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Background: Premature infants are at high risk for neonatal respiratory distress

syndrome (RDS) and secondary infections. This study aims to investigate the

association between immunoinflammatory markers—the systemic immune

inflammation index (SII), systemic inflammation response index (SIRI), and

neutrophil-to-albumin ratio (NAR)—and the risk of developing RDS in

premature infants.

Methods: A total of 2164 premature infants were enrolled in this retrospective

study. The clinical records of these neonates (respiratory tract infections, adverse

pregnancy history, placental abnormalities, birth weight, Apgar scores, and

immunoinflammatory indices) were collected. Comparisons were made

between infants with and without RDS. Logistic regression analysis was used to

evaluate the relationship between SII, SIRI, NAR and RDS.

Results: Among the cohort, 962 infants developed RDS, while 1202 did not. The

RDS group showed higher proportions of mothers with adverse pregnancy

history, placental abnormalities, birth weight <2.5 kg, and lower Apgar scores

at 1 and 5minutes (all p<0.05). SII, SIRI, and NAR levels were significantly elevated

in RDS infants (p<0.05). Logistic regression revealed that adverse pregnancy

history (OR: 1.390, p=0.001), placental abnormalities (OR: 2.499, p<0.001), birth

weight <2.5 kg (OR: 4.165, p<0.001), high SIRI (OR: 1.338, p=0.035), and high NAR

(OR: 1.639, p<0.001) were significant predictors of RDS. Additionally, secondary

infections, particularly pneumonia and sepsis, were significantly more common

in the RDS group (p<0.001).
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Conclusion: Adverse pregnancy history, placental abnormalities, low birth

weight, elevated SIRI and NAR were associated with increased risk of RDS and

secondary infections in premature infants. These findings suggest that SIRI and

NAR could serve as useful markers for early identification and management of

RDS and its complications in this vulnerable population.
KEYWORDS

respiratory distress syndrome, premature infants, respiratory infection, system
inflammation response index, neutrophil-to-albumin ratio
Introduction

Premature birth is an important challenge in perinatal medicine

(Stevenson et al., 2024). The American College of Obstetricians and

Gynecologists (ACOG) defines preterm birth as a birth of less than

37 weeks gestation (Di Renzo et al., 2017). In China, preterm birth is

defined as delivery from 28 weeks to less than 37 weeks of

pregnancy (Cao et al., 2022; Song et al., 2022). In 2012, the

Global Prematurity Action Report issued by the World Health

Organization (WHO), the first estimate of the world’s preterm birth

rate, estimated that about 15 million babies are born prematurely

every year, more than 10% of all births (Blencowe et al., 2013). The

nationwide incidence of preterm birth was 7.3% of all births and

6.7% of live births in China (Chen et al., 2019a), and there were

regional differences (Hu et al., 2024a).

Premature infants are prone to have some complications, such

as neonatal entrapment, neonatal respiratory distress syndrome

(RDS), infection, necrotizing enterocolitis, brain injury,

bronchopulmonary dysplasia, and so on (Cheong et al., 2020;

Zhao et al., 2024, 2021; Jensen et al., 2021). Neonatal RDS refers

to the progressive exacerbation of respiratory distress caused by lack

of pulmonary surfactant after birth (Dargaville et al., 2023;

Ramaswamy et al., 2022). It is a hypoxic respiratory failure

caused by lung gas exchange disorders and pulmonary

mechanical abnormalities caused by intrapulmonary or

extrapulmonary causes, resulting in extensive acute inflammatory

lung injury (Chen et al., 2014; Ketcham et al., 2020; Saguil and

Fargo, 2020). Premature infant RDS is the main cause of neonatal

death due to its rapid onset, rapid progression and high disability

rate (Guo and Fan, 2021). The pathogenesis of RDS has not been

fully explained. The main pathogenesis of RDS is the uncontrolled

local inflammatory response of the lung and the damage of lung

epithelial cells and endothelial cells mediated by it, which leads to

the increase of pulmonary vascular permeability and the decrease of

pulmonary surfactant (Huppert et al., 2019). The main

pathophysiological changes of RDS are the acute uncontrolled

inflammatory response of lung tissue caused by various

pathogenic factors inside and outside the lung, resulting in

alveolar capillary injury, increased permeability, induced
02
pulmonary edema, and then progressive dyspnea and hypoxemia

in newborns (Huppert et al., 2019).

Inflammatory cells in the body include neutrophils,

lymphocytes, monocytes, and platelets (Xie et al., 2023; Almăs ̧an
and Leucuta̧, 2022). Systemic immune inflammation index (SII) and

system inflammation response index (SIRI) are important markers

of systemic immune inflammation based on neutrophils,

lymphocytes, monocytes, and platelets counts, and their links to

several diseases are being revealed (Song et al., 2023; Islam and

Satici, 2024; Jarmuzek and Kozlowska, 2023). In addition, the

inflammatory environment induces neutrophil flow and

activation in the lungs and promotes the release of neutrophil

extracellular traps (NETs) (Blanch-Ruiz and Ortega-Luna, 2021).

