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inflammatory cytokines with
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Pediatrics, Linkou Chang Gung Memorial Hospital, Taoyuan, Taiwan, 6Department of Ophthalmology,
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Introduction: Retinopathy of prematurity (ROP) is a retinal vascular
developmental disease associated with risks factors such as supplementary
oxygen use or low birth weight/early gestational age. Multiple studies have
reported associations between ROP and systemic inflammation. In this study,
we investigated serum cytokines associated with ROP development and
severity and assessed their applicability as potential biomarkers of ROP.
Methods: This prospective study was conducted at an institutional referral
center between 2019 and 2021. To measure the serum levels of 40
inflammatory cytokines in eligible premature patients, we collected their
serum samples during the enrollment of patients or the intravitreal injection of
anti–vascular endothelial growth factor (VEGF) agents and after 2 and 4 weeks.
Results: Fifty patients were enrolled. In patients with type 1 ROP who received anti-
VEGF agents (n=22), the levels of serum intercellular adhesion molecule-1
decreased significantly (p < 0.05) at 4 weeks compared with the baseline level,
whereas those of serum granulocyte–macrophage colony-stimulating factor
increased significantly (p < 0.05). In patients with ROP who did not require any
treatment (n= 14), no significant change was noted in the level of any of the 40
inflammatory cytokines. In control infants without ROP (n= 14), the serum levels
of tumor necrosis factor-α, interleukin (IL)-15, and IL-12p40 increased
significantly (p < 0.05) at 4 weeks. The changes in the levels of serum
inflammatory cytokines did not vary significantly among the aforementioned
three groups. A generalized estimating equation indicated that zone 1 ROP, stage
3 ROP, older postmenstrual age, respiratory distress syndrome, necrotizing
enterocolitis, and sepsis were associated with the changes in serum cytokine levels.
Conclusions: Although significant changes (compared with baseline) were
observed in the serum levels of certain inflammatory cytokines in patients with
type 1 ROP and infants without ROP, no significant difference in cytokine level
fluctuations were noted among the three groups. Changes in serum
inflammatory cytokine levels may not predict ROP development or severity.
Additional comprehensive studies are warranted to establish their definitive role
and significance in ROP, emphasizing the need for continued research in this area.
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Introduction

Retinopathy of prematurity (ROP) is a significant retinal vascular

developmental disease and a leading cause of infant blindness

worldwide (1). Early detection and effective screening of ROP have

been shown to reduce the risk of severe vision impairment (2).

However, accurately identifying premature infants at risk of ROP

remains challenging, as some infants develop ROP despite the

absence of known risk factors (3). This has prompted the

exploration of novel biomarkers and advanced imaging techniques

to enhance ROP risk assessment and guide appropriate treatment.

Systemic inflammation has been implicated in the development

of ROP, with studies suggesting associations between ROP and

factors such as prenatal inflammation, infections, and elevated

cytokine levels (4–9). Cytokines, including interleukins (IL-6, IL-

7, IL-8), tumor necrosis factor-alpha (TNF-α), and monocyte

chemoattractant protein-1 (MCP-1), play crucial roles in fetal

inflammatory responses and angiogenesis (10–12). Elevated

cytokine levels in cord blood and vitreous samples of infants

with ROP have been observed, indicating their potential as

biomarkers for ROP development (13, 14).

While previous studies have mainly focused on cord blood and

amniotic fluid samples, the investigation of serum cytokine levels in

premature infants may provide valuable insights for early

identification of those susceptible to ROP (15–17). Therefore, the

purpose of this prospective study is to examine the association

between serum cytokines and the development and severity of

ROP in premature infants. By elucidating these associations, we

can contribute to the understanding of ROP pathogenesis and

potentially improve clinical management strategies.
Materials and methods

Study population and setting

This prospective studywas conducted at the neonatal intensive care

unit of Chang Gung Memorial Hospital, an academic tertiary referral

center in Linkou, Taiwan, between January 1, 2019, and December

31, 2021. The study enrolled preterm infants who met the following

inclusion criteria: birth weight (BW) of ≤1,500 g, gestational age

(GA) of ≤32 weeks at birth, supplementary oxygen use, or other

systemic risk factors indicating the need for retinopathy of

prematurity (ROP) screening, as determined by neonatologists. The

exclusion criteria encompassed ophthalmic diseases other than ROP

(e.g., congenital glaucoma, Peter’s anomaly, persistent fetal

vasculature), major congenital malformations or central nervous

system defects, and congenital infections (e.g., syphilis, toxoplasmosis,

cytomegalovirus, herpes, rubella) or maternal HIV positivity.

