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Objective: This study aims to investigate the relationship between serum albumin levels and neonatal acute respiratory distress
syndrome (NARDS) in patients with newborn pneumonia, providing new insights for clinical interventions targeting NARDS.
Methods: A retrospective analysis of medical records of neonatal pneumonia patients admitted to the neonatal intensive care unit
(NICU) at a tertiary medical institution from January 2021 to December 2023 was conducted. Patients were stratified based on
hypoalbuminemia (defined as serum albumin levels < 35 g/L), clinical thresholds, and albumin level quartiles. To eliminate the impact
of potential confounding factors on the results, multivariable logistic regression and propensity score matching (PSM) analyses were
performed to calculate the adjusted odds ratio (OR) and 95% confidence interval (95% CI) for the occurrence of NARDS in these
patients. Additionally, subgroup analyses were conducted to explore interaction effects.

Results: In this retrospective cohort study, a total of 342 patients with neonatal pneumonia admitted to the NICU were included. The
multivariable logistic regression analysis revealed that the incidence of NARDS in patients with hypoalbuminemia was significantly
higher than in those with normal albumin levels (OR = 2.16, 95% CI 1.47-4.06, p = 0.017). Compared to patients in quartile Q1 (>39
g/L), those in quartile Q4 (<33 g/L) exhibited a significantly increased risk of NARDS (OR = 4.40, 95% CI 1.53-12.63, p = 0.006).
After conducting PSM, these associations remained significant. Furthermore, treating serum albumin levels as a continuous variable
revealed that each 1 g/L increase was associated with a 17% reduction in NARDS risk (95% CI, 1.08-1.15).

Conclusion: Low serum albumin levels in patients with neonatal pneumonia are closely associated with NARDS, indicating
a significant dose-response relationship between the two.
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Introduction
Due to the immaturity of the innate immune system in neonates, their ability to defend against pulmonary infections is
limited,"* making them more susceptible to infectious pulmonary diseases during the neonatal period. Neonatal
pneumonia is a leading cause of morbidity and mortality in infants worldwide.* It is estimated that between 152,000
and 490,000 infants under one year of age die from pneumonia each year.” Among pediatric populations, pulmonary
diseases, including pneumonia and lower respiratory tract infections, remain the most common risk factors for NARDS.®
Evidence suggests that pulmonary infections can decrease the biosynthesis of surfactant or impair its secretion, ultimately
leading to the formation of hyaline membranes and alveolar collapse.””

NARDS, also called hyaline membrane disease of the newborn'?, results from a deficiency of pulmonary surfactant
(PS) in neonates, leading to impaired effective ventilation and gas exchange, or from immature lung development,'':'?

affecting up to 7% of neonates.'>'* Previous studies have indicated that low serum albumin levels are a risk factor for
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early-onset sepsis-related NARDS.'> Research by Ying Q et al highlighted a close correlation between the decline in
serum albumin on the first day of life and the incidence of late preterm respiratory distress syndrome.'® Additionally,
Moison RM et al confirmed that albumin levels in RDS patients were lower than those in preterm infants.'” Finally,
a study by Torer B et al found that the prevalence and mortality rates of NARDS and sepsis were significantly higher in
groups with average serum albumin levels below 25.5 + 3.8 g/L.'® Although several studies have established
a relationship between serum albumin levels and respiratory distress in neonates, the relatively simplified conclusions
limit the specificity of clinical practice and hinder the promotion of albumin management in NICU neonatal patients.
This study employs a retrospective cohort design to meticulously categorize serum albumin levels in neonates and
investigate the associations between different levels of serum albumin and NARDS. The aim is to provide pediatricians
with precise and quantitative predictive associations and to determine beneficial serum albumin threshold levels for
patients. This study seeks to address several key issues through its retrospective cohort design: 1) to emphasize
modifiable and clinically manageable risk factors, providing new insights for interventions targeting NARDS in neonates
with pneumonia; 2) to quantify and visually represent the intensity of NARDS risk associated with varying serum
albumin levels and to establish a dose-response relationship between serum albumin levels and NARDS while examining

potential interactions with other risk factors.

