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Objective: The current study aims to investigate the high-risk determinants associated with the occurrence of pneumonia in low birth weight (LBW) neonates.



Methods: A retrospective case-control study was conducted at The First Hospital of Hebei Medical University, a tertiary care center in Shijiazhuang, China, for neonates born between January 2019 and December 2023. From a cohort of 230 LBW neonates admitted to the NICU, 90 neonates diagnosed with pneumonia were designated as the observation group, while 50 LBW neonates without pneumonia were selected as the control group. Statistical hypothesis testing was employed for data analysis, including univariate and multivariable logistic regression analyses.



Results: Univariate analysis identified several significant risk factors for neonatal pneumonia, including low birth weight, prematurity (gestational age <37 weeks), small-for-gestational-age (SGA) status, neonatal anemia, patent ductus arteriosus, neonatal hyperbilirubinemia, maternal hypothyroidism during pregnancy, and prenatal infection (P < 0.05). Multivariable logistic regression analysis that included all significant univariate predictors revealed that birth weight (OR for <1,600 g vs. ≥2,200 g = 7.112, 95% CI: 1.650–30.651) and small-for-gestational-age status (OR = 2.598, 95% CI: 1.152–5.859) remained as the sole independent risk factors for neonatal pneumonia in LBW neonates.



Conclusion: Birth weight and small-for-gestational-age status are independent risk factors for neonatal pneumonia in low birth weight neonates. SGA neonates born at very early gestational ages (<32 weeks) represent a particularly high-risk subgroup.
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1 Introduction

Neonatal pneumonia, a prevalent and severe lower respiratory tract infection among neonates, arises from a multitude of contributing factors (1). In China, this disease has persistently featured prominently within the spectrum of neonatal illnesses over the last two decades. On a global scale, lower respiratory infections, including pneumonia, remain a leading cause of neonatal mortality, accounting for hundreds of thousands of deaths annually, with the vast majority occurring in developing nations (2, 3). The disease is characterized not only by its high prevalence but also by its considerable mortality rate. Reports indicate that pneumonia is a primary contributor to the nearly 2.4 million neonatal deaths worldwide each year, positioning it as a predominant cause of perinatal mortality (4). Low birth weight (LBW) neonates are a particularly vulnerable population, characterized by immature immune systems, underdeveloped organ functions, and a higher susceptibility to infections compared to their normal-weight counterparts. These inherent vulnerabilities may lead to a distinct profile of risk factors and more severe outcomes for neonatal pneumonia. Consequently, investigating the determinants of pneumonia in low birth weight neonates is crucial for the development of effective prevention and treatment strategies aimed at mitigating morbidity and mortality in this vulnerable group.

While scientific communities have explored various risk factors associated with neonatal pneumonia, there remains a paucity of research specifically addressing the risk profile of pneumonia in low birth weight neonates, particularly within our local context. This study, therefore, performs a subanalysis of a cohort of low birth weight neonates from a tertiary maternal and child health hospital. The primary objective is to identify and analyze the high-risk factors for neonatal pneumonia in this specific population. The findings are intended to inform clinical practices by aiding in the formulation of targeted prevention and control measures. Furthermore, the study seeks to contribute to the scientific foundation necessary for the optimal allocation of healthcare resources, enhancement of clinical management of neonatal diseases, and advancement of preventive healthcare strategies for women and children.



2 Materials and methods


2.1 Research subjects and study design

This retrospective case-control study was conducted at the Department of Pediatrics of The First Hospital of Hebei Medical University, a tertiary maternal and child health hospital in Shijiazhuang, China. We reviewed the medical records of all neonates born between January 2019 and December 2023. Of the 23,813 live births during this period, a total of 230 low birth weight (LBW, birth weight <2,500 g) neonates were admitted to the Neonatal Intensive Care Unit (NICU). From this cohort, we selected 140 neonates who met the study's inclusion criteria. The patient selection process is detailed in Figure 1. The study population was divided into two groups: 90 LBW neonates diagnosed with neonatal pneumonia were assigned to the observation (case) group, and 50 LBW neonates without pneumonia, admitted for other reasons such as hyperbilirubinemia or feeding intolerance, were assigned to the control group. The resulting 90:50 case-to-control ratio reflects the availability of eligible subjects who met the study's inclusion and exclusion criteria during the retrospective review period.


