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Abstract

Objectives: This study was aimed to investigate the diag-
nostic values of serum levels of asprosin and neutrophil
gelatinase-associated lipocalin (NGAL) in Retinopathy
of prematurity (ROP) and to assess the role of these bio-
markers on the development and progression of the
condition.

Methods: This study was carried out from April 2020 to
February 2021 in the department of ophthalmology of a
tertiary hospital in Turkey. Thirty patients diagnosed with
ROP and 30 healthy newborns were included the study.
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Serum NGAL and asprosin levels were determined via
ELISA.

Results: The median serum NGAL levels were found to be
similar between the ROP group and the control group
(p=0.595). Median asprosin levels were significantly higher in
patients diagnosed with ROP [46.58 (12.70-142.28) ng/mL)]
compared to healthy subjects [13.05 (10.92-17.73) ng/mL]
(p=0.001). The optimal cut-off value of asprosin by ROC
analysis was 30 ng/mL (AUC: 0.754, p=0.001) for diagnosing
ROP. Serum asprosin levels were positively correlated with
serum ALP levels and inversely correlated with gestational
week, uric acid and AST values (all, p<0.005).

Conclusions: Our results demonstrated that asprosin, but
not NGAL, could be a biomarker for the diagnosis of ROP.

Keywords: asprosin; diagnostic; neutrophil gelatinase-
associated lipocalin; prematurity; retina; retinopathy of
prematurity.

Introduction

Retinopathy of prematurity (ROP), also known as retrolental
fibroplasia, is a vasoproliferative retinal disorder that affects
prematurely born infants [1]. The prevalence of ROP varies
globally, from 5 to 8% in developed countries with adequate
neonatological facilities up to 30% in middle-income
developing countries [2]. Despite increased ROP awareness
and advances in neonatal care and management, ROP re-
mains one of the leading causes of childhood blindness
worldwide [3]. Various risk factors, including early gesta-
tional age, low birth weight, infections, and intense oxygen
supplementation in the neonatal unit, have been demon-
strated to contribute to ROP development [4]. However,
precise pathophysiological mechanisms in ROP are yet to be
identified, and there is a continuing need for novel bio-
markers for the early diagnosis and management of retinal
damage in order to prevent adverse outcomes.

The recently discovered asprosin protein was defined as
a fasting-induced glycogenic hormone which is generated
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from C-terminal cleavage of profibrillin (encoded by the
fibrillin-1 gene). Asprosin triggers glucose release from the
liver into the bloodstream via the G-protein-cAMP-PKA
pathway [5]. Studies have reported that asprosin is asso-
ciated with insulin resistance, obesity, inflammation,
polycystic ovarian syndrome and diabetic complications,
including retinopathy and nephropathy [6]. Of note, the
relationship between fibrillin-1 and TGF-beta has been
demonstrated to be a factor contributing to diabetic reti-
nopathy [7], and individuals with fibrillin-1 gene mutation
exhibit Marfan syndrome, which affects skeletal, cardio-
vascular and ocular systems [8]. However, to date no study
has examined the role of asprosin in ROP.

Neutrophil gelatinase-associated lipocalin (NGAL), also
known as lipocalin-2, is a small protein that is secreted by
neutrophils and epithelial cells, and is involved in metabolic
homeostasis, inflammation, immunity and apoptosis [9].
Increased NGAL has been detected in various ocular dis-
eases, including central retinal vein occlusion and idio-
pathic acute anterior uveitis (in aqueous humor), and in
diabetic retinopathy and age-related macular degeneration
(in plasma) [9, 10]. However, the role of serum NGAL levels
in the pathogenesis of ROP remains unclear.

The aim of this study was to investigate the diagnostic
value of serum levels of asprosin and NGAL, and to assess
whether these biomarkers can be associated with the
development and progression of ROP.