NETs are associated with acute respiratory distress syndrome

(ARDS) (Blanch-Ruiz and Ortega-Luna, 2021). Neutrophil-to-

albumin ratio (NAR) is an important index that comprehensively

reflects the level of systemic immunity and nutritional status and

has been proven to be closely related to some diseases (Karasu et al.,

2023; Zhang et al., 2022). Ufuk Cakir et al. demonstrated that a

higher SII level was a predictor for RDS among premature infants

(Cakir et al., 2024). There is no reported relationship between SIRI,

NAR and neonatal RDS. The purpose of this study was to analyze

the predictive value of SII, SIRI and NAR in neonatal RDS risk by

retrospective case-control study, and to analyze the risk factors of

neonatal RDS by including perinatal-related factors.
Materials and methods

Subjects

It was a retrospective study with a total of 2164 premature

infants who were hospitalized in Meizhou People’s Hospital, from

October 2018 to March 2024. In this study, premature birth is

defined as delivery less than 37 weeks according to neonatal

gestational age at birth. The diagnostic criteria of the Montreux

Criteria for ARDS (De Luca et al., 2017): (1)acute onset from a

known or suspected clinical insult; (2)primary current acute

respiratory diseases caused by congenital abnormalities were
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excluded; (3)diffuse, bilateral, and irregular opacities or infiltrates,

or complete opacification of the lungs; (4)echocardiography is

needed to verify the origin of oedema; and (5)oxygenation deficit.

Inclusion criteria of patients with RDS: (1) neonates met the

diagnostic criteria of Montreux Criteria; (2) premature infants with

gestational age of less than 37 weeks; (3) clinical data were complete.

Premature infants without RDS born in our hospital during the

same period were selected as non-RDS group. Inclusion criteria of

non-RDS group: (1) premature infants with gestational age of <37

weeks; (2) clinical data were complete. Exclusion criteria of patients

with RDS and non-RDS: (1) severe cardiac, liver, and kidney

dysfunction at birth; (2) newborns with autoimmune disorders or

severe infectious diseases; (3) neonates with congenital genetic

diseases. These premature infants included 962 patients with RDS

and 1202 newborns without RDS. This study was supported by the

Ethics Committee of the Meizhou People’s Hospital.
Collected and observed indices

Clinical data of the two groups of neonates and their mothers

were collected from the medical records system of our hospital,

including: (1) data of neonates’ mothers: adverse pregnancy and

birth history (spontaneous abortion, embryo discontinuance, fetal

malformation or defect, postpartum hemorrhage, and so on),

pregnancy conditions (amniotic fluid contamination, nuchal cord,

placental abnormality, and mode of delivery); (2) data of neonates:

gender of neonates, birth weight, 1-minute Apgar score, 5-minute

Apgar score, and indices of immune-nutritional status. The

newborns’ venous blood was collected, blood cell analysis was

tested by the Sysmex XE-2100 haematology analyzer (Sysmex

Corporation, Japan) and serum albumin was measured by Roche

automatic biochemical analyzer.
Data processing and statistical analysis

The indices of immune-nutritional status: SII, SIRI, and NAR

were calculated according to the following formula:

SII = platelet� neutrophil=lymphocyte:

SIRI = monocyte� neutrophil=lymphocyte

NAR = neutrophil count=serum albumin

Data analysis was performed using SPSS 26.0 (IBM Inc., USA).

The measurement data were expressed as mean ± standard

deviation (SD), and the distributions of continuous variables were

evaluated by Student’s t-test or the Mann-Whitney U test.

Categorical variables were compared using the c2 test and Fisher’s

exact test. Neonatal birth weight was categorized as low birth weight

(<2.5 kg), normal birth weight (2.5-4.0 kg), and macrosomia (>4.0

kg) (Xie et al., 2016). When RDS was regarded as the endpoint,

receiver operating characteristic (ROC) curve analysis was used to

determine the optimal cut-off values of SII, SIRI, and NAR. Logistic

regression analysis was applied to assess the association between the

related factors and RDS. Gender of neonates, adverse pregnancy

and birth history of pregnant women, scarred uterus, amniotic fluid

contamination, nuchal cord, placental abnormality, mode of
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delivery, birth weight were selected as covariates in the

multivariate logistic regression analysis for the association

between SII, SIRI, and NAR and NRDS, based on estimating the

odds ratios (OR) and their 95% confidence intervals (CIs) in

preterm infants with different gestational ages. p<0.05 was

considered statistically significant.
Results

The clinical characteristics of
premature infants

In this study, there were 1237 (57.2%) male neonates and 927

(42.8%) female neonates. There were 814 (37.6%) premature infants

born to mothers with adverse pregnancy and birth histories before

this pregnancy, and 1350 (62.4%) without. There were 235 (10.9%)

premature infants born to mothers with scarred uteruses, and 1929

(89.1%) without. Amniotic fluid contamination, nuchal cord, and

placental abnormality occurred in 38 (1.8%), 5 (0.2%), and 156

(7.2%) cases, respectively. There were 1738 (80.3%), 423 (19.5%),

and 3 (0.1%) premature infants with birth weight <2.5 kg, 2.5-4.0

kg, and >4.0 kg, respectively. There were 1875 (86.6%), 100 (4.6%),

and 28 (1.3%) premature infants with 1-minute Apgar scores of 7-

10, 4-6, and <4 at birth, respectively. There were 1972 (91.1%), 32

(1.5%), and 2 (0.1%) premature infants with 5-minute Apgar scores

of 7-10, 4-6, and <4, respectively (Table 1).
Comparison of clinical characteristics
among premature infants with or
without RDS

There were 962 (44.5%) RDS and 1202 (55.5%) non-RDS

neonates. The proportion of mothers had adverse pregnancy and

birth history (40.6% vs. 35.2%, p=0.010), placenta abnormality

(8.8% vs. 5.9%, p=0.009) in the RDS group were higher than

those in the non-RDS group, while the proportion of scarred

uterus was lower than that in the non-RDS group (8.9% vs.

