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Abstract 

Background: Breastfeeding is associated with health benefits to mothers and babies and cost‑savings to the health 
service. Breastfeeding rates in the UK are low for various reasons including cultural barriers, inadequate support to 
initiate and sustain breastfeeding, lack of information, or choice not to breastfeed. Education and support interven‑
tions have been developed aiming at promoting breastfeeding rates. The objective of this study was to assess the 
cost‑effectiveness of such interventions for women, initiated antenatally or in the first 8 weeks postnatally, aiming at 
improving breastfeeding rates, in the UK.

Methods: A decision‑analytic model was constructed to compare costs and quality‑adjusted life‑years (QALYs) of a 
breastfeeding intervention from the perspective of health and personal social services in England. Data on interven‑
tion effectiveness and the benefits of breastfeeding were derived from systematic reviews. Other model input param‑
eters were obtained from published sources, supplemented by expert opinion.

Results: The incremental cost‑effectiveness ratio (ICER) of the modelled intervention added on standard care versus 
standard care was £51,946/QALY, suggesting that the intervention is not cost‑effective under National Institute for 
Health and Care Excellence (NICE) criteria in England. Sensitivity analysis suggested that the cost‑effectiveness of the 
intervention improved as its effectiveness increased and intervention cost decreased. At the base‑case effect (increase 
in breastfeeding rates 16–26 weeks after birth by 19%), the intervention was cost‑effective (<£20,000/QALY) if its cost 
per woman receiving the intervention became ≈£40–£45. At the base‑case cost (£84), the intervention was cost‑
effective if it increased breastfeeding rates by at least 35–40%.

Conclusions: Available breastfeeding interventions do not appear to be cost‑effective under NICE criteria in England. 
Future breastfeeding interventions need to have higher effectiveness or lower cost compared with currently available 
interventions in order to become cost‑effective. Public health and other societal interventions that protect, promote 
and support breastfeeding may be key in improving breastfeeding rates in the UK.
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Background
Breastfeeding is associated with important health ben-
efits to both babies and breastfeeding women [1]. Nev-
ertheless, global rates of breastfeeding are well below 
targets set by the World Health Assembly [2]. The UK has 
some of the lowest breastfeeding rates in the world with 
reported barriers to breastfeeding including a lack of 
access to support services in the community and at work, 
cultural barriers and misinformation on the benefits and 
practicalities of infant feeding [3]. Various interventions 
have been developed over the years, aimed at promot-
ing initiation and/or maintenance of breastfeeding [4–6]. 
Existing evidence on the cost-effectiveness of such inter-
ventions is limited and has not considered the long-term 
benefits to women and their babies and related cost-
savings associated with breastfeeding [7–11]. The objec-
tive of this study was therefore to examine the long-term 
cost-effectiveness of interventions for women, initiated 
antenatally or in the first 8 weeks after birth, aimed at 
promoting initiation and/or maintenance of breastfeed-
ing from the perspective of the National Health Service 
(NHS) and Personal Social Services (PSS) in England, 
using decision-analytic economic modelling.

The analysis presented here is part of the work that 
informed the updating of national guidance on postnatal 
care in England, published by the National Institute for 
Health and Care Excellence (NICE) [12]. The guideline 
was developed by a guideline committee, an independ-
ent multi-disciplinary group of clinical academics, health 
professionals and service users and carers with expertise 
and experience in the area of postnatal care. The com-
mittee contributed to the development of the economic 
model by providing advice on issues relating to the provi-
sion of breastfeeding interventions and associated bene-
fits and resource use savings. They also contributed to the 
economic model structure and advised on model inputs 
in areas where there was paucity of evidence.

Methods
Population
The study population comprised women who are preg-
nant or have given birth to healthy babies at term, and 
their babies. The women’s age at the start of the economic 
model was 30 years, as this is the mean age of women giv-
ing birth in England and Wales [13]. The starting age of 
the cohort was needed in order to model lifetime benefits 
to women associated with breastfeeding. In sensitivity 
analyses we varied the age of women when receiving the 
intervention from 25 to 35 years to explore whether this 

has an impact on the results. Women could have had a 
singleton, twin or higher order live birth. In accordance 
with national epidemiological data, the mean number of 
babies per delivery of liveborns was 1.016 [14].

Women received the intervention at one point in time, 
and, in the base-case analysis, the intervention’s effect 
was applied only on that birth and not on future ones. 
In sensitivity analysis we maximised the impact of the 
intervention by assuming that all women received the 
intervention when they had their first baby and that the 
effect of the intervention on breastfeeding rates would be 
retained in all subsequent births, using the total fertility 
rate of 1.70 births/woman in England [14].

Intervention
The characteristics of the breastfeeding intervention 
regarding effectiveness and resource use (number of ses-
sions, format, people delivering the intervention, etc.) 
were informed by the findings of a systematic review 
and meta-regression of 62 randomised controlled trials 
(RCTs) undertaken to inform the NICE guideline [15]; 
resource use characteristics were further supplemented 
by the committee’s expert opinion to reflect routine prac-
tice in the UK. The focus of the analysis was an inter-
vention for women that comprised education, advice or 
support from a peer or professional, provided postnatally 
and initiated antenatally or within the first eight weeks 
after birth, as the majority of clinical evidence was avail-
able for this type of intervention. Broader public health 
interventions that aim to promote breastfeeding were 
beyond the guideline scope. In accordance with avail-
able evidence, the intervention was assumed to be pro-
vided in addition to standard care; the comparator of 
the analysis was standard care alone. The definition of 
standard care varied widely across RCTs included in the 
systematic review and meta-regression that informed the 
economic analysis. Standard care ranged from no inter-
vention, through written materials and peer breastfeed-
ing support, to availability of breastfeeding educational 
programmes of variable intensity in-hospital or in the 
community. In England, standard care is also variable 
and may include provision of written material, antenatal 
breastfeeding educational programmes, and postnatal 
breastfeeding support groups run by peers and/or health 
professionals; in most settings breastfeeding information 
and support is provided by midwives and health visitors 
as part of routine postnatal care visits.

In order to specify the intervention and identify 
its effective components, effectiveness data on ‘any 
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breastfeeding between 16 and 26 weeks after birth’, 
obtained from the systematic review and meta-regres-
sion, were inspected (Table  1). Data on ‘any breastfeed-
ing’, rather than ‘exclusive breastfeeding’ were selected 
because most of the available data on the protective 
effects of breastfeeding that informed the economic 
model were relevant to ‘any’ breastfeeding (more versus 
less, longer versus shorter duration, any versus none, 
etc.) rather than ‘exclusive’ breastfeeding; moreover, the 
period of 16–26 weeks after birth was chosen to ensure 
that breastfeeding was established and therefore could 
have an impact on longer-term mother and baby out-
comes, and during this period no efficacy data on exclu-
sive breastfeeding were available. The components of the 
modelled intervention were specified by looking at the 
intervention characteristics that demonstrated a statis-
tically significant effect (risk ratio, RR) versus standard 
care. Face-to-face interventions, delivered either individ-
ually or in group format, and also interventions delivered 
remotely, appeared to be effective compared with stand-
ard care. However, the group intervention effect was by 
far the largest observed in our meta-regression and only 
based on a single small study (N = 100; in comparison, 
the total number of participants across studies included 
in that meta-regression was N = 14,229); hence the com-
mittee did not consider the group intervention effect fur-
ther when specifying the characteristics of the modelled 

intervention. Interventions comprising 4–8 contacts 
appeared to have the greatest effect. Interventions 
seemed to be effective if they were delivered at home or 
in a mixed home and healthcare setting.

