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Abstract

Background Bronchopulmonary dysplasia (BPD) is the most common serious
pulmonary disease in preterm infants, representing injury to the immature lung
from multiple factors. Identifying risk factors for BPD is crucial for developing
preventive strategies. Currently, there remains controversy regarding the risk
factors for BPD, and few related systematic reviews have been conducted both
domestically and internationally.

Objective To systematically analyze the risk factors for BPD occurrence in
preterm infants.

Methods A computerized search was conducted for literature on risk factors for
BPD in preterm infants in China National Knowledge Infrastructure (CNKI),
Wanfang Database, Chinese Biomedical Literature Database (CBM), VIP,
PubMed, Embase, Web of Science, and Cochrane Library, with the search
period from database inception to October 2021. Statistical analysis was
performed using RevMan 5.3 and Stata 15.1 software.

Results A total of 23 studies were included. The pooled OR, (95% CI) results for
each risk factor from meta-analysis were as follows: Prenatal factors: chorioam-
nionitis 1.46 (1.18, 1.80), gestational hypertension 1.26 (1.15, 1.37), premature
rupture of membranes 1.18 (1.10, 1.26). Perinatal factors: low birth weight
0.79 (0.76, 0.83), low gestational age 0.80 (0.73, 0.87), SGA 2.64 (1.85, 3.77),
endotracheal intubation in delivery room 2.50 (1.39, 4.50), 5-min Apgar score
<7 2.47 (1.36, 4.47), male sex 1.49 (1.43, 1.55). Postnatal factors: mechanical
ventilation >7 days 7.99 (4.47, 14.29), surfactant 3.46 (1.96, 6.11), RDS 3.40
(2.01, 5.75), postnatal steroid use 2.42 (1.93, 3.03), PDA 1.96 (1.38, 2.79), sepsis
1.82 (1.36, 2.44), NEC 1.62 (1.18, 2.22), mechanical ventilation 1.59 (1.28, 1.96).

Conclusion Chorioamnionitis, gestational hypertension, premature rupture of
membranes, low birth weight, low gestational age, SGA, endotracheal intubation

chinarxiv.org/items/chinaxiv-202208.00033 Machine Translation


https://chinarxiv.org/items/chinaxiv-202208.00033
https://chinarxiv.org/items/chinaxiv-202208.00033

ChinaRxiv [$X]

in delivery room, 5-min Apgar score <7, male sex, mechanical ventilation >7
days, surfactant, RDS, postnatal steroid use, PDA, sepsis, NEC, and mechanical
ventilation are risk factors for BPD occurrence in preterm infants. Medical staff
should promptly identify and manage these related risk factors to prevent BPD
in preterm infants.
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Abstract

Background: Bronchopulmonary dysplasia (BPD) is the most common seri-
ous pulmonary disease in premature infants, representing injury to the immature
lung from multiple factors. Identifying risk factors for BPD is crucial for de-
veloping prevention strategies. Current evidence regarding BPD risk factors
remains controversial, and few relevant systematic reviews exist domestically or
internationally.

Objective: To systematically analyze risk factors for BPD in premature in-
fants.

Methods: We comprehensively searched Chinese databases (CNKI, Wanfang,
CBM, VIP) and English databases (PubMed, Embase, Web of Science,
Cochrane Library) for literature on BPD risk factors from inception to October
2021. Statistical analysis was performed using RevMan 5.3 and Stata 15.1
software.

Results: Twenty-three studies were included. The pooled odds ratios (95% CI)
for each risk factor were:

Prenatal factors: chorioamnionitis 1.46 (1.18, 1.80), gestational hypertension
1.26 (1.15, 1.37), premature rupture of membranes 1.18 (1.10, 1.26).
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Perinatal factors: low birth weight 0.79 (0.76, 0.83), low gestational age 0.80
(0.73, 0.87), SGA 2.64 (1.85, 3.77), delivery room intubation 2.50 (1.39, 4.50),
5-min Apgar score <7 2.47 (1.36, 4.47), male sex 1.49 (1.43, 1.55).

