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Abstract

Breastfeeding confers multiple benefits for the health and development of very preterm
infants, but there is scarce information on the duration of breastfeeding after discharge
from the neonatal intensive care unit (NICU). We used data from the Effective Perinatal
Intensive Care in Europe population-based cohort of births below 32 weeks of gesta-
tion in 11 European countries in 2011-2012 to investigate breastfeeding continuation
until 6 months. Clinical and sociodemographic characteristics were collected from
obstetric and neonatal medical records as well as parental questionnaires at 2 years of
corrected age. Among 3,217 ever-breastfed infants, 34% were breastfeeding at
6 months of age (range across countries from 25% to 56%); younger and less educated
mothers were more likely to stop before 6 months (adjusted relative risk [aRR]
<25 years: 0.68, 95% Cl [0.53, 0.88], vs. 25-34 years; lower secondary: 0.58, 95% Cl
[0.45, 0.76] vs. postgraduate education). Multiple birth, bronchopulmonary dysplasia
(BPD), and several neonatal transfers reduced the probability of continuation but not
low gestational age, fetal growth restriction, congenital anomalies, or severe neonatal
morbidities. Among infants breastfeeding at discharge, mixed versus exclusive breast
milk feeding at discharge was associated with stopping before 6 months: aRR = 0.60,
95% Cl [0.48, 0.74]. Low breastfeeding continuation rates in this high-risk population
call for more support to breastfeeding mothers during and after the neonatal hospitali-
zation, especially for families with low socio-economic status, multiples, and infants
with BPD. Promotion of exclusive breastfeeding in the NICU may constitute a lever

for improving breastfeeding continuation after discharge.
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1 | INTRODUCTION

Breast milk is considered the best food for newborns and infants,
and the World Health Organization
breastfeeding until 6 months of age (Bernard et al., 2017; Edmond
et al., 2006; Ip et al., 2007; Kramer & Kakuma, 2002). The nutri-

tional and immunological benefits of breast milk are particularly

recommends exclusive

important for very preterm infants born at less than 32 weeks of
gestation who are at higher risk of infection and other health and
developmental problems than term infants. (Lechner & Vohr, 2017;
Vohr et al., 2007; Vohr et al., 2017). Breastfeeding a very preterm
infant also reinforces the mother's caregiving role in the neonatal
intensive care unit (NICU) and can promote bonding (Flacking,
Ewald, Nyqvist, & Starrin, 2006; lkonen, Paavilainen, & Kaunonen,
2015). However, breastfeeding a very preterm infant is challenging,
requiring the mother to pump milk regularly until her child has
acquired the capacity to suckle at the breast and posing multiple
logistic challenges during the long neonatal hospitalization (Callen
& Pinelli, 2005; Nye, 2008). Consequently, breastfeeding rates for
very preterm infants are lower than for full-term infants
(Akerstrom, Asplund, & Norman, 2007; Flacking, Nyqvist, &
Ewald, 2007; Merewood, Brooks, Bauchner, MacAuley, & Mehta,
2006).

Most research on breastfeeding very preterm infants has focused
on breastfeeding initiation or at discharge from the NICU (Bonet et al.,
2011; Lee & Gould, 2009; Sisk, Lovelady, Dillard, Gruber, & O'Shea,
2009; Zachariassen et al., 2010). These studies find that younger
maternal age, being foreign-born, and having a low educational level
reduce the probability of breastfeeding at discharge home from
hospital. The child's clinical characteristics are also important:
Breastfeeding is less likely among multiples and infants with low
gestational ages, fetal growth restriction, severe neonatal morbidities,
and congenital anomalies.

NICU,

including having designated members to support mothers, having

Finally, breastfeeding support policies in the
a Baby-Friendly Hospital Initiative accreditation, and general cul-
tural attitudes to breastfeeding also affect breastfeeding rates
among very preterm infants (Bonet et al., 2015; Rodrigues,
Severo, Zeitlin, & Barros, 2017; Santoro Junior & Martinez,
2007; Wilson et al., 2017).

We have less knowledge about factors that favour or hinder
continued breastfeeding after discharge from the NICU. The
same social and clinical characteristics that influence breastfeeding
in the neonatal unit may affect continuation, but it is possible
that salient factors differ. Social characteristics, for instance, may
exert a stronger influence after the child returns home, whereas
those related to care in the neonatal unit may have less impact.
An understanding of the factors that promote continued
breastfeeding is needed to develop effective postdischarge support
and to prepare families at discharge for the difficulties they
may face.