Effectiveness of the modelled intervention
The economic analysis utilised the effect on any breast-
feeding at 16–26 weeks after birth for “4-8 contacts vs 
standard care” [mean RR 1.19, 95% confidence intervals 
(CI) 1.10 to 1.30] [15]. Sensitivity analysis explored the 
impact of changes in the mean effect (range of RR from 
1.05 to 2.00) on the cost-effectiveness of the intervention.

Modelled intervention cost
The intervention cost was estimated using national unit 
costs [16] and expert advice, assuming that the interven-
tion consisted of 6 contacts, i.e. the average of 4–8 con-
tacts which was the most effective number of contacts 
identified in the meta-regression [15]. Based on the com-
mittee’s advice on patterns of routine practice in England, 
we made the following assumptions regarding the deliv-
ery of the intervention: four contacts comprised 30-min 
individual face-to-face sessions, and two further contacts 
comprised 45-min group face-to-face sessions delivered 
to groups of 6 women. The first two individual sessions 
were provided by a health professional on a NHS England 
Agenda for Change Band 5 salary. The remaining two 

Table 1 Effectiveness of interventions aimed at promoting breastfeeding – results of meta‑regression for ‘any breastfeeding 16 to 26 
weeks after birth’ [15]

Comparisons with statistically significant effects at the p ≤ 0.05 level have been highlighted in bold. CI confidence interval

Comparisons – every component vs standard care Risk Ratio Lower 95% CI Upper 95% CI

Any intervention 1.08 1.03 1.13
How

 Face-to-face individual 1.07 1.01 1.14
 Face-to-face group 1.95 1.45 2.27
 Remote 1.15 1.05 1.26
 Self‑help 1.06 0.74 1.40

Number of Contacts

 0 1.18 0.96 1.39

 1 1.05 0.95 1.14

 2–3 1.07 0.97 1.17

 4–8 1.19 1.10 1.30
 9 1.13 1.00 1.26
Duration of intervention

 Less than 8 weeks 1.04 0.97 1.10

 More than 8 weeks 1.20 1.11 1.29
Where delivered

 Home 1.12 1.05 1.19
 Healthcare setting 1.06 0.96 1.17

 Mixed home/healthcare setting 1.16 1.03 1.30
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individual and the two group sessions were provided by 
a volunteer trained peer supporter. The total estimated 
intervention cost was £84 (Table 2). The intervention was 
offered in addition to standard care, and therefore the 
description and cost of standard care was omitted from 
both arms of the model. Sensitivity analysis explored the 
impact of changes in the intervention cost (range from 
£20 to £100) on the cost-effectiveness of the intervention.

Baseline probability of breastfeeding
Current breastfeeding rates under standard care for the 
period of 16 weeks (4 months) to 26 weeks (6 months) 
after birth were obtained from national statistics.

For baby outcomes, baseline rates of any breastfeed-
ing at 4 months after birth were used, as breastfeeding is 
established by this time point, leading to health benefits, 
and evidence suggests that the protective effect of breast-
feeding is retained after this point even after breastfeed-
ing stops [1]. For breast cancer in mothers, baseline rates 
of any breastfeeding at 6 months after birth were used, 
as evidence suggests that the effect of breastfeeding on 
the incidence of breast cancer may be significant from 
6 months of breastfeeding onwards [17, 18].

The most recent (2019) data on any breastfeeding were 
only available for 6–8 weeks after birth [19]. The most 
recent rates of any breastfeeding at 4 and 6 months after 
birth in England were available for the year 2010 [20]. 
Nevertheless, it was possible to estimate the rates of 
any breastfeeding at 4 and 6 months after birth for 2019, 
using the 2019 data on the prevalence of any breastfeed-
ing at 6–8 weeks and the instant rate of reduction in any 
breastfeeding between 6 weeks and 4 months (16 weeks) 
and between 4 months and 6 months (26 weeks) as calcu-
lated from the available 2010 data. In order to estimate 
the rates of breastfeeding at 4 and 6 months after birth 
in 2019 using the available data, we assumed an expo-
nential decrease in breastfeeding rates, which was more 

rapid between 6 weeks and 4 months compared with the 
period between 4 and 6 months, according to available 
data. This assumption was necessary due to lack of more 
detailed data that would allow us to determine the rate 
of decrease in breastfeeding rates more accurately over 
time. The actual and estimated rates of any breastfeeding 
at different time points following birth for the years 2010 
and 2019 are shown in Table 3.

Overview of costs and benefits considered in the analysis
Costs consisted of the intervention cost and costs asso-
ciated with breastfeeding outcomes that are incurred 
in community, primary or secondary healthcare or per-
sonal social service settings. Costs to parents relating 
to either formula feeding (milk powder, bottles, sterilis-
ing equipment) or breastfeeding (breast pumps, bottles, 
sterilising equipment, nursing bras, nipple pads) were 
not considered as these were outside the NHS/PSS per-
spective of the analysis. The cost year was 2018. The pri-
mary outcome measure was the QALY. Other secondary 
outcome measures were determined by, and are specific 
to, the clinical conditions considered in the analysis, 

Table 2 Cost of intervention aimed at promoting breastfeeding

a  [16]. Mean annual basic pay £26,231. Unit cost includes salary, salary on-costs and overheads; actual working time and the ratio of direct time (direct care) to indirect 
time (care planning, assessment and co-ordination, travelling, administrative tasks and other duties) taken into account. Travel expenses not included due to lack of 
relevant data
b  Expert advice. Unit cost includes training, supervision, co-ordination and travel, but not childcare

Cost element Unit cost Cost per 
woman

2 individual face‑to‑face sessions lasting 30 min each (total 60 min), provided by a health professional in NHS 
England Agenda for Change (AfC) Band 5 (nursing, midwifery and health visiting staff ).

£59 per patient‑related  houra £59

2 individual face‑to‑face sessions lasting 30 min each (total 60 min), delivered by a volunteer trained peer 
supporter.

£20 per patient‑related  hourb £20

2 group face‑to‑face sessions delivered to groups of 6 women, lasting 45 min each (total 90 min / 6 
women = 15 min per woman), delivered by a volunteer trained peer supporter.

£20 per patient‑related  hourb £5

TOTAL COST PER WOMAN £84

Table 3 Prevalence of any breastfeeding in England at different 
time points after birth

a  estimated using the 2019 figure for the prevalence of any breastfeeding at 
6–8 weeks and the instant rate of reduction in any breastfeeding between 
6 weeks and 4 months, and between 4 months and 6 months, as calculated from 
the 2010 data (assuming exponential decrease in breastfeeding rates)

Time point Prevalence of any breastfeeding

2010 [20] 2019 [19]

Birth 83%

6–8 weeks after birth 57% [6 weeks] 53% [6–8 weeks, cases 
with known status 
only]

4 months after birth 44% 42%  [estimated]a

6 months after birth 36% 34%  [estimated]a
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and are described under ‘Model structure’ together with 
each relevant model component.