Postnatal factors: mechanical ventilation >7 days 7.99 (4.47, 14.29), sur-
factant 3.46 (1.96, 6.11), RDS 3.40 (2.01, 5.75), postnatal steroids 2.42 (1.93,
3.03), PDA 1.96 (1.38, 2.79), sepsis 1.82 (1.36, 2.44), NEC 1.62 (1.18, 2.22),
mechanical ventilation 1.59 (1.28, 1.96).

Conclusion: Choricamnionitis, gestational hypertension, premature rupture
of membranes, low birth weight, low gestational age, SGA, delivery room in-
tubation, 5-min Apgar score <7, male sex, mechanical ventilation >7 days,
surfactant, RDS, postnatal steroids, PDA, sepsis, NEC, and mechanical ventila-
tion are risk factors for BPD in premature infants. Healthcare providers should
promptly identify and manage these risk factors to prevent BPD occurrence.

Keywords: premature infants; bronchopulmonary dysplasia; risk factors; sys-
tematic review; meta-analysis

According to WHO statistics, approximately 15 million infants are born preterm
worldwide annually, with preterm complications being the leading cause of death
among children under five years old. Bronchopulmonary dysplasia (BPD) is the
most common complication in premature infants, resulting from the combined
effects of multiple risk factors. With rapid advances in contemporary perinatal
medicine and neonatal care technology, the survival rates of premature infants
—particularly very preterm and extremely preterm infants—have significantly
improved, leading to a global increase in BPD incidence. Reports indicate
that BPD occurs in 10%-89% of extremely preterm infants worldwide each year.
BPD not only increases respiratory morbidity, medication use, and readmission
rates in premature infants but also causes adverse short-term and long-term
outcomes such as neurodevelopmental impairment, severely affecting quality of
life for years and imposing substantial economic and psychological burdens on
families. Currently, no specific treatment for BPD exists, making it crucial to
investigate its risk factors to fundamentally reduce its incidence. While many
single-center studies on BPD risk factors have been conducted, multi-center
studies offer broader case coverage, more representative samples, and greater
generalizability. Therefore, this study collected published multi-center studies
on BPD risk factors from domestic and international sources for meta-analysis to
provide evidence for clinical prevention and management of BPD in premature
infants.

1. Methods

1.1 Search Strategy

We systematically searched the Cochrane Library, PubMed, Embase, Web
of Science, CNKI, Wanfang Database, CBM, and VIP for literature on
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BPD risk factors from inception to October 2021. We used a combination
of subject headings and free-text terms. Chinese search terms included:
“premature infant/immature infant/low birth weight infant,” “bronchopul-
monary dysplasia/bronchopulmonary dysplasia/perinatal bronchopulmonary
dysplasia/chronic lung disease of newborn,” and “risk factor/high-risk fac-
tor/influencing factor/related factor/predictive factor.” English search terms
included: “Infant, Premature OR Premature OR Preterm Infants OR Infant,
Low Birth Weight OR low birth weight infants” AND “bronchopulmonary
dysplasia OR BPD OR chronic lung disease” AND “risk factor OR dangerous
factors OR influencing OR relevant factors OR predictive factor.” We also
performed secondary searches of references from included studies to identify
additional eligible research.

1.2 Inclusion Criteria

Studies were included if they: (1) enrolled premature infants with gestational
age $ $32 weeks and/or birth weight $ $1500 g; (2) were multi-center obser-
vational studies, including case-control and cohort studies; (3) examined risk
factors for BPD in premature infants published domestically or internationally;
(4) had BPD occurrence as the outcome measure; and (5) provided clear BPD
diagnostic criteria.

1.3 Exclusion Criteria

We excluded: (1) duplicate publications; (2) studies with incomplete data or
where original data could not be obtained even after contacting authors; and
(3) studies not published in Chinese or English.