In this study, we sought to identify factors associated with
breastfeeding continuation until 6 months of age among breastfed
very preterm infants using data from a European multiregional popula-

tion-based study.
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Key messages

e In this multiregional European cohort, one third of ever-
breastfed very preterm infants were breastfed at
6 months, varying from 25% (Portuguese and British

regions) to 50% (Swedish and Danish regions).

e The probability of being breastfed to 6 months was
lower for infants with less educated mothers.

o Neonatal factors associated with stopping were multiple
birth, bronchopulmonary dysplasia, and multiple
neonatal transfers but not low gestational age or other

severe morbidities.

e Continuation was more likely with exclusive, as opposed

to mixed, breastfeeding.

e Rates of breastfeeding continuation for very preterm

babies in Europe fall short of international
recommendations and are marked by strong social

inequalities.

2 | METHODS

2.1 | Data source

This study uses data from the Effective Perinatal Intensive Care in
Europe cohort, a population-based cohort study including all stillbirths
and live births born below 32 weeks of gestation in 19 regions from
11 European countries over a 12-month period in 2011 and 2012
(Zeitlin et al., 2016). Participating countries (regions) were Belgium
(Flanders), Denmark (Eastern region), Estonia (entire country), France
(Burgundy, lle-de-France, and the Northern region), Germany (Hesse
and Saarland), Italy (Emilia-Romagna, Lazio, and Marche), the Nether-
lands (Central and Eastern region), Poland (Wielkopolska), Portugal
(Lisbon, Tagus Valley, and North region), Sweden (greater Stockholm
area), and the United Kingdom (East Midlands, Northern, and York-
shire and Humber regions). For the three French regions, data were
collected as part of the French study EPIPAGE2, where inclusions
lasted 6 months in 2011-2012 (Ancel et al., 2015).

Perinatal and maternal characteristics were abstracted from
obstetrical and neonatal medical records using a pretested standard-
ized questionnaire filled in by a trained health care professional. Data
were collected until the infant's discharge home and included informa-
tion on breastfeeding at discharge. At 2 years of corrected age, a ques-
tionnaire was sent to parents to collect information about maternal
sociodemographic characteristics and the child's health and develop-
ment. The 2-year questionnaire included questions about whether
the child was ever breastfed and the age of the child when
breastfeeding was stopped.

2.2 | Ethical approvals

Ethics approval and parental consent were obtained in each study

region from regional and/or hospital ethics committees, as required
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by national legislation. The European study was also approved by the
French Advisory Committee on Use of Health Data in Medical
Research and the French National Commission for Data Protection

and Liberties.

2.3 | Study population

Our study population includes all infants followed up at 2 years of
corrected age who were ever breastfed and for whom breastfeeding
status at 6 months was available. Infants born in one of the regions,
Northern UK, were excluded because of concern about selection bias
among responders due to a very low response rate (<35%). Of 6,410
infants surviving to discharge in the 18 remaining regions, 26 died
before 2 years of age. Of the 6,384 eligible infants for follow-up at
2 years, questionnaires were returned for 4,321 (67.7%). Follow-up
rates differed between the regions: ranging from 47.2% in Belgium
to 97.9% in Estonia. Among these infants, 951 were never breastfed
(22.0%) and 153 (3.5%) had missing information on breastfeeding
status at 6 months. The sample for this study therefore comprised
3,217 ever-breastfed infants (Figure 1).

2.4 | Outcomes

First, infants were considered to have ever been breastfed if the
answer was yes to the question “Was your child breast fed” in the
parental questionnaire at 2 years.

The primary outcome was whether the child was breastfed until
at least 6 months of chronological age. Information on exclusive (only
breast milk) and mixed (breast milk and formula) feeding, and on
whether the child was feeding directly at the breast or received breast
milk using a cup or a bottle was collected at discharge but not at
2 years.

Infants were considered to be breastfed until at least 6 months if
mothers reported an age when breastfeeding was stopped that was
greater or equal to 6 months. In few cases, the mother stated that
she had breastfed but did not provide information on when she

stopped. If the infant was not breastfed at discharge, as indicated in

Wi LEY1 \ SREL.EH

the medical notes, and was discharged home before 6 months of

age, we considered that the infant was not breastfed at 6 months.