Selection of clinical conditions associated 
with breastfeeding for inclusion in modelling
A systematic review of studies that modelled long-term 
clinical benefits to mothers and babies (and/or related 
cost-savings to health and personal social services) asso-
ciated with breastfeeding was undertaken in order to 
identify data on long-term clinical outcomes associated 
with breastfeeding, as well as relevant epidemiological 
and resource use data that could be adopted or adapted 
to inform our economic analysis. Details of the review are 
provided in the guideline evidence report [15]. Included 
studies and studies excluded after full text was obtained 
are provided in Supplementary File 1.

The review identified two studies of high quality and 
directly relevant to our study’s objective, that is, the mod-
elling of long-term outcomes and cost-savings associated 
with breastfeeding [1, 18]. Renfrew et al. [18] developed 
an economic model to estimate long-term benefits to 
mothers and babies and cost-savings to the UK health-
care system associated with breastfeeding. The study, 
which was commissioned by UNICEF UK, was informed 
by high quality systematic reviews regarding the benefits 
of breastfeeding to mothers and babies. Victora et al. [1] 
examined the association between breastfeeding and 
clinical outcomes to mothers and babies based on the 
results of 28 systematic reviews and meta-analyses, 22 of 
which were commissioned by the World Health Organi-
zation (WHO). These two studies alone reported all data 
on the association between breastfeeding and mother 
and baby outcomes that had informed the remaining 
modelling studies. Only one modelling study [21] used 
data on the association between breastfeeding and breast 
cancer that had not been already reported by either Ren-
frew et al. [18] or Victora et al. [1], which were obtained 
from a more recent meta-analysis published in 2017 [22].

Based on the review findings, we decided to use the 
analysis undertaken by Renfrew et al. [18] as the starting 
point for our analysis, regarding the selection and mod-
elling of clinical benefits (and related NHS/PSS cost-sav-
ings) associated with breastfeeding, and update the data 
on the association between breastfeeding and clinical 

outcomes using, where available, more up-to-date evi-
dence reported in Victora et  al. [1]. The Renfrew et  al. 
study [18] was selected for this purpose because it con-
sidered a range of clinical conditions, was of high qual-
ity and utilised UK-specific epidemiological and resource 
use data. Based on the evidence from these two studies, 
we selected clinical conditions associated with breast-
feeding for inclusion in our analysis, also taking into 
account feasibility issues and the expected magnitude 
of clinical benefits and cost-savings per person associ-
ated with a change in breastfeeding rates. The evidence 
we reviewed and the considerations that led to selection 
of clinical conditions are shown in Supplementary File 2. 
The clinical conditions associated with breastfeeding that 
were selected for inclusion in our economic analysis are 
shown in Table 4.

Model structure
A hybrid decision-analytic model was constructed using 
Microsoft Office Excel 2013 to estimate total NHS/PSS 
costs and benefits to mothers and babies associated with 
the provision of a breastfeeding intervention. The struc-
ture of the model, which aimed to simulate the course 
of a number of clinical conditions whose incidence is 
associated with breastfeeding, was driven by patterns of 
clinical practice in the UK and the availability of relevant 
clinical data.

According to the model structure, hypothetical cohorts 
of women who are pregnant or have given birth to healthy 
babies at term were either initiated on a breastfeeding 
intervention in addition to standard care, or received 
standard care only. Following care, women either breast-
fed or did not breastfeed their babies at 16–26 weeks after 
birth. Women and their babies were subsequently fol-
lowed up for a period of time that ranged from one year 
after birth to lifetime, depending on the clinical condition 
assessed, to estimate their outcomes and associated costs 
resulting from their breastfeeding status at 16–26 weeks 
after birth.

The first part of the economic model, which assessed 
the impact of the breastfeeding intervention on breast-
feeding rates at 16–26 weeks after birth (effectiveness 
of intervention), took the form of a decision tree. This 
was followed by separate models on each of the clinical 

Table 4 Clinical conditions associated with breastfeeding that were considered in the economic analysis

Clinical conditions in babies Clinical conditions in mothers

• Gastrointestinal infection (GI) [diarrhoea attributable to infection]
• Respiratory tract infection (RTI)
• Acute otitis media (AOM)
• Mortality due to infectious diseases
• Mortality due to sudden infant death syndrome (SIDS)

• Breast cancer
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conditions considered for mothers and babies, which 
took the form of either decision trees or Markov models, 
as appropriate for the condition examined.

The models on gastrointestinal infection (GI), respira-
tory tract infection (RTI) and acute otitis media (AOM) 
in babies took the form of a simple decision tree, where 
babies either developed one of the infections or not, fol-
lowing the structure in the Renfrew et  al. model [18]. 
Those who developed an infection were treated by GPs 
(with each infection assumed to correspond to one GP 
contact), with a number of babies developing GI and RTI 
being hospitalised for further treatment. The time hori-
zon of those models was one year. The outcome measures 
were the number of cases of GI, lower RTI and AOM 
as well as the number of hospitalisations due to GI and 
RTI in babies aged up to one year that were prevented 
by breastfeeding. These were secondary outcomes in the 
analysis.

One model was developed for mortality due to infec-
tious diseases or sudden infant death syndrome (SIDS) in 
babies. Babies who did not die due to infectious diseases 
or SIDS over their first year of life owing to the protective 
effect of breastfeeding entered a very simple, two-state 
Markov model, with a one-year cycle, that considered the 
states of ‘alive’ and ‘dead’ over the babies’ lifetimes. This 
was a new model as Renfrew et al. [18] did not consider 
mortality due to infectious diseases in their economic 
modelling, and assessed cost-savings and outcomes asso-
ciated with SIDS in a narrative synthesis. The outcome 
measures of this model component were the number of 
QALYs gained over saved babies’ lifetime (primary out-
come) and the number of deaths due to infectious dis-
eases or SIDS prevented in babies aged up to one year 
(secondary outcome).

One three-state Markov model was developed to assess 
costs and outcomes for women at risk for breast can-
cer starting from 30 years of age and over their lifetime. 
The model, which considered the protective effect of 
breastfeeding on the risk of breast cancer over women’s 
lifetime, included the states of ‘no breast cancer’, ‘breast 
cancer’ and ‘death’; the model cycle was one year and a 
half-cycle correction was applied. This model had the 
same overall structure as the Renfrew et  al. study [18], 
but adopted a different approach and considered more 
parameters associated with the risk of breast cancer in 
parous women, employed different assumptions to model 
the course of disease (in particular mortality), and uti-
lised different epidemiological, utility and cost data on 
breast cancer.

Breast cancer in women who survived was assumed to 
last 10 years, after which women who survived re-entered 

the ‘no breast cancer’ state and were at risk of developing 
a new breast cancer. The state of ‘breast cancer’ consisted 
of 10 tunnel states, one for each year of breast cancer, 
so that the time women spent with breast cancer could 
be estimated and a breast cancer’s duration-dependent 
mortality, as well as time-dependent costs and utilities 
associated with breast cancer, could be applied. The out-
come measures of this model component were the num-
ber of QALYs (primary outcome) and the number of new 
cases of breast cancer prevented over lifetime (secondary 
outcome).

The overall structure of the economic model assess-
ing the cost-effectiveness of an intervention for starting 
and maintaining breastfeeding is shown in Fig.  1. Fig-
ure 2 shows the economic model component on mothers’ 
breast cancer.