12.4%, p=0.010). The proportion of birth weight <2.5kg, 1-minute

Apgar score <7, and 5-minute Apgar score <7 in the RDS group was

higher than that in the non-RDS group, respectively (all p<0.05).

The levels of SII (363.97 (214.68, 621.30) vs. 308.84 (202.60,

459.60)), SIRI (1.33 (0.67, 2.95) vs. 1.13 (0.64, 1.93)), and NAR

(0.17 (0.12, 0.25) vs. 0.15 (0.10, 0.20)) in premature infants with

RDS was significantly higher than those in premature infants

without RDS (all p<0.05) (Table 2).
ROC curve analysis of SII, SIRI, and NAR
for RDS

ROC curve analysis was used to determine the optimal cutoff

values of SII, SIRI, and NAR to distinguish premature infants with

or without RDS. When RDS was considered as the endpoint of SII,

SIRI, and NAR, the critical value of SII was 362.275 (sensitivity
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50.6%, specificity 60.5%, area under the ROC curve (AUC)=0.589),

the SIRI cutoff value was 1.955 (sensitivity 36.4%, specificity 75.5%,

AUC=0.603), and the NAR cutoff value was 0.205 (sensitivity

36.5%, specificity 76.0%, AUC=0.575) (Figure 1).
Logistic regression analysis of predictor
factors of neonatal RDS

The results of the univariate analysis showed that adverse

pregnancy and birth history of pregnant women (yes vs. no, odds

ratio (OR): 1.261, 95% confidence interval (CI): 1.059-1.502,

p=0.009), placenta abnormality (yes vs. no, OR: 1.544, 95% CI:

1.113-2.142, p=0.009), birth weight <2.5kg (<2.5kg vs. 2.5-4.0 kg,

OR: 3.375, 95% CI: 2.639-4.317, p<0.001), SII high level (≥362.275

vs. <362.275, OR: 1.569, 95% CI: 1.322-1.862, p<0.001), SIRI high

level (≥1.955 vs. <1.955, OR: 1.758, 95% CI: 1.460-2.117, p<0.001),

and NAR high level (≥0.205 vs. <0.205, OR: 1.815, 95% CI: 1.506-

2.187, p<0.001) were significantly associated with RDS in premature

infants. Multivariate regression logistic analysis showed that

adverse pregnancy and birth history of pregnant women (OR:

1.390, 95% CI: 1.154-1.675, p=0.001), placenta abnormality (yes

vs. no, OR: 2.499, 95% CI: 1.732-3.607, p<0.001), birth weight

<2.5kg (OR: 4.165, 95% CI: 3.203-5.414, p<0.001), SIRI high level

(≥1.955 vs. <1.955, OR: 1.338, 95% CI: 1.021-1.753, p=0.035), and

NAR high level (≥0.205 vs. <0.205, OR: 1.639, 95% CI: 1.270-2.115,

p<0.001) were independent predictive factors for RDS in premature

infants (Table 3).
Analysis of secondary respiratory infection
risk in preterm infants with and
without RDS

We also evaluated the effect of RDS on the risk of secondary

respiratory infections in preterm infants, showing that the

proportion of RDS preterm infants who developed secondary

infections was significantly higher than in the non-RDS group.

Specifically, the rate of pneumonia was higher in the RDS group

than in the non-RDS group, and the rate of sepsis was higher in the

non-RDS group than in the RDS group. Multivariate logistic

regression analysis showed that immunoinflammatory markers
TABLE 1 Detailed clinical characteristics of premature infants, including
birth history, maternal factors, and apgar scores.

Variables Neonates (n=2164)

Gender of neonates

Male, n (%) 1237 (57.2%)

Female, n (%) 927 (42.8%)

Adverse pregnancy and birth history of pregnant women

No, n (%) 1350 (62.4%)

Yes, n (%) 814 (37.6%)

Scarred uterus

No, n (%) 1929 (89.1%)

Yes, n (%) 235 (10.9%)

Perinatal conditions

Amniotic fluid contamination

No, n (%) 2126 (98.2%)

Yes, n (%) 38 (1.8%)

Nuchal cord

No, n (%) 2159 (99.8%)

Yes, n (%) 5 (0.2%)

Placenta abnormality

No, n (%) 2008 (92.8%)

Yes, n (%) 156 (7.2%)

Mode of delivery

Spontaneous, n (%) 946 (43.7%)

Cesarean section, n (%) 1218 (56.3%)

Birth weight (kg)

<2.5, n (%) 1738 (80.3%)

2.5-4.0, n (%) 423 (19.5%)

>4.0, n (%) 3 (0.1%)

1-minute Apgar score

7-10, n (%) 1875 (86.6%)

4-6, n (%) 100 (4.6%)

<4, n (%) 28 (1.3%)

Unknown 161 (7.4%)

5-minute Apgar score

7-10, n (%) 1972 (91.1%)

4-6, n (%) 32 (1.5%)

<4, n (%) 2 (0.1%)

Unknown 158 (7.3%)

Respiratory distress

No, n (%) 1202 (55.5%)

(Continued)
TABLE 1 Continued

Variables Neonates (n=2164)

Respiratory distress

Yes, n (%) 962 (44.5%)

Indexes of immune-nutritional status

SII, median (P25, P75) 331.65 (206.27, 531.12)

SIRI, median (P25, P75) 1.20 (0.65, 2.29)

NAR, median (P25, P75) 0.16 (0.11, 0.22)
SII, systemic immune-inflammatory index; SIRI, systemic inflammatory response index;
NAR, neutrophil-to-albumin ratio; p25, 25th percentile; p75, 75th percentile.
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TABLE 2 Comparison of clinical characteristics and inflammatory markers among premature infants with and without Respiratory Distress
Syndrome (RDS).