1.4 Literature Screening and Data Extraction

Two researchers independently screened literature, extracted data, and cross-
checked results. Discrepancies were resolved through discussion or consultation
with a third researcher. Screening involved reviewing titles and abstracts to
exclude obviously irrelevant studies, followed by full-text review for final in-
clusion. For unreported but critical information, we contacted original study
authors when possible. Extracted data included: (1) basic study information
(first author, publication year, country, number of centers); and (2) baseline
characteristics and influencing factors (study type, sample size, diagnostic cri-
teria, and influencing factors).

1.5 Quality Assessment

Two researchers independently used the Newcastle-Ottawa Scale (NOS) for ob-
servational studies to evaluate included literature and cross-checked results. Dis-
agreements were resolved through consultation with a third researcher. The
NOS comprises three domains: selection (0-4 points), comparability (0-2 points),
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and outcome assessment (0-3 points), with a total of 8 items and a maximum
score of 9. Studies scoring $ $7 were considered high quality.

1.6 Statistical Analysis

We used RevMan 5.3 software for statistical analysis. The odds ratio (OR)
was used as the effect measure, with 95% confidence intervals (95% CI) pro-
vided. Heterogeneity among studies was assessed using 12. If P > 0.1 and I?
< 50%, indicating low heterogeneity, a fixed-effects model was used; otherwise,
a random-effects model was applied, with sensitivity analysis performed to test
result stability. Stata 15.1 software was used with Begg’ s and Egger’ s tests to
quantitatively assess publication bias.

2. Results
2.1 Literature Search Results

The initial search yielded 9,948 articles. After removing 3,501 duplicates, 6,329
articles were excluded based on titles and abstracts according to inclusion and
exclusion criteria. The remaining 118 articles underwent full-text review, result-
ing in final inclusion of 23 studies [7-29]. The literature screening flowchart is
shown in Figure 1 [Figure 1: see original paper].

2.2 Characteristics and Quality of Included Studies

All 23 included studies were multi-center studies published between 1998-2021,
including 21 cohort studies [7-15, 17-24, 26-29] and 2 case-control studies [16,
25]. A total of 106,557 premature infants were screened, with 33,508 BPD cases.
All 23 studies had NOS scores $ $7, indicating overall high quality. Details are
provided in Table 1 .

2.3 Meta-analysis Results

Twenty-three studies were included, with meta-analysis performed on 21 risk
factors examined in $ $2 studies. Results showed that 17 risk factors had statis-
tically significant pooled effect sizes (P < 0.05): chorioamnionitis, gestational
hypertension, premature rupture of membranes, low birth weight, low gesta-
tional age, small for gestational age (SGA), delivery room intubation, 5-min
Apgar score <7, male sex, mechanical ventilation >7 days, surfactant, respi-
ratory distress syndrome (RDS), postnatal steroids, patent ductus arteriosus
(PDA), sepsis, necrotizing enterocolitis (NEC), and mechanical ventilation. Four
risk factors showed no significant association: antenatal steroids, preeclampsia,
gestational diabetes, and retinopathy of prematurity (ROP). Detailed results
are categorized and ranked by strength in Table 2 | with forest plots shown in
Figure 2 [Figure 2: see original paper].
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2.4 Sensitivity Analysis

Sensitivity analysis was performed for each risk factor. Results showed minimal
change in effect size before and after changing models, indicating high stability
and reliability of pooled results across both models. Details are provided in
Table 3 .

2.5 Publication Bias Assessment

Begg’ s and Egger’ s tests were used to assess publication bias for risk factors
with $ $5 included studies. Results showed no statistically significant differences
(P > 0.05), suggesting low likelihood of publication bias. Details are provided
in Table 4 .

