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Objective: This study aimed to analyze the correlation between serum levels of Procalcitonin (PCT) and C-reactive protein (CRP)
and the occurrence and severity of Bronchopulmonary Dysplasia (BPD) in Extremely Low Birth Weight (ELBW) and Very Low Birth
Weight (VLBW) neonates, and to identify associated risk factors.

Methods: A retrospective analysis was conducted on 213 ELBW/VLBW neonates admitted between January 2021 and January 2024.
According to BPD diagnosis, they were categorized into a control group (n=62, without BPD) and an observation group (n=151, with
BPD). The observation group was further stratified by severity into mild (n=71), moderate (n=46), and severe (n=34) BPD. Serum
PCT and CRP levels were compared across groups. The correlation between these biomarkers and BPD severity was analyzed, and risk
factors for BPD were investigated.

Results: PCT and CRP levels were significantly higher in the observation group than in the control group (P<0.05). A significant
increasing trend in both PCT and CRP levels was observed with worsening BPD severity (P<0.05). Spearman analysis confirmed
positive correlations between BPD severity and PCT (r=0.354) and CRP (1=0.472) levels (P<0.05). Multivariate logistic regression
identified intrauterine infection, gestational age <28 weeks, assisted ventilation >2 weeks, infectious pneumonia, and FiO, >40% as
independent risk factors for BPD (P<0.05).

Conclusion: In this retrospective study, elevated serum PCT and CRP levels were positively associated with the severity of BPD in
ELBW/VLBW neonates. The identified risk factors, including intrauterine infection, gestational age <28 weeks, prolonged assisted
ventilation, infectious pneumonia, and high FiO,, are independently associated with BPD. These findings suggest that monitoring these
biomarkers and risk factors may warrant intensified clinical attention.
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Introduction

Bronchopulmonary dysplasia (BPD) remains the most common chronic respiratory disease complicating the clinical
course of extremely low birth weight (ELBW, <1000g) and very low birth weight (VLBW, <1500g) neonates. With
advances in perinatal care and the widespread use of pulmonary surfactant and non-invasive ventilation, the survival rate
of these fragile infants has significantly improved. However, this has led to a changing epidemiology of BPD, now
characterized more by arrested alveolar and vascular development in extremely immature lungs, rather than the classic
barotrauma and oxygen toxicity seen historically.' Despite these advancements, BPD continues to affect approximately
40% of ELBW infants, representing a major cause of long-term pulmonary and neurodevelopmental morbidity.>
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The pathogenesis of BPD is multifactorial, involving genetic predisposition, prenatal and postnatal insults, but
inflammation is recognized as a central driving mechanism.* Both antenatal factors such as chorioamnionitis and
postnatal exposures including mechanical ventilation and infection can trigger a sustained pro-inflammatory cascade in
the immature lung, disrupting normal signaling pathways critical for alveolarization and microvascular maturation.’

In this context, biomarkers capable of quantifying this inflammatory state are of great clinical interest. Procalcitonin
(PCT) and C-reactive protein (CRP) are well-established serum biomarkers for diagnosing and monitoring bacterial
infections. PCT, the prohormone of calcitonin, rises rapidly in response to pro-inflammatory stimuli, particularly of
bacterial origin, while CRP is an acute-phase protein synthesized by the liver.® Beyond their role in infection,
accumulating evidence suggests that both biomarkers are elevated in non-infectious inflammatory states and may reflect
the magnitude of systemic inflammation.” A few preliminary studies have explored the potential link between these
inflammatory markers and respiratory outcomes in preterm neonates. For instance, elevated CRP levels in the first week
of life have been associated with an increased risk of BPD development, and PCT has been proposed as a marker for
sepsis-associated lung injury.®* However, the existing literature is often limited by small sample sizes or a narrow focus
solely on infection. A comprehensive analysis simultaneously evaluating the correlation of both PCT and CRP with the
subsequent occurrence and, crucially, the graded severity of BPD in a well-defined ELBW/VLBW cohort is still lacking.