Methods

Data Sources and Patient

This study is a retrospective cohort investigation that collected clinical data from neonates with pneumonia and those
who developed NARDS secondary to neonatal pneumonia, hospitalized in the NICU of our institution between
January 2021 and December 2023. Researchers conducted an anonymous analysis of the data extracted from electronic
medical records to ensure the protection of personal identity information. The study adhered to the ethical principles
outlined in the Declaration of Helsinki of 1964 and received approval from the Institutional Review Board (IRB) for all
aspects of the research, waiving the requirement for written informed consent.

The diagnostic criteria for NARDS were established based on the 2017 Montreux criteria.'” The diagnosis of neonatal
pneumonia relied on clinical and laboratory findings, requiring fulfillment of the following three criteria: persistent
consolidation, imaging evidence of cavitation, atelectasis, infiltration, or pleural effusion; evidence of gas exchange
deterioration; and at least three additional clinical and/or laboratory findings.*~°

Inclusion criteria were: (a) gestational age (GA) > 34 weeks; (b) neonatal age < 1 month; and (c) clinical cases
diagnosed as neonatal pneumonia. Exclusion criteria included: (a) GA < 34 weeks or neonatal age > 1 month; (b)
congenital heart disease, congenital diaphragmatic hernia, transient tachypnea of the newborn, pneumothorax, or leak
syndrome; and (c) incomplete records. The flowchart is presented in Figure 1.

Based on our hospital’s antibiotic usage policy for the NICU and recommendations from the World Health
Organization®', all enrolled cases were treated with ampicillin and third-generation cephalosporins to cover special
bacterial infections such as Group B Streptococcus (GBS) and Escherichia coli. Furthermore, supportive treatment for
neonatal pneumonia has been associated with improved outcomes and reduced mortality rates*?, which includes the use
of oxygen therapy, temperature regulation, and either parenteral nutrition or nasogastric feeding.

Data Collection

Patient data were extracted from the hospital’s health information system. In this study, we collected a range of
indicators, including demographic information, maternal perinatal factors, and laboratory test results. The demographic
data included gender, age, weight, and the 5-minute Apgar score. Maternal perinatal factors encompassed gestational age,
mode of delivery, pregnancy-related comorbidities such as hypertension and diabetes, parity status, history of multiple
births, history of premature rupture of membranes, and fetal distress. Laboratory test results included glucose (Glu),
C-reactive protein (CRP), white blood cell count (WBC), absolute neutrophil count (ANC), platelet count (PLT), lactate
dehydrogenase (LDH), total protein (TP), and albumin (ALB). All laboratory data were collected within 24 hours of
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n=685 1.Gestational age < 34 weeks n= 146

2.Congenital heart disease, congenital diaphragmatic
hernia n=27

3.Transient tachypnoea of the neonate , aerothorax, air
leakage syndrome n=36

4.Incomplete records n=134

[ Assessed for eligibility

[ Patients included n=342 Albumin level <35g/L n=155
’ Albumin level > 35g/L n=187

| |

None NARDS group ] [ _ ]
[ n=238 NARDS group n =104

After propensity score Hypoalbuminemia with NARDS n=43
matching n=136 Normal albumin with NARDS n=25

Figure | Flow diagram for the present study.

patient admission and were obtained, processed, and analyzed according to standard international biochemical laboratory
protocols.

Exposure

The primary exposure of interest is hypoalbuminemia at admission, defined as serum albumin levels < 35 g/L. To
examine the dose-response relationship, albumin levels were categorized into four groups based on clinical thresholds:
normal albumin (Group Cl1): > 35 g/L, mild hypoalbuminemia (Group C2): 34.9-30 g/L, moderate hypoalbuminemia
(Group C3): 29.9-25 g/L, and severe hypoalbuminemia (Group C4): < 24.9 g/L. Additionally, patients were further
stratified into quartiles based on their admission albumin levels: Group Q1 (= 39 g/L), Group Q2 (3638 g/L), Group Q3
(34-35 g/L), and Group Q4 (< 33 g/L).

