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Association between probiotics 
and bronchopulmonary dysplasia 
in preterm infants
Yangming Qu, Shijie Guo, Ying Liu, Guohua Wang & Hui Wu*

Bronchopulmonary dysplasia is a chronic pulmonary disease with a high incidence in premature 
infants, and there is still no effective treatment. The purpose of our study was to analyze the 
association between the use of probiotics and BPD in premature infants. We retrospectively collected 
clinical data of infants with gestational age < 32 weeks admitted to the NICU of The First Hospital of 
Jilin University from January 1, 2019 to March 31, 2020. Demographic and clinicopathological data of 
the inclusion population were collected. The outcome was the incidence of BPD or death. The χ2 tests 
was used to compare the categorical variables. The t test and non-parametric Wilcoxon rank-sum test 
were used to compare the continuous data. Univariate and multivariate logistic regression were used 
to analyze the association between probiotics and BPD. A total of 318 newborns met the inclusion 
criteria, of which 94 received probiotics and 224 received no probiotics. There were 16 deaths and 115 
newborns with BPD in the included population. The results of univariate analysis showed differences in 
the maternal diabetes, the proportion of systemic antibiotics given to mother within 24 h before birth, 
the receiving rate of invasive mechanical ventilation, the prevalence of BPD/death, PDA, RDS and Ivh 
between newborns with and without probiotics (p < 0.05); The results of unadjusted univariate logistic 
regression model showed that probiotic (OR 0.034, 95% CI 0.012–0.096) was the factor affecting BPD 
in preterm infants (p < 0.05). Multivariate logistic regression result (OR 0.037, 95% CI 0.013–0.105) was 
consistent with univariate analysis (P < 0.001). Probiotics are associated with a reduced risk of BPD in 
preterm infants < 32 weeks of age. More prospective studies with large samples are still needed.

Bronchopulmonary dysplasia (BPD) is a chronic lung disease in premature infants, with a prevalence of 60–90% 
in extremely preterm infants (22–25 weeks gestation)1–3. Its long-term effects involve multiple organ systems 
such as pulmonary dysfunction and  neurodysplasia4,5. Over the past few decades, the pathogenesis of BPD 
has evolved from pulmonary lesions secondary to mechanical ventilation and elevated oxygen concentrations 
to a multifactorial disease involving prenatal and postnatal  factors6. Premature infants with decreased alveo-
larization and pulmonary vascular development are prone to BPD in the case of antenatal complications of 
 chorioamnionitis2,7,8. In addition, clinical factors such as gestational age (GA), birth weight, gender, patent 
ductus arteriosus (PDA), the need for oxygen administration or mechanical ventilation, postnatal infections, 
and necrotizing enterocolonitis(NEC) have also been extensively studied as influencing factors of  BPD9–12. The 
results of the meta-analysis showed that only Vitamin A and dexamethasone were effective in reducing the risk 
of BPD in preterm  infants13,14. However, dexamethasone has limited use in preterm infants due to its side effects, 
and the treatment effect of vitamin A on BPD is  weak14,15. Recently, regenerative medicine has also been sug-
gested as a promising treatment for BPD. But more research is still needed, because the understanding of stem 
cell function is not  complete16. Therefore, there is still a lack of effective treatment for BPD, and early prevention 
is very important. Probiotics are living microorganisms that can provide health benefits to their hosts when sup-
plemented in appropriate doses. Although probiotics have been shown to reduce the risk of multiple diseases in 
preterm infants, no studies have examined the role of probiotics on BPD as a primary  outcome17. The purpose 
of our study was to analyze the association between the use of probiotics and BPD in premature infants.

Methods
Study design. We retrospectively collected clinical data of patients admitted to the NICU of The First Hos-
pital of Jilin University from January 1, 2019 to March 31, 2020. Infants with gestational age < 32 weeks who were 
admitted to the NICU within 24 h after birth were included in our study. Infants with severe congenital chest 
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deformities, congenital heart disease, chromosomal abnormalities, or death before 36  weeks postmenstrual 
(PMA) were excluded. The Ethics Committee of the first hospital of Jilin University approved the study. Parental 
Informed consent was waived by the Ethics Committee of the first hospital of Jilin University as all data of our 
study are deidentified. All methods were performed in accordance with the relevant guidelines and regulations.