Therefore, this study aimed to bridge this gap by performing a retrospective analysis of ELBW/VLBW neonates in
our institution. Our primary objective was to determine whether serum levels of PCT and CRP, measured in the early
clinical course, are correlated with the subsequent development of BPD and its severity. Secondly, we sought to identify
and consolidate other pertinent clinical risk factors for BPD within our population. We hypothesize that higher levels of
these inflammatory markers are positively associated with more severe forms of BPD. The findings from this study may
contribute to earlier identification of high-risk neonates, potentially allowing for more targeted monitoring and preventive
strategies.

Materials and Methods

Ethical Statement

This study was approved by the Hefei Maternal and Child Health Hospital’s Medical Ethics Committee with a waiver for
informed consent due to its retrospective nature. Patient data will not be shared with third parties. All the methods were
carried out in accordance with the Declaration of Helsinki.

Study Design and Participants

A retrospective cohort study was conducted by reviewing the medical records of 213 extremely low birth weight (ELBW,
<1000 g) and very low birth weight (VLBW, <1500 g) neonates admitted to our hospital between January 2021 and
January 2024.

The diagnosis and severity grading of Bronchopulmonary Dysplasia (BPD) were established according to the
National Institute of Child Health and Human Development (NICHD) criteria.'® BPD was defined as a persistent oxygen
requirement (Fraction of Inspired Oxygen, FiO, >21%) for at least 28 days. Severity was assessed at 36 weeks’
postmenstrual age (for infants born at <32 weeks) or at 28-56 days of age (for those born at >32 weeks), and was
classified as mild, moderate, or severe based on the level of respiratory support required. Based on this, neonates were
categorized into a control group (non-BPD, n=62) and an observation group (BPD, n=151). The Observation Group was
further stratified by severity into mild (n=71), moderate (n=46), and severe (n=34) subgroups.

Inclusion and Exclusion Criteria
Inclusion criteria were: (1) Birth weight <1500 g; (2) Admitted to the neonatal intensive care unit within 7 days of birth
and survived for at least 28 days; (3) Availability of complete clinical data, including at least one measurement of serum
PCT and CRP levels during the first 28 days of life.

Exclusion criteria were designed to minimize confounding factors and included: (1) Clinical diagnosis of maternal
chorioamnionitis with amniotic fluid contamination; (2) Maternal use of teratogenic or clinically prohibited medications
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during pregnancy; (3) Neonates with major congenital anomalies, chromosomal abnormalities, or severe organ dysfunc-
tion (eg, severe congenital heart disease requiring surgery); (4) Death or discharge against medical advice within the first
28 days of life.

Data Collection
Clinical data were extracted from electronic medical records. To address potential confounding, the following maternal
and neonatal variables were collected for subsequent comparative and regression analyses:

Maternal factors: mode of delivery (vaginal vs cesarean section), conception method (natural vs assisted reproduc-
tion), intrauterine infection, gestational hypertension, and gestational diabetes.

Neonatal factors: gestational age (<28 weeks vs >28 weeks), sex, birth weight (<1000 g vs >1000 g), occurrence of
hospital-acquired infection, duration of assisted ventilation (>14 days vs <14 days), diagnosis of infectious pneumonia,
history of neonatal asphyxia, and exposure to FiO, >40%.

Measurement of Serum PCT and CRP

Regarding the timing of biomarker measurement: due to the retrospective nature of the study, PCT and CRP levels were
not measured at a single, standardized time point for all infants. Instead, the first available measurement taken within the
first 28 days after birth, primarily for clinical suspicion of early-onset sepsis or routine monitoring in high-risk infants,
was utilized for analysis. Fasting venous blood samples were collected and centrifuged at 3500 rpm for 15 minutes.
Serum PCT levels were quantified using an electrochemiluminescence immunoassay kit (Getein Biotech, Inc). Serum
CRP levels were measured using a Beckman automated special protein analyzer (Beckman Coulter). The laboratory
personnel performing these assays were blinded to the clinical outcomes (BPD status) of the neonates.