Outcome

The primary outcome of this study is neonatal pneumonia complicated by NARDS. The diagnostic criteria for NARDS
were established according to the 2017 Montreux definition.'® The diagnosis of neonatal ARDS should meet the
following requirements at the same time: (1) the onset of the disease, and the acute attack (within 1 week) after
identifying or suspicious inducements (asphyxia, choking, meconium aspiration, infection, etc).; (2)transient tachypnea
of newborn (TTN) or dyspnea caused by congenital malformation were excluded; 3®pulmonary imaging showed bilateral
diffuse and irregular decreased light transmittance, exudation or white lung, which could not be explained by other
reasons, such as local effusion, atelectasis, NRDS, TTN or congenital malformation; (4) The cause of pulmonary edema,
which can not be explained by congenital heart disease, can be confirmed by cardiac ultrasound; (5) According to oxygen
index, OI = FiO2 x Mean airway pressure (Paw) x 100/PaO2] Assessment of oxygenation disorder and disease severity:
mild ARDS 4<0I<8, moderate ARDS 8<0I<16, severe ARDS > 16.

Statistical Analysis

As the continuous data did not meet the normality assumption determined by the Kolmogorov—Smirnov test, baseline
characteristics of the patients were expressed as medians (interquartile ranges) or numbers (percentages). Chi-square tests
were used to compare categorical data, while the Kruskal-Wallis test was employed to assess continuous data.
Statistically significant covariates (P < 0.05) from univariate logistic regression analysis were included in
a multivariate logistic regression model to calculate adjusted odds ratios (OR) and 95% confidence intervals (CI). To
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reduce bias, we conducted a propensity score-matched study (PSM) for all included covariates. In the 1:1 PSM approach,
we utilized a nearest neighbor matching algorithm to match the normal albumin group with the hypoalbuminemia group,
with a caliper width of 0.02 standard deviations. Subsequently, logistic regression analysis was performed on the PSM-
matched data to obtain adjusted ORs and 95% CI. Additionally, we conducted subgroup analyses to explore potential
interactions between variables. Patients were stratified into subgroups based on covariates, and separate logistic regres-
sion analyses were performed for each subgroup. By comparing the differences in ORs across various subgroups, we
assessed the presence of interactions.

All statistical procedures were performed using SPSS Statistics 25.0 for Windows (IBM Corp., Armonk, NY) and
R software version 4.4.0 for Windows (R Foundation for Statistical Computing, Boston, MA, United States).

Results

Study Population and Baseline Characteristics
In this retrospective study, a total of 342 patients were enrolled (Figure 1). Among them, 155 patients (45.3%) had serum
albumin levels below 35 g/L, and 65 patients (19.0%) developed NARDS. The selection process is illustrated in Figure 1.
Table 1 presents the baseline characteristics of the patients, categorized into four groups based on serum albumin
quartiles: Group Q1 (> 39 g/L), Group Q2 (36-38 g/L), Group Q3 (34-35 g/L), and Group Q4 (< 33 g/L). The
distribution of patients in these groups was as follows: 63 (18.4%), 89 (26.0%), 85 (24.9%), and 105 (30.7%),
respectively. The average age of all included patients was 0.15 hours, with males comprising 63.2% of the cohort.
The Kruskal-Wallis test indicated statistically significant trends across various variables as serum albumin levels
decreased. These variables included age, weight, 5-minute Apgar score, gestational age, primiparity, multiple births,
pregnancy-related hypertension, white blood cell count, neutrophil count, lactate dehydrogenase, and total protein levels.

Table | Baseline Characteristics of the Patients by Admission Albumin Levels (Quartile-Based Four-Category)

