
Vol.: (0123456789)
1 3

https://doi.org/10.1007/s10792-022-02576-z

ORIGINAL PAPER

Systemic biomarkers of retinopathy of prematurity 
in preterm babies

Parrina Sehgal · Subina Narang · Deepak Chawla · 
Seema Gupta · Suksham Jain · Unnati Sharma · 
Deeksha Katoch · Jasbinder Kaur

Received: 22 April 2022 / Accepted: 12 November 2022 
© The Author(s), under exclusive licence to Springer Nature B.V. 2022

of 35 babies who developed treatable ROP and 
‘Group B’ comprising of 36 babies with regressed 
ROP or no ROP. The evaluation of blood and urine 
samples was done for IL6, IL8 and VEGF by solid-
phase sandwich RayBio® Human ELISA kit.
Results The median serum values for IL-6, IL-8 
and VEGF in Group A and Group B were 5.8  pg/
ml (IQR 1.5,128.5) and 8.7  pg/ml (IQR 1.5,30.5), 
55.9  pg/ml (IQR 28.0, 392.9) and 27.0  pg/ml (IQR 
20.5,444.9) and 26.6  pg/ml (IQR 6.3, 39.4) and 
30.0  pg/ml (IQR9.2,70.3), respectively. Group A 
had significantly increased levels of IL-8 (p < 0.05). 
However, AUROC curve for serum IL-8 demonstrated 
suboptimal discriminating ability.
Conclusion Babies developing ROP requiring 
treatment had significantly increased levels of IL-8 in 
the serum at the time of initial screening. However, it 
could not serve as predictor for treatable ROP.

Keywords ROP inflammatory biomarkers · 
Biomarkers in blood · Biomarkers in urine · VEGF 
levels · IL-8 levels · IL-6 levels

Introduction

Retinopathy of prematurity (ROP) is a vaso-prolifer-
ative disorder of the developing retina and is a major 
cause of acquired childhood blindness [1].The world-
wide incidence of ROP varies from 20 to 51.9% [2, 
3]. Up to 15% of screened babies progress to develop 

Abstract 
Purpose Retinopathy of prematurity (ROP) 
progression is an inter-play of various perinatal and 
neonatal angiogenic and inflammatory cytokines. 
A small subset of ROP progresses to ROP requiring 
treatment. The present study was conducted with the 
aim to determine whether levels of IL-6, IL-8 and 
VEGF in serum and urine at the time of first ROP 
screening visit could be a biomarker for the prediction 
of development of treatable ROP.
Method Prospective single-center observational 
study of preterm babies screened for ROP. Blood 
and urine samples were collected as a part of routine 
sampling at initial ROP screening visit and stored 
at −80  °C for further processing. The babies were 
followed up and grouped into ‘Group A’ comprising 
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treatable ROP [4]. It is estimated that around 14.5 
million children are born prematurely every year 
worldwide, out of which 1,84,700 children develop 
any stage of ROP. Of these, 20,000 suffer blindness or 
severe visual impairment.1In high-income countries 
where most of the babies have access to high-quality 
neonatal care, ROP-associated blindness is uncom-
mon. On the other hand, developing countries have 
not only the highest number of preterm births but also 
suboptimal infrastructure and capacity to screen these 
babies.

ROP is a biphasic disease consisting of an initial 
phase of blunted vascular growth characterized by 
low vascular endothelial growth factor (VEGF) and 
insulin-like growth factor (IGF-1) levels followed 
by a second phase of vaso-proliferation with an 
increase in VEGF and other pro-angiogenic markers 
[5]. Angiogenesis, the fundamental process involved 
in the development of retinal vasculature, is tightly 
regulated by a complex network of various factors 
in a time-dependent fashion. Although inflammatory 
cytokines can modulate angiogenesis [6, 7], their role 
in triggering the dysregulated angiogenesis in ROP 
has not been fully understood. Recent evidence sug-
gests that prenatal, perinatal, and post-natal inflam-
mation might contribute to a gradual increase in the 
risk for ROP [7]. Upregulation of pro-inflammatory 
cytokines is seen in hypoxic neonatal retina in rats 
[8].Cytokines such as IL-1β, TNF-α, and IL-6 act as 
primary initiators of inflammation following infection 
or tissue damage with cytokine receptor activation 
leading to downstream upregulation of effector mol-
ecules such as chemokines. Some of the chemokines 
studied for ROP pathophysiology include IL-8, IL6, 
monocyte chemotactic protein-1, and interferon-
inducible T-cell alpha chemoattractant (I-TAC).

