (Heinig & Dewey, 1996; Léon-Cava et al., 2002).

The effect of BF on the development of allergy is commonly
regarded as one of its most significant advantages. BF protects against
cow’s milk allergy (Halken, 2004), but the effect against other allergic
diseases as atopic dermatitis and asthma is less conclusive. In a 
systematic review with meta-analysis of prospective studies of BF and 
the risk of bronchial asthma, BF was reported to reduce the incidence of 
wheezing and asthma by 30%. In case of family history for allergy the 
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effect was stronger (Gdalevich et al., 2001). In a recent review it was 
concluded that there seemed to be a positive effect of BF on atopic
diseases and that the effect was stronger in families with atopic disease 
(van Odijk et al., 2003). However, two other studies report no overall
effect of BF. If the children were stratified by family history of allergy, a
protective effect was observed in children with parents with allergy,
whereas there was a slightly increased risk of atopic dermatitis in 
children with parents without allergy (Laubereau et al., 2004; Stabell et 
al., 2004).

Coeliac disease, or permanent gluten-sensitive enteropathy, is an 
immunologic disease dependent on exposure to gluten. BF reduces the 
risk of coeliac disease if gluten-containing foods are introduced 
gradually into the diet of infants while they are still being breast-fed 
(Ivarsson et al., 2002).

Among other immune related diseases, BF has been reported to 
reduce the risk of Crohn’s disease and colitis ulcerosa, but it is not know 
if BF is of major importance for development of these diseases (Davis,
2001; Klement et al., 2004). Also protection against development of 
multiple sclerosis, rheumatoid arthritis by BF has been reported (Hanson
et al., 2001). The use of donor human milk versus formulas seems to
reduce the risk of necrotising enterocolitis in preterm infants (McGuire
& Anthony, 2003). 

6. TYPE 1-DIABETES MELLITUS 

Type 1-diabetes mellitus (DM) is caused by both genetic and 
environmental factors. A number of studies have shown a protective
effect of BF, whereas introduction of formula milk and complementary
food seems to increase the risk (Davis, 2001). In addition, increased 
early growth is also associated with type 1 diabetes risk and is 
independent of the other risk factor, early introduction to formula milk 
(Hyppönen et al., 1999, EURODIAB Group, 2002). In a multi centre 
study, BF was reported to reduce the risk of DM by 40% relative to
children never being BF after adjusting for growth pattern (EURODIAB
Group, 2002). It has been suggested that LCPUFA present in breast milk 
improves the resistance of the -cells (Das, 2003).
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7. CARDIOVASCULAR DISEASE 

The serum cholesterol concentration is higher in breast-fed infants
than in formula-fed infants since breast milk contains cholesterol but this
is not seen once BF finishes.  Serum cholesterol level is lower in adults
who had been breast fed (Owen et al., 2002). In accordance with this a
meta-analysis reported that BF was associated with lower systolic blood 
pressure in later life. However, the overall difference was only 1.1 mm
Hg, which is of limited clinical importance (Owen et al., 2003). An
adverse effect has also been reported in a single study, where BF was 
associated with reduced arterial distensibility (Leeson et al., 2001). In 
addition, two new studies find no conclusive evidence that BF influences
the risk of developing cardiovascular disease mortality (Martin et al.,
2004; Rich-Edwards et al., 2004)

8. CANCER 

Two meta-analyses suggest that BF is associated with a small 
decrease in the risk for childhood leukaemia (Kwan et al., 2004) and 
other childhood cancer forms (UK CCS Investigators, 2001). The 
protective effect of BF seems similar for all cancer forms why a non-
specific effect of BF or a systematic bias shared by most of the included 
studies cannot be excluded.

9. MATERNAL EFFECTS 

Protection against breast cancer is the most significant effect of BF
on maternal health. A meta-analysis showed that the relative risk of 
breast cancer decreased by 4.3% for every 12 month of BF, in addition to 
a decrease of 7% for each birth (Collaborative Group, 2002).
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