Variables Non-RDS group (n=1202) RDS group (n=962) p values

Gender of neonates

Male, n (%) 687 (57.2%) 550 (57.2%)
1.000

Female, n (%) 515 (42.8%) 412 (42.8%)

Adverse pregnancy and birth history of pregnant women

No, n (%) 779 (64.8%) 571 (59.4%)
0.010

Yes, n (%) 423 (35.2%) 391 (40.6%)

Scarred uterus

No, n (%) 1053 (87.6%) 876 (91.1%)
0.010

Yes, n (%) 149 (12.4%) 86 (8.9%)

Perinatal conditions

Amniotic fluid contamination

No, n (%) 1179 (98.1%) 947 (98.4%)
0.622

Yes, n (%) 23 (1.9%) 15 (1.6%)

Nuchal cord

No, n (%) 1198 (99.7%) 961 (99.9%)
0.390

Yes, n (%) 4 (0.3%) 1 (0.1%)

Placenta abnormality

No, n (%) 1131 (94.1%) 877 (91.2%)
0.009

Yes, n (%) 71 (5.9%) 85 (8.8%)

Mode of delivery

Spontaneous, n (%) 508 (42.3%) 438 (45.5%)
0.138

Cesarean section, n (%) 694 (57.7%) 524 (54.5%)

Birth weight (kg)

<2.5, n (%) 873 (72.6%) 865 (89.9%)

<0.0012.5-4.0, n (%) 327 (27.2%) 96 (10.0%)

>4.0, n (%) 2 (0.2%) 1 (0.1%)

1-minute Apgar score

7-10, n (%) 1036 (86.2%) 839 (87.2%)

<0.0014-6, n (%) 34 (2.8%) 66 (6.9%)

<4, n (%) 7 (0.6%) 21 (2.2%)

5-minute Apgar score

7-10, n (%) 1063 (88.4%) 909 (94.5%)

0.0084-6, n (%) 10 (0.8%) 22 (2.3%)

<4, n (%) 0 (0) 2 (0.2%)

Indexes of immune-nutritional status

SII, median (P25, P75) 308.84 (202.60, 459.60) 363.97 (214.68, 621.30) <0.001

(Continued)
F
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and RDS are associated with secondary respiratory infection in

preterm infants after adjusting for other relevant factors (such as

gender of neonates, adverse pregnancy and birth history of

pregnant women, scarred uterus, amniotic fluid contamination,

nuchal cord, placenta abnormality, mode of delivery, birth

weight). The specific data and results of this section will be

presented in another of our studies.
Discussion

The pathogenesis of neonatal RDS is a diffuse lung injury

process in which irregular inflammatory substances exudate from

alveolar cells in multiple lung fields may occur on both sides of the

lungs (Fernando et al., 2021). RDS is a common critical disease in

premature infants, and the prognosis of premature infants with

RDS is often worse than that of children and adults due to immature

organ and tissue development, immune function, susceptibility to

bronchopulmonary dysplasia, lung biology, low maturity and other

reasons (Gillies et al., 2012; Stading et al., 2021). SII, SIRI, and NAR

are important indicators of systemic inflammation and immunity,

and elevated levels of these indicators can reflect lung tissue

inflammation in children with RDS.

The research on peripheral blood lymphocytes, neutrophils, and

platelets is increasing, and the detection of these indicators is non-
Frontiers in Cellular and Infection Microbiology 06
invasive and rapid. Neutrophils can activate adaptive immunity

(Kolaczkowska and Kubes, 2013). Lymphocytes are the main cells of

the adaptive immune system, and both play an important role in

inflammatory response (Wang and Zhou, 2020). Platelets directly

recognize, isolate, and kill pathogens, and activate and recruit white

blood cells to sites of infection and inflammation (Trugilho et al.,

2017). Platelets can also indirectly participate in innate and adaptive

immunity, and enhance the ability of immune cells to phagocytose

and kill pathogens, further leading to inflammation of blood vessels

and injured tissues (Nicolai and Massberg, 2020). Nupponen I et al.

found that postnatal neutrophil activation is indicative of systemic

inflammation and associated with RDS in preterm infants

(Nupponen et al., 2002). Chen et al. found that the platelet,

neutrophil, and monocyte count were significantly higher in

infants with moderate-severe bronchopulmonary dysplasia (BPD)

compared to infants without BPD (Chen et al., 2019b). Plateletcrit

level was significantly increased in infants with respiratory distress

than controls (Mishra et al., 2021). In premature infants with RDS,

significant activation of circulating phagocytes occurs after the

initiation of mechanical ventilation, independent of surfactant

administration (Turunen et al., 2006). High serum ischemia-

modified albumin level may be a valuable indicator of hypoxia in

infants with RDS (Kahveci et al., 2016). SII, SIRI, and NAR are

comprehensive indicators of these haematological parameters,

which can comprehensively reflect the level of these indicators.

Levels of SII, SIRI, and NAR may be associated with the risk of RDS

in preterm infants. Ufuk Cakir et al. demonstrated that a higher SII

level was a predictor for RDS among premature infants (Cakir et al.,

2024). There is no reported relationship between SIRI, NAR and

neonatal RDS. The purpose of this study was to analyze the

predictive value of SII, SIRI and NAR in RDS risk, and results

showed that high SIRI and NAR levels were independently

associated with RDS in premature infants.

