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Exclusive breastfeeding duration and infant infection
MA Quigley1, C Carson1, A Sacker2 and Y Kelly2

BACKGROUND/OBJECTIVES: We estimated the risk of infection associated with the duration of exclusive breastfeeding (EBF).
SUBJECT/METHODS: We analysed the data on 15 809 term, singleton infants from the UK Millennium Cohort Study. Infants were
grouped according to months of EBF: never, o2, 2–4, 4–6 and 6 (the latter being World Health Organisation (WHO) policy since
2001: ‘post-2001 WHO policy’). Among those EBF for 4–6 months, we separated those who started solids, but not formula, before
6 months, and were still breastfeeding at 6 months (that is, WHO policy before 2001: ‘pre-2001 WHO policy’), from other patterns.
Outcomes were infection in infancy (chest, diarrhoeal and ear).
RESULTS: EBF was not associated with the ear infection, but was associated with chest infection and diarrhoea. EBF for o4 months
was associated with a significantly increased risk of chest infection (adjusted risk ratios (RR) 1.24–1.28) and diarrhoea (adjusted
RRs 1.42–1.66) compared with the pre-2001 WHO policy. There was an excess risk of the chest infection (adjusted RR 1.19, 95%
confidence interval (CI): 0.97–1.46) and diarrhoea (adjusted RR 1.66, 95% CI: 1.11, 2.47) among infants EBF for 4–6 months, but who
stopped breastfeeding by 6 months, compared with the pre-2001 WHO policy. There was no significant difference in the risk of
chest infection or diarrhoea in those fed according to the pre-2001 versus post-2001 WHO policy.
CONCLUSIONS: There is an increased risk of infection in infants EBF for o4 months or EBF for 4–6 months who stop breastfeeding
by 6 months. These results support current guidelines of EBF for either 4–6 or 6 months, with continued breastfeeding thereafter.
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INTRODUCTION
Breastfeeding has many health benefits, including protection
against gastrointestinal and respiratory infections in infants. The
World Health Organisation (WHO) and governments worldwide
promote exclusive breastfeeding (EBF), although the most
appropriate age for solids to be introduced is still debated. Before
2001, the WHO recommended that solids were introduced at
4–6 months, whereas in 2001, the recommendation was changed
to 6 months.1 The change was based largely on a systematic
review that compared the effect of EBF for 6–7 months with ‘EBF
for at least 3–4 months and mixed feeding thereafter (that is,
breast milk plus solids and/or formula).2 The review, which was
updated in 2012,3 found that in studies from Belarus, Iran and
Nigeria, EBF for 6+ months was associated with less gastro-
intestinal infection and (in Iran and Nigeria) less respiratory
infection in infancy compared with EBF for 3–4 months. There
were no differences between the two groups with respect to other
outcomes.
The WHO policy of 6 months of EBF has been widely adopted

by many countries.4–6 Despite this, the majority of infants are not
EBF at 6 months, particularly in developed countries. For example,
on average 39% of infants in Organisation for Economic
Cooperation and Development countries are EBF for 4 months
and 23% are EBF for 6 months.7 The rates of EBF in the UK are
even lower: in 2010, 12% were EBF for 4 months and 1% were EBF
for 6 months.8

Given that many more infants are fed according to the pre-2001
WHO policy (defined in Table 1) than with the current (hereafter
referred to as post 2001) policy, we estimated the risk of infection
in infants fed according to the pre-2001 policy compared with
infants fed according either to the post-2001 policy, or with

shorter periods of EBF (as defined in Table 1). We estimated these
risks in a large UK cohort born at a time when the pre-2001 WHO
policy was still national policy, and with a sufficient number of
infants who were EBF for 4–6 months. In this paper, we define the
pre-2001 WHO policy as EBF for 4.0–5.9 months rather than EBF
for 4–6 months, so as to enable a direct comparison of two
mutually exclusive groups (EBF for 4.0–5.9 months and EBF for
6 months).

PARTICIPANTS AND METHODS
Millennium cohort study
The Millennium Cohort Study is a nationally representative longitudinal
study of 18 818 infants born in the UK.9 A random two-stage sample of all
infants born in England and Wales between September 2000 and August
2001, and in Scotland and Northern Ireland between November 2000 and
January 2002, who were alive and living in the UK at age 9 months was
drawn from Child Benefit registers. At the time of the survey, Child Benefit
claims in the UK covered virtually all children. Stratified sampling by
electoral ward (defined geographical area), with over-sampling of ethnic
minority and disadvantaged areas, ensured adequate representation of
such areas. The interview response rate was 85%.9 Parents were
interviewed for the first time when infants were aged 9 months, and
detailed information was collected on socio-economic and health factors.