The screening protocol for retinopathy of prematurity (ROP)

in this study followed the established guidelines of Chang Gung

Memorial Hospital. The initial ROP assessment was conducted

between 4 and 6 weeks after birth as determined by the

neonatologists’ referral. Enrollments into the study occurred after

obtaining consent from legal guardians and ensuring that both
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inclusion and exclusion criteria were met. The study was

conducted in accordance with the principles outlined in the

Declaration of Helsinki and received approval from the

Institutional Review Board (IRB) of Chang Gung Memorial

Hospital (approval number: 201902088A3). Informed consent

was obtained from parents or legal guardians following the study

protocol approved by the IRB.

ROP is divided into five stages (Stages 1–5) based on the

progression of the disease. Each stage represents a different level of

severity, indicating the extent of abnormal blood vessel growth in

the retina. Zone is defined as concentric zones (Zone I, II, and III)

describing the location of the abnormal blood vessel growth. “Plus

disease” is characterized by dilation and tortuosity of the blood

vessels within the posterior pole of the eye, indicating the presence

of severe and progressive disease process. Anti–vascular endothelial

growth factor (VEGF) was intravitreally administered in patients

who received a diagnosis of type 1 ROP at follow-up. According to

the International Committee for the Classification of ROP, type 1

ROP is defined as (1) any ROP with plus disease in zone I, (2)

stage 3 ROP in zone I without plus, and (3) stage 2 or 3 ROP with

plus disease in zone II (18). Treatment was not administered for

mild ROP—defined as type 2 ROP or a milder type. Type 2 ROP

was defined as follows: (1) stage 1 or 2 without plus disease in

zone I and (2) stage 3 without plus disease in zone II. Anything

milder than type 2 ROP indicated disease severity not reaching

that of type 2, such as stage 1 ROP in zone III and stage 2 ROP in

zone II. In this study, all type 1 ROP patients were treated with a

single intravitreal injection of anti-VEGF agents.
Data collection

Data on maternal factors, labor and delivery characteristics,

and newborn parameters were collected. Details were collected

for the following labor, delivery, and newborn characteristics: sex;

GA; BW; delivery mode; Apgar scores at 1 and 5 min; postnatal

surfactant use; and comorbidities as diagnosed by neonatologists,

such as respiratory distress syndrome (RDS), bronchopulmonary

dysplasia (BPD), intraventricular hemorrhage (IVH), and

necrotizing enterocolitis (NEC). If ROP was diagnosed, we

collected data on the corresponding zone, stage, and absence or

presence of plus disease in the more severe eye or in any of the

eyes if severity was the same between the two eyes.

Sepsis in infants was defined as clinical sepsis syndrome if the

infants exhibited the systemic signs of infection or their blood

culture was positive for infection. The systemic signs of infection

were defined in accordance with the criteria outlined by the

systemic inflammatory response system: hypothermia (<36°C) or

fever (>38.5°C), tachycardia or bradycardia, and increased

respiratory rate and leukocyte count for age (19).
Cytokine level measurement

The first blood sample was collected for each patient through

venous puncture based on the timeline shown in Figure 1. For
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FIGURE 1

Workflow of the study.
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type 1 ROP group, bloods were collected just before treatment.

Subsequently, blood samples were collected at 2 and 4 weeks

during the follow-up period. We used 200 µl of the serum

sample for cytokine analysis. Serum samples were immediately

centrifuged upon collection, and serum was stored at −80°C until

laboratory analysis. All the samples were analyzed in the same

research lab, and the cytokine assay was conducted on all

samples by the same research staff.

The serum levels of 40 inflammatory cytokines were measured

using a commercially available kit (Quantibody Human

Inflammation Array 3; RayBiotech, Peachtree Corners, GA, USA).