Statistical Methods

Statistics version 22.0 (IBM Corp). Prior to analysis, the baseline characteristics of the non-BPD and Observation Groups
were compared to assess for significant differences in potential confounders, such as gestational age and birth weight.
Normally distributed continuous data were presented as mean + standard deviation and compared using the Independent-
Samples #-test (for two groups) or one-way ANOVA (for multiple groups). Categorical data were expressed as numbers
(percentages) and compared using the Chi-square test or Fisher’s exact test, as appropriate.

The correlation between BPD severity (ordinal scale: mild, moderate, severe) and serum PCT/CRP levels was
evaluated using Spearman’s rank correlation coefficient. A Spearman correlation coefficient (r) of 0.3-0.5 is generally
interpreted as a moderate association, which we considered clinically relevant for identifying a biological trend between
inflammation and disease severity. Univariate and multivariate logistic regression analyses were performed to identify
independent risk factors for BPD occurrence. Variables with a P-value < 0.05 in the univariate analysis were entered into
the multivariate model. A formal sample size calculation was not performed a priori as this was a retrospective cases
during the specified period. However, a post-hoc power analysis was conducted, which indicated that our sample size
provided over 80% power to detect the observed differences in PCT and CRP between groups, with an alpha of 0.05.
A two-tailed P-value < 0.05 was considered statistically significant for all tests.

Results

Baseline Characteristics of the Study Population

A total of 213 ELBW/VLBW neonates were included in this retrospective analysis, comprising 62 in the control group
and 151 in the observation group. The baseline demographic and clinical characteristics of both groups are summarized
in Table 1. There were no statistically significant differences between the two groups in terms of maternal mode of
delivery, conception method, incidence of gestational hypertension or diabetes, birth weight distribution, rate of hospital-
acquired infection, or history of neonatal asphyxia (all P > 0.05). However, as expected, the Observation Group had
a significantly higher proportion of neonates with gestational age <28 weeks, intrauterine infection, prolonged assisted
ventilation (>2 weeks), infectious pneumonia, and exposure to high oxygen (FiO, >40%) (all P < 0.05).
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Comparison of Serum PCT and CRP Levels Between Control Group and Observation
Group

Compared with the control group, the levels of PCT and CRP in the observation group were significantly increased (P <

Table | Baseline Characteristics Between Groups

Characteristic Total Control Observation 1t P
(n=213) Group (n=62) Group (n=151)
Maternal Factors
Mode of Delivery (Vaginal), n (%) 114 (53.5) 37 (59.7) 77 (51.0) 1.332 0.248
Assisted Conception, n (%) 24 (11.3) 6 (9.7) 18 (11.9) 0.221 0.638
Intrauterine Infection, n (%) 40 (18.8) 3 (48) 37 (24.5) 11.143 <0.001
Gestational Hypertension, n (%) 43 (20.2) 14 (22.6) 29 (19.2) 0.31 0.577
Gestational Diabetes, n (%) 34 (16.0) 7(11.3) 27 (17.9) 1.423 0.232
Neonatal Factors
Gestational Age <28 weeks, n (%) 115 (54.0) 21 (33.9) 94 (62.3) 14.251 <0.001
Birth Weight <1000g, n (%) 80 (37.6) 19 (30.6) 61 (40.4) 1.782 0.181
Hospital-acquired Infection, n (%) 20 (94) 5(8.1) 15 (9.9) 0.18 0.67
Assisted Ventilation >2 weeks, n (%) 123 (57.7) 21 (33.9) 102 (67.5) 20.432 <0.001
Infectious Pneumonia, n (%) 29 (13.6) I (1.6) 28 (18.5) 10.711 0.001
Neonatal Asphyxia, n (%) 22 (10.3) 7(11.3) 15 (9.9) 0.087 0.767
FiO, >40%, n (%) 42 (19.7) 232 40 (26.5) 15.027 <0.001

0.05), as shown in Table 2.