[image: Flowchart depicting the selection process for a study at the First Hospital of Hebei Medical University from January 2019 to December 2023. Initially, 23,813 total live births were recorded. Of these, 230 low birth weight neonates were admitted to the neonatal intensive care unit. Ninety neonates were excluded for reasons such as hospitalization under 48 hours, incomplete medical records, or non-infectious respiratory conditions. Ultimately, 140 eligible low birth weight neonates were included in the study, divided into two groups: 90 with pneumonia (observation group) and 50 without pneumonia (control group).]
FIGURE 1
Flowchart of study participant selection.



2.1.1 Study population inclusion criteria


	1.Admitted to the NICU within 28 days of birth.

	2.Birth weight <2,500 g., defined according to World Health Organization (WHO) criteria (5).

	3.Complete clinical data available for analysis.

	4.Hospitalization ≥ 48 h.





2.1.2 Case and control group definitions

Case Group (Observation Group) Definition: LBW neonates meeting the above criteria who also conformed to a diagnosis of neonatal pneumonia, requiring the presence of characteristic clinical signs (e.g., tachypnea, grunting, retractions) combined with radiological evidence of pneumonia on a chest x-ray, as interpreted by two independent pediatric radiologists. The clinical presentations, based on established guidelines (5), were categorized as follows:

1. Intrauterine infectious pneumonia: Characterized by onset of respiratory symptoms at birth or within the first few hours of life, often associated with maternal risk factors like chorioamnionitis, maternal fever, or prolonged rupture of membranes.

2. Infectious pneumonia during delivery: Typically presenting within the first 72 h of life (early-onset neonatal pneumonia), commonly resulting from aspiration of infected maternal vaginal or rectal flora during passage through the birth canal

3. Postnatal infectious pneumonia: Bacterial pneumonia presents with severe toxic symptoms, including tachypnea, nasal flaring, and retractions, and is prone to systemic infections.

Control Group Definition: LBW neonates meeting the study population inclusion criteria who did not have neonatal pneumonia during their hospital stay. Additionally, neonates with a confirmed diagnosis of sepsis were excluded from the control group to ensure they were free from major systemic infections.



2.1.3 Exclusion criteria


	1.Hospitalization <48 h.

	2.Primary diagnosis of transient tachypnea of the newborn (TTN) and other non-infectious respiratory conditions, such as respiratory distress syndrome without co-existing pneumonia.

	3.Incomplete medical records for key variables.






2.2 Variables in analysis

Neonatal-related factors: Gender, birth weight, gestational age (weeks), postnatal age, Apgar score (5 min), delivery method, prematurity, small-for-gestational-age (SGA) status, singleton, firstborn, anemia, central atrial septal defect, patent ductus arteriosus, neonatal hyperbilirubinemia, umbilical cord abnormalities, neonatal sepsis, discharge outcome, and length of hospital stay.

Maternal-related factors: Maternal age, premature rupture of membranes, fetal growth restriction, intrauterine distress, chorioamnionitis, hypothyroidism during pregnancy, placental abruption, gestational diabetes, gestational hypertension, preeclampsia, anemia, and prenatal infections.



2.3 Quality control

Data were sourced from the electronic medical records of the hospital's Medical Records Workstation. Information on research subjects was collected and entered by two physicians to ensure data authenticity and checked for consistency by a third researcher.



2.4 Statistical methods

Statistical analysis was performed using SPSS 25.0. Measurement data were expressed as mean ± standard deviation (x¯±s), and categorical data were expressed as frequencies and percentages [n (%)]. The normality of continuous data was tested using the Kolmogorov–Smirnov Test. For normally distributed data, the two-independent samples t-test was used for comparison between groups. For non-normally distributed data, the non-parametric Wilcoxon rank-sum test was used. Statistical inference for categorical data was performed using the χ2 test or Fisher's exact test where appropriate.

Binary multivariable logistic regression analysis was applied to analyze risk factors for pneumonia in low birth weight neonates, with odds ratios (OR) and 95% confidence intervals (CI) used to evaluate the risk of each influencing factor. The Wald test was employed for risk difference testing. Variables with P < 0.10 in the univariate analysis were considered for inclusion in the multivariable model. To assess the independent effect of each potential factor, all variables found to be significant in the univariate analysis were entered into the multivariable model simultaneously using the “Enter” method. Collinearity diagnostics were performed for variables entering the model; the variance inflation factor (VIF) for gestational age was >5, indicating significant collinearity with birth weight. Consequently, gestational age was excluded from the final model to ensure stability. Birth weight was categorized based on clinically established thresholds for very low birth weight (<1,500 g, which we expanded to <1,600 g for sample size) and low birth weight, a common practice in neonatal research (6). Maternal age was included in the model as a potential confounder. The significance level was set at α = 0.05, and all statistical analysis results with P < 0.05 were considered statistically significant.