This multiple assay kit was used to simultaneously quantify all 40

cytokines: B-lymphocyte chemoattractant (BLC); eotaxin-1; eotaxin-

2; granulocyte colony-stimulating factor (GCSF); granulocyte–

macrophage colony-stimulating factor (GMCSF); I-309; intercellular

adhesion molecule-1 (ICAM-1); interferon (IFN)-γ; IFN-1α; IFN-1β;

IL-1Rα; IL-2; IL-4; IL-5; IL-6; IL-6R; IL-7; IL-8; IL-10; IL-11; IL-

12p40; IL-12p70; IL-13; IL-15; IL-16; IL-17; monocyte

chemoattractant protein (MCP)-1; macrophage colony-stimulating

factor (MCSF); monokine induced by IFN-γ (MIG); macrophage

inflammatory protein (MIP)-1a; MIP-1b; MIP-1d; platelet-derived

growth factor-BB; regulated upon activation, normal T cell expressed

and secreted (RANTES); tissue inhibitor of metalloproteinase
Frontiers in Pediatrics 03
(TIMP)-1; TIMP-2; tumor necrosis factor (TNF)-α; TNF-β; TNF

receptor (TNFR)-1; and TNFR-2. All blood samples were analyzed

in duplicate in accordance with the manufacturer’s instructions. If

the serum cytokine levels fell below the minimum detectable level,

they were considered undetectable and therefore, assigned a value of

0 for statistical analysis.
Statistical analysis

Nonparametric analysis was performed using the χ2 test for

categorical variables and analysis of variance (ANOVA) for

continuous variables. Cytokine levels are presented in terms of

the mean ± standard deviation values and median with

interquartile range values obtained at the three time points

(baseline, 2 weeks, and 4 weeks). The level of each serum

cytokine at 2 and 4 weeks was compared with its baseline level

by using the Wilcoxon signed-rank test. To compare the

proportion of changes from baseline in each cytokine level

among the three groups, namely no ROP, nontreatment

indicated ROP, and type 1 ROP, both parametric ANOVA and

nonparametric Kruskal–Wallis tests were used. A generalized

estimating equation (GEE) adjusted for the effects of clustered
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and longitudinal nature of data was used to identify the association

between neonatal or ROP factors and serum cytokines levels.

Statistical analyses were performed using SAS (version 9.1; SAS

Institute, Cary, NC, USA). A p-value of <0.05 was considered to

be statistically significant.
Results

Characteristics of the study population

The study protocol was summarized in Figure 2. This study

included 50 patients, of whom 22 (44%) with type 1 ROP

received intravitreal injections of anti-VEGF agents, 14 (28%) did

not require any treatment for ROP (mild ROP), and 14 (28%)

did not have ROP (control). Table 1 presents the demographic

and comorbidity data of the aforementioned three groups.

Patients not requiring ROP treatment were diagnosed as having

mild ROP (Supplementary Table S1).

A total of 7 (50%), 8 (57%), and 14 (64%) patients in the

control, mild ROP, and type 1 ROP groups, respectively, were

boys. The distribution of sex did not vary significantly among

the three groups. GA at delivery was 31.15 ± 1.72, 26.68 ± 1.58,

and 26.1 ± 2.20 weeks in the control, mild ROP, and type 1 ROP

groups, respectively. BW was 1,163.14 ± 248.53 g in the control

group, 871.57 ± 206.79 g in the mild ROP group, and 846.36 ±

322.03 g in the type 1 ROP group. Both GA and BW were

significantly larger in the control group than in the ROP groups

(p < 0.05). No significant difference was noted in PMA, based on

which the baseline level was determined, among the three groups

(p = 0.0581), indicating a well-matched baseline.
FIGURE 2

Protocol for study enrollment and sample collection.
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In terms of comorbidities, the proportions of infants with NEC,

infants with IVH, and cases of surfactant use were comparable

among the three groups. The proportions of the patients with

RDS, BPD, and sepsis were higher in the mild and type 1 ROP

groups than in the control group (p < 0.05). Most patients with

ROP had zone 2 ROP, with 92.9% and 81.8% of them having

mild and type 1 ROP, respectively. Furthermore, 18.2% of the

patients with type 1 ROP were diagnosed as having zone 1 ROP.

Approximately 95.5% patients in the type 1 ROP group were

diagnosed as having stage 3 ROP compared with 14.3% in the

mild ROP group. Only the type 1 ROP group included patients

with ROP plus disease (90.9%).
Serum levels of inflammatory cytokines

The serum levels of all the 40 cytokines were measured at

baseline, 2 weeks, and 4 weeks for each patient in the three

groups (Supplementary Tables S2–S4). The tables list the median

and the interquartile range and the mean and standard deviation

of all measured serum cytokine for the three groups. Table 2

presents the serum cytokines that showed significant changes

from baseline levels at either 2 or 4 weeks.

In the type 1 ROP group (Table 2), the serum level of ICAM-1

decreased significantly (p < 0.05) at 4 weeks compared with the

baseline level. A significant and continual reduction was noted in

the level of TNFR-2 at 2 weeks (median, 6,862.43 pg/ml;

interquartile range, 6,038.01–7,897.22 pg/ml; p = 0.0246) and 4

weeks (median, 6,524.56 pg/mL; interquartile range, 5,412.89–

7,829.56 pg/ml; p = 0.0025) compared with the level at baseline.