Our model was built on the evidence that provision 
of a breastfeeding intervention increases breastfeeding 
rates; the protective effect of increased breastfeeding on 
various clinical conditions was subsequently applied onto 
the current (baseline) incidence of each clinical condi-
tion under standard care, to estimate the reduction in 
incidence following intervention. The model took into 
account the fact that the current (baseline) incidence of 
each clinical condition reflects the current mix of moth-
ers and babies who breastfeed/are breastfed and those 
who do not breastfeed/are not breastfed, respectively (i.e. 
all mothers and their healthy babies born at term under 
standard care).

To estimate the incidence of each clinical condition 
under current standard practice in mothers that breast-
feed or babies that are breastfed (BF) and those that do 
not breastfeed / are not breastfed, respectively (nonBF), 
the following formulae were used [23]:

and

where ‘overall incidence’ is the incidence of the clinical 
condition in the overall population of mothers or babies, 
and RR the risk ratio expressing the protective effect of 
breastfeeding on the clinical condition assessed. These 
formulae utilise RR to express the protective effect of 
breastfeeding. On the other hand, the protective effect of 
breastfeeding has been expressed as odds ratio (OR) for 
some clinical conditions. However, when the incidence 
of an event at baseline is rare (< 10%), then OR approxi-
mates RR and the formulae can produce accurate results 
using OR instead of RR [24].

Incidence in nonBF =
Overall incidence

Current BF rate x RR + 1 − current BF rate

Incidence in BF = Incidence in nonBF x RR
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Data on the association of breastfeeding with the clinical 
conditions considered in the economic analysis
We utilised data from Victora et al. [1] for the following 
outcomes:

i) incidence of diarrhoea (reflecting GI) in babies and 
children aged 6 months - 5 years (RR of more versus 
less breastfeeding: 0.46, 95% CI 0.28 to 0.78)

ii) hospitalisation due to diarrhoea (reflecting GI) in 
babies and children aged ≤5 years (RR of more versus 
less breastfeeding: 0.28, 95% CI 0.16 to 0.50)

iii) incidence or prevalence of lower RTI in babies and 
children aged < 2 years (RR of more versus less 
breastfeeding: 0.68, 95% CI 0.60 to 0.77)

iv) hospitalisation due to RTI (both lower and upper, 
according to available evidence) in babies and chil-
dren aged < 2 years (RR of more versus less breast-
feeding: 0.43, 95% CI 0.33 to 0.55)

v) incidence of AOM in babies and children aged 
< 2 years (OR of more versus less breastfeeding: 0.67, 
95% CI 0.62 to 0.72)

vi) mortality due to infectious diseases in babies and 
children aged 6–23 months (OR of any versus no 
breastfeeding: 0.48, 95% CI 0.38 to 0.60)

vii) mortality due to SIDS in babies and children aged 
≥2 months (OR of any versus no breastfeeding: 0.38, 
95% CI 0.27 to 0.54).

Updated evidence suggests a protective effect of 
breastfeeding on the incidence of and hospitalisations 
due to GI in babies over the first 5 years of their life, 
although this effect appears to be stronger in younger 
ages. Moreover, breastfeeding is associated with a reduc-
tion in the incidence of lower RTI and AOM and hos-
pitalisation due to RTI in babies over the first 2 years 
of their life. Nevertheless, we conservatively estimated 
costs and outcomes associated with incidence of GI, 
lower RTI and AOM and hospitalisation due to GI and 
RTI in babies up to their first year of life, to retain con-
sistency with the Renfrew et al. model [18] and because 
relevant epidemiological data were available for babies 
up to one year of age.

Fig. 1 Schematic structure of the economic model assessing the cost‑effectiveness of an intervention for women aiming at starting and 
maintaining breastfeeding
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Data on the protective effect of breastfeeding on the 
incidence of breast cancer were obtained from a pub-
lished meta-analysis [22], which pooled data from 25 
studies on parous women and adjusted for several con-
founders such as age, parity, age at first pregnancy and 
family history of breast cancer. The standardised RR for 
breast cancer in parous women for any versus no breast-
feeding for 6 months was used (0.86, 95% CI 0.82 to 0.91).

Baseline risks and mortality
For the baseline incidence of GI, lower RTI and AOM in 
babies aged 0–1 years in England we used the number of 
GP consultations for this age group for the clinical diag-
noses of (a) diarrhoea, intestinal infectious diseases, non-
infective enteritis, and colitis (4682 per 100,000) to reflect 
consultations for GI; (b) lower RTI (23,433 per 100,000); 
and (c) AOM (13,556 per 100,000). These data were 
reported in Renfrew et  al. [18], derived from the Royal 
College of General Practitioners (RCGP) database.

The baseline rates of hospital admissions due to GI and 
RTI over the first year of life (15.3 and 115.4 per 1000 live 
births, respectively) were estimated using data on admis-
sions for infectious intestinal diseases (reflecting GI) and 
RTI in babies aged 0–1 years in England [25], divided by 
the population aged 0–1 years in England [26].

The baseline mortality due to infectious diseases (12 
per 100,000) and SIDS (25 per 100,000) in babies aged 
0–1 years was estimated by dividing the number of 
deaths due to infectious diseases and SIDS in babies aged 
0–1 years with the number of live births, using infant 
mortality data in England and Wales [27].

To estimate the annual mortality of babies who did not 
die from infectious diseases or SIDS owing to the pro-
tective effect of breastfeeding we used the proportion 
of males/females aged one year in England [26] and age- 
and gender-specific mortality over lifetime [28].

The baseline incidence of breast cancer in parous 
women was estimated using:

• The age-specific incidence of breast cancer in women 
in the general population, i.e. a mixture of parous and 
nulliparous women [29] (see Supplementary File 3).

• The percentage of nulliparous women in the popu-
lation of women aged 30 years and over. This was 
48% at 30 years of age; 27% at 35 years of age; 19% at 
40 years of age; and 18% at 45 years of age and above 
[30].

• The mean number of children per parous woman 
aged ≥30 years (including previous births), which 
was approximately 2, starting from 1.90 at 30 years 

Fig. 2 Schematic structure of the economic model component on mothers’ breast cancer



Page 9 of 22Mavranezouli et al. BMC Public Health          (2022) 22:153  

of age and reaching 2.23 at 45 years of age [30]. This 
parameter was used to estimate the incidence of 
breast cancer in parous women, as parity reduces the 
incidence of breast cancer and the reduction depends 
on the number of children per woman.

• The protective effect of parity on breast cancer, 
expressed as an OR of incidence of breast cancer in 
parous women with 2 live births versus non-parous 
women (0.84, 95% CI 0.80 to 0.89) [31]. Parous 
women with 2 live births were selected as the rele-
vant sub-population of parous women, as the mean 
number of children of parous women aged ≥30 years 
(which is the study population) is 2, as reported 
above.

For every year in the model, the incidence of breast 
cancer in parous and nulliparous women was estimated 
using the formulae described earlier [23], using the over-
all age-specific incidence of breast cancer in women in 
the general population, the percentage of nulliparous 
women amongst women in the general population, and 
the protective effect of parity on breast cancer. The same 
formulae were used to estimate the incidence of breast 
cancer under current standard practice in women aged 
≥30 years who breastfed and those who did not, amongst 
parous women.