IL-8 has been implicated in both inflammation and 
pathological neovascularization in the eye [7, 9]. In 
adults, IL-8 is seen to play a major role in inflamma-
tion and angiogenesis in cornea, conjunctiva, iris and 
retina [9].

There is the scant literature on the inflamma-
tory cytokines in ROP. The present study was con-
ducted to determine whether the levels of IL-6, IL-8 
and VEGF levels, in the serum and/or urine, at ini-
tial ROP screening of babies [10], could predict the 
development of ROP requiring treatment as per 
ETROP criteria (Type1 ROP) [11]. We hypothesized 
that serum inflammatory interleukins and VEGF at 

initial screening could have a role in progression to 
treatable ROP. We also hypothesized that urine analy-
sis could act as a surrogate marker for the serum lev-
els of these markers.

Material and methods

This was a hospital-based, institution review board 
(IRB) approved, prospective observational study 
involving preterm babies done between January 
2020 and October 2020. Eligible neonates were 
enrolled after obtaining a written informed con-
sent from the parents. The preterm babies with birth 
weight ≤ 2000 g and gestational age ≤ 34 weeks who 
were screened for ROP   [10] were eligible for enroll-
ment. We excluded neonates with major congenital 
abnormalities, hydrocephalus, necrotizing enterocol-
itis, periventricular leukomalacia, any evidence of 
TORCH infection or babies born to a mother with 
gestational metabolic diseases or TORCH infection.

A detailed history was taken and gender, gesta-
tional age, post-conception age, birth weight, dura-
tion of ventilation, multiplicity, any existing co-mor-
bidities or congenital abnormality were recorded. 
Enrolled babies were screened for ROP by an oph-
thalmologist (SN) with more than 20 years of experi-
ence in managing ROP. At the time of first screening 
for ROP, i.e., 3–4 weeks of post-natal age, three ml of 
blood samples was collected as part of routine sam-
pling. After centrifugation, the serum was separated 
and stored at −80  °C. Five ml of urine sample was 
also collected into a sterile or disposable container 
and stored at −80  °C. The screening examination 
was conducted under topical anesthesia (2% propa-
racaine) using a + 20 D lens, an indirect ophthalmo-
scope, a pediatric eye speculum and a wire Vectis 
for globe rotation. The exact stage and zone of ROP 
along with the presence of plus disease were recorded 
as per ICROP classification [12]. Preterm neonates 
were screened and followed up till the development 
of treatable ROP as per the ETROP study [11] (Type1 
ROP requiring treatment) or till complete vasculariza-
tion till ora-serrata or till 45 weeks of post-menstrual 
age. The mean time gap between the sampling and 
treatment was 4 weeks.

Group A (n = 35) comprised of the neonates who 
developed ROP needing treatment in either eye 
(type 1 ROP) at any time during study. Group B or 
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the control group (n = 36) comprised of gestational 
age-matched neonates from the remaining cohort, 
who did not develop ROP needing treatment in both 
the eyes (type 2 ROP or no ROP). For the purpose 
of classification as case or control, the worst stage of 
ROP in either eye was considered.

Outcome measurement

Quantitative analysis of systemic IL-6, IL-8 and 
VEGF was done in batches by solid-phase sandwich 
ELISA technique. The IL-6 and IL8 levels were 
measured using DIACLONE IL-6/IL8 ELISA kit. 
VEGF level was assessed using RayBio®  Human 
VEGF-A ELISA kit. Readings were taken using 
Tecan’s Magellan™ universal ELISA reader. The 
minimum detectable concentration was 2  pg/ml, 
29  pg/ml and 10  pg/ml for IL-6, IL-8 and VEGF, 
respectively. Intra-assay and inter-assay coefficient 
of variation (CV %) for all parameters was < 10% in 
all the kits. The data collected were analyzed, and 
expression of biomarkers in blood and urine samples 
was determined.