Primary study exposure and covariates. The primary exposure in this study was probiotics. The pro-
biotics used in our NICU are Clostridium butyricum Powder (LIVE). [trade name: Qingdao Donghai Pharma-
ceutical Co. Ltd., 0.5 g/bag]. Probiotics were mainly used in newborns with feeding intolerance, jaundice, or 
extremely premature delivery (once a day, one bag at a time). In our study, probiotics were defined as the use of 
probiotics > 4 days.

Covariates included demographic and clinicopathological characteristics of the study population. Demo-
graphic characteristics included gender, gestational age, PMA at the time of admission for the cohort, birth 
weight, apgar scores, type of feeding, transfer information, maternal age, type of delivery, number of births, 
prenatal medication, maternal diabetes and maternal hypertension. Clinicopathological characteristics included 
the use of respiratory support, probiotics, pulmonary surfactant and caffeine, and the incidence of patent ductus 
arteriosus (PDA), respiratory distress syndrome (RDS), retinopathy (ROP), necrotizing enterocolitis (NEC) and 
intraventricular Hemorrhage (IVH). Respiratory support included the use of oxygen on admission, non-invasive 
mechanical ventilation on admission, invasive mechanical ventilation on admission and duration of mechanical 
ventilation after admission. Diagnosis of PDA and RDS was made  clinically18; ROP and IVH were diagnosed by 
an expert through examination of retinas of infants using indirect ophthalmoscope and cranial ultrasonographic 
 scan18,19; NEC was defined as Bell classification II or  greater20.

Outcomes. The study outcome was the presence of BPD or death. BPD was defined as patients on any res-
piratory support at 36 weeks PMA. We further stratify the patients into the various Grades of BPD as described 
by Jensen et al.21 in the 2019 NRN criteria: no BPD, no support; grade 1 BPD, nasal cannula < 2 L/min; grade 2 
BPD, nasal cannula > 2 L/min or non-invasive positive airway pressure; and grade 3 BPD, invasive mechanical 
ventilation.

Statistical analysis. All statistical analyses were performed using SPSS statistical software, version 24.0 
(IBM Corp, Armonk, NY). The normally distributed data were described as x ± S (mean ± standard deviation), 
the non-normally distributed data were described as median and quartile range, and the categorical variables 
were described as mummer and frequency. The χ2 tests was used to compare the categorical variables. The t test 
and non-parametric Wilcoxon rank-sum test were used to compare the continuous data. Univariate and multi-
variate logistic regression were used to analyze the association between probiotics and BPD.

Ethics approval. The Ethics Committee of the first hospital of Jilin University approved the study.

Consent to participate. Parental consent was waived as all data of our study are deidentified.

Consent for publication. All co-authors agree to publish this manuscript.

Results
Demographic characteristics of the study population. A total of 318 newborns met the inclusion 
criteria, of which 94 received probiotics and 224 received no probiotics. There were 16 deaths (1 died of mul-
tiple organ failure, 4 died of neonatal sepsis, 1 died of heart failure, 3 died of septic shock, 1 died of necrotiz-
ing enterocolitis, 4 died of pulmonary hemorrhage < 14 days after birth, and 2 died of respiratory distress syn-
drome < 14 days after birth) and 115 newborns with BPD (38 patients had Grade 1 BPD, 26 had Grade 2 BPD, 
and 51 had Grade 3 BPD) in the included population. There are significant differences in the maternal diabetes, 
and the proportion of systemic antibiotics given to mother within 24 h before birth between newborns with and 
without probiotics (p < 0.05). The demographic characteristics of the study population were shown in Table 1.

Clinicopathological characteristics of study subjects. The clinicopathological characteristics of 
study subjects were shown in Table 2. The receiving rate of invasive mechanical ventilation was significantly dif-
ferent in newborns with and without probiotics (p < 0.05); In addition, there were also significant differences in 
the prevalence of BPD/death, PDA, RDS and Ivh between the two groups (p < 0.05).