Mortality in women without breast cancer was 
derived from age-specific mortality data for women 
in the general population [28]. For women with breast 
cancer, mortality in every model cycle was estimated 
using age-specific data on mortality of women in the 
general population [28], age-specific data on mortality 
due to breast cancer in women in the general popula-
tion [32] (see Supplementary File 3), and age-adjusted 
net survival data for women with breast cancer over 
1–10 years after diagnosis [33]. Using these data and a 
number of assumptions, it was possible to estimate the 
age- and breast cancer’s duration-specific mortality in 
women with breast cancer, depending on the number 
of years after diagnosis (that is, number of years lived 
with breast cancer). Details on the mortality data and 
the assumptions made in order to estimate mortality of 
women with and without breast cancer are reported in 
Supplementary File 3.

Utility data
To estimate total QALYs over lifetime for babies who 
did not die from infectious diseases or SIDS owing to 
the protective effect of breastfeeding, as well as for 
women without breast cancer, age- and gender-specific 
EQ-5D-derived utility values for the UK population 
were used [34] (Table 5).

Utility values for women with breast cancer were esti-
mated based on data reported in a systematic review 
and meta-analysis of utility values for breast cancer 
[35], after taking into account the proportion of women 
with de novo stage IV (metastatic) disease among prev-
alent cases of women with metastatic breast cancer 
[36], and the percentage of women with breast cancer 
that have metastases at diagnosis [37]. Details on the 
utility data reported in the study and further assump-
tions made for estimation of QALYs are provided in 
Supplementary File 3.

Cost data utilised in the model
National sources were used to obtain the unit cost of a 
GP visit (£37) [16], as well as the cost of hospitalisation 
for GI (£756 per admitted child) and for RTI (£1094 per 
admitted child) [38]. The cost of death due to an infec-
tious disease or SIDS per baby (£204) was also derived 
from national data [38] under the code VB99Z ‘Emer-
gency medicine, patient dead on arrival’. This was the 
only cost considered for mortality in babies in the base-
case analysis.

Babies dying from an infectious disease are likely to 
have incurred further healthcare costs, some of which 
may have already been considered under other modelled 
clinical conditions and were therefore not considered in 
this part of the model. Post-mortem examination costs 
may also be attached to the death of a baby. Thus, a sen-
sitivity analysis explored the impact on the results of 
adding a post-mortem examination cost of £8000 (paedi-
atric coronial case plus forensic examination) [39] to each 
baby’s death due to an infectious disease or SIDS. There 
are also considerable intangible emotional costs to par-
ents following the death of a baby, which were not pos-
sible to include in the analysis.

Healthcare costs incurred by women with breast cancer 
and those without were obtained from a study on 359,771 

Table 5 Utility values of the general UK population ‑ EQ‑5D 
ratings [34]

Age (years) Utility mean (standard error)

Males Females

Under 25 0.94 (0.01) 0.94 (0.01)

25 to 34 0.93 (0.01) 0.93 (0.01)

35 to 44 0.91 (0.01) 0.91 (0.01)

45 to 54 0.84 (0.02) 0.85 (0.01)

55 to 64 0.78 (0.02) 0.81 (0.02)

65 to 74 0.78 (0.02) 0.78 (0.02)

75+ 0.75 (0.03) 0.71 (0.02)



Page 10 of 22Mavranezouli et al. BMC Public Health          (2022) 22:153 

women with breast cancer in England [40]. Details on 
the cost data reported in that study and the assumptions 
used in order to utilise available data in our model are 
provided in Supplementary File 3.

Discounting
Where costs and/or outcomes were measured over a 
period longer than one year, they were discounted at an 
annual rate of 3.5% as recommended by NICE [41]. An 
annual discount rate of 1.5% was tested in sensitivity 
analysis, which is suggested by NICE for public health 
interventions [41].

Analysis
To account for the uncertainty around input parameter 
point estimates, a probabilistic analysis was undertaken, 
in which input parameters were assigned probabilistic 
distributions [42]. Subsequently, 10,000 iterations were 
performed, each drawing random values out of the dis-
tributions fitted onto the model input parameters. Mean 
costs and outcomes for each strategy were calculated by 
averaging across the 10,000 iterations. The incremental 
cost-effectiveness ratio (ICER) was calculated using the 
formula:

where ΔC is the difference in total costs between two 
treatment options considered and ΔE the difference in 
their effectiveness (QALYs). The ICER expresses the extra 
cost per extra unit of benefit (QALY) associated with one 
treatment option relative to its comparator. If an option 
has an ICER of up to £20,000–£30,000/QALY relative to 
its comparator (NICE lower and upper cost-effectiveness 
threshold, respectively) then the intervention is consid-
ered to be cost-effective [43].

Table 6 shows the deterministic values and probability 
distributions of all model input parameters and the meth-
ods employed to define their range. Deterministic values 
were used in a two-way sensitivity analysis, in which we 
changed concurrently the mean effect (RR) and cost of 
the intervention, to explore the impact of changes on the 
cost-effectiveness results. The ranges tested were from 
1.05 to 2.00 for the intervention effect; and from £20 to 
£100 for the intervention cost.

In addition, one-way sensitivity analysis explored the 
following scenarios:

• Attaching a post-mortem cost of £8000 to each baby’s 
death caused by an infectious disease or SIDS

• Assuming that women received their intervention 
when having their first baby and that the effect of the 
intervention was retained in future births, thus the 

ICER = �C/�E

benefits of breastfeeding applied to all future babies 
born by each woman receiving the intervention (in 
total 1.70 babies per woman [14]). For this scenario, 
we also assumed that the total duration of breast-
feeding across pregnancies was 12 months; however, 
despite of the dose-response relation between breast-
feeding duration and breast cancer risk in parous 
women, the effect of breastfeeding on the incidence 
of breast cancer was the same between a 6- and a 
12-month duration [22]

• Use of an annual discount rate of 1.5%
• Changing the starting age of the cohort of mothers 

by ±5 years (25 and 35 years of age).

Validation of the economic model
The economic model was developed in collaboration 
with members of the guideline committee, using a previ-
ous economic model [18] as a basis. All inputs and model 
formulae were systematically checked. The model was 
tested for logical consistency by setting input parameters 
to null and extreme values and examining whether results 
changed in the expected direction. Results were dis-
cussed with the committee to confirm their plausibility. 
Moreover, where modelling structure components were 
identical to those of Renfrew et al. [18], input data from 
that study were used to confirm that its results could be 
replicated using our model.

Results
Table 7 shows the results of the base-case economic anal-
ysis. The table provides the total intervention cost as well 
as total costs and outcomes associated with every clinical 
condition considered in the economic analysis, for 1000 
women and their babies. The intervention had better out-
comes and resulted in cost-savings across all conditions 
examined, when added on standard care compared with 
standard care alone. Overall, it was more costly than its 
comparator as the cost-savings resulting from provision 
of the intervention were not adequate to offset the inter-
vention costs. The ICER of the intervention added on 
standard care versus standard care alone was £51,946/
QALY, which is well above the NICE upper cost-effec-
tiveness threshold of £30,000/QALY [43], suggesting that 
the intervention is not cost-effective. The table shows the 
results of the deterministic analysis, as these are directly 
comparable to the results of the two-way sensitivity anal-
ysis. Results of deterministic and probabilistic sensitivity 
analysis were very similar; the ICER of the probabilistic 
analysis was £51,639/QALY.

