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Objectives: There is evidence that breastmilk feeding reduces mortality and short and
long-term morbidity among infants born too soon or too small. The aim of this study was
to evaluate the cost-effectiveness of enhanced staff contact for mothers with infants in a
neonatal unit with a birth weight of 500–2,500 g from the perspective of the UK National
Health Service.
Methods: A decision-tree model linked clinical outcomes with long-term health outcomes.
The study population was divided into three weight bands: 500–999 g, 1000–1,749 g, and
1,750–2,500 g. Clinical and resource use data were obtained from literature reviews. The
measure of benefit was quality-adjusted life-years. Uncertainty was evaluated using
cost-effectiveness acceptability curves and sensitivity analyses.
Results: The intervention was less costly and more effective than the comparator in the
base–case analysis for each birth weight group. The results were quite robust to the
sensitivity analyses performed.
Conclusions: This is the first economic evaluation in this complex field and offers a
model to be developed in future research. The results provide preliminary indications that
enhanced staff contact may be cost-effective. However, the limited evidence available,
and the limited UK data in particular, suggest that further research is required to provide
results with confidence.
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There is evidence that breastmilk feeding reduces mortal-
ity and short and long-term morbidity among infants born
too soon or too small (14;23). In 2005, initiation rates of
breastfeeding in special care baby units were greater than
those in the general population. Bolling et al. (2) found that
the breastfeeding rate at 1 week was 63 percent in the gen-
eral population and 68 percent among infants starting life in
neonatal units. Neonatal units include both neonatal intensive
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care units and special baby care units. Nevertheless, health
benefits could still be reaped by increasing these rates fur-
ther and in particular by enabling infants to breastfeed ex-
clusively. Furthermore, there is the possibility of significant
cost-savings if complications resulting in long-term disabil-
ity can be reduced by consumption of breastmilk (32). Pro-
moting initiation, duration, and exclusivity of breastmilk is
a public health priority nationally and internationally and is
considered an important mechanism for addressing health
inequalities (7;12;35), and it is particularly important in this
vulnerable group.

A health technology assessment was conducted on the
clinical effectiveness and cost-effectiveness of breastfeeding
promotion for infants in neonatal units (25). This study re-
ports the cost-effectiveness analysis part, which had a study
population of mothers with infants in a neonatal unit with
low birth weight. Here, low birth weight is defined as 500–
2,500 g. The cost-effectiveness analysis uses clinical evi-
dence summarized in the effectiveness review reported else-
where (26). A systematic review of the literature for eco-
nomic evaluations of promotional strategies for breastfeeding
in neonatal units was conducted. No economic evaluations
that met the inclusion criteria were identified.

A wide range of factors determine the incidence and
prevalence of breastfeeding. In the case of neonatal units
these additionally include feeding methods, methods of ex-
pressing breastmilk and staff training, as well as public health
interventions. The effectiveness review examined several of
these. The cost-effectiveness analysis focused on evaluat-
ing enhanced staff contact. This consisted of providing in-
dividualized education, support and care plans to mothers
of infants in neonatal units by specially trained staff. The
two intervention studies used in this analysis involved either
training to International Board Certified Lactation Consultant
(9) or training in the benefits of and barriers to breastfeed-
ing, physiology of lactation, use of breast pumps, prefeeding
interventions based on synactive theory, and breastfeeding
interventions acknowledging readiness to infant (22).

Our study has used these data to evaluate the cost-
effectiveness from a National Health Service perspective of
enhanced staff contact compared with normal staff contact
over the lifetime of an infant admitted to a neonatal unit
with low birth weight. It was assumed that breast pumps and
facilities for milk expression and storage were freely avail-
able. Normal staff contact is an absence of nurses specifically
trained to support breastfeeding mothers.

METHODS

Model

The problem was modeled using a decision tree developed
in Treeage Pro 2007. The data reviewed for the decision
analysis were applicable to mothers with infants in neonatal
units with a birth weight between 500 g and 2,500 g. This

theoretical population was divided into three birth weight
subpopulations: 500 g to 999 g; 1,000 g to 1,749 g; and
1,750 g to 2,500 g. These weight bands were considered
appropriate because the incidence of disease increases as the
birth weight decreases (8;10).