2.5 | Sociodemographic and infant health
characteristics

We investigated maternal sociodemographic variables that were
found in previous studies to affect breastfeeding initiation and
breastfeeding in the NICU, including level of education, which was
categorized in four groups according to the International Standard
Classification of Education 2011 (Schneider), age in years, country of
birth (Europe or other country), parity, and type of pregnancy (single
or multiple). Infant characteristics were gestational age, whether the
child had a severe neonatal morbidity diagnosed before discharge
home—including intraventricular haemorrhage Papille's grades Ill or
IV, cystic periventricular leukomalacia, retinopathy of prematurity Il
to V, necrotizing enterocolitis, and bronchopulmonary dysplasia
(BPD), defined as respiratory support or oxygen at 36 weeks post
menstrual age (Bonamy et al., 2017). We also included information
on whether the infant was small for gestational age (<10th percentile)
using intrauterine curves (Zeitlin et al., 2017), had any surgery, or was
transferred during neonatal care. Finally for the subset of children who
were no longer breastfed after discharge, we created a variable to
describe their feeding status at discharge (receiving exclusive breast
milk at the breast, exclusive breast milk but not from the breast, mixed
feeding (breast milk and formula) with breast milk from the breast,
mixed feeding with breast milk not from the breast). Missing data were
low for maternal and neonatal variables (< 2%) and 2.5% for mother's

education level. Missing data were excluded in multivariable models.

2.6 | Analysis strategy

We first compared the characteristics of responders and nonre-
sponders with the 2-year questionnaire. We used the Wald test from
logistic regressions adjusting for region to take into consideration
differences in the response rates by region (Table S1). To take into

consideration potential biases due to nonresponse, we used the

7637 infants admitted to NICU

Infants born in UK Northern (n=422)
Death during hospitalization (n7=805)

6410infants di
from h

scharged alive
ospital

Death after discharge (n=26)

6384 infants elig

ible for follow-up

No response to the two-year questionnaire
(n=2063)

4321infants with two-year data

Never breastfed (n=951)
Breastfeeding status at 6 months

32171

(2703 mothers)

unknown (n=153)

nfants

FIGURE 1 Flow-chart of study cohort
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TABLE 1 Breastfeeding continuation at 6 months among ever-breastfed infants, according to maternal and neonatal characteristics

TOTAL
Maternal age (years)
<25
25-34
>35
Mother's country of birth
Europe
Other
Mother's educational level
Lower secondary
Upper secondary
Bachelor degree or less
Master/doctoral degree
Parity
0
1
2 or more
Type of pregnancy
Singleton
Multiple
Gestational age (weeks)
23-25
26-27
28-29
30-31
SGA
<10th percentile
>10
Severe neonatal morbidity®
No

Yes

Bronchopulmonary dysplasia®

No
Yes
Surgery*©
No

Yes

Transfer during neonatal care

0

1

2 or more
Breastfeeding at discharge

Exclusive at breast

Exclusive not at breast

Mixed at breast

Mixed not at breast

Not breastfeeding at discharge

Country?
Belgium (Flanders)

Denmark (eastern region)

Infants  Unweighted

(N) (%)
3217

351
1925
934

2716
457

426
1265
846
598

2012
754
424

2201
1016

227
544
648
1582

1035
2182

2866
286

2777
380

2919
298

1923
891
403

865
305
796
464
498

245
170

10.9
60.0
291

85.6
14.4

13.6
40.3
27.0
191

63.1
23.6
13.3

68.4
31.6

71
16.9
26.9
49.1

32.2
67.8

90.9
9.1

88.0
12.0

90.7
9.3

59.8
27.7
125

29.5
104
27.2
15.9
17.0

7.6
5.3

Weighted
(%)

11.0
60.0
29.0

84.4
15.6

13.6
40.4
28.0
181

59.8
24.2
16.0

66.6
334

7.2
16.1
27.0
49.7

32.0
68.0

90.5
9.5

87.2
12.8

91.1
8.9

60.2
27.7
121

29.0

9.4
274
141
20.0

10.3
5.7

Breastfed until 6 months
weighted rates (%)

34.4

20.9
34.7
37.6

31.8
45.8

253
29.9
34.9
48.6

34.2
35.1
311

37.2
27.7

35.8
39.9
33.0
324

34.7
33.7

34.3
34.0

34.8
29.1

334
40.4

35.9
32.6
28.0

56.8
44.4
31.0
24.9

0.0

30.6
48.8

Unadjusted RR
[95% Cl]

0.60 [0.48-0.75]
Ref.
1.08 [0.97-1.21]

Ref.
1.44 [1.28-1.63]

0.52 [0.53-0.64]
0.61 [0.54-0.69]
0.72 [0.63-0.82]
Ref.

