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Article 
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Abstract: Background: The increase in survival of extremely preterm infants has led to increased 
rates of bronchopulmonary dysplasia (BPD). A potential role of human milk feeding in protecting 
against this condition has been suggested. Methods: Retrospective descriptive study based on data 
about morbidity in the population of infants born from 22+0 to 26+6 weeks of gestation, included in 
the Spanish network SEN1500 during the period 2004-2019 and discharged alive. The primary 
outcome was moderate-severe BPD. Associated conditions were studied, including breastfeeding at 
discharge. The temporal trends of BPD and breastfeeding rates at discharge were also studied. 
Results: In the study population of 4341 infants, the rate of moderate-severe BPD was 43,7% and 
increased over the period to >50% in the last three years. The factors significantly associated with a 
higher risk of moderate-severe BPD were male sex, high-frequency oscillatory ventilation, inhaled 
nitric oxide, patent ductus arteriosus, and late-onset sepsis. Exclusive human milk feeding at 
discharge and any amount of human milk at discharge were associated with a lower incidence of 
moderate-severe BPD (OR 0.752, 95% CI 0.629-0.901, and OR 0.714, 95% CI 0.602-0.847, respectively). 
Feeding with human milk at discharge in infants with moderate-severe BPD increased over the 
period. Conclusions: The results of this study support the role of any amount of human milk in 
preventing BPD in extremely preterm infants. 

Keywords: bronchopulmonary dysplasia; human milk feeding; extremely preterm 
 

INTRODUCTION 

Bronchopulmonary dysplasia (BPD) is one of the most severe consequences of very preterm 
birth. Advances in many non-nutrition-related aspects of care, particularly avoiding invasive 
ventilation1 and fluid overload,2 using caffeine,3 and late systemic corticosteroids4 in those infants 
who cannot be weaned from mechanical ventilation, are evidence-based strategies to lower the risk 
of developing BPD. However, contrary to documented decrease in most neonatal morbidity, the 
incidence of BPD remains unchanged5 or is even increasing.6-8 

On the other hand, it has been reported that for every ten percent increase in human milk feeding 
in preterm neonates, the risk of BPD is lowered by 9.5% 9 and that a daily intake of 50 mL/kg/day of 
human milk during the first month of life can minimize the incidence of BPD.10 Aiming to summarize 
the results of previous research on this topic, a meta-analysis found that feeding exclusively mother’s 
milk might reduce the incidence of BPD.11 Another meta-analysis found a significant lower incidence 
of BPD in donor milk (DM) fed preterm infants compared to their formula-fed counterparts.12 
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BPD pathophysiology is still not completely understood, but there is an agreement to define it 
as a multifactorial disease in which a combination of oxidative stress and inflammation cause damage 
in the developing lung of preterm infants that are particularly vulnerable to injury. 13Among all 
antioxidant therapies and strategies, human milk is one of the most straightforward and accessible. 
Human milk is rich in antioxidants, which play a major role in maintaining the equilibrium between 
oxidative stress and antioxidant systems.14,15 

Therefore, promoting mother’s own milk (OMM) is one of the priorities of modern neonatal care. 
An estimated 75% of high-risk Spanish neonates have access to DM. The option of giving DM, when 
MOM is not available or sufficient to cover baby's needs, is almost always present in Spanish NICUs.16 

In this context, we undertook an observational cohort study to further explore relationship 
between human milk feeding and BPD rates over the last years in Spain. 

MATERIALS AND METHODS 

A retrospective descriptive study was designed, based on data obtained prospectively from the 
Spanish neonatal network SEN1500, a database created in 2002. It collects the perinatal data on the 
morbidity and mortality of premature infants born with a birth weight less than 1500 g, either born 
at the 64 collaborating centers or admitted to them in the first 28 days of life.17 SEN1500 includes all 
premature infants born alive from 22.0 weeks. The population represents approximately two-thirds 
of the extremely premature babies born in Spain. 