Exclusions
This analysis focused on term, singleton infants who did not have major
problems at birth. Hence, 3008 infants (16% of the original 18 818) were
excluded, sequentially, for the following reasons: multiples (n=522);
gestational age o37 weeks or missing (n= 1525); admission to intensive
care units at birth (n=961); and main respondent not the birth mother
(n=1). The analysis was based on the remaining 15 809 infants.
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Breastfeeding
Breastfeeding patterns were assessed by maternal report that has been
shown to be reliable in other studies10,11 Breastfeeding initiation was
assessed by the question ‘Did you ever try to breastfeed your baby?’.
Breastfeeding duration was estimated using the questions about the age
of the infant when last given breast milk, and when first given formula,
other types of milk and solids. Infants were grouped into 2-month bands
according to their duration of EBF: never breastfed, o2, 2–3.9, 4–5.9 and
6+ months (hereafter referred to as never, o2, 2–4, 4–6 and 6+ months).
Among the infants who were EBF for at least 4 months, we separated out
those fed according to the post-2001 WHO policy (EBF for 6+ months), the
pre-2001 WHO policy (EBF for 4–6 months, with solids, but no formula,
introduced at 4–6 months and still breastfeeding at 6 months) and infants
with other feeding patterns (Table 1).

Infant morbidity
At the 9 months interview, the mothers were asked about medical
consultations for their baby’s health: ‘We would like to know about any
health problems for which oJack4 has been taken to the GP, Health
Centre or Health Visitor, or to Casualty, or you have called NHS Direct’.
Several possible health problems were listed, for example, chest infections,
ear infections, severe or persistent diarrhoea. Multiple different health
problems were recorded, although the same health problem was not
recorded more than once. For example, an infant who had had a chest
infection, severe diarrhoea and an ear infection at some point in infancy
would have all three problems recorded, but an infant who had three chest
infections would only have chest infection recorded once; hence, we could
not analyse multiple events. We analysed the occurrence of any: chest
infections, persistent or severe diarrhoea, and ear infection. Data were not
available on when in infancy the health problem occurred.
The mothers were also asked about hospital admissions: ‘Has your baby

ever been admitted to a hospital ward because of an illness or health
problem?’. Several possible reasons for admission were listed, including
‘gastro-enteritis’ and ‘chest infection or pneumonia’, hereafter referred to
as diarrhoea and lower respiratory tract infection (LRTI), respectively. We
have previously used time-changing variables to estimate the association
between exclusive/partial breastfeeding in the past month and the risk of
hospitalisation for these infections during the same month,12,13 but we
have not previously estimated the association between the duration of EBF
and these outcomes. We report these associations here for completeness.

Statistical methods
The risk of each outcome during infancy was estimated according to infant
feeding group, using those who followed the pre-2001 WHO policy (group
7 in Table 1, n= 1122) as the reference.
Risk ratios were estimated using modified Poisson regression.14 All

analyses were adjusted for the infant’s age at recruitment (range
8–12 months; 75% were aged 9 months). The risk ratios were also
adjusted for the following variables that were associated with the feeding
group or the outcome in univariable analysis (Po0.10): infant’s sex; infant’s
ethnicity; maternal age; maternal education; social class; marital status;
household income; household crowding; gestational age; birthweight;
mode of delivery; smoking and alcohol during pregnancy; whether the

mother was a current smoker; (for the analysis of chest infection/LRTI)
family history of asthma; whether the infant had other siblings; and age
when started formal childcare. Owing to the large number of potential
confounders, multivariable models were fitted in three stages, adjusting
first for socio-demographic variables, then all other variables and finally
adjusting for both sets of variables simultaneously. At each stage, variables
that were no longer statistically significant (Po0.05, two sided) were
dropped. In final models, adjustment was made only for those variables
that were significantly (Po0.05, two sided) associated with the outcome
after adjustment for other variables in the model (see footnote in Table 2,
which also shows the sample size for final models).
All analyses allowed for the clustered, stratified sample using the ‘survey

commands’ in Stata version 13 (Stata Corporation, College Station, USA).
Hence, all proportions and risk ratios are weighted, and all confidence
intervals (CI) are adjusted for clustering. Missing data was minimal, hence
all results are based on complete case analysis.