Materials and methods

This study was carried out from April 2020 to February 2021 in the
Department of Ophthalmology, Fethi Sekin Hospital, Elazig, Turkey.
Thirty patients diagnosed with ROP and 30 healthy newborns were
included the study. The diagnosis of ROP was made according to the
criteria put forth by the International ROP Classification Committee
[11]. Briefly, after pupils were dilated at 10-min intervals with eye drops
containing 1% tropicamide and 2.5% phenylephrine, ophthalmolog-
ical examinations were performed with a standard binocular indirect
ophthalmoscope (20 and/or 28 dioptric lenses). Ophthalmological
examinations were performed by the same pediatric ophthalmologist
trained specifically in the diagnosis of ROP in the neonatal unit.
Infants with a gestational age of >32 weeks, major congenital
anomalies, chromosomal anomaly, congenital heart disease, mito-
chondrial disease, perinatal asphyxia, those with history of trauma,
sepsis, or cardiac arrest, infants with metabolic disorders that may
affect serum asprosin and NGAL levels, and infants with ocular
conditions other than ROP were excluded from the study. The control
group was selected from newborns that were evaluated as healthy
after screening for prenatal retinopathy and had no disease that could
affect the parameters examined in the study. Demographic and clin-
icopathological features, including gestational age, birth weight,
APGAR score, hospital stay, presence of concomitant disorders, and
need for mechanical ventilation were obtained from the hospital
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record system. All research procedures were evaluated and accepted
by the Research Ethics Committee of Firat University (date: 05/03/
2020, decision no: 2020/05-23) and were conducted in agreement with
the ethical standards specified in the Declaration of Helsinki. Written
and verbal informed consent was obtained from the parents of all
infants included in the study.

Venous blood samples from patients were drawn into standard
serum separator tubes (1-2 days before treatment in the ROP group) and
were centrifuged at 2000 g for 10 min. Since the participants were
newbomns and the ROP group was premature, they had to be fed
frequently, so blood samples could be taken after a 2-h fasting period.
Serum biochemical markers, including glucose, urea, creatinine, uric
acid, albumin, aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), alkaline phosphatase (ALP), sodium, potassium, chloride,
calcium and phosphorus were measured via photometric methods with
an ADVIA 2400 autoanalyzer (Siemens, Munich, Germany). Analysis of
all routine biochemical markers was completed within 1 h of veni-
puncture. Aliquoted serum samples were stored at —80 °C until asprosin
and NGAL analysis. Neonatal hyperglycemia is defined as serum
glucose concentration greater than 150 mg/dL (8.3 mmol/L) [12].

Serum asprosin levels were measured by using a commercially
available human enzyme-linked immunosorbent assay (ELISA) kit
according to the manufacturer’s instructions (Sunred Bioscience,
Catalog N0:201-12-7193, Shanghai, China). The detection range of CgA
assay was 1-300 ng/mL, with <10% intra-assay and <12% inter-assay
coefficient of variations. The minimum measurable level for serum
asprosin was 0.775 ng/mL.

Serum NGAL levels were also measured via an ELISA kit
(Bioassay Technology Laboratory, Catalog No: E1799Hu Shanghai,
China). The measurement range of the NGAL assay was 0.5-600 ng/
mL with coefficient of variation values of <8% (intra-assay) and <10%
(inter-assay) precision. The minimum measurable level for serum
NGAL was 2.01 ng/mL.

Statistical analysis

According to descriptive statistics (effect size Cohen’s d=0.875) in the
study by Wang, Wang et al. [13] sample size of 30 for each group (60 in
total) achieve 90% power at the two-sided 0.05 significance level. Sample
size was calculated by using two-sample t-test power analysis via PASS
11. (Hintze, J. (2011). PASS 11. NCSS, LLC. Kaysville, Utah, USA. www.ncss.
com.). Other analyses were performed on SPSS v25 (SPSS Inc., Chicago,
IL, USA). For the normality check, the Shapiro—Wilk test was used. Data
are given as median (1st quartile - 3rd quartile) for continuous variables
according to normality of distribution and as frequency percentage for
categorical variables. Between groups analysis were performed with the
Mann Whitney U test. Categorical variables were analyzed with the
Fisher’s exact test. Diagnostic performance of the variables was assessed
by Receiver Operating Characteristic (ROC) curve analysis. Spearman
correlation coefficients were calculated to evaluate relationships between
continuous variables. Two-tailed p-values of less than 0.05 were
considered statistically significant.

Results

A total of 30 patients with ROP and 30 healthy individuals
were enrolled in the study. ROP stage was 1 in 8 cases
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(26.7%), 21n 19 cases (63.3%), and 3 in 3 cases (10.0%). The
median gestational age was 27.5 (26—30) weeks in patients
diagnosed with ROP and 39 (38-39) weeks in controls
(p<0.001). There were no infants of diabetic mothers in
either group. Serum glucose and ALP levels were higher
in the ROP group compared to controls (p=0.006 and
p<0.001, respectively). Serum levels of creatinine, uric
acid, albumin, AST, ALT, sodium and chloride were found
to be lower in patients with ROP compared to healthy in-
fants (all, p<0.05). Serum NGAL levels were similar in the
ROP [166.1 (124.18-244.7) ng/mL] and control groups
[134.84 (114.51-300.37) ng/mL] (p=0.595). Asprosin levels

Table 1: Demographics and biochemical results of participants.