Univariate and multivariate logistic regression analyses for the association between probiot-
ics and BPD/death. With BPD as the dependent variable, the probiotics classification as the only covariate, 
the OR applied by unadjusted univariate logistic regression model was 0.034 (0.012–0.096) for the use of probi-
otics (p < 0.001). After adjustment for the proportion of systemic antibiotics given to mother within 24 h before 
birth, the receiving rate of invasive mechanical ventilation on admission, the prevalence of PDA, RDS and Ivh, 
the adjusted odds ratio was 0.037 (0.013–0.105) for the use of probiotics (p < 0.001) (Table 3).

Discussions
In our study, univariate logistic regression analysis showed a protective effect of probiotics on BPD in preterm 
infants with gestational age less than 32 weeks. The adjusted multivariate logistic regression results were consist-
ent with the univariate logistic regression, and the influence of probiotics was slightly diminished.
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Probiotics are supplements of living micro-organisms that colonize the gut. Proper probiotics can confer a 
benefit on the host by regulating local and systemic immunity and increasing anti-inflammatory  cytokines22. 
Several meta-analyses of randomized controlled studies have shown that the probiotics supplementation can 
reduce neonatal mortality, necrotizing enterocolitis, and late-onset sepsis, as well as the time to achieve full 
enteral feeding in preterm  infants23–25. Inflammatory events such as necrotizing enterocolitis and late-onset 
sepsis are also important influencing factors of BPD, so the preventive effect of probiotics on BPD is also worth 
expecting. Recently, a meta-analysis reported that available evidence could not support any significant effect of 
probiotics on reducing the incidence of  BPD17. However, the authors also stressed that their results should be 
interpreted with caution, as the included studies showed methodological differences in terms of inclusion criteria, 
timing, dosage and probiotic formulations used. Moreover, BPD was not a primary outcome in any study, and 

Table 1.  Demographic characteristics of the study population.

Without probiotics (N = 224) With probiotics (N = 94) χ2/t p

Gender 0.018 0.893

Male 121 (54%) 50 (53%)

Female 103 (46%) 44 (47%)

Gestational age(week) 29.9 ± 2.2 29.5 ± 2.0 1.366 0.173

Birth weight 1485.4 ± 422.1 1407.0 ± 373.3 1.563 0.119

Apgar1 0.060 0.807

≥ 7 132 (59%) 54 (57%)

< 7 92 (41%) 40 (43%)

Apgar5 0.191 0.662

≥ 7 144 (64%) 58 (62%)

< 7 80 (36%) 36 (38%)

Type of feeding 0.001 0.974

Breast milk 133 (59%) 56 (60%)

Others 91 (41%) 38 (40%)

Maternal age (year) 0.323 0.570

≤ 30 90 (40%) 41 (44%)

> 30 134 (60%) 53 (56%)

Premature rupture of membranes 2.523 0.112

No 149 (67%) 71 (76%)

Yes 75 (34%) 23 (24%)

Type of delivery 1.403 0.236

Vaginal 114 (51%) 41 (44%)

Cesarean 110 (49%) 53 (56%)

Number of births 0.022 0.881

1 165 (74%) 70 (75%)

≥ 2 59 (26%) 24 (25%)

Receive antenatal corticosteroid 3.587 0.058

No 122 (55%) 62 (66%)

Yes 102 (45%) 32 (34%)

Receive antenatal MgSO4 0.167 0.683

No 189 (84%) 81 (86%)

Yes 35 (16%) 13 (14%)

Systemic antibiotics given to mother within 24 h before birth 4.471 0.034

No 178 (80%) 84 (89%)

Yes 46 (20%) 10 (11%)

Maternal diabetes 4.277 0.039

No 185 (83%) 68 (72%)

Yes 39 (17%) 26 (28%)

Maternal hypertension 0.024 0.877

No 177 (79%) 75 (80%)

Yes 47 (21%) 19 (20%)

Transfer 0.213 0.645

No 53 20

Yes 171 74

PMA at the time of admission for the cohort 31.2 ± 2.7 30.8 ± 2.1 1.772 0.157



4

Vol:.(1234567890)