Ref.
1.03 [0.91-1.16]
0.91 [0.77-1.07]

Ref.
0.74 [0.66-0.83]

1.10 [0.91-1.34]
1.23 [1.08-1.40]
1.02 [0.90-1.15]
Ref.

1.03 [0.93-1.15]
Ref.

Ref.
0.99 [0.83-1.18]

Ref.
0.84 [0.71-0.99]

Ref.
1.21 [1.04-1.41]

Ref.
0.91 [0.81-1.02]
0.78 [0.65-0.93]

0.85 [0.71-1.02]
1.36 [1.17-1.59]

(Continues)
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TABLE 1 (Continued)

Infants

(N)
Estonia (entire country) 119
France (Burgundy, lle-de-France, and the northern region) 526
Germany (Hesse and Saarland) 316
Italy (Emilia-Romagna, Lazio and Marche) 545
The Netherlands (central and eastern region) 199
Poland (Wielkopolska) 129
Portugal (Lisbon, Tagus Valley, and north region) 344
Sweden (greater Stockholm area) 152
UK (east midlands and Yorkshire & Humber regions) 472

Note. Ref.: reference; RR: risk ratio—95% CI: confidence intervals.

Wi LEY‘I ‘

50f 11

Unweighted  Weighted Breastfed until 6 months  Unadjusted RR
(%) (%) weighted rates (%) [95% Cl]
3.7 2.6 37.0 1.03 [0.83-1.28]
16.4 12.3 36.2 1.01 [0.90-1.13]
9.8 9.6 411 1.15 [1.01-1.31]
16.9 14.8 31.9 0.89 [0.79-1.01]
6.2 5.9 33.8 0.94 [0.79-1.13]
40 3.3 38.2 1.07 [0.81-1.37]
10.7 10.6 25.0 0.70 [0.58-0.83]
4.7 4.7 52.5 1.47 [1.26-1.71]
14.7 20.3 28.1 0.78 [0.68-0.91]

Included retinopathy of prematurity, intraventricular haemorrhage, periventricular leukomalacia and necrotizing enterocolitis.

POxygen dependence or ventilation at 36 weeks of gestational age.

“During neonatal hospitalization.

dSample average was used as reference for deriving risk ratio for each region.

inverse probability weighting method (Cole & Hernan, 2008). This
method involves assigning a weight that is inversely proportional to
the probability of response for each subject based on demographic,
social, and medical characteristics; the weight was computed using
the complete sample of eligible infants (n = 6,384). Probabilities were
predicted using a logistic regression model with follow-up status at
2 years (yes or no) as the outcome. All demographic and health
variables associated with nonresponse were included in this regression
(maternal age, parity, pregnancy and neonatal characteristics of care,
breastfeeding at discharge, and region, as shown in Table S1). Missing
data from variables included in this regression model were imputed
with chained equations. Data were assumed to be missing at random.
All results presented in this study are based on weighted data.

We then described rates of breastfeeding continuation for each
covariable in our study sample of ever-breastfed infants and used
generalized linear multilevel regression models with a Poisson distribu-
tion and robust standard errors. This model makes it possible to
estimate covariate adjusted risk ratios for binary outcomes (Zou &
Donner, 2013). We used multilevel models to take into account the
hierarchical structure of our data (infants within countries) and the
nonindependence of observations within countries. Risk ratios were
preferred to odds ratios as breastfeeding continuation at 6 months is
not a rare event and our data study used a cohort design. In order
to assess the potential impact of mode of feeding at discharge on
breastfeeding continuation, we ran a second model using the
subpopulation of infants breastfed at discharge, that is, excluding
infants who stopped breast milk feedings before discharge. Finally,
to estimate the impact of maternal and infant characteristics on
country specific rates of breastfeeding continuation, we computed
adjusted rates based on our final model in the overall sample and
compared these with unadjusted rates.