Results of two-way sensitivity analysis are shown in 
Table 8, for different combinations of intervention effect 
and intervention cost. Result cells with bold content 
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show combinations for which the intervention is cost-
effective, with an ICER below the NICE lower cost-
effectiveness threshold of £20,000/QALY, or with the 
intervention being dominant when added onto standard 
care, i.e. being both more effective and less costly com-
pared with standard care alone. Result cells with figures 
in italics show combinations where the ICER is between 
£20,000–£30,000/QALY. All other result cells show com-
binations for which the intervention is not cost-effective, 
with an ICER above the NICE upper cost-effectiveness 
threshold of £30,000/QALY. The underlined figures show 
the intervention cost and effect values used in base-case 
analysis and the base-case ICER.

As expected, the cost-effectiveness of the intervention 
improves as its effectiveness increases and its interven-
tion cost decreases. At the base-case relative effect (RR) 
of 1.19 (for any breastfeeding at 16–26 weeks after birth), 
the intervention becomes cost-effective (<£20,000/
QALY) if its cost per woman receiving the intervention is 
approximately £40–£45. On the other hand, at the base-
case cost of £84, the intervention becomes cost-effective 
if its effectiveness (in terms of breastfeeding rates), when 
added on standard care, is at least 35–40% higher than 
the effectiveness of standard care alone (i.e. if the RR 
reaches 1.35–1.40).

Table 9 shows results of other scenarios tested in sen-
sitivity analysis. Inclusion of the post-mortem examina-
tion cost for babies dying due to an infectious disease or 
SIDS had practically no impact on the ICER, which was 
expected, given the very low mortality due to an infec-
tious disease or SIDS in babies aged 0–1 years. Simi-
larly, assuming that all women received the intervention 
when they had their first baby and that the effect of the 
intervention on breastfeeding rates would be retained in 
all subsequent births had no impact on our conclusion. 
On the other hand, results were considerably affected by 
the use of an annual discount rate of 1.5% for both costs 
and outcomes, with the ICER falling at a value between 
the lower and upper NICE cost-effectiveness thresh-
old of £20,000–£30,000/QALY. This finding is explained 
by the fact that the greatest part of clinical benefits of 
breastfeeding (prevention of breast cancer) is enjoyed 
by women several years after breastfeeding takes place 
(as the incidence of breast cancer in women consider-
ably increases after the age of 40 years), so reducing the 
discount factor places a greater value on the benefits 
and cost-savings accrued in the long-term. Because of 
discounting, reducing the starting age of women cohort 
at 25 years increased the ICER (as QALY gains resulting 
from prevention of breast cancer occurred after a longer 

Table 7 Results of base‑case economic analysis: cost‑effectiveness of interventions aiming at promoting breastfeeding (results for 
1000 women and their babies)

AOM acute otitis media, GI gastrointestinal infection, ICER incremental cost-effectiveness ratio, RTI respiratory tract infection, SC standard care, SIDS sudden infant 
death syndrome

Parameter Intervention + SC SC alone Difference

Intervention cost £84,000 £0 £84,000

GI in babies Infections 44.91 47.56 −2.65

Hospitalisations 14.27 15.55 −1.28

Costs £12,469 £13,535 ‑£1066

(lower) RTI in babies Infections 231.01 238.04 −7.02

Hospitalisations 110.26 117.27 −7.01

Costs £129,272 £137,204 ‑£7932

AOM in babies Infections 133.49 137.70 −4.21

Costs £4993 £5150 ‑£157

Mortality in babies due to infections 
and SIDS

Deaths due to infections 0.11 0.12 −0.01

Deaths due to SIDS 0.24 0.25 −0.02

Costs of deaths prevented ‑£1 ‑£1

QALYs gained 0.16 0.16

Breast cancer in women New cases 138.35 139.65 −1.29

QALYs 20,945.72 20,944.63 1.09

Costs £7,033,056 £7,043,111 ‑£10,056

Total difference in QALYs 1.25

Total difference in costs £64,787

ICER £51,946/QALY
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period of time compared with the base-case analysis 
and were thus placed a lower value due to discounting), 
whereas increasing the starting age of women at 35 years 
reduced the ICER (because prevention of breast cancer 
occurred sooner compared with the base-case analysis 
and was thus placed a higher value). Since women aged 
≤35 years represent 78% of women giving birth in Eng-
land and Wales [13], the intervention is unlikely to be 
cost-effective under NICE criteria for the whole study 
population, even if it is found to be cost-effective in 
women giving birth aged beyond 35 years.

Discussion
Overview and interpretation of findings
The results of our analysis suggest that an intervention 
aimed at promoting breastfeeding, which comprises pro-
vision of information and support to women by health-
care workers and/or breastfeeding peer supporters, 
initiated in the antenatal period or up to 8 weeks after 
birth, is unlikely to be cost-effective, as its ICER when 
added onto standard care versus standard care alone 
was £51,946/QALY, which is well above the NICE upper 
cost-effectiveness threshold of £30,000/QALY. Results of 
sensitivity analysis suggested that the intervention might 
become cost-effective if its cost was reduced by about 
50% (from £84 to around £40–£45 per woman receiv-
ing the intervention) or if its relative effect (RR) on any 
breastfeeding 16–26 weeks after birth was improved by 
about 100% (from 1.19, i.e. 19% increase, to 1.35–1.40, i.e. 
35–40% increase in breastfeeding rates). Translating the 
intervention effect into numbers of women breastfeed-
ing, in a cohort of 100 women, 42 would breastfeed under 
standard care (estimate based on national statistics), 50 
would breastfeed if the modelled intervention with a RR 
of 1.19 was offered to the cohort, and 57 women in the 
cohort would need to breastfeed (estimated using a RR of 
1.36) for the intervention to become cost-effective.

A less resource intensive intervention comprising 
two individual 30-min sessions provided by a health 

professional in NHS England AfC Band 5 has a cost of 
£59, which is higher than the cost of £40–45 that would 
be required for the intervention to be cost-effective; 
moreover, according to our meta-regression, an interven-
tion comprising two contacts would only be expected to 
have a small and non-significant effect (RR 1.07, 95% CI 
0.98 to 1.17, for 2–3 contacts versus standard care). An 
intervention cost of £40, required for the intervention to 
become cost-effective, could be achieved by 4 individual 
30-min sessions provided by a peer supporter, assuming a 
unit cost of £20 per hour. However, it is possible that the 
unit cost of a peer supporter is higher, if childcare costs 
are taken into account, meaning that an intervention cost 
as low as £40 may not be achievable even by provision of 
the intervention by a peer supporter offering 4 individual 
30-min sessions.

Furthermore, the RR of 1.35–1.40 that would be 
required for the intervention to become cost-effective is 
above the upper 95% CI of the relative effect used in the 
base-case analysis (mean RR 1.19, 95% CI 1.10 to 1.30). 
Therefore, it appears that an intervention of this type 
needs to be both more effective and less costly than its 
specification in our economic analysis, for it to be cost-
effective within the NICE decision-making context.