Figure1: Serum asprosin level with regard to
groups.

were significantly higher in patients diagnosed with ROP
[46.58 (12.70-142.28) ng/mL] compared to healthy infants
[13.05 (10.92-17.73) ng/mL] (p=0.001) (Figure 1). The de-
mographic and biochemical results are shown in Table 1.

We performed ROC analysis to obtain optimal cut-off
values of asprosin and NGAL for the diagnosis of ROP
(Table 2) (Figure 2). For asprosin level, the area under the
curve (AUC) was 0.754 (95% CI: 0.630-0.879; p=0.001).
The >30 ng/mL cut-off value for asprosin yielded sensitivity
and specificity values of 63.33 and 86.67%, respectively.
There was no diagnostic role for NGAL (AUC=0.460, 95%
CI: 0.309-0.611; p=0.595).

Control (n=30)

Gestational age (weeks)

Glucose, mg/dL

Hyperglycemia (>150 mg/dL)

Urea, mg/dL
Creatinine, mg/dL
Uric acid, mg/dL
Albumin, g/L

AST, U/L

ALT, U/L

ALP, U/L

Sodium, mmol/L
Potassium, mmol/L
Chloride, mmol/L
Calcium, mg/dL
Phosphorus, mg/dL
NGAL, ng/mL
Asprosin, ng/mL

39 (38-39)

67 (57-85)
1(3.3%)

19 (13-24)

0.63 (0.42-0.70)
3.78(2.12-5.27)
36 (33-37)

51 (41-59)

17 (13-20)

168 (119-181)
140 (137-140)
4.90 (4.43-5.16)
109 (107-111)
9.2 (8.9-9.7)
5.79 (4.95-6.33)

166.10 (124.18-244.77)

13.05(10.92-17.73)

ROP (n=30) p-Value

27.5 (26-30) <0.001

83 (76-116) 0.006
5(16.7%) 0.195

16.5 (7.3-27) 0.239

0.28 (0.18-0.41) <0.001
1.70(1.36-3.12) <0.001

30 (28-32) <0.001

29.5 (26-33) <0.001

13 (12-14) 0.028

407.5 (257-467) <0.001

137 (135-138) 0.015

4.96 (4.58-5.28) 0.284

107 (105-108) 0.001

9.65 (9.2-9.9) 0.148

6.06 (5.14-6.37) 0.853
134.84 (114.51-300.37) 0.595
46.58 (12.70-142.28) 0.001

ROP, retinopathy of prematurity; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; NGAL, neutrophil
gelatinase-associated lipocalin. Data are given as median (1st quartile — 3rd quartile) for continuous variables according to normality of

distribution and as frequency percentage for categorical variables. Bold values denote statistical significance at the p<0.05 level.
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Table 2: Diagnostic performance of the NGAL and asprosin levels.
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Table 3: Correlations between NGAL, asprosin and other variables.

NGAL Asprosin NGAL Asprosin

Cut-off >200 >30 NGAL r - 0.234
Sensitivity 40.00% 63.33% p - 0.072
Specificity 70.00% 86.67%  Gestational age r 0.137 -0.385
Accuracy 55.00% 75.00% p 0.295 0.002
PPV 57.14% 82.61% Blood glucose r 0.045 0.242
NPV 53.85% 70.27% p 0.734 0.062
AUC (95.0% ClI) 0.460 (0.309-0.611) 0.754 (0.630-0.879) Urea r -0.026 -0.077
p-value 0.595 0.001 p 0.845 0.561
R R | . . . Creatinine r -0.029 -0.204

NGAL, neutrophil gelatinase-associated lipocalin; PV, positive b 0.825 0117
predictive valu.e; NPV,_negatlve predictive value; AUC, a!re.a under ROC Uric acid r ~0.074 _0.281
curve; Cl, confidence intervals. Bold value denote statistical b 0.572 0.030
significance at the p<0.05 level. Albumin r 0.033 20.162
p 0.802 0.217

Correlation analyses between participants’ demographic ~ AST r -0.095 -0.456
and biochemical characteristics and asprosin and NGAL P 0.470 <0.001
. .. . ALT r 0.076 -0.229

levels were shown in Table 3. No significant correlations b 0.569 0.081
were found between NGAL and other variables (all, p>0.05) 5.p r 0.011 0.319
including asprosin (p=0.072). Serum asprosin levels were p 0.935 0.013
positively correlated with serum ALP levels (r=0.319, Sodium r —0.002 -0.052
p=0.013) and inversely correlated with gestational age _ P 0.988 0.693
(r=-0.385, p=0.002), uric acid (r=-0.281, p=0.030) and AST ' °tassium L g;g gg:i‘
(r=-0.456, p<0.001) levels. Chloride r 0.065 ~0.200
p 0.622 0.125