Data deposition
Our study is a secondary analysis of Millennium Cohort Study (MCS) data
sets that have been deposited in the UK data archive.

Ethical approval
Informed consent was obtained from all included parents in the original
study. Ethical approval to conduct the original study was granted by the
South West (MREC/01/6/19), London (MREC/03/2/022), London (05/MRE02/46)
and Northern/Yorkshire (07/MRE03/32) Multi-Centre Medical Research
Ethics Committees.

RESULTS
Of the 15 809 infants in the study, 34.0% were never breastfed,
35.7% were EBF for o2 months and 14.8% were EBF for
2–4 months (Table 1). A further 7.1% and 1.2% were fed according
to the pre-2001 (group 7) and post-2001 WHO (group 8) policy,
respectively. Among the 190 infants, who were EBF for at least
6 months, 140 (74%) were EBF for 6 months, whereas 24 (13%)
and 26 (14%) were EBF for 7 and 8-9 months, respectively. As
group 6 was too small to allow meaningful comparisons, it has
been omitted from all further tables.

Characteristics associated with EBF
There were striking differences in the characteristics of the
feeding groups (Tables 3 and 4); Po0.001 for an overall difference
between the seven groups for all characteristics except gestational
age in weeks (P= 0.003) and parental asthma (P= 0.086). In
general, the infants who were never breastfed were more likely to
have the most disadvantaged socio-economic profile (for exam-
ple, neither parent had a professional occupation, the mother was
not university educated and had no formal qualifications; Table 3;
Figure 1a). A longer duration of EBF was associated with a more

Table 1. Description of, and sample size for, exclusive breastfeeding groups used in the analysis

Group Description N (%)

1 Never breastfed 5382 (34.0)
2 EBF for o2 months 5645 (35.7)
3 EBF for 2–4 months 2335 (14.8)

Infants who were EBF at 4 months (n=2447) were grouped according to their infant feeding pattern at 4–6 months as follows:

4 EBF 4–6 months: stopped BF before 6 months, had formulaa and/or solids before 6 months 533 (3.4)
5 EBF 4–6 months: BF Z 6 months, had formulaa and solids before 6 months 556 (3.5)
6 EBF 4–6 months: BF Z 6 months, had formulaa but no solids before 6 months 46 (0.3)
7 EBF 4–6 months: BF Z 6 months, had solids but no formulaa before 6 months (pre-2001 WHO policy) 1,122 (7.1)
8 EBF ≥ 6 months (post-2001 WHO policy) 190 (1.2)

Abbreviations: BF, breastfed; EBF, exclusively breastfed. aFormula or other liquids.
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advantaged socio-economic profile, although the groups who EBF
for at least 4 months (particularly groups 5, 7 and 8, who were all
EBF for at least 4 months and still being breastfed at 6 months)
tended to be more similar to each other than to the groups who
EBF for o4 months.
The infants who were never breastfed had the highest

prevalence of maternal smoking in pregnancy (35.8%) and
currently (44%); these prevalences decreased with the duration
of EBF, although again there was very little difference between
groups 5, 7 and 8 (Table 4; Figure 1b). The majority of infants in
groups 7 and 8 (60.6% and 67.2%, representing the pre-2001 and
post-2001 WHO policy, respectively) were not in formal childcare
at age 9 months.

Risk ratios for medical consultation for infection
Overall, the proportion of infants who had at least one episode of
each outcome was 10.2% for ear infection, 28.8% for chest
infection and 9.2% for persistent or severe diarrhoea. Overall, 3.5%
and 1.4% of infants were hospitalised for LRTI and diarrhoea,
respectively.
The risk of ear infection varied only slightly according to the

duration of EBF and none of the risk ratios were statistically
significant (Table 2). In contrast, the risk of chest infection and
diarrhoea varied significantly according to the duration of EBF
(Table 2; Figure 2); for chest infection, there was a clear dose
response effect. Infants who were EBF for o4 months (groups
1–3) had a significantly increased risk of chest infection (adjusted
risk ratios varying between 1.24 and 1.28) and diarrhoea (adjusted
risk ratios varying between 1.42 and 1.66) compared with infants
who were fed according to the pre-2001 WHO policy. There was

an excess risk of diarrhoea (adjusted risk ratio 1.66, 95% CI: 1.11,
2.47, P= 0.015) among those infants who were EBF for at
least 4 months, but stopped any breastfeeding before 6 months
(group 4), compared with those who were fed according to the
pre-2001 WHO policy.
There was no significant difference in the risk of chest infection

or diarrhoea in those who followed the pre-2001 versus the post-
2001 WHO policy, although the latter group was small (n= 190).