A formal a priori sample size calculation was not performed due to the retrospective nature of the study design. Instead, all eligible patients from the defined period were included. However, a post-hoc power analysis revealed that with our sample of 90 cases and 50 controls, the study achieved over 80% power to detect an odds ratio of 2.5 for the primary risk factors at a significance level of α = 0.05. The final regression model showed good calibration (Hosmer-Lemeshow test P = 0.51) and discrimination [Area Under the Curve (AUC) = 0.83, 95% CI: 0.76–0.90], with a Nagelkerke R2 of 0.36, suggesting a moderate explanatory power. Cases with significant missing data for the key variables under investigation were excluded from the analysis, as detailed in the exclusion criteria.




3 Results


3.1 Types of neonatal pneumonia

Among the 90 cases of neonatal pneumonia, 25 (27.8%) were classified as intrauterine infectious pneumonia, 41 (45.5%) as infectious pneumonia during delivery, and 24 (26.7%) as postnatal infectious pneumonia.



3.2 Univariate analysis of risk factors for neonatal pneumonia


3.2.1 Univariate analysis of neonatal clinical characteristics and pneumonia risk

Based on electronic medical records, potential factors influencing neonatal pneumonia were analyzed. The observation group had significantly lower birth weights compared to the control group (P < 0.001). As detailed in Table 1, premature neonates (gestational age <37 weeks) had a 3.89-fold higher risk of developing neonatal pneumonia compared to full-term neonates (OR = 3.89, 95% CI: 1.84–8.23, P < 0.001). Additionally, SGA status (OR = 2.13, 95% CI: 1.01–4.49, P = 0.045), neonatal anemia (OR = 4.95, 95% CI: 2.01–12.21, P < 0.001), patent ductus arteriosus (OR = 3.26, 95% CI: 1.51–7.05, P = 0.002), and neonatal hyperbilirubinemia (OR = 2.96, 95% CI: 1.25–7.03, P = 0.012) were identified as factors that increased the risk of neonatal pneumonia. Other clinical factors, such as Apgar scores, delivery mode, singleton/firstborn status, central atrial septal defects, and umbilical cord abnormalities, showed no significant association with neonatal pneumonia (P > 0.05) (Table 1).



TABLE 1 Univariate analysis of factors associated with neonatal pneumonia in low birth weight neonates.



	Factor
	Observation group (n = 90)
	Control group (n = 50)
	χ2/Z
	P





	Gender (M/F)
	42/48 (46.7%/53.3%)
	26/24 (52.0%/48.0%)
	0.887
	0.346



	Birth Weight (g)
	
	
	4.762
	<0.001a



	<1,600
	19 (21.1%)
	2 (4.0%)
	
	



	1,600–2,200
	44 (48.9%)
	17 (34.0%)
	
	



	≥2,200
	27 (30.0%)
	31 (62.0%)
	
	



	Gestational Age (weeks)
	
	
	17.982
	<0.001a



	<37
	76 (84.4%)
	29 (58.0%)
	
	



	≥37
	14 (15.6%)
	21 (42.0%)
	
	



	Apgar Score (points)
	
	
	–
	0.291



	≥7
	88 (97.8%)
	50 (100%)
	
	



	<7
	2 (2.2%)
	0 (0.0%)
	
	



	Delivery Mode
	
	
	0.581
	0.446



	Vaginal Delivery
	38 (42.2%)
	23 (46.0%)
	
	



	Cesarean Section
	52 (57.8%)
	27 (54.0%)
	
	



	SGA
	
	
	3.971
	0.046a



	Yes
	31 (34.4%)
	10 (20.0%)
	
	



	No
	59 (65.6%)
	40 (80.0%)
	
	



	Singleton Pregnancy
	
	
	1.689
	0.194



	Yes
	74 (82.2%)
	36 (72.0%)
	
	



	No
	16 (17.8%)
	14 (28.0%)
	