Calcium r -0.082 0.164

. . p 0.535 0.212
DISCUSSIO“ Phosphorus r -0.039 -0.055
p 0.767 0.678

Both asprosin and NGAL have underlying relationships
with ocular structure and function; therefore, this study
aimed, for the first time, to evaluate serum levels of NGAL
and asprosin in patients diagnosed with ROP, compare

ROC Curve
1.0
08
> 0.6
=
=
7]
c
[
D o4
0.2
0.0
0.0 0.2 0.4 0.6 0.8 10
1 - Specificity

AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP,
alkaline phosphatase; NGAL, neutrophil gelatinase-associated
lipocalin; r, spearman correlation coefficient. Bold values denote
statistical significance at the p<0.05 level.

Source of the
Curve

—NGAL
—Asprosin
—Reference Line

Figure 2: ROC curve of the NGAL and asprosin for
ROP diagnosis.



DE GRUYTER

results to controls and to evaluate whether they could be
associated with ROP development and/or progression.
We found increased asprosin levels in patients with ROP
compared to healthy infants. Serum asprosin levels of
>30 ng/mL were found to have a possible role in the diag-
nosis of ROP, whereas NGAL levels were similar between
groups.

Embryonic retinal arteries begin to grow in the third
month of pregnancy and their development is completed
a few weeks before the normal time of delivery [14].
Thus, ocular development stages in premature infants are
incomplete, and the growth and branching of the vessels is
either lacking or abnormal; thus, available vessels may
become very fragile, which can cause visual impairment and
ROP. In 1942, ROP was first described in a premature baby by
Terry and was quickly understood to be a significant cause
of childhood visual impairment and vision loss worldwide,
particularly in relation with oxygen supplementation [15]. It
is crucial to identify risk factors and possible pathological
mechanisms of retinal damage at an early stage in order to
identify targeted management for the prevention or treat-
ment of ROP. The key mechanism in ROP is fibrovascular
proliferation [16] which is characterized by growth of new
abnormal vessels. Multiple factors can influence whether
the disease will progress, including gestational age, birth
weight, excessive use of supplemental oxygen therapy,
stage of ROP at initial diagnosis, and the presence or
absence of “concomitant disorders” [17]. Studies have also
reported many relevant determinants for the development of
ROP, including maternal factors, environmental and nutri-
tional factors, and inflammation. Tunay et al. demonstrated
in a retrospective study that maternal diabetes mellitus was
an independent risk factor for ROP in infants with a birth
weight of 21,500 g [18]. Maternal diabetes mellitus may exert
direct impact on the development of ROP through elevated
retinal VEGF in association with hyperglycemia. In addition,
many reports have shown that neonatal hyperglycemia
was common in preterm neonates and was related with
increased risk of developing ROP [19]. Hyperglycemia
has been suggested to impair retinal blood flow and neo-
vascularization during retinal development in animal
models of retinopathy. Brooks et al. demonstrated in an
animal model study that hyperglycemia may enhance VEGF
production by retinal Miiller cells under hypoxic conditions,
indicating VEGF as a link between ROP and hyperglycemia
[20]. Besides, Cakir et al. showed in 117 extremely preterm
infants that elevated early postnatal plasma glucose levels
and signs of insulin insensitivity were related with lower
levels of insulin like growth factor 1 (IGF-1) and greater ROP
severity [21]. They also found in a hyperglycemic retinopathy
mouse model that decreased IGF-1 level induced retinal
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pathological neovascularization. However, the exact
mechanism of the hyperglycemia—ROP relationship is still
unclear, and whether hyperglycemia has a causal relation-
ship with ROP, or whether it is a consequence of disease
severity, is not understood.