Comparison of Serum PCT and CRP Levels in Neonates with BPD of Different

Severity

One-way ANOVA showed that as the severity of neonatal BPD increased, serum PCT and CRP levels exhibited a clear

upward trend (P < 0.05), as shown in Table 3.

Table 2 Comparison of Serum PCT and CRP Levels

Group (n) PCT (ng/mL) | CRP (mg/L)
Control Group (n=62) 5.18+2.06 21.27+7.38

Observation Group (n=151) 11.27+4.62 47.09+10.34
t 13.320 20514

P <0.001 <0.001

Table 3 Comparison of Serum PCT and CRP

Levels

in Neonates with BPD of Different
Severity (X £ 5)

Group (n) PCT (ng/mL) | CRP (mg/L)
Group A (n=71) 8.41+3.83 41.97+6.89

Group B (n=46) 11.35+4.54 46.64+8.73

Group C (n=34) 14.74+4.96 52.35+10.58
F 25.321 17.935

P <0.001 <0.001
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Univariate Analysis
Univariate analysis showed that intrauterine infection, gestational age <28 weeks, assisted ventilation >2 weeks,

20

r=0.354, P<0.05

o

r=0.472, P<0.05

in neonates (P < 0.05), as shown in Table 4.

Table 4 Univariate Analysis [n (%)]

BPD

Figure | Correlation Analysis between Serum PCT, CRP Levels and Severity of BPD.

Correlation Analysis Between Serum PCT, CRP Levels and Severity of BPD
As shown in Figure 1, PCT and CRP levels were positively correlated with the severity of neonatal BPD (r = 0.354,
0.472; P < 0.05).

Cases (n=213) | Control Group (n=62) | Observation Group (n=151) x? P
Mode of Delivery - - - 1.332 | 0.248
Vaginal Delivery 114 (53.52) 37 (59.68) 77 (51.00) - -
Cesarean Section 99 (46.48) 25 (40.32) 74 (49.00) - -
Conception Method - - - 0.221 0.638
Natural Conception 189 (88.73) 56 (90.32) 133 (88.08) - -
Assisted Conception 24 (11.27) 6 (9.68) 18 (11.92) - -
Intrauterine Infection - - - 11.143 | <0.001
Yes 40 (18.78) 3 (4.84) 37 (24.50) - -
No 173 (81.22) 59 (95.16) 114 (75.50) - -
Gestational Hypertension - - - 0.310 0.577
Yes 43 (20.19) 14 (22.58) 29 (19.21) - -
No 170 (79.81) 48 (77.42) 122 (80.79) - -
Gestational Diabetes - - - 1.423 0.232
Yes 34 (15.96) 7 (11.29) 27 (17.88) - -
No 179 (84.04) 55 (88.71) 124 (82.12) - -
(Continued)

infectious pneumonia, FiO, >40%, and extremely/very low birth weight were associated with the occurrence of BPD
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Table 4 (Continued).

Cases (n=213) | Control Group (n=62) | Observation Group (n=151) x2 P
Gestational Age (weeks) - - - 14.251 | <0.001
<28 115 (53.99) 21 (33.87) 94 (62.25) - -
29-32 98 (46.01) 41 (66.13) 57 (37.75) - -
Birth Weight (g) - - - 1.782 0.181
<1000 80 (37.56) 19 (30.65) 61 (40.40) - -
21000 and <1500 133 (62.44) 43 (69.35) 90 (59.60) - -
Hospital-acquired Infection - - - 0.180 0.670
Yes 20 (9-39) 5 (8.06) 15 (9.93) - -
No 193 (90.61) 57 (91.94) 136 (90.07) - -
Assisted Ventilation (weeks) - - - 20.432 | <0.001
>2 123 (57.75) 21 (33.87) 102 (67.55) - -
<2 90 (42.25) 41 (66.13) 49 (32.45) - -
Infectious Pneumonia - - - 10.711 | 0.001
Yes 29 (13.62) 1 (1.61) 28 (18.54) - -
No 184 (86.38) 61 (98.39) 123 (81.46) - -
Neonatal Asphyxia - - - 0.087 0.767
Yes 22 (10.33) 7 (11.29) 15 (9.93) - -
No 191 (89.67) 55 (88.71) 136 (90.07) - -
FiO, >40% - - - 15.027 | <0.001
Yes 42 (19.72) 2 (3.23) 40 (26.49) - -
No 171 (80.28) 60 (94.77) 111 (73.51) - -