	



	Firstborn
	
	
	0.129
	0.719



	Yes
	54 (60.0%)
	28 (56.0%)
	
	



	No
	36 (40.0%)
	22 (44.0%)
	
	



	Anemia
	
	
	13.623
	<0.001a



	Yes
	37 (41.1%)
	6 (12.0%)
	
	



	No
	53 (58.9%)
	44 (88.0%)
	
	



	Central Atrial Septal Defect
	
	
	0.086
	0.769



	Yes
	33 (36.7%)
	17 (34.0%)
	
	



	No
	57 (63.3%)
	33 (66.0%)
	
	



	Patent Ductus Arteriosus
	
	
	8.635
	0.003a



	Yes
	43 (47.8%)
	11 (22.0%)
	
	



	No
	47 (52.2%)
	39 (78.0%)
	
	



	Neonatal Hyperbilirubinemia
	
	
	6.257
	0.012a



	Yes
	81 (90.0%)
	37 (74.0%)
	
	



	No
	9 (10.0%)
	13 (26.0%)
	
	



	Umbilical Cord Abnormalities
	
	
	0.562
	0.454



	Present
	13 (14.4%)
	5 (10.0%)
	
	



	Absent
	77 (85.6%)
	45 (90.0%)
	
	




	aIndicates statistically significant differences in the univariate analysis, with P < 0.05.









3.2.2 Univariate analysis of maternal clinical characteristics and pneumonia risk

Comparison of maternal clinical characteristics between the two groups revealed that maternal hypothyroidism during pregnancy (OR = 2.91, 95% CI: 1.01–8.39, P = 0.041) and maternal prenatal infections (OR = 5.71, 95% CI: 1.11–29.35, P = 0.024) were significant risk factors for neonatal pneumonia in low birth weight neonates (P < 0.05). Other factors, such as maternal age, premature rupture of membranes, fetal growth restriction, fetal distress, maternal chorioamnionitis, placental abruption, gestational diabetes, and maternal anemia, demonstrated no statistically significant differences between the groups (P > 0.05) (Table 2).



TABLE 2 Univariate analysis of maternal risk factors associated with neonatal pneumonia in low birth weight neonates.



	Factor
	Observation group (n = 90)
	Control group (n = 50)
	χ2/Z
	P





	Age (x¯±s, years)
	30.72 ± 4.31
	29.68 ± 4.33
	0.578
	0.637



	Premature Rupture of Membranes
	
	
	0.045
	0.831



	Yes
	34 (37.8%)
	18 (36.0%)
	
	



	No
	56 (62.2%)
	32 (64.0%)
	
	



	Fetal Growth Restriction
	
	
	1.231
	0.267



	Yes
	12 (13.3%)
	9 (18.0%)
	
	



	No
	78 (86.7%)
	41 (82.0%)
	
	



	Intrauterine Distress
	
	
	1.503
	0.220



	Yes
	10 (11.1%)
	3 (6.0%)
	
	



	No
	80 (88.9%)
	47 (94.0%)
	
	



	Chorioamnionitis
	
	
	2.356
	0.125



	Yes
	3 (3.3%)
	0 (0.0%)
	
	



	No
	87 (96.7%)
	50 (100%)
	
	



	Hypothyroidism During Pregnancy
	
	
	4.172
	0.041a



	Yes
	14 (15.6%)
	3 (6.0%)
	
	



	No
	76 (84.4%)
	47 (94.0%)
	
	



	Placental Abruption
	
	
	0.004
	0.948



	Yes
	5 (5.6%)
	3 (6.0%)
	
	



	No
	85 (94.4%)
	47 (94.0%)
	
	



	Gestational Diabetes Mellitus
	
	
	2.051
	0.152



	Yes
	18 (20.0%)
	6 (12.0%)
	
	



	No
	72 (80.0%)
	44 (88.0%)
	
	



	Preeclampsia
	
	
	0.204
	0.652



	Yes
	30 (33.3%)
	18 (36.0%)
	
	



	No
	60 (66.7%)
	32 (64.0%)
	
	



	Anemia
	
	
	3.357
	0.067



	Yes
	5 (5.6%)
	6 (12.0%)
	
	



	No
	85 (94.4%)
	44 (88.0%)
	
	



	Prenatal Infection
	
	
	5.103
	0.024a



	Yes
	5 (5.6%)
	0 (0.0%)
	
	



	No
	85 (94.4%)
	50 (100%)
	
	




	aIndicates statistically significant differences in the univariate analysis, with P < 0.05.