Risk ratios for hospitalisation for infection
The association between the duration of EBF and hospitalisation
for LRTI was similar to that for non-hospitalised chest infection,
although the number of events was relatively small and the effects
were not always statistically significant (Table 2). For hospitalisa-
tion due to diarrhoea, the number of events in the reference
group (those fed according to the pre-2001 WHO policy) was too
low (2 out of 1122) to allow robust estimates of risk ratios.

DISCUSSION
In this large UK cohort, infants who were EBF for any period of
time that was o4 months—even for 2–4 months—had a
significantly increased risk of chest infection and diarrhoea
compared with infants who were fed according to the pre-2001
WHO policy (EBF for 4–6 months, introduced solids but no formula
before 6 months, still breastfeeding at 6 months). There was even
an excess risk of diarrhoea among those infants who were EBF for
at least 4 months, but stopped all breastfeeding before 6 months,
compared with those who were fed according to the pre-2001
WHO policy. The lowest risk of chest infection and diarrhoea was

Table 3. Socio-demographic characteristics of the infants in the study population according to the duration of exclusive breastfeeding

Never BF EBF
o2 months

EBF
2–4 months

EBF 4–6 months EBF 6+ months

Group 1
N= 5382

Group 2
N=5645

Group 3
N= 2335

BF o6 months,
had formula
and/or solids

before 6 months
Group 4
N= 533

BF 6+
months, had
formula and
solids before
6 months
Group 5
N= 556

BF 6+
months, had
solids but no

formula
before

6 months
Group 7
(pre-2001

WHO policy)
N= 1122

Group 8
(post-2001 WHO

policy)
N

Socio-demographic characteristics
Infant sex—female (%) 50.2 48.6 45.7 52.2 56.6 54.0 52.0
Infant ethnicity—white (%) 93.2 83.9 87.2 84.8 86.8 83.9 73.3
Mother’s age at delivery, mean (s.d.) 26.8 (6.3) 28.8 (5.6) 29.8 (5.0) 30.5 (5.0) 32.0 (4.3) 31.2 (4.9) 31.4 (5.5)

Mother’s education
University degree or equivalent (%) 12.5 35.2 43.5 45.6 60.0 55.1 48.9
A levels or equivalent (%) 13.0 14.6 16.6 15.2 12.3 14.3 10.3
Lower than A levels (%) 52.3 40.0 34.5 32.3 22.2 25.8 30.5
No formal qualifications (%) 22.2 10.6 5.4 6.9 5.4 4.8 10.2

Highest occupation of mother and father
Professional/managerial (%) 24.4 46.9 57.2 58.2 68.7 67.0 60.6
Intermediate (%) 20.5 20.5 18.9 18.8 17.2 16.0 22.6
Routine and manual (%) 47.4 28.4 21.6 18.7 12.8 14.3 13.6
Never worked (%) 7.8 4.2 2.3 4.4 1.4 2.7 3.2

Marital status—single (%) 24.1 11.8 9.3 8.9 19.0 4.6 6.3
Household income less than £10 400 p.a. (%) 32.8 18.3 12.8 13.0 9.1 10.8 13.2
Household crowdinga (%) 12.3 9.1 6.5 8.8 5.2 8.9 13.0

Abbreviations: BF, breastfed; EBF, exclusively breastfed. aCrowding defined as o1 room per person (rooms/people o1).
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in infants who were EBF for at least 4 months, with partial
breastfeeding for at least 6 months, that is, those who were fed
according to the pre-2001 or post-2001 WHO policy. Our study did
not have a large enough number of infants who followed the
post-2001 WHO policy to allow meaningful comparison of
outcomes with the pre-2001 WHO policy.
The main strengths of our study are the large sample size,

adjustment for numerous confounders and detailed data on infant
feeding. As there were enough infants who followed the pre-2001
WHO policy (n= 1122), these formed the reference group, thus
enabling us to estimate the risks associated with a shorter
duration of EBF compared with the recommended UK policy at
that time. This is in contrast to most other studies which estimate
the benefits of different breastfeeding durations compared with
the ‘never breastfed’ group.
The main limitation is that data on infant feeding and infection

were obtained through maternal report. In particular, the feeding
patterns in our study, which are based on the infant’s age when
last breastfed, or first given solids or formula, will be prone to
rounding error, particularly as many responses were given in
months rather than days or weeks. Several studies have shown
that mothers accurately report breastfeeding duration within
1 month, up to 3 years after delivery, although data on the
introduction of solids or formula are less valid.10,11 The data on
breastfeeding duration and introduction of solids in our study are
similar to those reported in the UK Infant Feeding Survey of
infants born in August to October 2000,15 on average, 6 months
before the MCS babies: the proportion of infants breastfed for at
least 6 months was 22% in the MCS and 21% in the Infant Feeding