There have been some reports on the relationship between SIRI,

NAR and some respiratory diseases. SIRI was associated with an

increased risk of all-cause death in patients with asthma (Ke et al.,

2023). Zhao et al. found that SIRI was a potential predictor of severe

pneumonia in patients with cerebral hemorrhage (Zhao et al.,

2023). SIRI was an independent prognostic factor in patients with

lung cancer (Zuo et al., 2023; Li et al., 2019; Wang and Li, 2024).

Gao et al. revealed that SIRI can predict the severity and prognosis

of pulmonary arterial hypertension (Gao et al., 2024). And SIRI also

associated with idiopathic pulmonary fibrosis (Zinellu and

Paliogiannis, 2020), pneumonia in children (Elmeazawy et al.,

2024), and severity of coronavirus disease 2019 (COVID-19)

(Gutiérrez-Pérez et al., 2022). In addition, NAR was associated
TABLE 2 Continued

Variables Non-RDS group (n=1202) RDS group (n=962) p values

Indexes of immune-nutritional status

SIRI, median (P25, P75) 1.13 (0.64, 1.93) 1.33 (0.67, 2.95) <0.001

NAR, median (P25, P75) 0.15 (0.10, 0.20) 0.17 (0.12, 0.25) <0.001
RDS, respiratory distress syndrome; SII, systemic immune-inflammatory index; SIRI, systemic inflammatory response index; NAR, neutrophil-to-albumin ratio; p25, 25th percentile; p75,
75th percentile.
FIGURE 1

ROC curves of SII, SIRI, and NAR for RDS. SII, systemic immune
inflammation index; SIRI, system inflammation response index; NAR,
neutrophil-to-albumin ratio; RDS, respiratory distress syndrome.
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with the stage of non-small cell lung cancer (Varim et al., 2022),

mortality in COVID-19 infected patients (Varim and Yaylaci,

2020), and prognosis of pulmonary embolism (Lian et al., 2024).

Moreover, placenta abnormality was a risk factor for RDS in

premature infants in this study. Placenta accreta spectrum (PAS)

neonates have higher rates of respiratory morbidity (Munoz et al.,

2022). Infants born to mothers with placenta previa had a higher risk

for RDS (Lin et al., 2001; Bekku et al., 2000; Lal and Hibbard, 2015).

Placenta previa is a risk factor for neonatal transient tachypnea

(Tsuda et al., 2014). Overall, placental abnormality is a risk factor

for RDS in newborns. Moreover, low birth weight was the main risk

factor for RDS (Condò et al., 2017; Hu et al., 2024b). Low birth weight

was a risk factor for RDS in premature infants in this study. However

other studies suggest that the risk of RDS does not seem to be related

to the birth weight of preterm infants (Chard et al., 1997). In addition,

Fang et al. demonstrated that male neonates had a higher risk of RDS

than females (Fang et al., 2024). J S Anadkat found that the male sex

independently increases the risk for RDS in preterm infants (Anadkat

et al., 2012). However, in terms of gender, this study did not get the

same results. Some studies suggested that cesarean section was the

risk of RDS (Condò et al., 2017; Indraccolo et al., 2019; Wondie and

Legesse, 2023), but this study did not get similar results. Scarred

uterus, amniotic fluid contamination, and nuchal cord were not

associated with RDS in this study, and these need to be confirmed

by more researches.

High SIRI (≥1.955) and NAR level (≥0.205), adverse pregnancy

and birth history of pregnant women, placenta abnormality, birth

weight <2.5kg were independent predictive factors for RDS in

premature infants. The study has some limitations that are worth
Frontiers in Cellular and Infection Microbiology 07
noting. First, as a retrospective study, other possible influencing

factors of RDS were not included in the analysis, so the results may

be biased. Second, this study only collected and analyzed the data of

the first laboratory examination when premature infants were

admitted to hospital, and failed to select inflammatory indicators

at different time points for dynamic analysis. And the assessment

results for these factors and RDS may have been biased. Third, this

study is a single-centre study and lacks external data for verification.

In the future, further expansion of clinical sample sizes and multi-

centre, prospective studies are needed to confirm the value of SII,

SIRI, and NAR in assessing the risk of RDS.

Early identification and early intervention of risk factors for RDS

are very important for disease prevention and control. The

occurrence of RDS is influenced by several factors during

pregnancy and perinatal period. In the future research, there are

several aspects worthy of attention. First, there are different risk

factors for the development of RDS.What is the mechanism of action

of these risk factors in the formation of alveolar surfactant and lung

development and maturation? Second, there are a large number of

risk factors for RDS, and controlling which risk factors can

significantly reduce the incidence of RDS and improve the prognosis.
Conclusions

We identified several independent predictive factors for RDS in

premature infants, including high SIRI and NAR levels, adverse

pregnancy and birth history, placental abnormality, and birth

weight <2.5 kg. These findings emphasize the importance of
TABLE 3 Logistic regression analysis of predictor factors of neonatal RDS.