3.3 Multivariable logistic regression analysis of risk factors for neonatal pneumonia

To identify independent predictors, all variables found to be significant in the univariate analysis (SGA, neonatal anemia, birth weight, PDA, hyperbilirubinemia, maternal hypothyroidism, prenatal infection) were entered into a binary multivariable logistic regression model. The results indicated that only birth weight and SGA status remained as independent risk factors for neonatal pneumonia in low birth weight neonates, as presented in Table 3. Specifically, neonates with birth weights of 1,600–2,200 g and <1,600 g had 2.995-fold and 7.112-fold higher risks of developing pneumonia, respectively, compared to those with birth weights ≥2,200 g. After adjusting for other factors, SGA status remained an independent risk factor, increasing the odds of pneumonia by 2.598 times (OR = 2.598, 95% CI: 1.152–5.859_, P = 0.021). Other variables, such as neonatal anemia and patent ductus arteriosus, were no longer statistically significant after adjusting for birth weight and SGA.



TABLE 3 Multivariable logistic regression analysis of pneumonia in low birth weight neonates.



	Factor
	Regression coefficient
	Standard error
	Wald χ2
	Adjusted OR (95% CI)
	P





	Birth Weight Group
	–
	–
	10.115
	–
	0.006



	<1,600 g
	1.962
	0.721
	7.412
	7.112 (1.650–30.651)
	0.006



	1,600–2,200 g
	1.097
	0.388
	7.989
	2.995 (1.401–6.401)
	0.005



	≥2,200 g (Ref.)
	–
	–
	–
	1.000
	–



	SGA (Yes vs. No)
	0.955
	0.413
	5.342
	2.598 (1.152–5.859)
	0.021



	Neonatal Anemia (Yes vs. No)
	0.601
	0.465
	1.667
	1.824 (0.735–4.529)
	0.197



	Patent Ductus Arteriosus (Yes vs. No)
	0.472
	0.420
	1.264
	1.603 (0.707–3.635)
	0.261



	Hyperbilirubinemia (Yes vs. No)
	0.415
	0.501
	0.687
	1.514 (0.570–4.022)
	0.407



	Maternal Hypothyroidism (Yes vs. No)
	0.339
	0.588
	0.332
	1.403 (0.443–4.445)
	0.564



	Prenatal Infection (Yes vs. No)
	0.899
	0.812
	1.226
	2.457 (0.501–12.051)
	0.268



	Constant
	−1.854
	0.455
	16.581
	–
	<0.001




	The model was adjusted for all significant univariate predictors simultaneously. Gestational age was excluded due to high collinearity with birth weight (VIF > 5). The final model demonstrated good calibration (Hosmer-Lemeshow test P = 0.51) and discrimination (AUC = 0.83).









3.4 Comparison of gestational age distribution in SGA neonates

The distribution of gestational age in SGA neonates differed significantly between the two groups (χ2 = 9.862, P < 0.05). In the observation group, 61.3% (19/31) of SGA neonates had a gestational age <37 weeks, compared to 26.7% (8/30) in the control group. Compared to SGA neonates with a gestational age >37 weeks, those with a gestational age of <32 weeks had a significantly higher risk of pneumonia (OR = 12.55, P = 0.005). For SGA neonates with gestational ages of 32–37 weeks, the OR was 2.88 (P = 0.052), respectively (Table 4).



TABLE 4 Comparison of gestational age distribution in SGA neonates between two groups [n (%)].



	Gestational age
	Observation group (n = 31)
	Control group (n = 10)
	OR (95% CI)
	P