Strengths and limitations
The effectiveness of the intervention in improving breast-
feeding rates was determined by a meta-regression of 
RCTs [15] conducted to inform the NICE guideline on 
postnatal care [12]. The quality of the included data was 
overall low. Typically, the studies included in the review 
were characterised by serious risk of bias associated with 
the randomisation process, selective reporting and miss-
ing outcome data, as assessed using the Cochrane Risk 
of Bias tool [44]. Most studies were unblinded, which 
was unsurprising given the nature of the interventions. 
Interventions included in the review were characterised 
by particularly high heterogeneity regarding the mode of 
delivery (e.g. face-to-face or by telephone, individually or 
in groups, blended interventions were also common), the 
number of contacts and the duration of the intervention, 
the place of delivery (at home, in hospital, in a commu-
nity setting or a combination of locations), the person 
delivering the intervention (peer supporter, lactation 
consultant, midwife, health visitor or a combination), 
and the involvement of fathers. Moreover, there was het-
erogeneity regarding the study participants’ intention 
to breastfeed at recruitment, and the definition of ‘any 
breastfeeding’ as an outcome. Standard care was also het-
erogeneous and, in general, poorly described.

The structure of the economic model and the esti-
mates of the association of breastfeeding with clini-
cal outcomes were based on high quality studies [1, 18] 

Table 9 Results of alternative scenarios tested in sensitivity 
analysis

Scenario tested in sensitivity analysis ICER

Inclusion of post‑mortem examination cost for baby 
deaths

£51,904/QALY

Assuming effect of intervention is retained in future 
births, so that breastfeeding benefits apply to all babies 
born to a woman

£43,223/QALY

Use of an annual discount rate of 1.5% £22,667/QALY

Starting age of women 25 years £60,145/QALY

Starting age of women 35 years £46,068/QALY
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identified from a systematic review of the literature con-
ducted specifically to inform our analysis. However, the 
primary data on the association of breastfeeding with 
clinical outcomes that were synthesised in meta-analysis 
were derived from study designs that were prone to bias; 
several studies demonstrating clinical benefits associated 
with breastfeeding had adjusted for some known con-
founders. Nevertheless, it is possible that there are other 
unknown confounders impacting on the relation between 
breastfeeding and clinical benefits, for which the studies 
were unable to adjust. Moreover, other studies made no 
adjustments for confounding. Thus, it is possible that the 
magnitude of the clinical benefits of breastfeeding have 
been overestimated in this literature and, consequently, 
in our analysis.

One further point to note is that evidence on the asso-
ciation between breastfeeding and mortality from infec-
tious diseases was derived exclusively from low and 
medium income countries due to lack of high income 
country data, so findings may not be directly relevant to 
the population in the UK. However, the impact of this 
input parameter on the results was negligible.

Breastfeeding has been found to be associated with sev-
eral clinical conditions that were not possible to consider 
in our economic model, either due to lack of suitable 
and/or good quality epidemiological and cost data that 
would allow robust modelling to be conducted, or due 
to the complexity or uncertainty of modelling owing to 
the multifactorial nature of some diseases. For example, 
breastfeeding has been associated with a reduced risk of 
diabetes in both mothers and babies and a reduced risk of 
obesity in babies over their lifetime. It has also been asso-
ciated with improved cognitive outcomes in babies and 
reduced incidence of ovarian cancer in mothers [1]. Fur-
thermore, there is some evidence that breastfeeding has 
a protective effect on the development of triple negative 
breast cancer [45, 46], which is considered to be more 
aggressive and have a poorer prognosis compared with 
other types of breast cancer. Current evidence suggests a 
protective effect of breastfeeding on the incidence of and 
hospitalisations due to GI in babies over the first 5 years 
of their life, and on the incidence of lower RTI and AOM, 
as well as hospitalisations due to RTI over the first 2 years 
of their life [1]. We conservatively modelled respective 
cost-savings and benefits to babies only over the first year 
of their lives, due to the availability of relevant epidemio-
logical data. Prevention of infections in babies, which is 
associated with breastfeeding, results in lower antibi-
otic use and thus lower rates of antimicrobial resistance 
in the community. Mothers who wish to breastfeed but 
experience societal barriers or lack of skilled support may 
experience psychological distress if they are not able to 

breastfeed. A successful breastfeeding intervention that 
enables them to breastfeed is likely to improve their men-
tal wellbeing and promote emotional attachment with 
their baby, improving also the baby’s psychological devel-
opment. Such benefits were not captured in our analysis.

Clinical benefits such as the reduction in the incidence 
of GI, RTI and AOM in babies were not translated into 
QALYs and thus were not considered in the estimation 
of the ICER. On the other hand, QALY gains associated 
with these benefits are expected to be very small due to 
the usually short duration of these outcomes (only a few 
days or weeks). Equally, the ICER has not captured the 
intangible benefits to parents associated with improved 
outcomes in babies, in particular the psychological bur-
den avoided by a reduction in mortality due to infectious 
diseases or SIDS.

Benefits were only estimated for healthy babies at term. 
Breastfeeding has been shown to be associated with clini-
cal benefits to premature, low-birth-weight, or seriously 
ill babies [47–50]. Such benefits were not captured by our 
analysis as they were beyond its scope.

The clinical data on the protective effect of breast-
feeding on the incidence of breast cancer expressed the 
difference in the incidence of breast cancer between 
parous women that breastfed over 6 months after birth 
and those who never breastfed [22]; similarly, the clinical 
data on the protective effect of breastfeeding on mortal-
ity due to infectious diseases or SIDS in babies expressed 
the difference in mortality between babies that were 
breastfed (at 4 months after birth) and those that were 
never breastfed. A shorter duration of breastfeeding (e.g. 
2–3 months) is possible to still have a protective effect 
on breast cancer in women [22] and death from infec-
tious diseases or SIDS in babies. However, our model 
considered the effectiveness of the breastfeeding inter-
vention regarding the breastfeeding status of women 
and babies at a single time point (4 months after birth for 
babies, 6 months for women). Some of the women who 
were not breastfeeding at 6 months may have breastfed 
until an earlier time point (i.e. they are not necessar-
ily women who never breastfed their babies from birth 
to 6 months); similarly, some of the babies who were 
not breastfed at 4 months may have been breastfed 
until an earlier time point (i.e. they are not necessarily 
babies who were never breastfed from birth and up to 
4 months); these women and babies have received some 
protective effect from breastfeeding in reducing the inci-
dence of breast cancer and mortality due to infectious 
diseases or SIDS, respectively. In this aspect, our analy-
sis has likely overestimated the benefits and cost-savings 
of breastfeeding (and, consequently, of the breastfeeding 
intervention) to mothers and babies.
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As infant mortality from infectious diseases or SIDS 
is rare, the overestimation of the protective effect of 
breastfeeding is expected to be negligible and thus highly 
unlikely to have impacted on the results and conclusions 
of the analysis. In contrast, the overestimation of the 
protective effect of breastfeeding on the reduction in the 
incidence of breast cancer has potentially a significant 
impact on the model results, given that the QALYs and 
cost-savings from the reduction in the incidence of breast 
cancer contributed considerably to the estimation of the 
ICER (QALYs gained due to a reduction in the incidence 
of breast cancer accounted for 95% of total QALYs gained 
following provision of the breastfeeding intervention; 
cost-savings due to a reduction in the incidence of breast 
cancer accounted for 51% of the total cost-savings follow-
ing provision of the breastfeeding intervention).