Characteristics Total patients Admission Albumin Levels(g/L) P for
n = 342 Trend
QI(=39) Q2(36-38) Q3(34-35) Q4(<33)
n=63 n=89 n=85 n=105
Demographics
Male(n,%) 216(63.2) 33(52.4) 54(60.7) 60(70.6) 69(65.7) 0.128
Weight, g 2600.0 3050.0 2900.0 2450.0 2400.0 0.001
(M, IQR) (2147.5,3252.5) (2400.0,3650.0) (2300.0,3525.0) (2110.0,3047.5) (2000.0,2880.0)
Age, Hour 0.15(0.12,0.25) 0.17(0.12,0.42) 0.17(0.12,2.21) 0.15(0.11,0.23) 0.15(0.11,0.20) 0.030
(M. IQR)
Apgar5(M, IQR) 9(8,9) 9(9,10) 9(8,10) 9(9.9) 9(8,9) 0.023
perinatal factors
GA, week 36(34.4,37.6) 38.1(35.3,40.1) 37.0(35.3,39.1) 35.3(34.3,37.0) 35.2(34.1,37.0) 0.001
(M. IQR)
Cesarean section(n,%) | 220(64.3) 34(54.0) 52(58.4) 59(69.4) 75(71.4) 0.056
Gestational diabetes 107(31.3) 15(23.8) 31(34.8) 28(32.9) 33(31.4) 0.519
(n%)
primipara(n,%) 258(75.4) 56(88.9) 72(80.9) 59(69.4) 71(67.6) 0.005
Twins(n,%) 41(12.0) 8(12.7) 4(4.5) 8(9.4) 21(20.0) 0.009
HBP(n,%) 78(22.8) 7(11.1) 15(16.9) 24(28.2) 32(30.5) 0.009
PROM(n,%) 124(36.3) 22(34.9) 35(39.3) 36(42.4) 31(29.5) 0.280
FD(n,%) 34(9.9) 9(14.3) 11(12.4) 9(4.8) 5(4.8) 0.165
(Continued)
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Table | (Continued).
Characteristics Total patients Admission Albumin Levels(g/L) P for
n = 342 Trend
QI(=39) Q2(36-38) Q3(34-35) Q4(<33)
n=63 n=89 n=85 n=105
laboratory tests
Glu,mmol/L 4.4(3.4,5.5) 4.4(4.0,5.9) 4.4(3.2,5.4) 4.1(3.5,5.6) 4.2(3.1,5.2) 0.159
(M. IQR)
CRPmg/L 0.2(0.2,0.5) 0.2(0.2,1.2) 0.2(0.2,0.9) 0.2(0.2,0.3) 0.2(0.2,0.5) 0.573
(M, IQR)
WBC,x1019/L 12.2(8.9,16.6) 15.0(10.6,19.8) 13.7(9.8,19.5) 10.7(7.9,14.3) 10.3(8.3,14.2) 0.001
(M. IQR)
ANC,x1079/L 6.8(4.4,10.9) 9.7(5.7,14.4) 9.1(5.1,13.1) 5.6(3.9.8.2) 5.2(3.6,8.5) 0.001
(M. IQR)
PLT,x 1079/L 236(203,278) 240(203,290) 238(200,290) 238(195,279) 233(211,266) 0.836
(M, IQR)
LDH,U/L 516(437,650) 622(492,828) 568(446,712) 519(435,620) 470(412,547) 0.001
(M. IQR)
TPRg/L(M, IQR) 51(46,55) 60(56,62) 54(52,56) 49(4752) 45(42,47) 0.001

Abbreviations: GA, gestational age; HBP, hypertensive disorders of pregnancy; PROM, premature rupture of membrane; FD, fetal distress; Glu blood glucose; WBC, white
blood cells; ANC, neutrophil count; PLT, platelet; CRP, c-reactive protein; LDH, L-lactate dehydrogenase; TP, total protein; M, median; IQR, Interquartile Range.

Association Between Serum Albumin Levels and NARDS Risk

Covariates that were statistically significant in the univariate logistic regression analysis were included in a multivariate

logistic regression model, with results presented in Table 2. We found that neonatal pneumonia complicated by NARDS

was significantly associated with factors including male sex, S-minute Apgar score, gestational age, mode of delivery,

blood glucose levels, neutrophil counts, platelet counts, and serum albumin levels (p < 0.05). Adjusted results based on

covariates are shown in Table 3: when considering serum albumin levels as a continuous variable, the correlation
between albumin levels and NARDS risk was indicated by an odds ratio (OR) of 0.83 (95% CI: 0.75-0.91, p < 0.001). In