	<32 weeks
	11 (35.5%)
	1 (10.0%)
	12.55 (1.89–83.31)
	0.005



	32–37 weeks
	8 (25.8%)
	7 (70.0%)
	2.88 (0.99–8.39)
	0.052



	>37 weeks (Ref.)
	12 (38.7%)
	2 (20.0%)
	1.00
	–










4 Discussion

This study investigated the risk factors for neonatal pneumonia specifically within a cohort of low birth weight neonates at a single tertiary care center. Our multivariable analysis identified lower birth weight and SGA status as two key independent predictors of pneumonia in this vulnerable population. The finding that lower birth weight significantly increases pneumonia risk is consistent with a large body of literature (7, 8). Low birth weight neonates often exhibit poor growth and development, immature organ systems, impaired cellular and humoral immunity, and reduced adaptability to external environments, making them highly susceptible to neonatal pneumonia. For instance, the production of secretory IgA, crucial for mucosal defense in the respiratory tract, is deficient in LBW and especially preterm infants, compromising their first line of defense against pathogens (9, 10). Additionally, the respiratory systems of low birth weight neonates are less developed compared to those of normal neonates, with reduced effective gas exchange areas, poorer elastic tissue development, and less efficient gas exchange, all of which increase their vulnerability to respiratory infections.

Preterm neonates, who constitute a large proportion of LBW infants, have severely low levels of maternally-transferred immunoglobulins (IgG), compromised skin and mucosal barrier functions, and immature organ systems (11), making them prone to infections. Furthermore, preterm neonates have reduced sensitivity of respiratory chemoreceptors to CO2 and underdeveloped peripheral chemoreceptor functions, which hinder effective stimulation of respiratory movements during hypoxia, leading to decreased gas exchange. Consequently, the smaller the gestational age, the lower the air content in the lungs. Additionally, preterm neonates have fewer functionally active alveolar tissues, and if the mother has a history of perinatal infections such as premature rupture of membranes, pathogens may invade the respiratory tract. The inability to promptly eliminate secreted toxins may also stimulate immune cells to release inflammatory factors and pulmonary inflammatory cells to release oxygen free radicals, triggering oxidative stress and contributing to pneumonia (12).

SGA neonates, resulting from intrauterine growth restriction, are defined as neonates with birth weights below the 10th percentile for their gestational age. These neonates often experience chronic hypoxia and malnutrition in utero due to placental insufficiency (13). This chronic stress can impair the development of the immune system, leading to both quantitative and qualitative defects in T-lymphocytes and reduced phagocytic activity, rendering them more susceptible to infections postnatally (14). Our study's adjusted finding that SGA is an independent risk factor (OR = 2.598) aligns with this biological plausibility. Chronic fetal hypoxia can also lead to meconium aspiration pneumonia and, in severe cases, neonatal asphyxia (15). Our sub-analysis further revealed that within the SGA group, the risk of pneumonia was highest in neonates of the lowest gestational age (<32 weeks), highlighting a synergistic vulnerability of being both growth-restricted and extremely premature.

This study demonstrated that several factors were significant in univariate analysis, including neonatal anemia, patent ductus arteriosus, hyperbilirubinemia, maternal hypothyroidism, and prenatal infections. Although these factors did not retain significance in the final multivariable model after accounting for birth weight and SGA, their initial association is clinically relevant and supported by existing literature. For instance, neonatal anemia impairs oxygen-carrying capacity and tissue oxygenation, while also compromising immune function through impaired erythropoietin-mediated development and iron deficiency (16, 17). Neonatal hyperbilirubinemia can serve as an early indicator of underlying infection or sepsis (18, 19). Conditions like patent ductus arteriosus lead to pulmonary over-circulation, increasing susceptibility to respiratory infections (20). Maternal conditions are also crucial; for example, maternal hypothyroidism has been linked to delayed fetal lung maturation and altered surfactant protein expression, potentially increasing neonatal susceptibility to respiratory distress and subsequent infections (21). Similarly, maternal prenatal infections, even if subclinical, can trigger a systemic inflammatory response in the fetus, priming the neonatal immune system for dysregulated responses to postnatal challenges and increasing the risk of diseases like pneumonia (22). These factors likely contribute to the overall frailty of LBW neonates, making them more prone to pneumonia, even if birth weight and SGA are the dominant statistical predictors.


4.1 Strengths and limitations

This study has several strengths. It focuses on a high-risk and relatively understudied population—low birth weight neonates—and provides valuable data from a local, tertiary care setting. By performing multivariable analysis, we were able to identify independent risk factors, distinguishing them from confounding variables. Our statistical model demonstrated good predictive performance, enhancing the reliability of our findings.