By contrast, the serum level of GM-SCF increased significantly at
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TABLE 1 Demographic characteristics of premature infants (N = 50).

Variables No ROP
(n = 14)

Mild ROP
(n = 14)

Type 1 ROP
(n = 22)

P-values

Male gender, n (%) 7 (50.0) 8 (57.0) 14 (64.0) P = 0.72

Gestational age, weeks (mean ± SD) 31.15 ± 1.72[A] 26.68 ± 1.58[B] 26.10 ± 2.20[B] P < 0.05*

Birthweight, g (mean ± SD) 1,163.14 ± 248.53[A] 871.57 ± 206.79[B] 846.36 ± 322.03[B] P = 0.002*

Baseline post-menstrual age, weeks (mean ± SD) 35.06 ± 1.47 35.69 ± 1.22 36.42 ± 2.19 P = 0.0581

Premature Comorbidities
Sepsisa, n (%) 3 (21.0)[A] 10 (71.0)[B] 10 (45.0)[B] P = 0.031*

IVH, n (%) 9 (64.0) 3 (21.0) 11 (50.0) P = 0.079

RDS, n (%) 11 (79.0)[A] 14 (100.0)[B] 22 (100.0)[B] P = 0.037*

NEC, n (%) 1 (7.0) 2 (14.0) 2 (9.0) P = 0.86

BPD, n (%) 6 (43.0)[A] 13 (93.0)[B] 20 (91.0)[B] P = 0.002*

Surfactant use, n (%) 4 (29.0) 6 (43.0) 14 (64.0) P = 0.12

ROP, retinopathy of prematurity; IVH, intraventricular hemorrhage; NEC, necrotizing enterocolitis; RDS, respiratory distress syndrome; BPD, bronchopulmonary dysplasia.

*Statistical significance shown at p < 0.05.

[A, B, C]: Inter-group comparisons using post hoc test; different (or the same) letters represent significant (or insignificant) statistical differences.
aDefined as the clinical syndrome in which the included infant manifested systemic signs of infection: The presence of at least two of core body temperature (<36 or >38.5),

tachycardia or bradycardia, increased respiratory rate and leukocyte count for age.
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4 weeks (median, 87.18 pg/m; interquartile range, 39.94–116.00 pg/

ml; p = 0.0425) compared with the baseline level (median, 50.82 pg/

ml; interquartile range, 0.00–80.44 pg/ml). The serum level of

GCSF in the type 1 ROP group decreased significantly at 2 weeks

(median, 8.23 pg/ml; interquartile range, 4.00–22.72 pg/ml;

p = 0.0035) but not at 4 weeks.

In the mild ROP group (Table 2), no significant change (from

baseline) was noted in the serum level of any of the 40 cytokines at

2 or 4 weeks. In the control group (Table 2), the serum level of IL-5

increased significantly at 2 weeks (median, 87.18 pg/ml;

interquartile range, 39.94–116.00 pg/ml; p = 0.0425). However, the

serum levels of IL-15, IL-12p40, and TNF-α increased

significantly only at 4 weeks.
Comparison of the changes in the serum
levels of inflammatory cytokines among the
three groups

We investigated whether the changes (from baseline) in the

serum levels of all 40 inflammatory cytokines varied across the

groups (Supplementary Table S5). No significant difference was

noted among the three groups in the changes in serum levels at

2 or 4 weeks. Therefore, no distinct change or fluctuation in the

serum level of any of the 40 cytokines predicted the development

or severity of ROP.
Factors associated with the changes in the
serum levels of inflammatory cytokines

We used a GEE to investigate the association of demographics,

ROP, and comorbidities with the changes in the serum levels of

inflammatory cytokines (Supplementary Table S6). The following

inflammatory cytokines that exhibited significant changes in their

serum levels were included in the model for comparison: GCSF,

GM-CSF, IL-12p40, IL-15, ICAM-1, IL-5, TNF-α, and TNFR2.
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Table 3 lists factors that were significantly associated with the

changes in serum cytokine levels. At 2 weeks, zone 1 ROP was

associated with increases in the serum levels of GM-CSF (p =

0.0184) and IL-5 (p = 0.0064). RDS was associated with an

increase in the serum level of IL-15 (p = 0.0437) at 2 weeks.