Asprosin is a glucogenic adipokine mainly secreted by
adipose tissue during fasting and is involved in glucose
metabolism, adipogenesis, inflammation and cell apoptosis
in addition to neuron-regulatory roles [22]. Studies have
shown that asprosin is a key mediator for metabolic disor-
ders, including obesity, insulin resistance, diabetes mellitus
and PCOS [6, 23]. Li et al. revealed that plasma asprosin
levels were increased in both type 2 diabetes mellitus and
PCOS patients compared to healthy subjects, and this in-
crease was greater in diabetes mellitus patients [6]. Romere
et al. showed that a single dose of recombinant asprosin
increases serum glucose and insulin levels in mice [5]. Pro-
liferative diabetic retinopathy, like ROP, is a condition
characterized by the development of new blood vessels in
the retina that can extend into the vitreous of the eye [24]. In
addition, retinal detachment may occur due to fibrous
contractile tissue, which is similar to severe ROP. Oruc et al.
recently demonstrated in a retrospective study that both
serum and aqueous asprosin levels were higher in patients
with diabetic retinopathy compared those without [25].
Because of the relationship between hyperglycemia and
ROP, we hypothesized that asprosin may have a role in the
pathogenesis of ROP. We found increased asprosin levels in
ROP patients compared to controls. We also showed that
serum asprosin levels of >30 ng/mL may be used as a
biomarker for ROP diagnosis. This may be explained by the
involvement of asprosin in glucose metabolism, and
increased asprosin may have contributed to the develop-
ment of ROP by inducing hyperglycemia. Asprosin may also
be involved in the pathogenesis of ROP due to interactions
with angiogenetic factors, such as VEGF and IGF-1, which
are key regulators for retinal angiogenesis. Furthermore,
asprosin may also contributed to ROP pathogenesis due to
its effects on inflammatory processes triggered during
development of pathological angiogenesis in the retina. In
this context, possible effectors include cytokines, chemo-
kines, hypoxia-inducible factor-1, VEGF, IGF-1, nitric oxide
and inflammatory cells [26]. Li et al. demonstrated that
plasma asprosin levels were positively associated with IL-6
in PCOS patients, and related with CRP in patients with type
2 diabetes mellitus [6]. In addition, studies have shown that
fibrillin-1 (profibrillin — asprosin) is involved in angiogen-
esis through TGF-beta signaling [7], suggesting another
underlying link.

Although we did not explore the link between ROP
pathogenesis and asprosin elevation, our results suggest
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that asprosin elevation is associated with ROP develop-
ment, suggesting a diagnostic role in premature infants.
However, blood samples in our study were drawn after
patients were diagnosed, which is a primary limitation.
Further studies with larger sample sizes and temporal
analysis of asprosin change in premature infants are
needed to confirm these results and to explore asprosin’s
role in ROP development.

NGAL is a member of the lipocalin superfamily, and
increased levels have been associated with numerous
pathological disorders, including inflammatory diseases,
diabetes mellitus, kidney diseases, cancers, cardiovascular
diseases and ocular disorders [27]. Of note, Wang et al.
demonstrated a relationship between hyperglycemia and
NGAL [28]. NGAL is expressed in retinal glial Miiller cells and
retinal pigment epithelial cells, and plays a regulatory role
in ocular inflammation as well as retinal degeneration and
angiogenesis [29]. Parmar et al. revealed in an experimental
study that NGAL is involved in exacerbated immune acti-
vation and acute stress response of retinal pigment epithe-
lial cells following light exposure in NGAL-knockout mice,
suggesting NGAL exerts a regulatory role in retinal inflam-
mation during retinal degeneration, including retinitis pig-
mentosa, age-related macular degeneration and Stargardt
[29]. Increased aqueous humor NGAL levels in patients
with central retinal vein occlusion can lead to intense neu-
roinflammatory processes, resulting in macular ischemia,
macular edema, neovascularization and blindness [30].
Wang et al. showed increased vitreous fluid NGAL and VEGF
in patients with proliferative diabetic retinopathy, suggest-
ing a role for NGAL in retinal inflammation and angiogen-
esis [9]. Furthermore, Chung et al. found a significant
relationship between serum NGAL and diabetic retinopathy
[31]. In contrast, Aslanhan et al. demonstrated similar NGAL
levels in diabetic patients with and without retinopathy [32].
We found similar serum NGAL levels in our ROP and control
groups. This finding suggests that NGAL may not be asso-
ciated with ROP development.

Limitations

The study has some limitations. First, this research was
conducted in a single-center with a small sample size, which
may have caused bias in the results. Second, we were unable
to measure post-treatment serum levels of NGAL and
asprosin, which could have been valuable to characterize
their association with ROP. Third, our control group con-
sisted of only healthy term infants who have evident dif-
ferences from premature babies. Future studies utilizing
preterm infants without ROP as a control group are needed.
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Conclusions

This was the first study in the literature that evaluated serum
NGAL and asprosin levels in patients with ROP. Our results
demonstrated that asprosin, but not NGAL, could be a
promising biomarker for the diagnosis of ROP, but further
studies with temporal analysis of asprosin levels are needed.
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