However, several limitations must be acknowledged. First, the retrospective, single-center design may limit the generalizability of our findings. Second, the sample size, particularly in the control group and in subgroup analyses, was relatively small, which can lead to wide confidence intervals and limit statistical power, despite our post-hoc analysis showing adequate power for primary outcomes. The case-control ratio was unequal, reflecting the retrospective availability of data. Third, due to the retrospective nature of the study, we were unable to collect uniform data on potentially important confounders, such as the duration and type of respiratory support, maternal culture results, or detailed microbiological data from the neonates, which prevented us from analyzing the etiological agents of pneumonia. Finally, our method of handling missing data by exclusion could potentially introduce selection bias.




5 Conclusion

Taken together, the following conclusions can be drawn: (1) Birth weight and SGA status are independent risk factors for pneumonia in low birth weight neonates. Lower birth weight is associated with a progressively higher risk of pneumonia. (2) SGA neonates with a gestational age of <32 weeks are at the highest risk of developing pneumonia, underscoring the combined impact of growth restriction and prematurity.

Clinical healthcare professionals should enhance the management of pregnant women, provide early treatment for pregnancy-related complications, and strengthen health education for patients and their families. These measures aim to prevent preterm birth and intrauterine growth restriction, thereby improving neonatal birth weight and reducing the incidence of neonatal pneumonia.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.



Author contributions

XX: Writing – review & editing, Writing – original draft. YD: Writing – review & editing, Writing – original draft. JH: Writing – review & editing. JW: Writing – review & editing. RH: Writing – review & editing. XZ: Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was supported by Medical Science Research Project of Hebei (No. 20210792).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References


	1. Nissen MD. Congenital and neonatal pneumonia. Paediatr Respir Rev. (2007) 8(3):195–203. doi: 10.1016/j.prrv.2007.07.001


	2. GBD 2019 Respiratory Tract Cancers Collaborators. Global, regional, and national burden of respiratory tract cancers and associated risk factors from 1990 to 2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet Respir Med. (2021) 9(9):1030–49. doi: 10.1016/S2213-2600(21)00164-8


	3. GBD 2019 Under-5 Mortality Collaborators. Global, regional, and national progress towards sustainable development goal 3.2 for neonatal and child health: all-cause and cause-specific mortality findings from the Global Burden of Disease Study 2019. Lancet. (2021) 398(10303):870–905. doi: 10.1016/S0140-6736(21)01207-1


	4. Kumar CS, Subramanian S, Murki S, Rao JV, Bai M, Penagaram S, et al. Predictors of mortality in neonatal pneumonia: an INCLEN Childhood Pneumonia Study. Indian Pediatr. (2021) 58(11):1040–5. doi: 10.1007/s13312-021-2370-8


	5. World Health O. International Statistical Classification of Diseases and Related Health Problems. Geneva: World Health Organization (WHO) (2016).


	6. Tiruneh C, Teshome D. Prediction of birth weight by using neonatal anthropometric parameters at birth in Finote Selam Hospital, Ethiopia. Pediatric Health Med Ther. (2021) 12:259–67. doi: 10.2147/PHMT.S309573


	7. Qin CX, Liu TD. Analysis of the factors associated with neonatal pneumonia in low birth weight infants. J Inner Mong Med Univ. (2024) 46(2):168–71.


	8. Islam MM, Ababneh F, Akter T, Khan HR. Prevalence and risk factors for low birth weight in Jordan and its association with under-five mortality: a population-based analysis. East Mediterr Health J. (2020) 26(10):1273–84. doi: 10.26719/emhj.20.096


	9. Boundy EO, Dastjerdi R, Spiegelman D, Fawzi WW, Missmer SA, Lieberman E, et al. Kangaroo mother care and neonatal outcomes: a meta-analysis. Pediatrics. (2016) 137(1):e20152238. doi: 10.1542/peds.2015-2238


	10. Zimmermann P, Curtis N. Factors that influence the immune response to vaccination. Clin Microbiol Rev. (2019) 32(2):e00084-18. doi: 10.1128/CMR.00084-18


	11. Gao J. Application of family-centered care in the management of feeding intolerance in extremely low birth weight infants. Dis Surveill Control. (2021) 15(005):015.


	12. Ferluga J, Yasmin H, Al-Ahdal MN, Bhakta S, Kishore U. Natural and trained innate immunity against Mycobacterium tuberculosis. Immunobiology. (2020) 225(3):151951. doi: 10.1016/j.imbio.2020.151951


	13. Zeng YC. Perinatal respiratory complications in late preterm infants who are small for gestational age and their influencing factors. Electron J Mod Med Health Res. (2021) 5(21):4.