Furthermore, reductions in the serum levels of inflammatory

cytokines at 2 weeks were associated with certain factors. Larger

baseline PMA at treatment was associated with significant

reductions in the serum levels of ICAM-1 (p = 0.0394) and

TNFR2 (p = 0.0044) at 2 weeks. Both zone 1 and stage 3 ROP

were associated with a reduction in the serum level of

TNFR2 (p = 0.0350 and p = 0.0290, respectively). Zone 1 ROP

was associated with a reduction in the serum level of ICAM-1

(p = 0.0171) at 2 weeks.

No risk factor was significantly associated with elevated serum

levels of inflammatory cytokines at 4 weeks. However, we identified

factors that were significantly associated with reduced serum levels

of inflammatory cytokines at 4 weeks. Zone 1 ROP was associated

with reductions in the serum levels of ICAM-1 (p = 0.0168) and

TNFR2 (p < 0.0001) at 4 weeks. A reduction in the serum

level of ICAM-1 was associated with RDS (p < 0.0001) and sepsis

(p = 0.0457). Furthermore, a diagnosis of NEC was significantly

associated with reductions in the serum levels of IL-5 (p = 0.0485),

IL-15 (p = 0.0383), and TNF-α (p = 0.0325) at 4 weeks.
Discussion

In this prospective study, we measured the serum levels of 40

inflammatory cytokines in the type 1 ROP, mild ROP, and

control groups. The serum levels of various inflammatory

cytokines exhibited significant changes (compared with the

baseline levels) in the type 1 ROP and control groups. The mild

ROP group did not exhibit significant changes (from baseline) in

the serum level of any of the 40 cytokines at any time point. The

changes in the serum levels of the 40 inflammatory cytokines did

not vary significantly across the groups. This finding indicated
frontiersin.org
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TABLE 2 Serum cytokines with significant changes from baseline levels at either 2 weeks or 4 weeks in each group.

Serum cytokines/time Type 1 ROP (N = 22) Mild ROP (N = 14) No ROP (N = 14)

Median (range), pg/ml P-value Median (range), pg/ml P-value Median (range), pg/ml P-value

GCSF
Baseline 19.05 (4.85–49.40) N/A 21.15 (8.48–29.53) N/A 17.73 (5.24– 26.97) N/A

2 weeks 8.23 (4.00–22.72) 0.0035* 16.20 (7.80–25.91) 0.9515 10.91 (5.47–24.92) 0.6698

4 weeks 11.58 (3.07–22.20) 0.1756 10.77 (7.31–20.29) 0.5416 11.60 (4.37–30.68) 0.8552

GMCSF
Baseline 50.82 (0.00–80.44) N/A 72.10 (41.09–100.47) N/A 46.43 (9.75–63.80) N/A

2 weeks 63.23 (10.22–104.45) 0.2413 51.39 (30.64–111.36) 0.9515 43.11 (31.10–59.27) 1.0000

4 weeks 87.18 (39.94–116.00) 0.0425* 89.54 (54.92–119.84) 0.4631 38.37 (14.42–60.27) 0.7148

ICAM
Baseline 3,340.34 (2,881.95–3,682.14) N/A 3,183.31 (2,841.07–3,580.39) N/A 3,115.91 (2,609.25–3,303.06) N/A

2 weeks 3,316.03 (2,878.72–3,671.71) 0.3843 3,146.19 (2,878.19–3,375.04) 0.8552 2,951.35 (2,727.46–3,530.23) 0.7148

4 weeks 3,308.47 (2,795.24–3,557.26) 0.0467* 2,947.40 (2,511.12–3,328.47) 0.0906 3,097.31 (2,595.47–3,463.40) 0.9515

TNFR2
Baseline 7,383.83 (6,771.80–8,371.63) N/A 7,200.44 (6,309.92–8,558.88) N/A 7,302.48 (6,063.24–8,191.01) N/A

2 weeks 6,862.43 (6,038.01–7,897.22) 0.0246* 7,279.81 (7,151.04–8,056.21) 0.8552 7,541.94 (5,883.88–7,908.38) 0.8552

4 weeks 6,524.56 (5,412.89–7,829.56) 0.0467* 7,279.81 (7,151.04–8,056.21) 0.1937 7,042.34 (6,512.13–7,792.94) 0.8552

IL12p40
Baseline 14.97 (7.26–20.25) N/A 9.05 (4.79–18.19) N/A 11.48 (5.42–25.99) N/A