According to an older high-quality meta-analysis of 47 
epidemiological studies in 30 countries [17], the impact 
of any versus no breastfeeding for up to 6 months on 
breast cancer is very small and non-significant (OR 0.98, 
95% CI 0.95 to 1.01), while the impact of any versus no 
breastfeeding for a duration of 7–18 months is statis-
tically significant (OR 0.94, 95% CI 0.91 to 0.97), but 
smaller than the estimate from the meta-analysis that 
informed our economic analysis [22]. The two meta-
analyses included different studies and reported rather 
contradictory results on whether breastfeeding for a 
duration of up to 6 months can reduce the incidence of 
breast cancer. Results of the older meta-analysis also sug-
gest that our model may have overestimated the clinical 
benefits and associated cost-savings of the breastfeeding 
intervention in relation to the reduction in the incidence 
of breast cancer. It is noted, though, that Victora et  al. 
[1] reported the results of a meta-analysis, according to 
which highest versus lowest duration of breastfeeding 
showed a larger and statistically significant protective 
effect on the incidence of breast cancer (OR 0.81, 95% CI 
0.77 to 0.86). However, most studies in this meta-analysis 
had not adjusted appropriately for parity and therefore 
tended to exaggerate the effect size.

The guideline committee expressed the view that, 
overall, the magnitude of overestimation of benefits and 
cost-savings in some aspects of the economic analysis 
balanced out the magnitude of the underestimation of 
benefits and cost-savings in other areas, where model-
ling was limited or not conducted. After considering the 
strengths and the weaknesses of our analysis, the com-
mittee concluded that, currently, providing an education 
and support intervention, in addition to standard care, 
that aims to promote breastfeeding to women that are 
pregnant or have given birth to healthy babies at term, 
does not appear to be cost-effective in the UK under 
NICE criteria of cost-effectiveness.

Generalisability of the results and implications of the study
Our analysis was conducted from the perspective of 
the NHS/PSS in England. Results may be generalisable 
to other settings with similar funding and structure of 
healthcare and personal social services, including post-
natal care pathways, as well as comparable epidemiologi-
cal picture regarding the clinical conditions associated 
with breastfeeding. Interventions for mothers, aimed 
at promoting breastfeeding, may be considerably more 
cost-effective in settings where the baseline risk of infec-
tions to babies and/or breast cancer to mothers, and/or 
associated management costs, are higher compared with 
the UK, for example, in low and middle-income country 
settings. We also note that our results were sensitive to 
the discount rate used, as use of a lower discount rate 
led to the intervention’s cost-effectiveness being con-
siderably improved. The choice of the discount rate for 
costs and outcomes in economic evaluations of health 
care programmes and policies has been contentious and 
the subject of ongoing discussion [51–54] and may have 
a stronger impact in economic evaluations of strategies 
with long-term consequences, such as prevention pro-
grammes, which are disfavoured by use of higher dis-
count rates [52, 53]. Conclusions on cost-effectiveness 
ultimately rely on the perspective of the analysis and the 
cost-effectiveness threshold adopted; the latter depends 
on the policy makers’ willingness-to-pay for clinical and 
other wider benefits, which may vary across countries 
and health systems.

As other literature suggests, worldwide, breastfeeding 
itself is cost-effective as it leads to important clinical ben-
efits to mothers and babies and cost-savings to the health 
service, parents and the whole society, at no intervention 
cost [18, 21, 55–60]. Our economic analysis only demon-
strated that the breastfeeding intervention, as specified in 
our model, was not cost-effective when added to standard 
care because the clinical benefits and cost-savings result-
ing from an increase in breastfeeding rates, although 
important, were not adequate to outweigh initial inter-
vention costs. This is because the baseline incidence of 
the clinical conditions assessed in the model is already 
rather low in the general population of women giving 
birth to healthy babies, and their babies, in the UK com-
pared with other settings, e.g. the rate of baby infections 
is higher in low-income countries and therefore clinical 
benefits to babies and associated cost-savings resulting 
from breastfeeding (i.e. a reduction in baby infection 
rates and subsequent hospitalisations) are expected to 
be larger. Moreover, the effectiveness of the interven-
tion in improving breastfeeding rates at 16–26 weeks 
was relatively small (mean RR of the intervention added 
onto standard care versus standard care alone 1.19), 
with a rather small impact at a population level. To put 
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this figure into context, out of 100 women receiving the 
intervention, 42 would breastfeed at 4 months under 
standard care whether they received the intervention or 
not (according to national statistics), and only 8 would 
breastfeed because of the intervention (19% of 42 accord-
ing to the intervention’s effectiveness). Therefore, the 
benefit of the intervention offered to 100 women would 
be 8 additional women breastfeeding. At an interven-
tion cost of £84 per woman receiving the intervention, 
it would cost £8400 to support 8 extra women to breast-
feed, or £1050 per extra woman breastfeeding.

Future research should focus on the effective compo-
nents of breastfeeding interventions, as identified by this 
meta-regression, aiming at the development of breast-
feeding interventions with higher effectiveness that are 
less resource intensive and offer more return on invest-
ment than currently available interventions. Women’s 
needs and views on facilitators and barriers to breast-
feeding need also to be taken into account when design-
ing such interventions.

Perhaps the way forward to improve breastfeeding rates 
in a cost-effective way is to implement public health and 
other societal interventions, which do not target women 
specifically but apply changes within society as a whole 
to promote and normalise breastfeeding, after identifying 
and targeting factors that dissuade mothers from breast-
feeding in current UK society, for example, the pressures 
of advertising by infant formula companies, negative 
public attitudes to breastfeeding in public, and  the lack 
of appropriate facilities for breastfeeding mothers. Such 
interventions could include, for example, full adoption 
of the WHO International Code of marketing of breast 
milk substitutes [61], further improvements to maternity 
leave arrangements and pay, and other workplace policies 
that enable working women to breastfeed their babies. 
Such interventions were beyond the scope of the NICE 
updated  guideline  on postnatal care, and therefore we 
have not explored their effects and cost-effectiveness. It is 
also possible that, if some of the barriers to breastfeeding 
are removed by implementation of societal interventions, 
this will lead to an improvement of the effectiveness of 
education and support interventions targeted to preg-
nant women and those who have given birth.

Based on the results of this meta-regression and eco-
nomic analysis, the guideline committee was unable to 
recommend specific education and support breastfeed-
ing interventions of the type assessed in the economic 
analysis; instead, they made recommendations that aim 
to enforce national breastfeeding initiatives and optimise 
current NHS postnatal care  in England, to improve the 
quality and reduce variation in the current provision of 
breastfeeding advice and support across settings.

Conclusion
Worldwide, breastfeeding results in health benefits to 
women and their babies and cost-savings to the health 
service. Available evidence on antenatal and postnatal 
breastfeeding interventions for women, which comprise 
education, advice and support from a mixture of health 
professionals and peer volunteers, suggests these may 
not be cost-effective when added to standard care under 
NICE criteria in England. More effort needs to be placed 
on how breastfeeding education, advice and support can 
be optimised in order to improve the quality and reduce 
variation in services offered across care settings. Pub-
lic health and other societal interventions that facilitate 
breastfeeding and remove barriers to it may be key in 
improving breastfeeding rates in the UK.
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