Extremely preterm infants from 22.0 to 26.6 weeks born between 2004 and 2019 were included 
in this study. Those who died before discharge or with major congenital malformations were 
excluded. Our aim was to explore the clinical factors related to the development of moderate-severe 
BPD, focusing mainly on the presence or absence of human milk at discharge. BPD was defined as 
the need for supplementary oxygen or positive pressure at 36 weeks of postmenstrual age (PMA)18,  

Other independent variables potentially related to BDP included were: gestational age (GA) 
estimated in weeks based on the last menstrual date and ultrasound calculation, sex, birthweight, 
multiple pregnancy, in vitro fertilisation (IVF), place of birth (inborn or outborn), antenatal steroids 
(complete or partial course), caesarean section, maternal chorioamnionitis, maternal hypertensive 
disorder, Apgar score at 1' and 5', Clinical Index Risk for Babies (CRIB) score,19 use and duration of 
invasive mechanical ventilation (iMV), high frequency oscillatory ventilation (HFOV), non- invasive 
mechanical ventilation including nasal continuous airway pressure (nCPAP) and nasal intermittent 
positive pressure (nIPPV), inhaled nitric oxide (iNO), surfactant administration and number of doses, 
prophylactic indomethacin, postnatal systemic steroids, early onset sepsis, late onset sepsis (LOS), 
need for inotropic therapy, necrotizing enterocolitis (NEC) requiring surgery, patent ductus 
arteriosus (PDA) managed with medical or surgical treatment, major cerebral lesion defined as 
intraventricular haemorrhage (IVH) grade 3 or more according to Papile criteria,20 and/or 
periventricular leukomalacia (PVL), defined as the presence of changes in periventricular white 
matter detected by ultrasound 3 weeks after birth; retinopathy of prematurity (ROP) grade 3 or more 
according to the ROP International Classification,21 or ROP surgically treated. 

The Ethics and Research Committee of the Hospital Universitari Germans Trias i Pujol approved 
the study. The SEN1500 data registry is anonymous and was utilized under data protection laws and 
regulations approved by the ethics and research committees of the collaborating centers. 

Statistical analysis: 

Data were expressed as means (SD) for continuous variables or as numbers/percentages for 
categorical variables. The normality of distribution and equality of variances were evaluated through 
the Kolmogorov-Smirnov and Levene’s tests, respectively. The Student T or U Mann-Whitney tests 
compared independent variables according to their size and characteristics between two groups. The 
ANOVA or Kruskal-Wallis non-parametric test was used to compare differences among more than 
two groups. A Pearson chi-square test was used to compare categorical variables between groups. 
The odds ratio and 95% confidence intervals were calculated. Multivariate analysis was performed 
by logistic regression to model the probability of dichotomous events (moderate-severe BPD, yes/no). 
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The Statistical Package for Social Science SPSS version 23.0 was used to perform all the statistical 
analyses, establishing the significance at p < 0.05. 

RESULTS 

Data from 8,739 infants born at a GA of 22.0 to 26.6 weeks were registered in the database during 
the study period. Figure 1 shows the flow chart of the study population. After excluding 246 infants 
with major congenital anomalies, 209 infants with incomplete or missing data, and 3,943 infants who 
died before discharge, those 4,341 infants who survived to discharge were included for analysis.  

 
The rate of BPD was 43.7%. A significant increasing trend was observed during the study period 

(Figure 2). 

 

Figure 2. BPD rates (%) over the study period 

Table 1 shows the characteristics of the total population and the differences between those with 
moderate-severe BPD (n: 1,897, 43.7%) and those with no moderate-severe BPD (n: 2,444, 56.3%). The 
results of the univariate analysis showed an inverse association of GA, birth weight, and low Apgar 
score at 1’ and 5’ with moderate-severe BPD. Other independent factors associated with moderate-
severe BPD were: male sex, CRIB score, iMV and HFOV, hours of iMV; iNO, surfactant, prophylactic 
indomethacin, postnatal systemic steroids, LOS, inotropic therapy, NEC and surgical NEC, PDA with 
medical and surgical treatment, major cerebral lesion and ROP. In addition, the percentage of infants 
receiving exclusive human milk feeding at discharge was significantly higher in those free of 
moderate-severe BPD (39.1% versus 30.3%, p<0.001; OR 0.675, 95% CI 0.593-0.768). Also, 63.6% of 
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infants free of moderate-severe BPD received any amount of human milk feeding at discharge versus 
58.5% of infants with moderate-severe BPD (p<0.001; OR 0.607, 95% CI 0.537-0.698). 