The prevalence of feeding with mothers’ milk depends
on whether or not the mother originally intended to breast-
feed before being encouraged to express milk in the neonatal
unit (28). Thus in part 1 of the decision tree, the population
that receives enhanced staff contact is divided into those who
intended to breastfeed (ITB) and those who did not (NITB)
before childbirth (Figure 1). The effectiveness estimate for
the study intervention, which concerns increasing breastfeed-
ing rates/feeding with breastmilk, is for all mothers regardless
of whether or not they intended to breastfeed.

There is a relationship between the proportion of the
total milk intake that is breastmilk and a disease protective
effect (34). Convenient categories of levels of breastmilk in-
take that can be identified in the literature: formula only (F),
some mothers’ milk plus formula (MM+F) or donor milk,
and mostly mothers’ milk (MM). Mostly mothers’ milk was
defined as greater than 80 percent of total milk intake. Conse-
quently, in the tree the infants of both ITB and NITB mothers
received either MM, MM+F, or F. Each of these groups of
infants was considered to be at risk of one of six possible
feeding-related outcomes during the neonatal stay: medical
necrotizing enterocolitis (NEC), Bell stage II or greater; sur-
gical NEC; fungal sepsis, Gram-negative sepsis, or Gram-
positive sepsis; no NEC or sepsis. These were considered by
clinical experts to be the most significant clinical events af-
fected by the consumption of breastmilk. Rehospitalization
rates were not included. Due to limited space, the events for
every chance node in Figure 1 are not shown. The nodes with
the same numbers share the same possible following events.
Every chance node labeled 3 follows with death or survival
as shown in part 2 of the decision tree.

An infant with any of these six clinical outcomes might
survive or die. Survivors might or might not develop a long-
term neurodevelopmental impairment (NDI). Those who do
develop a long-term NDI were considered to have mild, mod-
erate, or severe disability.

As these conditions were considered to be long-term, the
time horizon of the analysis was lifetime. Each health state
was allocated utility, life expectancy, and cost values.

A second, identical population of infants passed through
the same tree with normal staff contact rather than enhanced
staff contact. The corresponding outcome probabilities were
different. The model calculated the expected quality-adjusted
life-years (QALYs) and cost per patient for each comparator
and an incremental analysis was then performed.

Clinical Data

A baseline intention to breastfeed rate of 72 percent for Eng-
land and Wales was taken from the Infant Feeding Survey
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Figure 1. The decision tree for the enhanced staff contact intervention. Circles indicate that the following states are due to
chance. A triangle indicates that the preceding state is the end state. The nodes with the same numbers share the same
possible following events. The second part of the decision tree follows on from the first part where node 3 in the second part
corresponds to node 3 in the first part.

2005 (2). The distribution of the three levels of mothers’
milk consumption (MM, MM+F, and F) for mothers who
intended to breastfeed and for those who did not, given en-
hanced staff contact, was obtained by personal communica-
tion from the author of the only paper (28) with such data
that was identified in the searches for the effectiveness re-
view (26) (see Supplementary Table 2, which is available at
www.journals.cambridge.org/thc2010010).

To obtain the distribution of these different levels of
mothers’ milk consumption for normal staff contact, we
needed the odds ratio of an infant receiving his or her own
mothers’ milk during neonatal stay given normal staff contact
compared with enhanced staff contact. This required studies
comparing the two interventions for all mothers with infants
in neonatal units regardless of whether or not they intended
to breastfeed before birth. A pooled odds ratio weighted by
sample size was derived from two relevant papers identified
from the effectiveness review (9;22) (see Table 1). One study
(9) studied the introduction of a lactation consultant and the
other (22) studied the introduction of staff education and
leaflets, both with a view to improve the encouragement and
advice on breastfeeding that mothers with infants in neona-
tal units receive. Both were before and after studies from
the United States which considered all mothers with infants
in a neonatal unit. In the base case, it was assumed that
the pooled odds ratio was the same for both ITB and NITB
mothers.