Scientific Reports |        (2021) 11:17060  | https://doi.org/10.1038/s41598-021-96489-z

www.nature.com/scientificreports/

the number of probiotics studies that included BPD as a secondary outcome was relatively small. In addition, 
few studies have focused on preterm infants < 32 weeks of gestational age, and none of the included studies spe-
cifically targeted the most vulnerable group (infants < 28 weeks of gestational age) of BPD. Therefore, the effect 
of probiotics on BPD in premature infants is still unclear. Our study is the first to use the effect of probiotics on 
BPD as the primary outcome. We found that the use of probiotic was associated with reduced BPD in preterm 
infants < 32 weeks of age.

The protective effect of probiotics on BPD may have several hypothesized mechanisms : (1) Premature infants 
have immature immune systems that cannot balance the pro-inflammatory responses, leading to a decrease in 
the number of regulatory T cells (Tregs) that constitute anti-inflammatory lymphocyte subsets and a higher 
proportion of activated pro-inflammatory T cells, which is an important cause of BPD. Probiotics appear to 

Table 2.  Clinicopathological characteristics of study subjects.

Without probiotics (N = 224) With probiotics (N = 94) χ2/Z p

Oxygen administration 2.623 0.105

No 78 (35%) 24 (26%)

Yes 146 (65%) 70 (74%)

Noninvasive mechanical ventilation 0.173 0.677

No 50 (22%) 19 (20%)

Yes 174 (78%) 75 (80%)

Invasive mechanical ventilation 11.880 0.001

No 140 (63%) 39 (42%)

Yes 84 (37%) 55 (59%)

Duration of mechanical ventilation after admission (days) 8 (3–14) 8.5 (3–18) 0.375 0.708

BPD or death 75.168 < 0.001

No 97 (43%) 90 (96%)

Yes 127 (56%) 4 (4%)

PDA 6.363 0.012

No 66 (30%) 15 (16%)

Yes 158 (70%) 79 (84%)

RDS 7.183 0.007

No 113 (50%) 32 (34%)

Yes 111 (50%) 62 (66%)

Ivh 9.871 0.002

No 129 (58%) 36 (38%)

Yes 95 (42%) 58 (62%)

ROP 1.813 0.178

No 64 (29%) 20 (21%)

Yes 160 (71%) 74 (78%)

NEC 2.615 0.106

No 221 (99%) 90 (96%)

Yes 3 (1%) 4 (4%)

Receive caffeine 0.218 0.641

No 144 (64%) 63 (67%)

Yes 80 (36%) 31 (33%)

Pulmonary surfactant 2.703 0.100

No 138 (62%) 67 (71%)

Yes 86 (38%) 27 (29%)

Table 3.  Univariate and multivariate logistic regression analyses for the association between probiotics and 
BPD/death. a Adjusted for baseline maternal diabetes, the proportion of systemic antibiotics given to mother 
within 24 h before birth, the receiving rate of invasive mechanical ventilation, the prevalence of PDA, RDS and 
Ivh.

β p OR (95% CI)

Probiotics (yes vs no)

Univariate analysis − 3.383 < 0.001 0.034 (0.012–0.096)

Adjust  modela − 3.295 < 0.001 0.037 (0.013–0.105)
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improve Treg production, expansion, and activity while reducing the activation of proinflammatory lympho-
cyte  subsets26,27; (2) Probiotics can reduce the occurrence of BPD by regulating intestinal  flora28; (3) In the NEC 
experiment, the combined effect of hyperoxia and suboptimal nutrition had an adverse effect on the level of 
lung vascular endothelial growth factor (PVEGF). Probiotics can improve the nutritional status of infants, help 
to improve lung vasculogenesis and prevent  BPD25,26,29; (4) In addition, the performance of probiotics also help 
to reduce the incidence of  BPD30.

There are some limitations in our study: (1) our study is a single-center retrospective study in which the study 
population was grouped according to probiotics use. Since probiotics were used prophylactically in most cases, 
parental refusal to use probiotics may affect the results of this study. (2) Although our study showed that the use 
of probiotics had a protective effect on BPD, it did not analyze the effects of different types of corticosteroid or 
strains, the optimal dose and duration of use were not analyzed. (3) BPD is a disease with many risk factors, and 
factors not included may affect the results of this study.