We also carried out two sensitivity analyses. We first compared
weighted with unweighted models to assess the impact of considering
bias due to nonresponse. Second, we examined the potential impact of
multiple births with a model using mothers (as opposed to babies) as

our level of observation. In this model, a mother of multiples was

considered to breastfeed until 6 months if at least one of her infants
continued to this age. Variables describing neonatal risk factors
(BPD, surgery, SGA, and morbidity) were considered present if at least
one infant was affected.

All statistical analyses were performed using STATA V.14.

3 | RESULTS

Table 1 describes the maternal and neonatal characteristics of our
sample of ever-breastfed infants included in the 2 years follow-up.
Both the unweighted and weighted distributions of maternal and
neonatal characteristics are shown. As seen by the changes in
proportions after weighting, taking into consideration nonresponders
led to slightly higher proportions of mothers born outside of Europe,
multipara, and multiples. The other variables had very similar overall
distributions.

About 11% of infants had a mother aged less than 25 years of age
and 29% had a mother 35 years or older; about 60% were first-born
children. Mothers were mainly born in Europe; almost 14% had only
lower secondary education, whereas 18% had a master or doctoral
degree. About one quarter of infants were born before 28 weeks of
GA, with 7% at <26 weeks GA; 67% were from singleton pregnancies.
About one in 10 had a severe neonatal morbidity, not including BPD,
and 13% had BPD. Forty percent of children were transferred at least
once during their neonatal hospitalization. At discharge, breastfeeding
had already been discontinued for 20% of ever-breastfed infants,
whereas 38% were exclusively receiving breast milk and 42% breast
milk and formula.

Overall, 34.4% were still breastfed at 6 months of age. In univariate
comparisons, also shown in Table 1, maternal characteristics associated
with breastfeeding continuation were maternal age (mothers under 25
were more likely to stop before 6 months), being born outside of
Europe and higher maternal education. Parity was not associated with
breastfeeding continuation. Children from multiple pregnancies, with

BPD and who were transferred two or more times were less likely to
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be breastfed at 6 months. Having had surgery and being born at 26 and

27 weeks of gestational age compared with being born at 30 or
31 weeks were associated with continued breastfeeding. Infants who
were exclusively breastfed at the breast at discharge were more likely
to continue to 6 months, 56.8%, versus 24.9% for those receiving
breast milk not at the breast and formula.

Rates of breastfeeding continuation varied significantly by
country of birth: from 25.0% in Portugal to 52.5% in Sweden. As
shown in Figure 2, in addition to overall continuation rates, the
proportion of infants who stopped breastfeeding during the neonatal
hospitalization differed across countries, with a range from 10.7% in
Poland, 11.0% in Estonia, or 11.4% in Italy to 25.8% in UK.

In the adjusted model conducted on the overall sample, presented
in Table 2, most of the associations observed in Table 1 persisted.
Infants with mothers less than 25 years of age were 30% less likely to
be breastfed than infants with older mothers (aRR = 0.68 [0.53-0.88]),
whereas educational level had a strong linear effect. Mothers born out
of Europe were more likely to continue breastfeeding until 6 months
(aRR = 1.47 [1.26-1.71]). Estimated relative risks for neonatal factors
were similar in multivariable models.

In the second model which focused on the sample of infants still
breastfed at discharge, we found that receiving formula at discharge
was associated with a significantly lower probability of breastfeeding
continuation until 6 months, for those feeding directly at the breast
(aRR = 0.60 [0.48-0.74]) as well as those not feeding directly at the
breast (aRR = 0.46 [0.31-0.69]). In the subpopulation of infants
breastfed at discharge, young maternal age and BPD were no longer
associated with breastfeeding continuation, even when feeding status
at discharge was not present in the model (results not shown).
Additional sensitivity analyses found that results of the final model
were similar without weights (Table S2). When models were run using
mothers, instead of infants, as the unit of observations, results were
also similar (Table S3).