Table 2 Multivariate Analysis for NARDS

Characteristics Univariate P Multivariate P
OR | 95% ClI OR 95% CI
Demographics
Male(n,%) 1.67 | 1.01-2.74 | 0.044 1.89 1.01-3.52 | 0.045
Age(M, IQR) 0.95 | 0.89-1.02 | 0.164 | <NA> <NA> <NA>
Weight(M, IQR) 0.99 | 0.99-1.00 | 0.001 1.00 1.00-1.00 | 0.197
Apgar5(M, IQR) 0.61 | 0.47-0.81 | 0.001 0.60 | 0.44-0.81 | 0.00I
perinatal factors
GA,week(M, IQR) 0.62 | 0.53-0.72 | 0.001 045 | 0.33-0.62 | 0.00I
Cesarean section(n,%) 1.66 | 1.01-2.74 | 0.048 1.96 1.02-3.75 | 0.043
Gestational diabetes(n,%) | 0.91 | 0.55-1.50 | 0.697 | <NA> <NA> <NA>
primipara(n,%) 0.72 | 0.43-1.22 | 0.225 | <NA> <NA> <NA>
Twins(n,%) 1.55 | 0.79-3.04 | 0.204 | <NA> <NA> <NA>
HBP(n,%) 1.19 | 0.69-2.05 | 0.523 | <NA> <NA> <NA>
PROM(n,%) 0.80 | 0.49-1.30 | 0.365 | <NA> <NA> <NA>
FD(n,%) 1.70 | 0.82-3.50 | 0.154 | <NA> <NA> <NA>
(Continued)
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Table 2 (Continued).

Characteristics Univariate P Multivariate P
OR | 95% Cl OR 95% CI

laboratory tests

Glu,mmol/L(M, IQR) 0.6l | 0.50-0.75 | 0.001 0.68 | 0.54-0.86 | 0.001
CRPmg/L(M, IQR) 0.93 | 0.85-1.02 | 0.120 | <NA> <NA> <NA>
WBC,x1079/L(M, IQR) 095 | 0.91-0.99 | 0.017 | 0.88 | 0.75-1.05 | 0.152
ANC,x079/L(M, IQR) 0.93 | 0.88-0.98 | 0.006 1.37 1.10-1.72 | 0.005
PLT,x1079/L(M, IQR) 0.99 | 0.98-0.99 | 0.001 099 | 0.98-0.99 | 0.012
LDH,U/L(M, IQR) 1.00 | 0.99-1.00 | 0.576 | <NA> <NA> <NA>
TPg/L(M, IQR) 0.95 | 0.92-0.98 | 0.001 1.01 0.96-1.07 | 0.600
ALB(M, IQR) 0.82 | 0.76-0.88 | 0.001 0.83 0.75-0.91 | 0.001

Abbreviations: GA, gestational age; HBP, hypertensive disorders of pregnancy; PROM, premature
rupture of membrane; FD, fetal distress; Glu blood glucose; WBC, white blood cells; ANC, neutrophil
count; PLT, platelet; CRP, c-reactive protein; LDH, L-lactate dehydrogenase; TP, total protein; ALB,
albumin levels; M, median; IQR, Interquartile Range.

other words, for every 1 g/L increase in albumin level, the risk of NARDS decreased by 17%. When serum albumin
levels were treated as a dichotomous variable, the risk of NARDS was significantly higher in the hypoalbuminemia group
compared to the normal albumin group (OR = 2.74, 95% CI: 1.704.41, p = 0.001). After adjusting for potential
confounding factors in the multivariate logistic regression model, this association remained significant (Table 3), with
hypoalbuminemic patients having a 2.16-fold increased risk of NARDS (adjusted OR = 2.16, 95% CI: 1.47-4.06, p =
0.017). Even after propensity score matching (PSM), the results were statistically significant (PSM-adjusted OR: 2.31,
95% CI: 1.16-4.61, p = 0.017).