To identify the evidence for breastmilk effectiveness
on the six clinical outcomes, MEDLINE and in-process
citations, EMBASE, NHS EED, HEED, and Econlit were
searched from 2003 to February 2008, and the references of
the identified papers reviewed. This search provided the fol-

lowing data: the incidence given mothers’ milk and formula
supplements and odds ratios of sepsis given different milk
consumption (8), medical NEC (10;18;27), surgical NEC
(10;18;27); the distribution of positive, negative, and fungal
sepsis (27;30;33); and the incidence and OR of mortality
(8;11;13;30) and NDI given each health outcome (13;16;29)
(see Supplementary Tables 1 and 2, which are available at
www.journals.cambridge.org/thc2010010).

The papers selected had to include adequate informa-
tion to calculate odds ratios comparing outcomes for MM,
mothers’ milk plus donor milk (MM+D), MM+F, and F.

Supplemental literature searches identified a paper, Lar-
roque et al. (16), published in March 2008 that provided the
incidence of NDI given no disease and the distribution of
mild, moderate, and severe NDI given some degree of NDI
for children of 5 years of age. These “Larroque” disability
states are listed in column 2 of Supplementary Table 3, which
is available at www.journals.cambridge.org/thc2010010. It
was assumed that this distribution of NDI states would per-
sist for life.

The life expectancy for infants in these long-term dis-
ability states was taken from Colbourn et al. (4), which used
Office of National Statistics (ONS), published data and as-
sumptions to determine life expectancy for infants with no,
mild, and severe disability. See Table 2.

Utilities

NHS EED, HEED, Econlit, and MEDLINE were searched
for utility data for health states given different clinical out-
comes for the population of interest. Preference was given
to EQ-5D data. One study (21) provided EQ-5D utility data
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Table 1. Odds ratios used in model

Odds of ever receiving Odds
own mothers’ milk ratio SE Reference

Normal vs enhanced staff contact 0.500 0.20 28;34

Odds of confirmed NEC (medical and surgical)
MM vs MM and Donor 0.885 0.69 27
MM and Donor vs MM and Formula 0.465 0.66 18
Formula vs MM and Formula 3.006 0.40 18

Odds of sepsis
MM vs MM and Donor 0.709 0.38 27
MM and Donor vs MM and Formula 0.997 0.34 27
Formula vs MM and Formula 0.803 0.15 33

Odds of mortality
Gram +ve sepsis vs no NEC/sepsis 1.609 0.12 30
Gram -ve sepsis vs no NEC/sepsis 7.263 0.14 30
Fungal sepsis vs no NEC/sepsis 5.969 0.18 30
Medical NEC vs no NEC/sepsis 2.055 0.14 11
Surgical NEC vs no NEC/sepsis 3.124 0.12 11

Odds of NDI
Sepsis vs no NEC/sepsis 2.282 0.07 29
Medical NEC vs no NEC/sepsis 1.187 0.19 11
Surgical NEC vs no NEC/sepsis 1.985 0.19 11

NEC, necrotizing enterocolitis; MM, mother’s milk; NDI, neurodevelopmental impairment.

Table 2. Utility, life expectancy, and cost data used in the
model

Mean SD Reference

Utilities
No disability 0.940 0.12 4
Mild disability 0.850 0.10 4
Moderate disability 0.645 0.12 4
Severe disability 0.470 0.25 4

Life expectancy (years)
No disability 78.5 4
Mild disability 78.5 4
Moderate disability 67.8 4
Severe disability 26.1 4

Minutes of staff contact time
Initial contact 45 34
Further contact 150 34

Unit costs (£)
Registered nurse (£/hour) 41.12 5
Level 1 neonatal unit 939.00 310.20 7
Level 2 neonatal unit 671.00 178.38 7
Special Care Baby Unit 405.00 99.80 7
Major neonatal diagnosis 1514.00 838.10 7
200 mls of Formula milka 1.36 3
1 Litre of Donor milk a 289.12 15
Expression sets per daya 8.40 b

Annual cost of disabilities (£)
No disability 0.00 4
Mild disability 541.07 4
Moderate disability 541.07 4
Severe disability 21,500 4

aIncluded in sensitivity analyses only.
bBy personal communication.

for permanent sequelae given childhood bacterial meningi-
tis. The authors presented vignettes to 28 pediatricians in
the Netherlands for seven case descriptions. In line with the
approach taken by Colbourn et al. (4), utilities for mild,
moderate, and severe disabilities were derived from these
seven case descriptions by grouping them into three clus-
ters of severity and taking the average. The result was that
utilities determined for the “Colbourn” health states listed in
column 3 in Supplementary Table 3, which is available at
www.journals.cambridge.org/thc2010010, were used for the
corresponding “Larroque” health states listed in column 2.