Variables
Univariate Multivariate

OR (95% CI) p values OR (95% CI) p values

Gender of neonates (Male vs. Female) 1.001 (0.843-1.188) 0.993 1.172 (0.976-1.406) 0.089

Adverse pregnancy and birth history of pregnant women (Yes
vs. No)

1.261 (1.059-1.502) 0.009 1.390 (1.154-1.675) 0.001

Scarred uterus (Yes vs. No) 0.694 (0.524-0.918) 0.011 0.832 (0.613-1.129) 0.238

Amniotic fluid contamination (Yes vs. No) 0.812 (0.421-1.565) 0.534 0.809 (0.403-1.623) 0.550

Nuchal cord (Yes vs. No) 0.312 (0.035-2.793) 0.297 0.431 (0.047-3.936) 0.456

Placenta abnormality (Yes vs. No) 1.544 (1.113-2.142) 0.009 2.499 (1.732-3.607) <0.001

Mode of delivery (Cesarean section vs. Spontaneous) 0.876 (0.738-1.039) 0.128 0.915 (0.756-1.108) 0.364

Birth weight (kg)

2.5-4.0 1.000 (reference) 1.000 (reference)

<2.5 3.375 (2.639-4.317) <0.001 4.165 (3.203-5.414) <0.001

>4.0 1.703 (0.153-18.986) 0.665 1.885 (0.166-21.411) 0.609

SII (≥362.275 vs. <362.275) 1.569 (1.322-1.862) <0.001 1.221 (0.976-1.527) 0.081

SIRI (≥1.955 vs. <1.955) 1.758 (1.460-2.117) <0.001 1.338 (1.021-1.753) 0.035

NAR (≥0.205 vs. <0.205) 1.815 (1.506-2.187) <0.001 1.639 (1.270-2.115) <0.001
OR, odds ratio; CI, confidence interval; RDS, respiratory distress syndrome; SII, systemic immune-inflammatory index; SIRI, systemic inflammatory response index; NAR, neutrophil-to-
albumin ratio.
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monitoring these parameters in the early assessment of RDS risk

among preterm neonates. This study is among the first to

demonstrate the predictive value of high SIRI and NAR levels for

RDS in this population. Additionally, placental abnormalities and

low birth weight were significant risk factors, reinforcing the role of

maternal and fetal factors in the development of RDS. In other

words, premature infants with placental abnormalities, low birth

weight, and high SIRI and NAR levels should be alert to the risk

of RDS.
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Serum ischemia-modified albumin in preterm babies with respiratory distress
syndrome. Indian J. Clin. Biochem. 31, 38–42. doi: 10.1007/s12291-015-0494-0
Frontiers in Cellular and Infection Microbiology 09
Karasu, M., Karaca, Y., Yıldırım, E., Kobat, M. A., and Er, F. (2023). Neutrophil-to-
albumin ratio: a promising tool for CAD assessment in non-ST elevation AMI. Eur.
Rev. Med. Pharmacol. Sci. 27, 11832–11839. doi: 10.26355/eurrev_202312_34781

Ke, J., Qiu, F., Fan, W., andWei, S. (2023). Associations of complete blood cell count-
derived inflammatory biomarkers with asthma and mortality in adults: a population-
based study. Front. Immunol. 14. doi: 10.3389/fimmu.2023.1205687

Ketcham, S. W., Sedhai, Y. R., Miller, H. C., Bolig, T. C., Ludwig, A., Co, I., et al.
(2020). Causes and characteristics of death in patients with acute hypoxemic
respiratory failure and acute respiratory distress syndrome: a retrospective cohort
study. Crit. Care 24, 391. doi: 10.1186/s13054-020-03108-w

Kolaczkowska, E., and Kubes, P. (2013). Neutrophil recruitment and function in
health and inflammation. Nat. Rev. Immunol. 13, 159–175. doi: 10.1038/nri3399

Lal, A. K., and Hibbard, J. U. (2015). Placenta previa: an outcome-based cohort study
in a contemporary obstetric population. Arch. Gynecol Obstet. 292, 299–305.
doi: 10.1007/s00404-015-3628-y

Li, S., Yang, Z., Du, H., Zhang, W., and Che, G. (2019). Novel systemic inflammation
response index to predict prognosis after thoracoscopic lung cancer surgery: a
propensity score-matching study. ANZ J. Surg. 89, E507–E513. doi: 10.1111/ans.15480

Lian, Z., Wei, X. N., and Chai, D. (2024). Machine learning-based prediction of
pulmonary embolism prognosis using nutritional and inflammatory indices. Clin. Appl.
Thromb. Hemost. 30, 10760296241300484. doi: 10.1177/10760296241300484

Lin, C., Wang, S., Hsu, Y., Lin, Y., Yeh, T., and Chang, F. (2001). Risk for respiratory
distress syndrome in preterm infants born to mothers complicated by placenta previa.
Early Hum. Dev. 60, 215–224. doi: 10.1016/s0378-3782(00)00121-3

Mishra, S., Jaiswar, S., Saad, S., Tripathi, S., Singh, N., Deo, S., et al. (2021). Platelet indices
as a predictive marker in neonatal sepsis and respiratory distress in preterm prelabor rupture
of membranes. Int. J. Hematol. 113, 199–206. doi: 10.1007/s12185-020-03025-2

Munoz, J. L., Kimura, A. M., Julia, J., Tunnell, C., Hernandez, B., Curbelo, J., et al.
(2022). Impact of placenta accreta spectrum (PAS) pathology on neonatal respiratory
outcomes in cesarean hysterectomies. J. Matern Fetal Neonatal Med. 35, 10692–10697.
doi: 10.1080/14767058.2022.2157716

Nicolai, L., and Massberg, S. (2020). Platelets as key players in inflammation and
infection. Curr. Opin. Hematol. 27, 34–40. doi: 10.1097/MOH.0000000000000551