2 weeks 12.79 (4.69–17.68) 0.1951 17.33 (10.54–25.20) 0.2676 17.29 (9.02–25.63) 0.3910

4 weeks 15.27 (7.46–22.98) 0.1342 17.31 (7.93–27.26) 0.3258 22.44 (13.63–27.73) 0.0419*

IL15
Baseline 1.43 (0.69–4.00) N/A 1.28 (0.62–2.16) N/A 0.99 (0.43–1.58) N/A

2 weeks 1.58 (0.73–4.23) 0.9599 0.62 (0.25–0.87) 0.8926 1.01 (0.38–2.27) 0.5016

4 weeks 2.08 (0.66–4.53) 0.9625 1.48 (0.67–3.41) 0.3258 1.22 (0.62–3.17) 0.0295*

IL12p40
Baseline 14.97 (7.26–20.25) N/A 9.05 (4.79–18.19) N/A 7,302.48 (6,063.24–8,191.01) N/A

2 weeks 12.79 (4.69–17.68) 0.1951 17.33 (10.54–25.20) 0.2676 7,541.94 (5,883.88–7,908.38) 0.8552

4 weeks 15.27 (7.46–22.98) 0.1342 17.31 (7.93–27.26) 0.3258 7,042.34 (6,512.13–7,792.94) 0.8552

IL5
Baseline 12.23 (7.94–21.93) N/A 12.35 (8.69–17.34) N/A 7.28 (4.13–14.39) N/A

2 weeks 13.48 (6.55–24.05) 0.7897 10.63 (3.24–15.48) 0.5830 10.57 (5.76–15.47) 0.0353*

4 weeks 16.73 (11.99–45.26) 0.2870 14.05 (8.59–25.78) 0.6257 9.84 (5.58–18.55) 0.2439

TNFα
Baseline 3.96 (1.29–6.57) N/A 3.89 (2.71–4.83) N/A 2.96 ± 3.59 N/A

2 weeks 4.25 (1.45–7.00) 0.6261 3.77 (2.11–5.56) 0.6698 3.50 ± 3.64 0.3575

4 weeks 3.73 (2.53–7.24) 0.9375 5.75 (3.60–7.13) 0.2166 6.09 ± 9.91 0.0479*

P-value was evaluated by Wilcoxon signed-rank test (compared to baseline).

*Statistical significance shown at p < 0.05.
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that the changes in serum cytokine levels from baseline could not

predict the development or severity of ROP. GEE results revealed

that zone 1 ROP, stage 3 ROP, older baseline PMA, RDS, NEC,

and sepsis were associated with increases or decreases in the

serum levels of GM-CSF, IL-5, IL-15, ICAM-1, TNF-α, and

TNFR-2 in premature infants.

Despite recent advances in medical research (20), clinical

biomarkers that can facilitate the early diagnosis or timely

management of ROP remain to be identified. Under similar

clinical conditions, how and why ROP progresses to a more

severe stage in some infants but regresses in other infants

remains unknown. Systemic factors were postulated to be

responsible for this phenomenon. Thus, various systemic

predictors of ROP, such as neonatal illness severity scores, have
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been identified (21, 22). Many biomarkers associated with ROP

and systemic conditions have been extensively researched, but

their clinical application depends on the accessibility and

availability of rapid detection methods. Measuring serum

cytokine levels is feasible and can be used to predict ROP

severity and systemic conditions. For instance, our findings

suggest that decreased levels of certain cytokines, such as ICAM-

1, may be indicative of zone 1 ROP, sepsis, and RDS. However,

further studies are necessary to validate the utility of these

cytokines as biomarkers.

Compared with baseline findings, significant changes were

observed in the levels of certain cytokines at 2 or 4 weeks in the

study groups. Cytokines are involved in immune cell recruitment

and activation, angiogenesis regulation, cell proliferation, and
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TABLE 3 Summary of factors significantly associated with serum
cytokines changes according to GEE analysis.