Cost Data

The study perspective was the NHS. The costs included in the
analysis were the intervention costs; treatment of confirmed
NEC and sepsis; inpatient stay in level I, II, and III units; and
the lifetime cost of disability.

The cost of formula milk, donor milk, milk expression
pumps, and disposable milk expression kits are all affected
by the employment of enhanced staff contact. These were
included in the cost of an inpatient stay in a neonatal unit.
They were not included as independent cost items in the
base–case analysis because no estimate of the actual cost
of the provision of breast pumps per infant was available.
It was inappropriate to exclude breast pump costs and not
formula milk costs as independent cost items. These costs
were investigated through sensitivity analyses.

The price year was 2006. All costs were valued in pounds
sterling. All costs were inflated using the health component
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of the consumer price index. All costs were discounted at a
rate of 3.5 percent (20).

The cost of the intervention was the extra time dedicated
to mothers by specially trained staff. The minutes of staff
contact time were derived from Gonzalez et al. (9), and the
hourly cost of a registered nurse was derived from the Unit
Costs of Health and Social Care 2006 (5) (see Table 2).

The incremental cost incurred from an episode of sepsis
or NEC involves the additional disease-specific cost of treat-
ment, the additional cost due to increased length of stay in
level I, II, and III units, and the additional cost due to lifetime
disability. The cost of a sepsis or NEC illness episode was
assumed to be closest to a major neonatal diagnosis quoted
in the NHS Reference Costs (7). The unit cost of 1 day’s stay
in each unit of levels I, II, and III were also obtained from
the NHS Reference Costs (7).

For data on length of stay for different clinical out-
comes, the papers identified from the literature search on
breastmilk effectiveness were reviewed. Two U.S. studies
(8;30) provided length of stay for neonatal infants with sep-
sis and one study provided length of stay for neonatal infants
with either medical or surgical NEC. The length of stay data
reported in Supplementary Table 4, which is available at
www.journals.cambridge.org/thc2010010, for a level I unit
represent the incremental length of stay for sepsis and NEC
outcomes compared with no NEC/sepsis, hence, the length
of stay of 0 days for the control. Infants that died were given
an estimate of 20 days stay in a level I unit. It was assumed
that this covered the cost of treatment for an infant that died
in a neonatal unit.

The cost of disability was identified from a search for
papers with cost data for the health outcomes for preterm
infants. Trotter et al. (32). identified costs for mild, mod-
erate, and severe disability given survival of meningococ-
cal disease, using the Unit Costs of Health and Social Care
2000.

For sensitivity analyses, the unit cost of 200 ml of for-
mula milk was derived from the British National Formulary.
The unit cost of 1 liter of donor milk was derived from a
report to the Department of Health of the Breastmilk Bank-
ing Working Group in 2003 (3). The quantity of milk per kg
of the infant consumed was assumed to increase to 150 ml/
kg from 60 ml/kg and remain there for the rest of the in-
patient stay. The rate of increase depended on the birth
weight. The cost of a single use expression kit was £1.20
(Camilla Kingdon, personal communication). It was assumed
that an average of seven such sets would be used every
24 hours.

Uncertainty

A probabilistic sensitivity analysis was conducted with a the-
oretical cohort of 10,000 patients to explore uncertainty in the
model parameters. Binary probabilities and multiple event
probabilities, odds ratios, and cost and utility estimates were

given beta, Dirichlet, and gamma distributions, respectively.
The results are reported using cost-effectiveness acceptabil-
ity curves (CEACs).

One-way sensitivity analyses were conducted, where
one parameter is varied while the rest are kept constant, to
explore the effect of changes in model assumptions and dif-
ferent parameter estimates on the cost-effectiveness results.
The effect of including costs of formula feeding, provision of
donor milk supplements and expression kits was evaluated.
Because of the varied availability of donor milk across the
country and the relatively high cost of its provision, a policy
of allocating donor milk only as a supplement to mothers’
milk was evaluated in sensitivity analyses. Donor milk out-
come probabilities were added to the model.