Statistical analysis

The sample size in the study was calculated to detect 
differences in the main outcome measure, that is, IL-6 
in the study. In the study by Silveira et al., IL-6 lev-
els were reported to be 72 ± 172  pg/ml in neonates 
without ROP and 302 ± 1583 in neonates with severe 
ROP[13]. To detect at least twofold increase in levels 
of IL-6 with 80% power and two-sided alpha error of 
5%, 35 neonates were required to be enrolled in each 
group.

Data were collected in an Excel database (Micro-
soft office 2019; Microsoft Inc). Data analysis was 
performed using Stata 16.1 (College Station, TX). 
Depending on distribution, numerical data were 
analyzed using t test or Mann–Whitney U Test. Cat-
egorical data were analyzed using chi-square test 
or Fisher exact test. Correlation was analyzed using 
Spearman’s correlation coefficient. P value < 0.05 was 
considered as significant. Receiver operating charac-
teristic (ROC) curves were analyzed for all cytokines 
studied. Once the final diagnosis of ROP was made 
by indirect ophthalmoscopy, the cutoff point for each 
cytokine was detected and the best cutoff point of 

each cytokine was then used to compare Group A and 
Group B.

Results

A total of 249 neonates were screened for ROP during 
the study period. Of these, 78 neonates fulfilled the 
inclusion criteria. Seven babies were excluded based 
on predefined criteria. (Fig. 1). Of the 35 babies with 
ROP, Zone 1 (A-ROP in 7) and Zone II (AROP in 6) 
ROP was seen in 7 and 28 eyes, respectively. Stage 
2, Stage 3, Stage 4 A, and Stage 5 ROP was seen in 
7, 11, 2, 2 babies, respectively. The babies with stage 
4 and 5 were those who had missed their screening 
visits due to lock down during COVID-19 pandemic. 
All babies had symmetrical ROP. As neonates eligible 
to be enrolled as controls were not available as 
gestation matching pairs, we enrolled neonates from 
the available cohort of neonates without ROP. Thirty-
six neonates who did not develop treatable ROP were 
included as controls. Of these, 24 developed type 2 
ROP which regressed spontaneously and 12 did not 
develop any ROP. All the neonates with ROP had 
symmetrical disease in both eyes.

In comparison to controls, the cases had lower 
birth weight (1309 ± 244  g vs. 1524 ± 297  g) 
and smaller gestational age (30.2 ± 1.8  weeks vs. 
32.0 ± 1.5 weeks). Cases were more likely to have res-
piratory distress syndrome (86% vs. 33%) and needed 
longer duration of respiratory support including oxy-
gen, CPAP, and invasive ventilation (Table  1). The 
blood and urine samples were collected at the time of 
first screening examination. The post-conceptual age 
(PCA) at the time of sample collection in cases and 
controls was 34.8 ± 3.1  weeks and 36.0 ± 1.7  weeks, 
respectively.

The details of the level of biomarkers are given in 
Table 2. Serum IL-6 and VEGF levels were similar in 
cases and controls. However, serum IL-8 levels were 
significantly higher in cases (median [IQR]: 55.9 
[28.0 to 392.9] vs. 27.0 [20.5 to 441.9], P = 0.048). 
Levels of all the three markers were comparable in 
urine. The area under the ROC curve (AUROC) for 
serum IL-8 predicting case vs control was 0.636 (95% 
CI: 0.501–0.771), thus demonstrating poor diagnostic 
performance (Figs. 2, 3, 4).

IL-6 levels in serum showed positive correlation 
with IL-8 levels in serum, (p = 0.002). For every 
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1 unit increase in IL-6 (serum), the IL-8 (serum) 
increased by 2.32 units. Also, moderate positive cor-
relation was seen in IL-8 in serum with IL-6 level in 
urine (p = 0.06). IL-8 in urine showed positive cor-
relation with VEGF level in urine (p = 0.049). Both 
IL-8 and IL-6 levels had a positive effect on each 
other. If the level of one increased, levels of other 

parameters increased in concentration in both serum 
and urine.

In controls, positive correlation of IL-6 level 
in serum was seen in association with IL-8 level 
in serum (p = 0.075) and VEGF level in serum 
(p = 0.041). Urinary levels of IL-6 increased as IL-8 
and VEGF in urine increased (p = 0.04 and p = 0.4). 