3. Discussion
3.1 Prenatal Factors

Among six examined prenatal risk factors, maternal chorioamnionitis, gesta-
tional hypertension, and premature rupture of membranes were identified as
major risk factors for BPD. The relationship between chorioamnionitis and in-
creased BPD risk remains controversial. Our findings suggest chorioamnionitis
is associated with increased BPD risk. The potential mechanism involves accel-
erated functional lung maturation following exposure to chorioamnionitis, which
simultaneously increases the premature lung’ s susceptibility to postnatal injury.
Research indicates that placental inflammatory responses interact with vascu-
lar pathology and BPD pathogenesis. Intrauterine inflammation alters fetal
lung development, with inflammation-mediated pulmonary vascular remodel-
ing affecting contractile function, increasing pulmonary vascular resistance in
persistent fetal circulation, and ultimately leading to BPD. Growing evidence
suggests that pulmonary vessels promote alveolar growth and maintain alveolar
structure after birth. Maternal factors that disrupt or impede angiogenesis may
cause impaired pulmonary vascular development and alveolarization, thereby in-
creasing BPD incidence. Maternal hypertension is associated with lower levels
of vascular growth factors, which may explain its relationship with BPD. This
study found BPD associated with premature rupture of membranes, likely due
to reduced amniotic fluid, increased infection, and inflammatory responses that
impair lung development and increase BPD incidence.

3.2 Perinatal Factors

Our results identified low birth weight, low gestational age, SGA, delivery room
intubation, 5-min Apgar score <7, and male sex as major risk factors. Birth
weight and gestational age are the strongest predictors of BPD, with incidence
and severity inversely proportional to both. Research shows that among infants
with BPD, nearly 95% are very low birth weight infants and nearly 80% are born
at 22-24 weeks’ gestation. When premature lung development is in the canalicu-
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lar or saccular stage, it is vulnerable to oxidative stress injury, with lung immatu-
rity being a key factor in BPD development. Therefore, strengthening perinatal
care to prolong gestational age is crucial for short-term outcomes and long-term
prognosis in very preterm and very low birth weight infants. SGA’ s impact
on BPD development also appears related to inhibited lung growth, potentially
involving altered pulmonary angiogenesis. Rocha et al. analyzed data from 11
Portuguese tertiary neonatal centers on infants born at 24-30 weeks’ gestation
and found, after adjusting for other BPD risk factors, a significant association
between SGA and BPD [OR=5.2, 95%CI:(1.46, 18.58), P<0.01], consistent with
our findings. Delivery room intubation was associated with increased BPD risk.
Lung injury may occur during resuscitation; inadequate mask positive pressure
ventilation in the critical first minutes after birth can lead to persistent hypoxia
and bradycardia requiring emergency intubation. Studies show that centers
with high delivery room intubation rates tend to have higher ventilation rates
and BPD incidence, making it essential to strengthen delivery room resuscita-
tion strategies and reduce intubation rates. A 5-min Apgar score <7 was a
risk factor, likely because infants with low scores experience birth asphyxia and
inadequate systemic organ perfusion, leading to increased pulmonary vascular
resistance, reduced pulmonary blood flow, pulmonary vascular remodeling, and
impaired lung development. Current research indicates male infants have higher
BPD risk, possibly because male fetuses produce dihydrotestosterone that dam-
ages surfactant production, leading to RDS and increased BPD incidence.