After adjusting for confounding factors in the multivariate regression model, patients in Group Q4 (serum albumin <
33 g/L) exhibited a significantly higher risk compared to those in Group Q1 (serum albumin > 39 g/L) (OR 4.40, 95% CI:
1.53-12.63, p = 0.006). This correlation persisted even after PSM (Q4: PSM-adjusted OR 4.07, 95% CI: 1.44-11.53,p =

Table 3 Unadjusted and Adjusted Association Between Admission Albumin Levels and NARDS

Albumin (g/L) Events n (%) Unadjusted P Multivariable P PSM adjusted P
OR (95% CI) regression OR (95% CI)
adjusted OR
(95% CI)

Continuous Per | NA 0.82(0.76-0.88) 0.001 0.83(0.75-0.91) 0.001 NA NA
Dichotomy Normal, = 35 39(37.5%) | [Reference] 0.001 | [Reference] 0.017 | [Reference] 0.017
HypoAlb, < 35 65(62.5%) 2.74(1.70-4.41) 2.16(1.47-4.06) 2.31(l.16-4.61)

Quartile
Ql(=39) 8(12.7%) | [Reference] NA | [Reference] NA | [Reference] NA
Q2(36-38) 26(29.2%) 2.84(1.18-6.78) 0.019 2.31(0.83-6.43) 0.108 1.37(0.49-3.86) 0.547
Q3(34-35) 20(23.5%) 2.12(0.86-5.18) o.101 1.30(0.44-3.79) 0.634 1.77(0.61-5.17) 0.296
Q4(=33) 50(47.6%) 6.25(2.71-14.40) 0.001 4.40(1.53-12.63) 0.006 4.07(1.44-11.53) 0.008
Clinical threshold
Cl(= 35) 39(20.9%) | [Reference] NA | [Reference] NA | [Reference] NA
C2(34.9-30) 49(35.8%) 2.11(1.28-3.47) 0.003 1.51(0.79-2.90) 0.218 1.78(0.87-3.64) 0.112
C3(29.9-25) 15(88.2%) 28.46(6.24-129.74) 0.001 26.45(4.48—-156.05) 0.000 15.6(1.88-129.46) 0.008
C4(=< 24.9) 1(100.0%) NA# NA# NA# NA# NA# NA#

Notes: The factors of the multivariable regression: Male, Weight, Apgar5, GA, Cesarean section, Glu, WBC, ANC,PLT,TP. NA# The number of individuals in the C4 group is
too small to conduct logistic regression and propensity score matching.
Abbreviations: HypoAlb, Hypoalbuminemia; NA, Not Applicable; Cl, Confidence Interval; OR, Odds Ratio; PSM, Propensity Scores Matching.
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0.008). Furthermore, similar results were observed when comparing patients in Group C3 (serum albumin 29.9-25 g/L)
with those in Group C1 (serum albumin > 35 g/L) (p = 0.008). Collectively, these findings suggest that lower serum
albumin levels at admission are associated with a higher risk of NARDS in this patient cohort.

Dose—Response Relationship

Compared to the normal albumin level group, the incidence of NARDS was higher in the hypoalbuminemia group, with
the occurrence of NARDS increasing as the severity of hypoalbuminemia intensified (Figure 2, p < 0.001). Figure 3A
presents the restricted cubic spline plot illustrating the relationship between albumin levels and NARDS. This model was
adjusted for the clinical severity of albumin and all covariates included in this study. The results indicated that as albumin
levels decreased, the risk of NARDS increased. When albumin levels fell below the critical threshold of 35 g/L (odds
ratio of 1), the risk of NARDS significantly increased. Furthermore, Figure 3B illustrates the association between

P<0.001 , P<0.001 .
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Figure 2 Relationship between different albumin level groups and NARDS rates in patients with neonatal pneumoniae. (A) The incidence of NARDS was 20.9% in the group
with normal preoperative serum albumin levels, and 41.9% in the hypoalbuminemia group. (B) Patients were divided into 4 quartiles, comparing NARDS rates among the 4
quartiles. Q1:12.7%; Q2:29.2%; Q3:23.5%; Q4:47.6%. (C) Patients were categorized into 4 groups using clinical thresholds, comparing NARDS rates among the 4 groups. Cl:
20.9%; C2: 35.8%; C3: 88.2%; C4: 100%.
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Figure 3 For a line plot depicting the relationship between serum albumin levels in NARDS patients. (A) The restricted cubic spline plot was used to demonstrate the
association between serum albumin levels and NARDS. The Y-axis represents the adjusted odds ratio, while the X-axis indicates serum albumin levels. The model has been
adjusted for all included covariates. The shaded red area signifies the 95% confidence intervals. The critical value of OR = | is denoted by the point. (B) The plot illustrates
the relationship between serum albumin levels and the predicted probability of NARDS. The Y-axis represents the predicted probability, while the X-axis indicates serum
albumin levels. The shaded red area signifies the 95% confidence intervals.
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Figure 4 Subgroup analysis was performed to evaluate potential interaction between hypoalbuminemia and each covariate. A value of p less than 0.01 was considered
statistically significant. (A) Subgroup analysis of variables related to laboratory tests. (B)Subgroup analysis of variables related to perinatal factors (C) Subgroup analysis of
variables related to demographics.