Survey; in both studies, 85% of infants had started solids by
4 months.
Maternal report of hospitalisation, a serious and rare event, is

likely to be accurately recalled during this 9 month period, but the
number of events was relatively small. Maternal report of infection
that required a medical consultation during the past 9 months is
likely to be remembered with reasonable accuracy,16 although
these subjective responses may be prone to diagnostic mis-
classification, for example, mother’s report of the chest infection
may include a range of respiratory conditions and, similarly,
mother’s perceptions of ‘severe or persistent diarrhoea’ may vary.
Another limitation is that the MCS did not collect data on the
timing of the infection. Hence, we cannot rule out reverse
causality, nor ascertain whether infection occurred after the period
of EBF (indicating that EBF is protective) or during the period
of EBF.
Several studies have shown that EBF, particularly when it is

prolonged, is associated with a lower risk of infection.17–21 Few
studies have used a relatively long period of EBF, as recom-
mended in the pre-2001 or post-2001 WHO policy, as the
reference group. A study from Spain19 used EBF for at least
4 months, as the reference group and observed a higher risk of
hospitalisation for infection in infants, who were never breastfed
(adjusted RR= 4.91) or EBF for o4 months (adjusted RR = 2.45).
Similarly, a Dutch study20 observed a higher risk of LRTI (adjusted
Odds ratio = 2.0) and a higher risk of gastrointestinal infection
(Odds ratio = 2.44) in infants, who were never breastfed compared
with those who were EBF for 4 months and partially breastfed
thereafter. Our findings on the risks associated with not breast-
feeding compared with EBF for 4–6 months are consistent with
both of these studies.
The Cochrane review3 identified few studies from developed

countries that compared the risk of respiratory infection,20,22,23

gastrointestinal infection,18,20 and otitis media18,24 in those who
EBF for 6–7 months with those who EBF for at least 3–4 months.
Our results are broadly consistent with these, although our
estimated effect for diarrhoea is weaker (adjusted RR 0.97, 95% CI:
0.45–2.09) than in the Cochrane review 0.61 (95% CI: 0.41–0.93),
possibly because the infants in our reference group had a
longer period of EBF (4–6 months) than in the Belarus study
(3–6 months).
Breast milk has many immunological properties that are likely to

protect against infection in infancy.25 Infection may also occur due
to contamination of bottles, teats, milk and food in infants, who
are not exclusively breastfed. Both of these may contribute to a
higher risk of chest infection and diarrhoea in infants, who were
never breastfed compared with those who were EBF for at least
4–6 months. However, we also observed a significantly higher risk
of diarrhoea in infants, who were EBF for 4–6 months, but who
stopped breastfeeding before 6 months, which suggests that
there are benefits of continued partial breastfeeding after solids
have been introduced.
The WHO recommendation of 6 months of EBF has been widely

adopted, but the evidence for the policy has been questioned26

and some experts have promoted a less stringent recommenda-
tion that is more akin to the pre-2001 WHO policy.27,28 In our
cohort, the pre-2001 WHO policy is associated with significantly
less chest infection and diarrhoea compared with EBF for up to
4 months. Importantly, we have not assessed the effect on other
outcomes in infancy and childhood. Given that many more infants
are fed according to the pre-2001 rather than the post-2001 WHO
policy, future research should continue to strengthen the
evidence base for the optimal duration of EBF. The pre-2001
and post-2001 WHO policies can only be directly compared with
studies that have detailed data on EBF and a sufficiently large
number of infants fed according to the two policies. Current
feeding guidelines should continue to promote EBF for either 4–6
or 6 months, with continued breastfeeding thereafter.
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Figure 1. (a) Distribution of household occupation and mother’s
education according to the duration of exclusive breastfeeding.
(b) Distribution of mother’s smoking status at 9 months and infant’s
childcare according to the duration of exclusive breastfeeding.
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Recommendations for prolonged breastfeeding need to be
accompanied by policies that enable prolonged maternity leave,
and support breastfeeding in public places and after returning
to work.
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