Conclusions
Probiotics are associated with a reduced risk of BPD in preterm infants < 32 weeks of age. More prospective 
studies with large samples are still needed.

Data availability
The datasets used and/or analysed during the current study are available from the corresponding author on 
reasonable request.

Received: 4 November 2020; Accepted: 10 August 2021

References
 1. Farstad, T., Bratlid, D., Medbø, S. & Markestad, T. Bronchopulmonary dysplasia: Prevalence, severity and predictive factors in 

a national cohort of extremely premature infants. Acta Paediatr. 100, 53–58. https:// doi. org/ 10. 1111/j. 1651- 2227. 2010. 01959.x 
(2011).

 2. Kramer, B. W., Kallapur, S., Newnham, J. & Jobe, A. H. Prenatal inflammation and lung development. Semin. Fetal Neonatal. Med. 
14, 2–7. https:// doi. org/ 10. 1016/j. siny. 2008. 08. 011 (2009).

 3. Stoll, B. J. et al. Trends in care practices, morbidity, and mortality of extremely preterm neonates, 1993–2012. JAMA 314, 1039–1051. 
https:// doi. org/ 10. 1001/ jama. 2015. 10244 (2015).

 4. Northway, W. H. Jr., Rosan, R. C. & Porter, D. Y. Pulmonary disease following respirator therapy of hyaline-membrane disease. 
Bronchopulmonary dysplasia. N. Engl. J. Med. 276, 357–368. https:// doi. org/ 10. 1056/ nejm1 96702 16276 0701 (1967).

 5. Martinez, F. D. Early-life origins of chronic obstructive pulmonary disease. N. Engl. J. Med. 375, 871–878. https:// doi. org/ 10. 1056/ 
NEJMr a1603 287 (2016).

 6. Lopez-Ortego, P. et al. Exploring clinical, echocardiographic and molecular biomarkers to predict bronchopulmonary dysplasia. 
PLoS ONE 14, e0213210. https:// doi. org/ 10. 1371/ journ al. pone. 02132 10 (2019).

 7. Shahzad, T., Radajewski, S., Chao, C. M., Bellusci, S. & Ehrhardt, H. Pathogenesis of bronchopulmonary dysplasia: When inflam-
mation meets organ development. PLoS ONE 3, 23. https:// doi. org/ 10. 1186/ s40348- 016- 0051-9 (2016).

 8. Thomas, W. & Speer, C. P. Chorioamnionitis is essential in the evolution of bronchopulmonary dysplasia: The case in favour. 
Paediatr. Respir. Rev. 15, 49–52. https:// doi. org/ 10. 1016/j. prrv. 2013. 09. 004 (2014).

 9. Shah, J., Jefferies, A. L., Yoon, E. W., Lee, S. K. & Shah, P. S. Risk factors and outcomes of late-onset bacterial sepsis in preterm 
neonates born at < 32 weeks’ gestation. Am. J. Perinatol. 32, 675–682. https:// doi. org/ 10. 1055/s- 0034- 13939 36 (2015).

 10. Gursoy, T., Hayran, M., Derin, H. & Ovali, F. A clinical scoring system to predict the development of bronchopulmonary dysplasia. 
Am. J. Perinatol. 32, 659–666. https:// doi. org/ 10. 1055/s- 0034- 13939 35 (2015).

 11. Schneibel, K. R., Fitzpatrick, A. M., Ping, X. D., Brown, L. A. & Gauthier, T. W. Inflammatory mediator patterns in tracheal aspirate 
and their association with bronchopulmonary dysplasia in very low birth weight neonates. J. Perinatol. 33, 383–387. https:// doi. 
org/ 10. 1038/ jp. 2012. 125 (2013).

 12. Laughon, M. M. et al. Prediction of bronchopulmonary dysplasia by postnatal age in extremely premature infants. Am. J. Respir. 
Crit. Care Med. 183, 1715–1722. https:// doi. org/ 10. 1164/ rccm. 201101- 0055OC (2011).