 
aData obtained in 1873/1897; bData obtained in 2413/2444; cData obtained in 1837/1897; dData obtained in 2377 
/2444; eData obtained in 1637/1897; fData obtained in 2129/2444; gData obtained in 1579/1897; hData obtained in 
2021/2444; Abbreviations: IVF: in vitro fertilisation, CRIB: Clinical Index Risk for Babies ; HFOV: High frequency 
oscillatory ventilation, nCPAP: nasal continuous positive pressure, INO: inhaled nitric oxyde, NEC: necrotizing 
enterocolitis, PDA: patent ductus arteriosus, ROP: retinopathy of prematurity. 

A multivariate analysis was subsequently performed (Table 2). Exclusive human milk feeding 
at discharge was associated with a lower incidence of moderate-severe BPD (OR 0.752, 95% CI 0.629-
0.901), as any amount of human milk feeding at discharge did (OR 0.714, 95% CI 0.602-0.847). Male 
sex, HFOV, iNO, PDA with surgical treatment, and LOS were the other variables associated with 
moderate-severe BPD. 

Table 2. Multivariate analysis of risk factors for moderate-severe BPD 
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Finally, the temporal trends in human milk feeding were studied. In infants with moderate-

severe BPD, exclusive human milk feeding at discharge increased from 14.4% in 2004 to 36.4% in 2019 
(p<0.001), as shown in Figure 3; and any amount of human milk feeding at discharge increased from 
26.7% in 2004 to 60.8% in 2019 (p<0.001).  

 
p<0.001 

Figure 3. Breastfeeding rates in infants with moderate-severe BPD 

DISCUSSION 

In this multicentre national cohort study on the morbidity of extremely preterm infants, we 
found that those discharged while being fed with human milk were at a lower risk of moderate-
severe BPD than those receiving no human milk at discharge. 

Also, a significant increase in both the rates of BPD and the percentage of human milk feeding 
at discharge over the period was observed. This improvement in our human milk provision might be 
related to implementing developmental and family-centered care in Spanish units over the study 
period.22 
In the last years of the study, less than half of the infants survived free from moderate-severe BPD. 
Most studies on temporal trends in respiratory outcomes of extremely preterm infants have reported 
similar results.5-8 Despite introducing less invasive mechanical ventilation strategies, the rates of BPD 
have kept unchanged or even worsened in the more immature infants. Several reasons could explain 
this finding. First, the changes in the definition of BPD and its non-homogenous condition. The 
classical definition of moderate-severe BPD was based on the need for supplementary oxygen 
therapy at 36 weeks of PMA. More recently, according to the mode of respiratory support 
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administered at 36 weeks of PMA, regardless of supplemental oxygen use, an updated definition of 
BPD has been proposed.23 The SEN1500 database started introducing data on any positive pressure 
ventilation at 36 weeks of PMA in 2010, when nCPAP and high-flow oxygen cannula (HFOC) became 
generalized in Spanish neonatal intensive care units. Second, an increase in survival of infants born 
at extreme GA has been suggested to explain the increase in morbidity in survivors.6 Survival of 
infants born at 23-26.6 weeks has increased over the study period in Spain at all GA, from less than 
50% to more than 60%.24 A trend to a more active perinatal approach in those born at 23.0-23.6 weeks 
has been observed in the last decade, but morbidity has remained unchanged.25 The rate of BPD 
observed in this cohort (43.7%) is lower compared to the rates of cohorts with a more active approach 
and more survivors of extreme GA. In a comparative study including the EXPRESS (Sweden), the 
EPICURE-2 (UK), and the EPIPAGE-2 (France) cohort,26 the first two studies reported BPD rates of 
68.6% and 77%, respectively, and the last one, with fewer survivors under 25 weeks, a rate of 39.2%.  