Maternal and neonatal characteristics explained only a small pro-
portion of the difference between countries, as shown in Figure 3
which compares breastfeeding continuation to 6 months before and

after adjustment. However, differences in population characteristics

Belgium (Flanders)
Denmark {Eastern region)

Estonia (entire country)

France (Burgundy, lle-de-France and the
Northemn region)

Germany (Hesse and Saarland)
Italy (Emilia-Romagna, Lazio and Marche)
The Netherlands (Central and East region)

Poland (Wielkopolska)

Portugal (Lisbon and Tagus Valley, and
North region)

Sweden (greater Stockholm area)

United-Kingdom (East Midlands and
Yorkshire & Humber regions)

0% 20% 40% 60%

Stopped before discharge = Stopped after discharge, but before 8 months ~ m Still breastfed at 6 months

BONNET ET AL

affected rankings in some countries. For instance, if maternal and
infant characteristics were the same across all countries, Sweden
would have lower rates (52% to 46%) and higher rates would be
observed in Estonia (37 to 39%) and in the UK (28 to 31%).

4 | DISCUSSION

Among very preterm infants who were breastfed after birth, only
34.4% were breastfed up until 6 months, although breastfeeding con-
tinuation rates varied across countries. Lower rates were observed in
regions from Portugal and the UK and higher rates in those from Swe-
den and Denmark, but even in the countries with higher rates, only
about half of infants who started breastfeeding continued to 6 months
of age. Most infants stopped breastfeeding after discharge from
hospital, but in some countries up to one quarter of children had
stopped before discharge. A low maternal educational level was a
key risk factor for stopping breastfeeding. In contrast, women born
outside of Europe breastfed longer. Infants from multiple pregnancies
were also less likely to continue breastfeeding until 6 months. Two
neonatal factors negatively affected continuation: BPD and multiple
neonatal transfers, whereas other neonatal risk factors, such as severe
neonatal morbidities and small for gestational age, found in previous
research to negatively impact initiation of breastfeeding, were not
associated with or favoured continuation. Finally, infants receiving
breast milk and formula at discharge were half as likely to be breastfed

to 6 months as those receiving only breast milk.

4.1 | Strengths and limitations

The main strengths of this study are the large multicountry popula-
tion-based sample with data collected at birth and at 2 years using
common, pretested protocols. It is therefore possible to estimate and
to compare breastfeeding continuation rates until 6 months using
the same methodology across a range of sociocultural contexts in
Europe. This is important as previous studies have employed varying
definitions, making international comparisons difficult (Rodrigues

et al., 2018). The availability of data on many perinatal and socio-

FIGURE 2 Distribution of infants by country
according to the moment that breastfeeding
was stopped

80% 100%
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TABLE 2 Maternal and neonatal characteristics associated with breast milk feeding continuation until 6 months among all ever-breastfed infants

and among infants still breastfeeding at discharge

Model 1 all ever-breastfed infants

Model 2 infants breastfed at discharge

Adjusted RR

Maternal age (years)

<25 0.68
25-34 1.00
>35 1.11
Mother born outside of Europe 147
Mother's educational level
Lower secondary 0.58
Upper secondary 0.67
Bachelor degree or less 0.85
Master/doctoral degree 1.00
Parity
0 1.00
1 0.97
2 or more 0.83
Type of pregnancy (multiple) 0.69
Gestational age (weeks)
23-25 1.06
26-27 1.20
28-29 0.99
30-31 1.00
SGA (<10th percentile) 1.04
Severe neonatal morbidity® 0.95
Bronchopulmonary dysplasia® 0.83
Surgery*© 1.21
Transfers during neonatal care
0 1.00
1 0.92
2 or more 0.83

Breastfeeding at discharge
Exclusive feeding at breast -
Exclusive feeding not at breast -
Mixed feeding at breast -
Mixed feeding not at breast -

Note. aRR: adjusted risk ratio for all variables in the table; Ref.: reference.

95% ClI Adjusted RR 95% ClI
0.53-0.88 0.92 0.77.-1.09

Ref. 1.00 Ref.
0.94-1.30 1.13 0.97-1.32
1.26-1.71 1.44 1.29-1.62
0.45-0.76 0.65 0.49-0.85
0.55-0.82 0.74 0.62-0.87
0.70-1.02 0.86 0.74-0.99

Ref. 1.00 Ref.