Fig. 1  Flow diagram of the study
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With rise in IL-8 in urine, rise in VEGF level in urine 
was seen in the control group (p = 0.046).

Association of stages and zones with biomarkers 
was also studied, and it was seen that higher levels 
of IL-6 and IL-8 in serum were present with 

increasing stages of the disease. VEGF level in 
serum and urinary levels of each biomarker showed 
no significant difference between various stages and 
zones, but values of IL-8 level in urine were higher 
as compared to other parameters.

Table 1  Neonatal characteristics in cases developing treatable ROP and controls

S.No Factor Cases (n = 35) Controls (n = 36) p value Test
35 36

1 Birth weight, mean (SD) 1309 (241) 1524(297) 0.001 Two sample t test
2 Gestational age at birth, mean (SD) 30.2 (1.8) 32.0(1.5)  < 0.001 Two sample t test
4 Male 21(60%) 19 (53%) 0.54 Pearson’s chi-squared
5 Appropriate for gestational age babies 27 (77%) 30 (83%) 0.51 Pearson’s chi-squared
6 Small for gestational age babies 6 (17%) 6 (17%) 0.96 Pearson’s chi-squared
7 Large for gestational age babies 2 (6%) 0 (0%) 0.24 Fisher’s exact
8 Respiratory Distress Syndrome 30 (86%) 12 (33%)  < 0.001 Fisher’s exact
9 Transient tachypnoea of newborn 8 (23%) 2 (6%) 0.036 Pearson’s chi-square
10 Pneumothorax 1(3%) 0 (0%) 0.49 Fisher’s exact
11 Bacterial sepsis (culture positive) 7 (20%) 4 (11%) 0.30 Pearson’s chi-squared
12 Septic shock 3 (9%) 1 (3%) 0.36 Pearson’s chi-squared
13 Jaundice requiring treatment 33 (94%) 28 (78%) 0.05 Pearson’s chi-squared
14 Meningitis 3 (9%) 2 (6%) 0.67 Fisher’s exact
15 Necrotizing colitis stage 2 or more 1 (3%) 0 (0%) 0.49 Fisher’s exact
16 Broncho pulmonary dysplasia 35 (100%) 36 (100%) Fisher’s exact
17 Exchange transfusion 2 (6%) 4 (11%) 0.67 Fisher’s exact
18 PRBC transfusion 3 (9%) 0 (0%) 0.11 Fisher’s exact
19 Oxygen ventilation, median (IQR) 12.0 (10.0,14.0) 1.5 (0.0, 8.0)  < 0.001 Wilcoxon rank-sum
20 Continuous positive airway pressure venti-

lation, median (IQR)
4.0 (1.0, 8.0) 1.0 (0.0, 4.0) 0.004 Wilcoxon rank-sum

22 Total days of ventilation, median (IQR) 19.0 (13.0, 27.0) 3.0 (0.0, 13.0)  < 0.001 Wilcoxon rank-sum

Table 2  The level of serum 
IL-6, IL-8 and VEGF in 
cases and controls

Factor GROUP A
Cases (n = 35)

GROUP B
Controls (n = 36)

p value

Serum IL-6 
median (IQR)

5.8 (1.5, 128.5) 8.7 (1.5, 30.5) 0.43 Wilcoxon rank-sum

Serum IL-8 
median (IQR)

55.9 (28.0, 392.9) 27.0 (20.5, 441.9) 0.048 Wilcoxon rank-sum

Serum VEGF 
median (IQR)

26.6 (6.3, 39.4) 30.0 (9.2, 70.3) 0.081 Wilcoxon rank-sum

Urine IL-6 
median (IQR)

1.5 (1.0, 2.4) 2.2 (1.0,5.5) 0.14 Wilcoxon rank-sum

Urine IL-8 
median (IQR)

26.0 (24.0, 45.5) 25.0(16.8, 31.8) 0.33 Wilcoxon rank-sum

Urine VEGF 
median (IQR)

20.7 (7.4, 46.0) 16.1 (6.8, 55.0) 0.78 Wilcoxon rank-sum
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Correlation between serum and urine levels of 
IL-6 (r = 0.07), IL-8 (r = −0.10) and VEGF in cases 
(r = 0.07) was poor.