albumin levels and the probability and incidence of NARDS, emphasizing that lower albumin levels are associated with
an increased incidence of NARDS.

Subgroup analysis depicted the interaction between albumin levels (normal versus hypoalbuminemia) and NARDS
(Figure 4), along with other covariates. The results revealed that neonatal blood glucose levels, maternal twin pregnan-
cies, and premature rupture of membranes had interactive effects on the association between neonatal hypoalbuminemia
and NARDS (p< 0.01), suggesting that the impact of hypoalbuminemia on NARDS risk may vary according to neonatal
blood glucose levels, maternal twin pregnancies, and premature rupture of membranes. However, other variables did not
have a significant effect on the association between admission hypoalbuminemia and NARDS.

Discussion

Neonatal Acute Respiratory Distress Syndrome (NARDS) is a common, life-threatening respiratory condition observed
in the NICU, with a mortality rate ranging from 17% to 33%.%*2° However, the significance of albumin in NARDS has
been evaluated in relatively few studies, and the somewhat simplified conclusions have limited the specificity of clinical
practice. Therefore, it is crucial to comprehensively understand the varying risk levels of NARDS associated with

10022 "= Journal of Inflammation Research 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Yu et al

different albumin levels. This understanding may provide valuable insights for clinicians to identify high-risk NARDS
patients early and to formulate targeted interventions.

In our study, we precisely estimated the strength of the association between different albumin levels and NARDS
using stratified analysis of serum albumin levels and multivariable logistic regression analysis. We found that hypoalbu-
minemia is an independent risk factor for the occurrence of NARDS in neonates with pneumonia. A linear dose-response
relationship exists between serum albumin levels and NARDS among neonates with pneumonia: lower albumin levels
correlate with higher incidence rates of NARDS. This association persists even after adjusting for potential confounding
factors. Moreover, when albumin levels fall below 35.00 g/L, the risk of NARDS significantly increases. This finding is
consistent with the observations of Ying Q et al,'® who reported a higher correlation between albumin levels below 34 g/
L and the incidence of neonatal respiratory distress syndrome, indicating a sensitivity of 83.9% and a specificity of 62.5%
at the 34 g/L cutoff. However, considering factors such as sample size, caution is warranted in interpreting the
interactions between blood glucose levels and premature rupture of membranes. Furthermore, the association between
blood glucose levels and hypoalbuminemia warrants further investigation and validation in future studies.

Acute Respiratory Distress Syndrome is characterized by diffuse alveolar damage and increased capillary
permeability.”® Damage to the alveolar-capillary membrane can lead to the accumulation of protein-rich fluid in the
lung parenchyma and interstitium, inactivation of surfactant, atelectasis, and impaired gas exchange.?® 2® Research shows
that pulmonary infectious diseases remain a common risk factor for NARDS (Neonatal Acute Respiratory Distress
Syndrome).?****>% Pulmonary infections can damage type II alveolar epithelial cells, leading to variable secondary
impairments in surfactant function or surfactant quantity.>' Additionally, inflammatory cells release various reactive
oxygen species (ROS), including hydrogen peroxide, superoxide, and nitric oxide, through enzymatic reactions, which
subsequently damage the structure and function of lipids and proteins, ultimately resulting in the degradation of
pulmonary surfactant.*?