Ref. 1.00 Ref.
0.86-1.10 0.91 0.82-1.01
0.64-1.07 0.99 0.81-1.20
0.58-0.81 0.80 0.70-0.91
0.86-1.32 1.31 1.07-1.60
1.02-1.41 1.29 1.11-1.50
0.88-1.11 1.06 0.92-1.22

Ref. 1.00 Ref.
0.97-1.12 1.10 1.01-1.18
0.76-1.18 0.93 0.72-1.19
0.73-0.94 0.97 0.84-1.12
1.05-1.41 1.17 0.97-1.42

Ref. 1.00 Ref.
0.78-1.09 0.89 0.79-1.00
0.67-1.03 0.84 0.72-0.99
- 1.00 Ref.

- 0.86 0.71-1.05
- 0.60 0.48-0.74
- 0.46 0.31-0.69

Included retinopathy of prematurity, intraventricular haemorrhage, periventricular leukomalacia and necrotizing enterocolitis.

POxygen dependence or ventilation at 36 weeks of gestational age.

“During neonatal hospitalization.

economic characteristics allowed us to consider multiple risk factors
found to be of importance for breastfeeding initiation in previous
studies. Finally, the majority of previous studies had smaller, more
selected samples, being principally from single centres (Flacking,
Wallin, & Ewald, 2007; Morag et al., 2016; Rodrigues et al., 2018).
Our study also has some limitations. About 32% of the infants
discharged alive were not followed-up at 2 years corrected age.
Infants whose parents answered the questionnaire at 2 years were
more frequently breastfed at discharge from hospital. However, we
were able to compare responders with nonresponders and took into
consideration potential selection biases by using inverse probability

weighting methods. Sensitivity analyses showed that results were

not substantially affected by weighting for nonresponse. We also
did not have information regarding exclusive breastfeeding after
discharge, support after discharge, and the reasons for weaning. The
duration of breastfeeding was collected retrospectively when the
child was 2 years of age, and this may lead to some misclassification
bias, although studies find good validity of maternal recall of
breastfeeding duration (Amissah, Kancherla, Ko, & Li, 2017; Li,
Scanlon, & Serdula, 2005). Finally, some important factors that might
affect postdischarge decisions were not collected, including maternal
smoking status which has been found to affect decisions to continue
breastfeeding (Callen & Pinelli, 2005; Killersreiter, Grimmer, Buhrer,
Dudenhausen, & Obladen, 2001).
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4.2 | Comparison with other findings and
interpretation

Some of the maternal and neonatal characteristics that we found to be
associated with continuation have been noted in smaller single-centre
studies. In one single-centre study of 225 very preterm infants in
Sweden, Flacking et al. (2007) reported that mothers with low socio-
economic level were less likely to continue breastfeeding until 6 months.
In general, maternal social status has been found to negatively impact
on breastfeeding—including breastfeeding initiation in very preterm
infants as well as among term infants (Flacking et al., 2007; Forster,
McLachlan, & Lumley, 2006; Herich et al., 2017; Li, Darling, Maurice,
Barker, & Grummer-Strawn, 2005; Scott & Binns, 1999). Previous
studies have also observed that few neonatal morbidities impact on
breastfeeding continuation. In an Israeli study including 181 very
preterm infants, neonatal morbidities did not affect breastfeeding
continuation between 6 weeks postdischarge and 6 months corrected
age (Morag et al., 2016). In fact, cessation of breastfeeding before
6 months corrected age was more frequent for infants born at higher
gestational age over 28 weeks (Morag et al., 2016). We also found that
infants born below 28 weeks were more likely to be breastfed until
6 months compared with infants born at 30-31 weeks. One hypothesis
for this finding is that motivation for breastfeeding may be increased for
mothers with a particularly fragile infant; further, as initiation of
breastfeeding is more challenging for these infants—as witnessed by
the body of literature linking low gestational age to a reduced probabil-
ity of breastfeeding (Lee & Gould, 2009)—less motivated mothers may
be discouraged at the onset. Another hypothesis is that these mothers
receive more support and attention from hospital staff because of their
child's high-risk health status.

In contrast with other neonatal morbidities, BPD did affect con-
tinuation. BPD affects suck-swallow respiration coordination, and
these infants may face sucking difficulties. Infants with BPD also have
poor feeding endurance and performance (Mizuno et al., 2007). These
difficulties could make continued breastfeeding more challenging.