Nupponen, I., Pesonen, E., Andersson, S., Mäkelä, A., Turunen, R., Kautiainen, H.,
et al. (2002). Neutrophil activation in preterm infants who have respiratory distress
syndrome. Pediatrics 110, 36–41. doi: 10.1542/peds.110.1.36

Ramaswamy, V. V., Abiramalatha, T., Bandyopadhyay, T., and Boyle, E. (2022).
Surfactant therapy in late preterm and term neonates with respiratory distress
syndrome: a systematic review and meta-analysis. Arch. Dis. Child Fetal Neonatal
Ed. 107, 393–397. doi: 10.1136/archdischild-2021-322890

Saguil, A., and Fargo, M. V. (2020). Acute respiratory distress syndrome: diagnosis
and management. Am. Fam Physician 101, 730–738.

Song, Q., Chen, J., Zhou, Y., Li, Z., Li, H., and Liu, J. (2022). Preterm delivery rate in
China: a systematic review and meta-analysis. BMC Pregnancy Childbirth. 22, 383.
doi: 10.1186/s12884-022-04713-z

Song, Y., Zhao, Y., Shu, Y., Zhang, L., Cheng, W., Wang, L., et al. (2023).
Combination model of neutrophil to high-density lipoprotein ratio and system
inflammation response index is more valuable for predicting peripheral arterial
disease in type 2 diabetic patients: A cross-sectional study. Front. Endocrinol. 14.
doi: 10.3389/fendo.2023.1100453
Stading, R., Couroucli, X., Lingappan, K., and Moorthy, B. (2021). The role of

cytochrome P450 (CYP) enzymes in hyperoxic lung injury. Expert Opin. Drug Metab.
Toxicol. 17, 171–178. doi: 10.1080/17425255.2021.1853705
Stevenson, D. K.,Winn, V. D., Shaw, G.M., England, S. K., andWong, R. J. (2024). Solving

the puzzle of preterm birth. Clin. Perinatol. 51, 291–300. doi: 10.1016/j.clp.2024.02.001
Trugilho, M. R. O., Hottz, E. D., and Brunoro, G. V. F. (2017). Platelet proteome

reveals novel pathways of platelet activation and platelet-mediated immunoregulation
in dengue. PloS Pathog. 13, e1006385. doi: 10.1371/journal.ppat.1006385

Tsuda, H., Kotani, T., Sumigama, S., Mano, Y., Hua, L., Hayakawa, H., et al. (2014).
Effect of placenta previa on neonatal respiratory disorders and amniotic lamellar body
counts at 36-38weeks of gestation. Early Hum. Dev. 90, 51–54. doi: 10.1016/
j.earlhumdev.2013.10.005

Turunen, R., Nupponen, I., Siitonen, S., Repo, H., and Andersson, S. (2006). Onset of
mechanical ventilation is associated with rapid activation of circulating phagocytes in
preterm infants. Pediatrics 117, 448–454. doi: 10.1542/peds.2005-0123

Varim, C., Celik, F. D., Sunu, C., Öztop, K. E., Aydın, A., Yaylaci, S., et al. (2022). The
role of neutrophil albumin ratio in predicting the stage of non-small cell lung cancer.
Eur. Rev. Med. Pharmacol. Sci. 26, 2900–2905. doi: 10.26355/eurrev_202204_28621
Varim, C., and Yaylaci, S. (2020). Neutrophil count to albumin ratio as a new

predictor of mortality in patients with COVID-19 infection. Rev. Assoc. Med. Bras.
66Suppl 2, 77–81. doi: 10.1590/1806-9282.66.S2.77
Wang, H., and Li, W. (2024). Prognostic significance of SIRI in patients with late-

stage lung adenocarcinoma receiving EGFR-TKI treatment. Curr. Probl Cancer 50,
101099. doi: 10.1016/j.currproblcancer.2024.101099
Wang, Y. Y., and Zhou, N. (2020). Circulating activated lymphocyte subsets as

potential blood biomarkers of cancer progression. Cancer Med. 9, 5086–5094.
doi: 10.1002/cam4.3150

Wondie, W. T., and Legesse, B. T. (2023). Incidence and predictors of respiratory
distress syndrome among low birth weight neonates in the first seven days in Northwest
frontiersin.org