The factors associated with a greater risk of BPD encountered in this study have also been 
described previously, mainly the severity of the respiratory condition during the first days, the 
significant PDA, and the LOS.27 

In recent years there has been a reinforced interest in the two main issues to which this study 
has been devoted. On the one side, since data are lacking regarding the prognosis of infants born 
shortly before and after 24 weeks, there is a growing awareness that we do not know how to treat 
these patients.28,29 Moreover, on the other hand, ongoing research on the pathogenesis of BPD 
analyses the potential value of human milk to prevent and control this neonatal complication.11,12  
Among a small number of preventative targets for BPD, the control of oxidative overload stands out 
as one of the most promising. When the lungs of extremely premature infants are still developing, 
hyperoxia increases alveolar epithelial cell death and pulmonary vascular remodelling. Even though 
oxidative imbalance plays a role in the development of BPD, research on antioxidant molecules in 
preterm infants is limited. As a result, determining how to administer exogenous antioxidant therapy 
is a delicate matter.30 

Favorably, feeding human milk to preterm infants is not challenging and is aligned with the 
neonatal antioxidant cycles. Human milk is the safest food for these patients. Human milk delivers 
several active compounds and stem cells that are thought to minimize oxidative imbalance in the 
BPD process. We know from last year that xenobiotic metabolites of paracetamol in maternal milk 
are linked to a 3- to 6-fold increased odds of BPD and ROP in extremely preterm infants.31 

Furthermore, given that a single dose of 2g paracetamol or two weeks of therapeutic doses of 
paracetamol lead to a significant reduction in the total antioxidant capacity of healthy adults,32 this 
finding further supports the antioxidant protection provided by human milk (as long as it does not 
contain paracetamol metabolites) to prevent BPD as well as other oxidative stress-related diseases of 
neonates. 

Three systematic reviews have analysed the risk of BPD after human milk intake (MOM or DM, 
both pasteurized or unpasteurized human milk) in very low birth weight (VLBW) infants.11,12,33 These 
studies have conducted a comprehensive literature search until 2018. They compared exclusive 
human milk intake to exclusive formula intake, any milk intake to exclusive formula intake, and the 
dose-response effect with human milk intake. Seven randomized controlled trials, seventeen cohort 
studies, and one case-control study in English or Chinese were included. These reviews have reported 
five improved respiratory outcomes among human milk-fed preterm infants. First, a meta-analysis 
of three randomized controlled trials discovered that DM supplementation significantly reduced the 
use of neonatal iMV.12 Second, a meta-analysis of eight observational studies revealed that DM 
supplementation had a protective effect on BPD and iMV requirements.12 Third, compared to a diet 
that includes preterm formula and/or bovine milk-based fortifier, an exclusive human milk diet 
dramatically reduced the risk of BPD. Fourth, it was also discovered that feeding infant with raw 
human milk instead of pasteurized human milk protected them from BPD.11 Fifth, mother's milk 
feeds lowered the risk of BPD when used as an exclusive diet.11 And, finally, it is confirmed that 
exclusive, mainly or any human milk feeding shows a protective effect of BPD.33 
Since these systematic reviews, studies on the effects of human milk on the occurrence or severity of 
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BPD have continued to be published. A 2020 retrospective study on 1,363 VLBW infants found that 
those receiving 50 mL/kg/day of human milk during the first four weeks of life had lower odds of 
BPD, as well as of moderate and severe BPD; in contrast, the authors found no effect of 1-24 
mL/kg/day or 25-49 mL/kg/day of human milk on BPD nor on the degree of severity of the disease.34 

A 2022 retrospective analysis has reported a new finding; the authors have focused on the first time 
that premature infants received human milk and showed that the first human milk feeding within 72 
hours of birth could reduce the incidence of moderate-severe BPD in VLBW infants and that 
occurrence of moderate-severe BPD was not linked to human milk aggregates during the hospital 
stay.35 Additionally, research from 2022 on 4,470 very/extremely low-birth-weight infants showed a 
31% reduction in BPD incidence among exclusively human milk-fed preterm neonates.36 Finally, 
according to a 2023 multivariate analysis, the risk of BPD is 66% lower among VLBW infants fed fresh 
human milk +/- preterm formula than among their counterparts fed pasteurized human milk +/- 
preterm formula.37 