Discussion

The pathogenesis of ROP remains a dilemma for the 
treating ophthalmologists. The role of vasculogenesis 
and angiogenesis has been vastly studied in ROP, but 

the inter-play of inflammatory biomarkers causing the 
disease is not well understood [7, 13]. Some studies 
have described the effect of multiple “hits” of expo-
sure from various risk factors, like perinatal inflam-
mation, oxygen supplementation, lower gestational 
birth or neonatal sepsis, on the development of severe 
form of ROP [7, 8]. Despite the documented affirmed 

Fig. 2  AUROC curve for 
IL-8. The area under the 
ROC curve (AUROC) for 
serum IL-8 predicting case 
vs control was 0.636 (95% 
CI: 0.501–0.771), thus 
demonstrating suboptimal 
discriminating ability

Fig. 3  Fundus picture of baby of birthweight 1150  g, 
gestational age of 29 weeks with respiratory distress syndrome 
showing Zone II, Stage 3 ROP with initial screening serum 
IL-6 of 128 pg/ml, IL-8 239 pg/ml and VEGF 6.5 pg/ml

Fig. 4  Fundus picture of baby of birthweight 900  g, 
gestational age of 31  weeks with transient tachypnoea of 
newborn, showing Zone I A-ROP with initial screening serum 
IL-6 of 200  pg/ml, IL-8 2000  pg/ml and VEGF 31.5  pg/ml. 
Figure 4 inset fluorescein angiogram of the same eye showing 
large avascular area extending to zone I
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role of various risk factors in ROP, etiology behind 
the inflammation is still not very clear. In a study by 
Rathi et al., the authors have done quantitative analy-
sis of the cytokines in the tear film and the vitreous 
sample of eyes with severe ROP [14], while Vinekar 
A et  al. studied the status of pro-angiogenic factors 
in the tear fluid of preterm infants with and without 
ROP [15]. However, in the present study, we studied 
the role of inflammatory cytokines in the blood and 
urine samples of babies undergoing ROP screening as 
a predictive tool for the development of severe ROP. 
The determination of systemic inflammatory bio-
markers in babies with ROP could help in the better 
understanding of the disease.

In the present study, the mean birth weight of 
babies developing treatable ROP was 1309 ± 244  g 
and the mean gestational age was 30.2 ± 1.8  weeks 
which was significantly lower than the control group 
(p < 0.001). Birth weight and gestational age are 
major risk factors for ROP. However, the birth weight 
and gestational age in our cohort are higher than 
that reported by the Cryo-ROP study or the ETROP 
study [2, 11]. Lately, ROP has been reported in babies 
with higher birth weight and larger gestational age 
[16, 17]. Among the neonatal morbidity factors, res-
piratory distress syndrome (RDS), longer duration 
of respiratory support including oxygen, CPAP, and 
invasive ventilation were the only risk factors signifi-
cantly associated (p =  < 0.001) with the development 
of ROP which is in concurrence with previous studies 
[17, 18].

In the present study, IL-8 levels in blood were sig-
nificantly raised in cases (55.9 pg/ml) in comparison 
to controls (27 pg/ml). The levels were much higher 
than the normal values as seen in healthy neonates 
where IL-8 in serum has been found to be in the 8- 
21.1 pg/ml range [19]. There were other factors like 
respiratory distress syndrome, CPAP which could 
also be the contributing factors for IL8, but these are 
established risk factors for ROP.

IL-8 has broad  spectrum effects on neutrophil 
recruitment in inflammation, cell adhesion, honing of 
neutrophils and lymphocytes, tumor growth, angio-
genesis, neuronal protection and brain development. 
The raised levels of IL-8 have been seen in various 
vitreoretinal diseases like retinal vein occlusion, dia-
betic macular edema, age-related macular degenera-
tion, suggesting a common pathway for angiogenesis 
in these diseases [9]. IL-8 has been correlated with 

raised IL-6 levels in numerous eye diseases which 
highlights the role of inflammation in these diseases. 
In the present study also, for every unit increase in 
IL-6 levels, there was 2.32 unit increase in IL-8 lev-
els. This is consistent with earlier studies where the 
levels of IL-6 and IL-8 positively correlate with each 
other in anterior segment diseases with manifest 
inflammation or occult inflammation associated with 
hypoxia [20].