3.3 Postnatal Factors

Our findings indicate that postnatal therapeutic measures including mechani-
cal ventilation, mechanical ventilation >7 days, surfactant, postnatal steroids,
and complications including RDS, PDA, sepsis, and NEC are major risk fac-
tors. Mechanical ventilation was a major risk factor with a clear dose-response
effect, with mechanical ventilation >7 days showing a particularly strong associ-
ation [OR=5.2, 95%CT:(3.634, 11.804), P<0.01]. Experimental evidence demon-
strates clear links between mechanical ventilation-induced barotrauma and volu-
trauma and pathological structural and inflammatory changes in animal lungs
that mimic human BPD. Prolonged mechanical ventilation not only disrupts
lung development causing alveolar arrest but also mediates inflammatory lung
injury, leading to pulmonary infection that further increases BPD risk in a vi-
cious cycle. Therefore, actively preventing and controlling pulmonary infections
while reducing and shortening mechanical ventilation is crucial. Pulmonary sur-
factant is a complex mixture of phospholipids and surfactant proteins, with
lipid and protein synthesis depending on type II alveolar cell differentiation
occurring in late gestation. Incomplete type II cell differentiation leads to sur-
factant deficiency and RDS in premature infants. While exogenous surfactant
improves survival, it also increases the number of infants at risk for BPD. Our
results suggest postnatal steroid treatment actually increases BPD development,
possibly because steroids are administered only to the most severely ill infants.
Although steroids may temporarily improve lung function early in lung dis-
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ease, long-term pulmonary outcomes may worsen. However, this interpretation
should be cautious due to the small number of included studies. “Classic BPD”
occurs primarily in infants with RDS, mainly due to surfactant deficiency requir-
ing early mechanical ventilation or oxygen therapy in immature lungs, leading
to oxidative stress injury, pulmonary vascular remodeling, and pulmonary fibro-
sis, ultimately progressing to BPD. The mechanism for oxygen-induced ductal
constriction is immature in premature infants, and persistent ductal patency is
closely associated with BPD development, with longer PDA duration increasing
BPD risk. Systemic inflammation from sepsis interacts with lung development,
causing alveolar hypoplasia and pulmonary vascular malformation—the histo-
logical features of BPD—with this association well-established. Jung et al. con-
ducted a prospective cohort study identifying sepsis as a high-risk factor for
BPD in extremely low birth weight infants, particularly late-onset sepsis with
multiple episodes or fungal infection. Therefore, infection control is key for BPD
prevention, requiring strict hand hygiene and aseptic technique. NEC increased
BPD risk, likely because subsequent inflammation from intestinal ischemia and
necrosis causes lung injury, though more large-sample studies are needed to
verify this conclusion due to limited included literature.

3.4 Limitations and Future Directions

This study has several limitations: (1) Large variations in sample sizes and
outcome definitions across included studies created some heterogeneity; (2) Ex-
cluding single-center studies due to their low generalizability and high bias risk
may have limited comprehensiveness; (3) Small numbers of included studies for
some exposure factors limit the analysis. Therefore, future multi-center studies
are needed to further clarify relationships between various risk factors and BPD.

Conclusion

This meta-analysis identified the following major risk factors for BPD in pre-
mature infants: prenatal factors (chorioamnionitis, gestational hypertension,
premature rupture of membranes); perinatal factors (low birth weight, low ges-
tational age, SGA, delivery room intubation, 5-min Apgar score <7, male sex);
and postnatal factors (mechanical ventilation >7 days, surfactant, RDS, post-
natal steroids, PDA, sepsis, NEC, mechanical ventilation). BPD is a chronic
lung disease in premature infants resulting from multiple factors, with severe
short-term and long-term sequelae and mortality in very low birth weight in-
fants. Healthcare providers should identify high-risk infants and implement
early prevention and control measures targeting these risk factors to reduce
BPD incidence and improve outcomes.
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Figure 1 [Figure 1: see original paper| Flowchart of literature search

Figure 2 [Figure 2: see original paper] Forest plot of risk factors for bron-
chopulmonary dysplasia in premature infants

Note: 1. Chorioamnionitis; 2. Gestational hypertension; 3. Premature rupture
of membranes; 4. Antenatal steroids; 5. Preeclampsia; 6. Gestational diabetes;
7. Low birth weight; 8. Low gestational age; 9. SGA; 10. Delivery room
intubation; 11. 5-min Apgar score <7; 12. Male sex; 13. Mechanical ventilation
>7 days; 14. Surfactant; 15. RDS; 16. Postnatal steroids; 17. PDA; 18. Sepsis;

19. NEC; 20. Mechanical ventilation; 21. ROP
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Note: Figure translations are in progress. See original paper for figures.
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