Since 2011, more than half of infants below 26 weeks of gestation in our study population 
received some human milk at NICU discharge. This is notable when compared with previous reports 
of percentages of preterm infants that continue to receive human milk at NICU discharge: 12% of 
infants below 28 weeks of gestation,38 or 28-50% of VLBW infants in US studies, or 38-66% of VLBW 
infants in worldwide studies;39,40 or 13–49% of all preterm infants during the hospital stay in 
developed countries .41 

While previous studies have reported rates of human milk feeding at NICU discharge, limited 
research specifically provided details of the successive stages of human milk discontinuation during 
the hospital stay of preterm infants. Further, we are unaware of such studies on extremely preterm 
infants.  

A recent report on preterm infants (23-36 weeks of gestation) describes that 5.3% of neonates did 
not receive any human milk, 48.7% of them received some human milk but stopped prior to NICU 
discharge, and 46% of them continued some human milk after NICU discharge .42 This raises the 
question regarding the proportion of human milk and formula fed to preterm infants in our 
population who were exclusively or mixed human milk-fed at hospital discharge. We still need to 
collect detailed feeding information to answer this question. However, given that we know that most 
preterm infants are fed human milk at some point during their stay in the NICU but that about half 
of them, later in their admission, become exclusively formula-fed, it is not entirely wrong to infer that 
the three groups of preterm infants in our sample have taken increasing proportions of human milk, 
depending on whether they never took human milk or stopped taking it during admission, or 
whether they continued to take some human milk or exclusively human milk at discharge. 

Therefore, our results align with previous research that has shown not only how partial feeding 
with DM or fresh or frozen MOM milk can minimize the occurrence of BPD but also points to a non-
linear and inverse dose-response relationship between proportions or amounts of human milk 
provided and cases of BPD. Our study is unique only in suggesting the beneficial impact of human 
milk on BPD, specifically for extremely preterm infants under 26 weeks gestation. 

The protective role of any amount of breastmilk for infants with BPD continues after discharge. 
It has been associated with fewer emergency department visits, systemic steroid courses, fewer cough 
or chest congestion episodes, and a trend toward fewer hospitalizations.43 Hence, if BPD could be 
prevented to some degree in this group of extremely preterm infants, it is to be expected that after 
their discharge from the neonatal unit, their respiratory health would be enhanced for years to come. 

Limitations 

The study has some potential limitations. It is an explicit limitation that this descriptive study 
was not designed to establish cause-and-effect relationships. There is no intervention; this is a 
retrospective observational study; therefore, the relationship between human milk and BPD must be 
regarded as an association. Since the feeding type at discharge was assessed without attention to the 
specific type of human milk utilized, another limitation of the study is a need for more data on the 
relative contributions of the MOM milk versus DM. In addition, data about the duration and amount 
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of human milk received from birth to discharge are unavailable. The high drop-out rate of extremely 
preterm infants from cohorts could affect this study's results. Finally, some infants discharged before 
2010 under HFOC without supplemental oxygen at 36 weeks PMA could not have been included in 
the moderate-severe BPD group. The definition of moderate-severe BPD (or grade 2 or 3) according 
to the new criteria is the need for nCPAP or HFOC (> 2L/min).23 Most infants in this condition receive 
an iFO greater than 0.21, so they have probably been categorized as moderate-severe BPD, and the 
use of HFOC in Spanish NICUs was extremely uncommon before 2010. 

Strenghts. 

The strengths of the present study are the large number of participating extreme preterm infants, 
the fact that the study was obtained from a national registry, and that the feeding data have been 
collected by neonatologists in each NICU through the medical records of each infant after discharge 
to reduce recall bias. 

CONCLUSION 

The results of the present study strongly support the role of any amount of human milk in 
preventing BPD in the most vulnerable population, the extremely preterm infants. 

The quality bundles and strategies implemented in neonatal intensive care units to prevent and 
improve outcomes of infants with BPD should always include the provision of human milk and the 
promotion of long-term breastfeeding. 

Additional research should examine the caregiver effects and medical decision-making that lead 
to the discontinuance of human milk feeds in extremely preterm infants. 
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