The effect on the results of the treatment effect being
based solely on Gonzalez et al. (9) rather than a pooled esti-
mate from two papers due to slightly different interventions
was investigated. The effectiveness of the intervention may
vary depending on whether or not the mother intended to
breastfeed before childbirth, so a sensitivity analysis was
conducted with an odds ratio of 0.4 for those mothers who
intended to breastfeed and 0.6 for those who did not and vice
versa. The intention to breastfeed proportion was varied from
50 percent to 90 percent as it varies significantly between re-
gions in the United Kingdom (2). The odds of confirmed
NEC given formula feeding alone compared with mothers’
milk feeding plus formula supplements was also reduced to
1.48 from 3.01 given that one paper, which could not be used
in the model, suggested a much lower effect.

Instead of a registered nurse providing the intervention
at £41.12 per hour, the cost of providing a hospital mid-
wife (£65.57 per hour) was substituted. The length of stay
was halved for each of the clinical outcomes (sepsis, medical
NEC, and surgical NEC) because the length of stay estimates
were based on U.S. data and assumptions, and this is the ma-
jor cost factor. The initial probability of a mother intending to
breastfeed was varied to cover varying rates between regions
and ethnic groups. The only evidence available suggested that
the probability of severe disability was greater in the 1,750–
2,500 g weight group than the 1,000–1,749 g weight group
(16). Because this was counterintuitive, sensitivity analysis
was conducted to explore the impact of a greater probabil-
ity of severe disability in the 1,000–1,749 g weight group
compared with the 1,750–2,500 g weight group.

RESULTS

For the base–case model, the enhanced staff contact inter-
vention reduced overall costs compared with normal staff
contact and increased the gain in QALYs for each of the birth
weight groups. In other words, enhanced contact dominated
normal contact (see Table 3). The lower the birth weight, the
greater the cost-savings and the greater the QALY gain. This
was because the incidence of NEC decreased as the birth
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Table 3. Base–case results from the model

Cost Incremental Benefits Incremental ICER
Base–case Intervention (£) cost (QALY) benefit (£/QALY)

500–999 g Enhanceda 86,759 14.70
Normalb 87,345 586 14.45 −0.251 Dominated

1000–1749 g Enhanced 56,947 21.05
Normal 57,240 293 21.00 −0.056 Dominated

1750–2500 g Enhanced 47,228 21.92
Normal 47,294 66 21.91 −0.009 Dominated

aEnhanced staff contact.
bNormal staff contact.
QALY, quality-adjusted life-year; ICER, incremental cost-effectiveness ratio.

weight increased, which reduced the potential cost-savings
and health benefits from the effectiveness of breastmilk.

For the donor milk model, the enhanced staff con-
tact intervention was only dominant in the 500- to 999-g
weight group. For the 1,750- to 2,500-g group, the cost-
effectiveness ratio was £34,905/QALY. The effectiveness of
the intervention resulted in more women expressing milk
and, because most women provide only a portion of the milk
consumed, there was increased consumption of donor milk
supplementation, which increased costs. The enhanced staff
contact increased health outcomes across all birth weight
groups.

The probabilistic sensitivity analyses showed that, in
the base–case, the enhanced staff contact intervention was
highly likely to be cost-effective at any cost-effectiveness
threshold (see Supplementary Figure 1, which is available at
www.journals.cambridge.org/thc2010010).

The sensitivity analyses showed that, for the 500- to 999-
g weight group, the only scenario in which the intervention
was not dominant was where the cost of expression kits was
added to the model with donor milk supplements. The cost-
effectiveness ratio was £355/QALY.

For the 1,000- to1,749-g group, only the sensitivity anal-
yses with full-cost donor milk made the intervention more
costly than the comparator, but the highest cost-effectiveness
ratio was only £5,550/QALY. For the 1,750- to 2,500-g group,
in addition to the donor milk analyses, increasing the la-
bor cost to that of a midwife, halving the length of stay
and including the cost of single use expression kits made
the intervention more costly than the comparator. The high-
est cost-effectiveness ratio of sensitivity analyses excluding
donor milk was £5,591/QALY for the inclusion of expression
kit costs.

DISCUSSION

This study links three factors: a significant reduction in NEC
due to consumption of breastmilk versus formula milk; an
absence of significant adverse events from the consumption
of breastmilk compared with formula milk; and a relatively
cheap intervention compared with the cost savings from re-

duced NEC. Taken together they suggest a cost-effective re-
sult, where a policy of providing donor milk as supplements
only is not used.