Multivariate Logistic Regression Analysis

Taking the occurrence of BPD in neonates as the dependent variable, factors with statistical significance in univariate
analysis were included as independent variables in multivariate logistic regression analysis. Variable assignments are
shown in Table 5. The multivariate logistic regression analysis showed that intrauterine infection, gestational age
<28 weeks, assisted ventilation >2 weeks, infectious pneumonia, and FiO, >40% were all independent risk factors for
the occurrence of BPD in extremely and very low birth weight neonates (P < 0.05), as shown in Table 6.

Discussion
This retrospective study demonstrates that elevated serum levels of PCT and CRP are significantly associated with both
the presence and increasing severity of BPD in ELBW and VLBW neonates. Furthermore, we identified intrauterine
infection, gestational age <28 weeks, prolonged assisted ventilation, infectious pneumonia, and high oxygen exposure
(FiO, >40%) as independent risk factors for BPD development.

The central role of inflammation in the pathogenesis of BPD is well-established.'' '* Our findings align with this
paradigm, showing that neonates who developed BPD had significantly higher levels of the inflammatory biomarkers
PCT and CRP compared to the non-BPD group. This observation is consistent with previous literature. For instance,

Table 5 Variable Assignment

Variable Assignment

BPD Occurred = 0, Not occurred = |
Gestational Age <28 weeks = 0, 29-32 weeks = |
Intrauterine Infection Yes =0, No = |
Assisted Ventilation >2 weeks = 0, <2 weeks = |
Infectious Pneumonia Yes =0, No = |

FiO, >40% Yes =0, No = |
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Table 6 Multivariate Logistic Regression Analysis

Factor B SE | Wald P OR (95% CI)

Gestational Age <28 weeks 1.159 | 0.462 | 6.073 | 0.015 | 3.174 (1.256-7.947)
Intrauterine Infection 1.284 | 0.447 | 7.965 | 0.004 | 3.602 (1.457-8.738)
Assisted Ventilation >2 weeks | 1.374 | 0.621 | 4.945 | 0.028 | 3.918 (I.168-13.105)
Infectious Pneumonia 1.687 | 0.564 | 8.679 | 0.002 | 5378 (1.752-16.473)
FiO, >40% 1.884 | 0.717 | 6.785 | 0.008 | 6.641 (1.593-27.518)

1'* similarly reported elevated PCT and CRP in preterm infants with BPD, suggesting a sustained

a study by Yang et a
systemic inflammatory state. More importantly, we observed a clear gradient: serum levels of both biomarkers rose
progressively with the severity of BPD, from mild to moderate to severe. The positive correlations, while modest
(r=0.354 for PCT and r=0.472 for CRP), were statistically significant and indicate a measurable biological trend. In
a multifactorial disease like BPD, where numerous genetic and environmental factors interplay, a moderate correlation
from a single time-point measurement is clinically relevant. It suggests that the intensity of the inflammatory response, as
captured by these biomarkers, is proportionally linked to the degree of subsequent lung injury and dysplastic repair.