 13. Beam, K. S. et al. A systematic review of randomized controlled trials for the prevention of bronchopulmonary dysplasia in infants. 
J. Perinatol. 34, 705–710. https:// doi. org/ 10. 1038/ jp. 2014. 126 (2014).

 14. Darlow, B. A. & Graham, P. J. Vitamin A supplementation to prevent mortality and short- and long-term morbidity in very low 
birthweight infants. Cochrane Database Syst. Rev. https:// doi. org/ 10. 1002/ 14651 858. CD000 501. pub3 (2011).

 15. Watterberg, K. L. Policy statement–postnatal corticosteroids to prevent or treat bronchopulmonary dysplasia. Pediatrics 126, 
800–808. https:// doi. org/ 10. 1542/ peds. 2010- 1534 (2010).

 16. Pierro, M., Ciarmoli, E. & Thébaud, B. Bronchopulmonary dysplasia and chronic lung disease: Stem cell therapy. Clin. Perinatol. 
42, 889–910. https:// doi. org/ 10. 1016/j. clp. 2015. 08. 013 (2015).

 17. Villamor-Martínez, E. & Pierro, M. Probiotic supplementation in preterm infants does not affect the risk of bronchopulmonary 
dysplasia: A meta-analysis of randomized controlled trials. Clin. Perinatol. https:// doi. org/ 10. 3390/ nu911 1197 (2017).

 18. Luo, J., Chen, J., Li, Q. & Feng, Z. Differences in clinical characteristics and therapy of neonatal acute respiratory distress syndrome 
(ARDS) and respiratory distress syndrome (RDS): A retrospective analysis of 925 cases. Med. Sci. Monit. 25, 4992–4998. https:// 
doi. org/ 10. 12659/ msm. 915213 (2019).

 19. Szpecht, D., Szymankiewicz, M., Nowak, I. & Gadzinowski, J. Intraventricular hemorrhage in neonates born before 32 weeks of 
gestation-retrospective analysis of risk factors. Child Nerv. Syst. 32, 1399–1404. https:// doi. org/ 10. 1007/ s00381- 016- 3127-x (2016).

 20. Sharma, R. & Hudak, M. L. A clinical perspective of necrotizing enterocolitis: Past, present, and future. Clin. Perinatol. 40, 27–51. 
https:// doi. org/ 10. 1016/j. clp. 2012. 12. 012 (2013).

 21. Jensen, E. A., Dysart, K., Gantz, M. G., McDonald, S. & Bamat, N. A. The diagnosis of bronchopulmonary dysplasia in very preterm 
infants. Evid. Approach. 200, 751–759. https:// doi. org/ 10. 1164/ rccm. 201812- 2348OC (2019).

 22. Millar, M., Wilks, M. & Costeloe, K. Probiotics for preterm infants? Archives of disease in childhood. Fetal Neonatal Ed. 88, F354-
358. https:// doi. org/ 10. 1136/ fn. 88.5. f354 (2003).

 23. Lau, C. S. & Chamberlain, R. S. Probiotic administration can prevent necrotizing enterocolitis in preterm infants: A meta-analysis. 
J. Pediatr. Surg. 50, 1405–1412. https:// doi. org/ 10. 1016/j. jpeds urg. 2015. 05. 008 (2015).

https://doi.org/10.1111/j.1651-2227.2010.01959.x
https://doi.org/10.1016/j.siny.2008.08.011
https://doi.org/10.1001/jama.2015.10244
https://doi.org/10.1056/nejm196702162760701
https://doi.org/10.1056/NEJMra1603287
https://doi.org/10.1056/NEJMra1603287
https://doi.org/10.1371/journal.pone.0213210
https://doi.org/10.1186/s40348-016-0051-9
https://doi.org/10.1016/j.prrv.2013.09.004
https://doi.org/10.1055/s-0034-1393936
https://doi.org/10.1055/s-0034-1393935
https://doi.org/10.1038/jp.2012.125
https://doi.org/10.1038/jp.2012.125
https://doi.org/10.1164/rccm.201101-0055OC
https://doi.org/10.1038/jp.2014.126
https://doi.org/10.1002/14651858.CD000501.pub3
https://doi.org/10.1542/peds.2010-1534
https://doi.org/10.1016/j.clp.2015.08.013
https://doi.org/10.3390/nu9111197
https://doi.org/10.12659/msm.915213
https://doi.org/10.12659/msm.915213
https://doi.org/10.1007/s00381-016-3127-x
https://doi.org/10.1016/j.clp.2012.12.012
https://doi.org/10.1164/rccm.201812-2348OC
https://doi.org/10.1136/fn.88.5.f354
https://doi.org/10.1016/j.jpedsurg.2015.05.008