Time/factors Increased levels of
serum cytokines

Decreased levels of
serum cytokines

Week 2
Zone 1 ROP GMCSF (p = 0.0184),

IL-5 (p = 0.0064)
TNFR2 (p = 0.0350)

Stage 3 ROP – TNFR2 (p = 0.0290)

RDS IL-15 (p = 0.0437) –

Larger PMA (weeks) – TNFR2 (p = 0.0044),
ICAM (p = 0.0394)

Week 4
Zone 1 ROP – ICAM (p = 0.0168),

TNFR2 (p < 0.0001)

RDS – ICAM (p < 0.0001)

Sepsis – ICAM (p = 0.0457)

NEC – IL-15 (p = 0.0383),
IL-5 (p = 0.0485),
TNFα (p = 0.0325)

GEE, generalized estimating equation; ROP, retinopathy of prematurity; NEC,

necrotizing enterocolitis; RDS, respiratory distress syndrome; BPD,

bronchopulmonary dysplasia.
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apoptosis (23, 24). Depending on the target cell and timing of

action, cytokines can exert pro- or anti-inflammatory effects. In

their population study, Sood et al. (2010) observed a coordinated

pattern change in the levels of six inflammatory markers and two

growth factors in ROP (25). Moreover, they reported more

prominent changes in blood samples collected during the late

postnatal period than in those collected during the early

postnatal period (25). In this study, we analyzed changes in the

serum levels of inflammatory cytokines over a month of ROP

treatment or screening to adjust for the bias resulting from the

measurement of cytokine levels only at a single time point. Our

findings are representative of real-world conditions wherein

systemic cytokine levels fluctuate in a manner consistent with the

complex interplay between disease activity and protein function.

Certain cytokines, including GCSF, GMCSF, ICAM-1, TNF-α,

IL-5, IL-15, and IL-12p40, showed significant changes at 2 or 4

weeks compared to baseline levels. GCSF, a regulator of

hematopoiesis and immunity, induces angiogenesis and upregulates

VEGF production indirectly by increasing the synthesis of IGF-1

molecules (26–29).. The vitreous level of GCSF was significantly

higher in infants with ROP than in those without ROP (30). After

the intravitreal injection of anti-VEGF agents, the serum levels of

GCSF decreased gradually in our type 1 ROP group. GMCSF, a

similar growth factor, facilitates immune cell maturation and

cytokine production (31). The role of GMCSF in ROP is not yet

studied extensively, but inflammatory mediators are implicated in

ROP risk (3, 8). TNFR2 contributes to neural survival and

vascular development (32, 33). In our study, the serum level of

TNFR2 decreased significantly in the type 1 ROP group at 4

weeks. A possible explanation for this finding is that TNFR2

exerts a protective effect on the retina during the early stage of

ROP, which leads to the high expression and secretion of

TNFR2. This, in turn, promotes hypoxia-induced revascularization

in patients with ROP (33).
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Our findings revealed significant increases (compared with

baseline levels) in the serum levels of IL-12p40, IL-15, and TNF-

α in the control group at 4 weeks. However, GEE revealed no

significant association between the 40 inflammatory cytokines

and the presence of ROP or comorbidities at week 4. Therefore,

the observed increase in the cytokine levels of the control group

may be attributed to other factors, such as negative feedback

mechanisms against intrinsic inflammatory processes, changes in

medication or treatment regimens, and other systemic conditions

(34–36). Future studies are warranted to investigate the

mechanisms underlying our observations.

The comparison of the changes in serum cytokine levels among

the three groups did not reveal a discernible pattern, indicating that

the magnitude of changes in systemic cytokine levels is not a

reliable parameter for differentiation among the three groups.

However, certain cytokines that would exhibit significant changes

might not have been included in the current analysis; these

cytokines would still contribute to the onset and progression of

ROP. Thus, these cytokines should be investigated as potential

treatment targets. Although systemic cytokine changes alone

may not serve as a reliable predictor of ROP risk, the

identification of specific cytokines that are significantly altered

may still hold promise for advancing our understanding and

management of ROP.

Correlation analysis revealed significant associations between

certain ROP or comorbidities and the changes in the serum

levels of inflammatory cytokine at 2 and 4 weeks. Zone 1 ROP

was associated with most of the changes in the serum levels of

cytokines, including increases in GM-CSF and IL-5 levels and

decreases in ICAM-1 and TNFR2 levels. This finding implies that

hematopoietic factors (e.g., GM-CSF and IL-5; also known as β

common chain cytokines) involved in regulating the growth and

differentiation of immune cells (37) may contribute to

inflammatory conditions associated with severe ROP. In an in

vivo study, these cytokines were demonstrated to regulate various

inflammatory responses and contribute to chronic inflammation

(37). Although we found no association between IL-5 level and

ROP, elevated IL-15 levels were found to be significantly

associated with RDS. Agouridakis et al. (2002) reported a

positive correlation between the serum level of IL-15 and the

severity of acute RDS (assessed using the Acute Physiology and

Chronic Health Evaluation II score). This finding suggests that

the evaluation of IL-15 level can help screen patients at risk of

RDS, thus facilitating the estimation of ROP risk, given a likely

correlation between RDS and ROP (38, 39).