EE—— 1%

4%

38%

36%

P  36%

4%

FIGURE 3 Percent breastfeeding at 6
months among breastfed very preterm infants
by country

Rehospitalizations in the first year of life are also more than twice as
frequent among infants with BPD compared with other very preterm
infants and this may interfere with breastfeeding continuation
(Smith et al., 2004). We found, however, that the relation with BPD
was no longer significant among the subsample of infants breastfed
at discharge, suggesting that this factor may hinder continuation
during the neonatal hospitalization. A better understanding of this
negative relationship could lead to targeted interventions to help
breastfeeding mothers of infants with BPD. This is important as BPD
is an independent risk factor for poor longer term health and develop-
ment (Arnaud et al., 2007).

We also found that multiple neonatal transfers were associated
with an increased risk of stopping breastfeeding before 6 months.
This result could be explained by the discontinuity in information
provided or practices across different NICUs leading to confusion or
lack of support. The absence of common beliefs and practices within
the NICU has been identified as an obstacle at the unit level to suc-
cessful breastfeeding promotion (Bonet et al., 2015). The variation
in the proportion of infants who stopped breastfeeding while still in
hospital illustrates that neonatal unit policies can impact on continua-
tion. In a previous qualitative study on breastfeeding with neonatal
unit staff in several regions participating in the Effective Perinatal
Intensive Care in Europe project, UK participants suggested that
discharge policies may discourage continued breastfeeding when for-
mula feeding is perceived to facilitate earlier discharge (Bonet et al.,
2015). Other unit policies have been found to affect breastfeeding
at discharge in our cohort, including the presence of dedicated
personnel for breastfeeding support in the Portuguese regions
(Rodrigues et al., 2017) and the baby-friendly hospital initiative in
the overall sample (Wilson et al., 2017). Kangaroo Care has been
found to be positively associated with breastfeeding duration in other
studies (Flacking, Ewald, & Wallin, 2011). Our finding that exclusive as
opposed to mixed breastfeeding at discharge was strongly related to
the probability of continuation points to a modifiable practice that

likely reflects unit policies, as rates of mixed versus exclusive feeding
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at discharge vary widely across Europe (Wilson et al., 2017). In
contrast, we did not find that direct feeding from the breast had a
significant impact on continuation, unlike a study conducted in one
single-centre in Israel on 162 mothers of very preterm infants
(Pinchevski-Kadir et al., 2017).

Consideration of maternal and neonatal factors did not substan-
tially reduce the wide differences observed between countries in
our study. The reasons for these persistent large disparities are likely
linked to unit policies, as discussed above, as well as the support and
counselling available to mothers after their discharge from hospital;
the importance of these latter factors, which we could not include
in our study, was highlighted in the integrative review by Briere
et al. on breastfeeding duration after NICU discharge (Briere,
McGrath, Cong, & Cusson, 2014). Broader policies promoting
breastfeeding in the general population as well as structural measures
related to the duration of maternity leave or employment regulations
that facilitate combining work with breastfeeding also differ across
the countries in our sample, but further research is needed to under-
stand their impact on breastfeeding continuation in this population
(Bonet et al., 2015).

5 | CONCLUSION

We found low breastfeeding continuation rates, marked by strong
social inequalities, among very preterm infants in European regions.
Given current international recommendations, knowledge about the
positive effects of breastfeeding for child health and development
and the need to address social inequalities in health, our results call
for increased policy attention to the promotion of breastfeeding in this
vulnerable population. Overall, a majority of ever-breastfed infants
were weaned after discharge, highlighting the importance of
postdischarge counselling and support. However, more support in
the neonatal unit could target discontinuation during the neonatal
hospitalization, which occurred more frequently in some of the study
regions. Our results also point to specific areas where changes to neo-
natal policies could improve breastfeeding continuation more gener-
ally, including management of intrafacility transfers, breastfeeding
support to the mothers of multiples and infants with BPD and promo-
tion of exclusive feeding. Given the marked differences in continua-
tion by maternal education, understanding the specific obstacles
faced by women from more disadvantaged families is needed to
design interventions to mitigate these negative effects. Finally, our
study has an encouraging message for parents and providers: once
breastfeeding initiation is successful, infants at highest risk are not
more likely to stop. Thus, while it may be harder to start breastfeeding
infants born at very low gestational age or with severe neonatal

morbidities, these obstacles appear to be overcome in the long-run.
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