6

Vol:.(1234567890)

Scientific Reports |        (2021) 11:17060  | https://doi.org/10.1038/s41598-021-96489-z

www.nature.com/scientificreports/

 24. Zhang, G. Q., Hu, H. J., Liu, C. Y., Shakya, S. & Li, Z. Y. Probiotics for preventing late-onset sepsis in preterm neonates: A PRISMA-
compliant systematic review and meta-analysis of randomized controlled trials. Medicine 95, e2581. https:// doi. org/ 10. 1097/ md. 
00000 00000 002581 (2016).

 25. Aceti, A. et al. Probiotics and time to achieve full enteral feeding in human milk-fed and formula-fed preterm infants: Systematic 
review and meta-analysis. Nutrients https:// doi. org/ 10. 3390/ nu808 0471 (2016).

 26. Indrio, F. et al. Probiotic supplementation in preterm: Feeding intolerance and hospital cost. Nutrients https:// doi. org/ 10. 3390/ 
nu909 0965 (2017).

 27. Klaenhammer, T. R., Kleerebezem, M., Kopp, M. V. & Rescigno, M. The impact of probiotics and prebiotics on the immune system. 
Nat. Rev. Immunol. 12, 728–734. https:// doi. org/ 10. 1038/ nri33 12 (2012).

 28. Zhang, Q. et al. Oral application of lactic acid bacteria following treatment with antibiotics inhibits allergic airway inflammation. 
J. Appl. Microbiol. 119, 809–817. https:// doi. org/ 10. 1111/ jam. 12885 (2015).

 29. Athalye-Jape, G., Deshpande, G., Rao, S. & Patole, S. Benefits of probiotics on enteral nutrition in preterm neonates: A systematic 
review. Am. J. Clin. Nutr. 100, 1508–1519. https:// doi. org/ 10. 3945/ ajcn. 114. 092551 (2014).

 30. Mishra, V. et al. Probiotics as potential antioxidants: a systematic review. J. Agric. Food Chem. 63, 3615–3626. https:// doi. org/ 10. 
1021/ jf506 326t (2015).

Author contributions
W.H. and Y.Q. conceptualized and designed the study, drafted the initial manuscript, and reviewed and revised 
the manuscript. S.G. and Y.L. collected data, carried out the initial analyses, and reviewed and revised the 
manuscript. G.W. conceptualized and designed the study and critically reviewed the manuscript for important 
intellectual content. All authors approved the final manuscript as submitted and agree to be accountable for all 
aspects of the work.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to H.W.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2021

https://doi.org/10.1097/md.0000000000002581
https://doi.org/10.1097/md.0000000000002581
https://doi.org/10.3390/nu8080471
https://doi.org/10.3390/nu9090965
https://doi.org/10.3390/nu9090965
https://doi.org/10.1038/nri3312
https://doi.org/10.1111/jam.12885
https://doi.org/10.3945/ajcn.114.092551
https://doi.org/10.1021/jf506326t
https://doi.org/10.1021/jf506326t
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Association between probiotics and bronchopulmonary dysplasia in preterm infants
	Methods
	Study design. 
	Primary study exposure and covariates. 
	Outcomes. 
	Statistical analysis. 
	Ethics approval. 
	Consent to participate. 
	Consent for publication. 

	Results
	Demographic characteristics of the study population. 
	Clinicopathological characteristics of study subjects. 
	Univariate and multivariate logistic regression analyses for the association between probiotics and BPDdeath. 

	Discussions
	Conclusions
	References