Our findings may suggest a protective role of TNFR2 against

ROP. At week 2, the reduction in the serum level of TNFR2 was

correlated with zone 1 and stage 3 ROP. This finding is

consistent with those of studies reporting the role of TNFR2 in

promoting hypoxia-induced revascularization without increasing

pathological neovascular tufts (33). TNFR2 exhibited combined

anti-inflammatory and neuroprotective properties (40, 41). The

reduced (from baseline) serum level of ICAM-1 at week 4 was

significantly associated with zone 1 ROP, RDS, and sepsis in our

patients. This finding may be attributed to the significant

upregulation of ICAM-1 at the initial stages of systemic
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inflammation. The increased level of ICAM-1 facilitated the

progression of inflammation before the reduction in ICAM-1

level following the treatment of ROP or the control of

systemic diseases (42, 43).

Significant reductions in the serum levels of IL-15, IL-5, and

TNF-α at week 4 were correlated with NEC. This finding

indicates that the levels of these cytokines are elevated at baseline

in patients with NEC. Increased TNF-α levels have been reported

in various models of NEC (44). To the best of our knowledge,

no study has reported a direct association of IL-5 or IL-15 with

NEC; nonetheless, recent studies have indicated an association

between the expression of inflammatory genes related to the

interleukin pathway and NEC in neonates (45, 46). Although the

precise roles of these interleukins are currently unknown, the

expression of IL-5- or IL-15-related inflammatory genes and the

development of NEC in neonates may be associated. Further

studies are necessary to fully comprehend the nature and

significance of this association.

The Quantibody Human Inflammation Array and traditional

Enzyme-Linked Immunosorbent Assay (ELISA) are both

methods for detecting and quantifying inflammatory factors in

biological samples. However, they have different advantages and

limitations. Quantibody can measure multiple analytes at once,

which increases the throughput, reduces the sample volume

requirement, and lowers the cost per assay. Traditional ELISA,

on the other hand, can only measure one analyte at a time,

but it is a more established and widely used technique for

measuring specific analytes in a more focused way. Therefore,

the choice between them depends on the research or

diagnostic objectives (47).

This study has several limitations. The levels of cytokines may

vary considerably among individuals. Moreover, medications used

in neonatal care, genetics, steroid administration, fetal growth

retardation, early or late onset infections, nutritional status and

environmental factors may affect cytokine levels. To minimize

this variability, we measured cytokine levels in individuals over

time. Nevertheless, other unaccounted factors, which were

difficult to control at this stage, may require stratification in

future studies. Although the difference was not statistically

significant, the proportion of the patients with sepsis was higher

in the mild ROP group than in the type 1 ROP group. This

observation can be attributed to the clinical criteria used to

define sepsis in our study, which reflected real-world situations

but might have affected the findings. The small sample size of

the study may have impacted the statistical power, which can

limit the ability to detect statistically significant associations. In

addition, the willingness of parents to have their infants

participate in the study, which involved biweekly blood draws for

premature infants, may have influenced the composition of the

ROP groups and might have led to a higher proportion of

patients with type 1 ROP. However, the use of a GEE model

addresses this concern by considering the within-subject

correlation and maximizing the information available from the

data. It is important to note also although GEE model helps in

adjusting for confounders, it cannot completely eliminate the

impact of different characteristics, such as GA and BW, on the
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results. Interpretation of the findings should still consider the

potential influence and based on real clinical situation. In

addition, the serum levels of cytokine may not always accurately

reflect the degree of inflammation in target organs and thus may

not provide a complete overview of immune processes involved

in ROP (48). Nevertheless, monitoring gradual changes in the

serum levels of cytokines may provide valuable insights into the

complex interplay between immune processes and ROP

pathogenesis. Nonetheless, these associated serum cytokines can

only serve as viable biomarkers if we can enhance our

understanding of quantification data and establish a clear

demarcation between normal and abnormal levels in future studies.
Conclusions

Our findings revealed significant changes in the serum levels of

certain inflammatory cytokines in patients with type 1 ROP and

infants without ROP. However, no significant difference was

noted in the changes in cytokine level among the three groups,

suggesting that this parameter (changes in the serum levels of

inflammatory cytokines) by itself cannot predict the development

or severity of ROP. Additional studies are needed to investigate

the association between the serum levels of inflammatory

cytokines and the development or severity of ROP and to

identify the clinical applications of these cytokines.
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