The intervention would no longer be cost-effective if
donor milk were allocated exclusively as a supplement to
mothers’ milk. This is because it is expensive and the inter-
vention to increase provision of mothers’ milk coincidentally
increases the consumption of donor milk in this scenario.

This study focused on two outcomes (sepsis and NEC)
considered to be clinically important and supported by ev-
idence. The literature showed little effect of mothers’ milk
consumption on sepsis rates so the health outcomes were
principally determined by the effect of mothers’ milk con-
sumption on NEC. The lack of adverse events contributes to
a cost-effective result. Two possible adverse events are infec-
tion from expressing, storing, and delivering mothers’ milk,
and transmission of disease, for example cytomegalovirus
and HIV, by means of mothers’ milk. Postdischarge re-
hospitalization also was not included, and this may have
positive or negative cost implications for the intervention.
Whereas the model could be refined to include the possibility
of cytomegalovirus transmission and postdischarge hospital-
ization, we did not consider either to be prevalent adverse
health outcomes relative to sepsis or NEC in this UK popu-
lation.

Given the low prevalence of maternal HIV infection (15)
and low frequency of mother to child transmission (31), a
high estimate of the probability of an infant in a neonatal
unit contracting HIV as a result of breastfeeding would be
0.00002. Postnatal cytomegalovirus transmission by means
of breastmilk is more common than HIV transmission in
the United Kingdom but has not been definitively associ-
ated with long-term adverse effects (19). Pasteurization of
donor milk prevents postnatal cytomegalovirus transmission
but heat treatment of a mother’s own milk is neither recom-
mended nor widely practiced in the United Kingdom.

This study focused on NDI as the major long-term out-
come following NEC. Some infants with NEC may develop
short bowel syndrome (SBS). A proportion of the mortal-
ity, although not all, from SBS will have already been cap-
tured in the in-hospital mortality rate due to surgical NEC.
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Adding the full health outcomes of SBS will increase the
cost-effectiveness of breastfeeding promotion in this model.
Were the model to be developed further, mortality due to
NEC with and without SBS would need to be distinguished.
The cost of prolonged hospital stay due to SBS survivors
should be included in the model cost estimates.

This study used evidence obtained from systematic re-
views of the literature to obtain the clinical effectiveness data
and utilities. There were many limitations to this evidence.
For example, data on the effectiveness of enhanced staff sup-
port, the incidence data for NDI, and the length of stay data
in level I, II, and III neonatal units were not derived from
UK studies. The health states associated with the utility esti-
mates do not perfectly match the health states in the model.
Furthermore, it was assumed that the disability states would
remain constant over the lifetime of the child. No estimate
of the cost of breast pumps per infant was available and a
generic cost estimate of a major neonatal diagnosis was used
for surgery. Ideally, the incremental cost of breast pumps,
formula milk, and expression kits would be included as in-
dependent cost items in the base–case analysis. The use of
non-UK data necessitated extensive sensitivity analyses.

More accurate UK data are required especially with re-
gard to the length of stay and cost data, the effectiveness of
enhanced staff contact in an average UK neonatal unit, and
the long-term health outcomes of infants who experience
preventable complications.

Despite these limitations, this study managed to link
breastfeeding with long-term outcomes using the best avail-
able information. The model presents the minimum informa-
tion required to evaluate the cost-effectiveness of enhanced
staff support. As new data become available, the model can
be developed in future studies.

The lack of data or existing studies in this important field
is in itself a finding of interest. Without good quality data on
short, medium and long-term outcomes and resource use, it is
hard to make definitive cost-effectiveness conclusions about
the use of a specific approach to promote breastfeeding in a
neonatal setting.

Current practice in the United Kingdom and internation-
ally varies greatly, but it is known that staff with the expertise
to promote and support breastfeeding are not widely avail-
able in most countries (1;17;24). The evidence available sug-
gests that the provision of enhanced staff contact to promote
breastfeeding in neonatal units is cost-effective. However,
the lack of UK-relevant evidence from high quality studies
places some uncertainty around this result and suggests the
need for more evidence; this model offers a basis for future
studies.
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