In this study, low serum albumin levels were independently associated with the development of NARDS in neonates
with pneumonia. Several factors may explain the occurrence of NARDS in this context. Firstly, serum albumin plays
a crucial role in maintaining vascular volume and fluid balance.**** Low serum albumin levels can lead to reduced
pulmonary oncotic pressure, facilitating the leakage of protein-rich fluid (including albumin, serum, lysolipids, etc.) into
the pulmonary interstitial tissue, which subsequently decreases lung compliance and contributes to surfactant
inactivation.”> Mechanistically, albumin and other plasma proteins impair surfactant activity primarily through compe-
titive adsorption, thereby reducing the availability of surfactant at the air-liquid interface within the alveoli.*®’
Secondly, albumin is considered the most significant extracellular antioxidant, accounting for nearly three-quarters of
plasma antioxidant capacity.*” Research indicates that the antioxidant and free radical scavenging properties of albumin
depend on its strong ligand-binding characteristics, which enable it to bind metals such as copper and iron, as well as free
fatty acids, preventing their peroxidation and the formation of reactive oxygen species.*!*** Moreover, the thiol groups
present on its surface can act as free radical scavengers, further enhancing its antioxidant capabilities.**** Consequently,
hypoalbuminemia diminishes the capacity to counter oxidative stress, thus increasing the risk of pulmonary oxidative
damage and ultimately leading to the development of respiratory distress. Lastly, during disease states, inflammatory
mediators can negatively affect the synthesis capacity of albumin. Studies have shown that these mediators can directly
inhibit the transcription of genes responsible for albumin synthesis, while the synthesis of albumin is also diminished due
to a redirection of protein synthesis priorities towards acute phase proteins.'®'® In summary, albumin plays a critical role
in the context of pneumonia complicated by respiratory failure in neonates.

Hypoalbuminemia is typically caused by inflammation, but it can also result from hepatocyte injury and decreased
albumin synthesis, insufficient dietary amino acids, or increased albumin excretion. Regardless of the underlying cause,
hypoalbuminemia has a strong predictive value for both mortality and morbidity.** A study examining nutritional
indicators in NICU revealed that for every increase of 1 g/dL in serum albumin levels, the need for respiratory support
on the first day after birth decreased by a factor of 0.001.*° A large cohort study conducted by Watchko et al found that
neonates with serum albumin levels below 2.5 g/dL had a higher risk of mortality compared to those with levels above
this threshold.*® Furthermore, research by Park JH et al emphasizes that the lowest serum albumin level is the most
effective predictor of mortality in very low birth weight infants beyond the first week of life.*’ In patients with sepsis,
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low serum albumin levels are independently associated with an increased risk of mortality. During the acute phase, lower
serum albumin levels correlate closely with heightened risks of severe sepsis and organ failure.*® Additionally, research
by Mansbach et al indicated that low serum albumin levels were associated with an increased risk of apnea in infants
suffering from severe bronchiolitis.** Collectively, these studies suggest that serum albumin levels can serve as a reliable
indicator for assessing respiratory diseases and outcomes in neonates, providing crucial reference points for clinical
practice.

It is important to acknowledge some limitations inherent to our study. Firstly, it should be noted that our study design
is retrospective. While our findings indicate a strong association between exposure factors and outcomes, causal
relationships cannot be inferred. Secondly, despite adjustments made, residual confounding factors may still affect the
interpretation of results. Given the multifactorial origins and complex mechanisms underlying NARDS, addressing its
occurrence solely through the lens of serum albumin levels presents significant challenges. Therefore, we recommend
a comprehensive, multifactorial management approach to effectively mitigate the incidence of NARDS. Thirdly, during
the initial data collection phase, we did not include relevant information on patient outcomes, which resulted in a lack of
investigation into the impact of albumin levels on the prognosis of neonatal pneumonia with concurrent NARDS in this
study. This limitation highlights the need for future research to address this aspect for a more comprehensive under-
standing of the condition. Finally, given that our study was conducted at a single center and constrained by sample size,
generalizing our findings to all medical centers may pose challenges.

Conclusions

We found a linear dose-response relationship between serum albumin levels and the occurrence of respiratory distress in
neonates with pneumonia. Our study identified a risk threshold for serum albumin levels at 35 g/L, below which adverse
outcomes may arise for infants suffering from pneumonia. Therefore, routine assessment of serum albumin levels and the
implementation of personalized management strategies are of paramount importance for this patient population.
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