It was also seen that IL-8 levels in serum were 
more as compared to IL-6 levels which might be due 
to short half-life of IL-6 which remains active only 
for the first few days of inflammation. However, the 
levels could not be used as the predictor for disease 
progression and the area under the ROC curve dem-
onstrated poor diagnostic performance.

Sood et al. have studied the role of cytokines with 
perinatal inflammatory response and have observed 
that although IL-6 was significantly associated with 
ROP, the association could only be seen at day 14 
of birth and not thereafter making it a less reliable 
or less specific marker[21]. In the present study, the 
sample was withdrawn once at the time of initial 
screening, which is 3–4 weeks after birth. Sequential 
samples could have given us more information.

The mean value of VEGF in serum of cases 
(30 ± 33  pg/ml) and controls (43 ± 36  pg/ml) was 
comparable (p = 0.08). Lower levels of VEGF in 
infants with ROP compared with infants without ROP 
have been previously documented[15]. Hellgren et al. 
studied the median VEGF concentrations in cord 
blood and concluded that no correlation was present 
between VEGF levels at birth with later develop-
ment of ROP [22]. It was found that serum VEGF 
levels peaked at the first detection of ROP and not 
at the time of laser treatment or proliferative stage 
of ROP. The authors concluded that no significant 
change occurs in the levels of serum VEGF when the 
samples were taken before the treatment or within 
2 weeks after giving treatment. Pieh et al. investigated 
longitudinal VEGF concentrations where they have 
reported no differences in VEGF levels in serum in 
ROP and the control group in a subgroup of patients 
between 32 and 36 weeks of post-menstrual age [23]. 
It has been seen in different studies that various risk 
factors may play a role in keeping sustained high lev-
els of plasma VEGF like bronchopulmonary dyspla-
sia or supplemental oxygen therapy, in the absence of 
which VEGF levels in the blood usually come to low 
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levels in a few weeks[24]. In the present study, we did 
not observe any difference between cases and controls 
in samples collected at 34.8 weeks of PCA which is 
consistent with the two above-mentioned studies. 
There are possibly other serum biomarkers or genetic 
factors which play a role in the development of ROP.

An alternative treatment to laser is desired as even 
in the present era with vast research work being done, 
adequate available treatment of ROP is still associ-
ated with unsuccessful visual outcome and recurrence 
of the disease. As an alternative treatment immune 
targeting of IL-8 by anti-IL-8 cytokines like IL-10 
or medications like cholecalciferol or steroids early 
in life may be studied to prevent the occurrence of 
ROP[9]. Systemic biomarkers analysis can help us in 
targeting concerned biomarker in the early neonatal 
phase so as to avoid the future occurrence of Type 1 
ROP even before screening and can help us in pre-
dicting the babies who are likely to develop a severe 
form of ROP in future.

The main limitation of our study was that we 
could not achieve the exact gestation age matching 
in the two groups as neonates with ROP were of sig-
nificantly lower gestation and this could be the con-
founding factor. Moreover, in the present study, the 
PCA at the time of sample collection in cases and 
controls was 34.8 ± 3.1  weeks and 36.0 ± 1.7  weeks, 
respectively. Neonates of lower gestation who are 
more prone to develop ROP are screened for the first 
time by 3  weeks of post-natal age, while relatively 
mature neonates who would not have developed ROP 
were screened after completing 4 weeks of age. This 
accounts for a difference of about 1 week in the post-
conceptional age. Circulating chemokine can bind to 
neutrophils, and therefore, plasma IL8 may not be a 
true indicator of total IL8 and plasma IL-8 reflects 
only a portion of the total IL-8 blood pool. Moreover, 
there was only one-time assessment of biomarkers. 
The serial longitudinal analysis could have given us 
a better understanding while studying the pattern of 
association.

To conclude, babies requiring treatment requir-
ing ROP had significantly increased levels of IL-8 
which are seen at the time of initial screening. In 
future, IL-8 may be used as a new biomarker or 
therapeutic tool for treatable ROP. More prospective 
studies are required in this direction. If validated by 
further studies, the incorporation of the quantitative 

assessment of IL-8 in blood and urine samples as 
a routine test in premature infants may help predict 
the course of ROP in these infants.
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