The clinical implication of our findings lies in the potential of PCT and CRP to serve as adjunct, objective measures
for risk stratification. While the diagnosis of BPD is clinical, quantifying this underlying inflammatory burden could help
identify a subgroup of infants with a more pronounced “inflammatory phenotype” who might be at the highest risk for
severe, long-term sequelae. Therefore, integrating serial PCT and CRP monitoring into the broader management strategy
—which includes optimizing nutrition for lung growth, implementing lung-protective ventilation to minimize volu-
trauma/barotrauma, and rigorous infection control—could provide a more dynamic assessment of an infant’s trajectory.
An upward trend might prompt clinicians to intensify supportive measures, such as a more aggressive weaning from
mechanical ventilation or a thorough search for a subclinical infectious focus. However, caution is warranted in
interpretation. As noted by Bianco et al,'> the physiological rise of PCT in the first days of life and the potential for
blunted CRP response due to hepatic immaturity in ELBW infants mean that these biomarkers should not be used in
isolation. They are pieces of a larger puzzle, to be interpreted in the full clinical context.

Our multivariate analysis reaffirms several well-documented risk factors for BPD. The strong association with lower
gestational age (<28 weeks) underscores that the greatest risk factor for BPD is lung immaturity itself.'*'®'” The lungs
of these extremely preterm infants are often in the late canalicular or early saccular stage, highly vulnerable to any
postnatal insult. Similarly, the identification of prolonged assisted ventilation (>2 weeks) and FiO, >40% as independent
risk factors highlights the critical iatrogenic component of BPD pathogenesis, often termed “the new BPD”. Mechanical
ventilation, while life-saving, can cause volutrauma and barotrauma, initiating a pro-inflammatory cascade.'®2°
Concurrently, high-concentration oxygen therapy contributes to oxidative stress, overwhelming the underdeveloped
antioxidant defenses of the preterm neonate and leading to further cellular injury.?' Our findings strongly support the
clinical imperative to pursue non-invasive respiratory support whenever possible and to meticulously titrate oxygen
delivery to the lowest sufficient level.

Furthermore, the role of infection and inflammation is highlighted by our results showing that both intrauterine
infection and postnatal infectious pneumonia are potent independent risk factors. Antenatal inflammation can prime the

fetal lung, making it hyper-responsive to postnatal insults,**

while postnatal pneumonia directly fuels the inflammatory
fire in the lung parenchyma. This reinforces the importance of maternal antibiotic treatment for intrauterine infection and

stringent infection prevention and control measures in the NICU.

Limitations

This study has several limitations that should be considered when interpreting the results. First, its retrospective and
single-center nature may introduce selection bias and limits the generalizability of our findings. Second, as a retrospective
study, we could not standardize the timing of PCT and CRP measurements. The use of a single measurement within the
first 28 days precludes any analysis of the dynamic changes and predictive value of these biomarkers at specific, critical
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early time points (eg, the first 72 hours vs the third week of life). Future prospective studies should include serial
measurements at predefined time points to establish more precise temporal relationships. Third, while we identified
significant associations, the modest correlation coefficients remind us that PCT and CRP are part of a complex picture
and not the sole determinants of BPD severity. Finally, our study elucidates associations but cannot prove causality, and
the underlying molecular mechanisms linking PCT and CRP to aberrant lung development remain an area for future
mechanistic investigation.

Conclusion

In conclusion, this study demonstrates that serum PCT and CRP levels are significantly associated with the presence and
graded severity of BPD in ELBW and VLBW neonates. These inflammatory biomarkers may serve as valuable clinical
tools for identifying high-risk infants and monitoring disease progression. Furthermore, we have confirmed that
intrauterine infection, gestational age <28 weeks, prolonged assisted ventilation (>2 weeks), infectious pneumonia, and
FiO, >40% are independent risk factors for BPD in this vulnerable population.

Our findings underscore the central role of inflammation in BPD pathogenesis and highlight the importance of
targeting modifiable risk factors. A comprehensive clinical strategy that integrates vigilant monitoring of inflammatory
biomarkers with aggressive prevention of infections, strict lung-protective ventilation protocols, and cautious oxygen
management is essential to mitigate the risk and burden of BPD.
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