	14. Tröger B, Göpel W, Faust K, Müller T, Jorch G, Felderhoff-Müser U, et al. Risk for late-onset blood-culture proven sepsis in very-low-birth weight infants born small for gestational age: a large multicenter study from the German neonatal network. Pediatr Infect Dis J. (2014) 33(3):238–43. doi: 10.1097/INF.0000000000000031


	15. Saini Y, Wilkinson KJ, Terrell KA, Burns KA, Livraghi-Butrico A, Doerschuk CM, et al. Neonatal pulmonary macrophage depletion coupled to defective mucus clearance increases susceptibility to pneumonia and alters pulmonary immune responses. Am J Respir Cell Mol Biol. (2016) 54(2):210–21. doi: 10.1165/rcmb.2014-0111OC


	16. Vesoulis ZA, Sharp DP, Lalos N, Swofford DP, Chock VY. Cerebral near infrared spectroscopy use in neonates: current perspectives. Res Rep Neonatol. (2024) 14(000):85–95. doi: 10.2147/RRN.S408536


	17. van Hoften JC, Verhagen EA, Keating P, ter Horst HJ, Bos AF. Cerebral tissue oxygen saturation and extraction in preterm infants before and after blood transfusion. Arch Dis Child Fetal Neonatal Ed. (2010) 95(5):F352–358. doi: 10.1136/adc.2009.163592


	18. Shah YR, Singh Dahiya D, Chitagi P, Rabinowitz LG. Hyperbilirubinemia in a patient with sepsis: a diagnostic challenge. ACG Case Rep J. (2023) 10(6):e01076. doi: 10.14309/crj.0000000000001076


	19. Peng M, Deng F, Qi D, Hu Z, Zhang L. The hyperbilirubinemia and potential predictors influence on long-term outcomes in sepsis: a population-based propensity score-matched study. Front Med (Lausanne). (2021) 8:713917. doi: 10.3389/fmed.2021.713917


	20. Clyman RI, Hills NK, Cambonie G, Debillon T, Ligi I, Gascoin G, et al. Patent ductus arteriosus, tracheal ventilation, and the risk of bronchopulmonary dysplasia. Pediatr Res. (2022) 91(3):652–8. doi: 10.1038/s41390-021-01475-w


	21. Cannavò L, Perrone S. Oxidative stress and respiratory diseases in preterm newborns. Int J Mol Sci. (2021) 22(22):12504. doi: 10.3390/ijms222212504


	22. Devaguru A, Gada S, Potpalle D, Dinesh Eshwar M, Purwar D. The prevalence of low birth weight among newborn babies and its associated maternal risk factors: a hospital-based cross-sectional study. Cureus. (2023) 15(5):e38587. doi: 10.7759/cureus.38587






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Analysis of risk factors contributing to neonatal pneumonia in low birth weight neonates

		1 Introduction



		2 Materials and methods



		2.1 Research subjects and study design



		2.1.1 Study population inclusion criteria



		2.1.2 Case and control group definitions



		2.1.3 Exclusion criteria











		2.2 Variables in analysis



		2.3 Quality control



		2.4 Statistical methods











		3 Results



		3.1 Types of neonatal pneumonia



		3.2 Univariate analysis of risk factors for neonatal pneumonia



		3.2.1 Univariate analysis of neonatal clinical characteristics and pneumonia risk



		3.2.2 Univariate analysis of maternal clinical characteristics and pneumonia risk











		3.3 Multivariable logistic regression analysis of risk factors for neonatal pneumonia



		3.4 Comparison of gestational age distribution in SGA neonates











		4 Discussion



		4.1 Strengths and limitations











		5 Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher's note



		References




















OPS/images/cover.jpg
& frontiers | Frontiers in Pediatrics

Analysis of risk factors contributing to neonatal
pneumonia in low birth weight neonates








OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





OPS/images/fped-13-1620077-g001.jpg
Total live births at The.

LIS iy

2019- Dec
(0= 23‘813)
l Excluded (n=90):
- Hospitalization <4
T tah S NIEY W s

(n=230) Transient tachypnea of the nswbum (TTN) and other
non-infectious respiratory conditions (v=20)

Eligible LBW neonates for study
(n=140)

Cases: LBW with pneumoni Controls: LBW without pneumonia
(Observation Group, n=90) (Control Group, n=50)