https://doi.org/10.2105/AJPH.2019.305287
https://doi.org/10.1007/s12013-014-9911-x
https://doi.org/10.1186/s12887-019-1515-6
https://doi.org/10.1007/s00702-019-02121-w
https://doi.org/10.1080/14767058.2016.1210597
https://doi.org/10.1016/j.siny.2023.101501
https://doi.org/10.1016/S2213-2600(17)30214-X
https://doi.org/10.1080/14767058.2017.1323860
https://doi.org/10.1186/s12887-024-04818-8
https://doi.org/10.1186/s12887-024-04596-3
https://doi.org/10.1503/cmaj.202661
https://doi.org/10.2147/JIR.S434720
https://doi.org/10.2147/JIR.S434720
https://doi.org/10.1002/14651858.CD003645.pub3
https://doi.org/10.1080/17476348.2021.1925544
https://doi.org/10.3389/fmed.2022.1000147
https://doi.org/10.1055/a-1788-5121
https://doi.org/10.1111/ppe.13028
https://doi.org/10.1055/s-0039-1683996
https://doi.org/10.1055/s-0039-1683996
https://doi.org/10.1080/14767058.2017.1401999
https://doi.org/10.4103/tjem.tjem_198_23
https://doi.org/10.3390/cancers15133339
https://doi.org/10.1542/peds.2020-030007
https://doi.org/10.1007/s12291-015-0494-0
https://doi.org/10.26355/eurrev_202312_34781
https://doi.org/10.3389/fimmu.2023.1205687
https://doi.org/10.1186/s13054-020-03108-w
https://doi.org/10.1038/nri3399
https://doi.org/10.1007/s00404-015-3628-y
https://doi.org/10.1111/ans.15480
https://doi.org/10.1177/10760296241300484
https://doi.org/10.1016/s0378-3782(00)00121-3
https://doi.org/10.1007/s12185-020-03025-2
https://doi.org/10.1080/14767058.2022.2157716
https://doi.org/10.1097/MOH.0000000000000551
https://doi.org/10.1542/peds.110.1.36
https://doi.org/10.1136/archdischild-2021-322890
https://doi.org/10.1186/s12884-022-04713-z
https://doi.org/10.3389/fendo.2023.1100453
https://doi.org/10.1080/17425255.2021.1853705
https://doi.org/10.1016/j.clp.2024.02.001
https://doi.org/10.1371/journal.ppat.1006385
https://doi.org/10.1016/j.earlhumdev.2013.10.005
https://doi.org/10.1016/j.earlhumdev.2013.10.005
https://doi.org/10.1542/peds.2005-0123
https://doi.org/10.26355/eurrev_202204_28621
https://doi.org/10.1590/1806-9282.66.S2.77
https://doi.org/10.1016/j.currproblcancer.2024.101099
https://doi.org/10.1002/cam4.3150
https://doi.org/10.3389/fcimb.2024.1512884
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org


Chen et al. 10.3389/fcimb.2024.1512884
Ethiopia Comprehensive Specialized Hospitals 2023: A retrospective follow-up study.
BMJ Open 13, e079063. doi: 10.1136/bmjopen-2023-079063

Xie, J., Guo, Z., Zhu, Y., and Ma, M. (2023). Peripheral blood inflammatory indexes in
breast cancer: A review.Med. (Baltimore) 102, e36315. doi: 10.1097/MD.0000000000036315

Xie, Y. J., Peng, R., Han, L., Zhou, X., Xiong, Z., Zhang, Y., et al. (2016). Associations
of neonatal high birth weight with maternal pre-pregnancy body mass index and
gestational weight gain: a case-control study in women from Chongqing, China. BMJ
Open 6, e010935. doi: 10.1136/bmjopen-2015-010935

Zhang, X., Zhang, S., Wang, C., Liu, R., and Li, A. (2022). High neutrophil-to-
albumin ratio predicts postoperative pneumonia in aneurysmal subarachnoid
hemorrhage. Front. Neurol. 13. doi: 10.3389/fneur.2022.840858

Zhao, T., Feng, H. M., Caicike, B., and Zhu, Y. P. (2021). Investigation into the
current situation and analysis of the factors influencing extrauterine growth retardation
in preterm infants. Front. Pediatr. 9. doi: 10.3389/fped.2021.643387
Frontiers in Cellular and Infection Microbiology 10
Zhao, S., Jiang, H., Miao, Y., Liu, W., Li, Y., Liu, H., et al. (2024). Factors influencing
necrotizing enterocolitis in premature infants in China: a systematic review and meta-
analysis. BMC Pediatr. 24, 148. doi: 10.1186/s12887-024-04607-3

Zhao, Y., Wang, X., Ren, H., and Yao, Y. (2023). Systemic inflammation response
index (SIRI) on the 3rd postoperative day are associated with severe pneumonia in
cerebral hemorrhage patients: A single-center retrospective study. Med. (Baltimore)
102, e35587. doi: 10.1097/MD.0000000000035587

Zinellu, A., and Paliogiannis, P. (2020). Blood cell count derived inflammation
indexes in patients with idiopathic pulmonary fibrosis. Lung 198, 821–827.
doi: 10.1007/s00408-020-00386-7

Zuo, R., Zhu, F., Zhang, C., Ma, J., Chen, J., Yue, P., et al. (2023). The response
prediction and prognostic values of systemic inflammation response index in patients
with advanced lung adenocarcinoma. Thorac. Cancer 14, 1500–1511. doi: 10.1111/
1759-7714.14893
frontiersin.org

https://doi.org/10.1136/bmjopen-2023-079063
https://doi.org/10.1097/MD.0000000000036315
https://doi.org/10.1136/bmjopen-2015-010935
https://doi.org/10.3389/fneur.2022.840858
https://doi.org/10.3389/fped.2021.643387
https://doi.org/10.1186/s12887-024-04607-3
https://doi.org/10.1097/MD.0000000000035587
https://doi.org/10.1007/s00408-020-00386-7
https://doi.org/10.1111/1759-7714.14893
https://doi.org/10.1111/1759-7714.14893
https://doi.org/10.3389/fcimb.2024.1512884
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Immunoinflammatory markers SIRI and NAR as predictors of respiratory distress syndrome and secondary infections in premature infants
	Introduction
	Materials and methods
	Subjects
	Collected and observed indices
	Data processing and statistical analysis

	Results
	The clinical characteristics of premature infants
	Comparison of clinical characteristics among premature infants with or without RDS
	ROC curve analysis of SII, SIRI, and NAR for RDS
	Logistic regression analysis of predictor factors of neonatal RDS
	Analysis of secondary respiratory infection risk in preterm infants with and without RDS

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


