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Abstract

Neonatal hyperbilirubinemia (NHB) is a common neonatal disease in clinical
practice, and bilirubin encephalopathy caused by excessive free bilirubin across
the blood-brain barrier causes irreversible neurological damage to the central
nervous system, which is the most serious complication. Therefore, early pre-
diction of NHB, early diagnosis, and intervention are significant to prevent
the emergence of serious complications of NHB. In recent years, with the de-
velopment of science and technology, molecular biology and genomics, a va-
riety of novel biomarkers have been discovered and applied to the clinic. This
article focuses on NHB-related biomarkers and also discusses the value of
these biomarkers in disease prediction, diagnosis, prognosis assessment, and
treatment monitoring, which will provide a reference for clinical practice and
future research.
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1. Current Status of Monitoring Hyperbilirubinemia

Neonatal hyperbilirubinemia is a common and widespread disease in the neonatal
period [1], in the neonatal period, erythrocyte destruction will be converted to
unconjugated bilirubin under the action of enzymes, and free bilirubin will be
bound to albumin in the liver, and the abnormally increased amount of free bili-
rubin will pass the blood-brain barrier to damage the neuronal cells, which will
cause irreversible damage to the nervous system, resulting in acute bilirubin en-
cephalopathy (ABI). Bilirubin encephalopathy (ABE) and kernicterus may put

newborns at risk for bilirubin-induced death or long-term neurodevelopmental
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disorders [2]. Bilirubin damage to neuronal cells in the early stages can be re-
stored; however, neurological damage is irreversible when bilirubin encephalopa-
thy develops. Therefore, early recognition of the onset of NHB and early moni-
toring and detection of bilirubin-induced neurological deficits are particularly
critical [3] [4].

Visual assessment, transcutaneous bilirubinometry (TcB), and total serum bil-
irubin (TSB) are the main universal screening and detection tools in the manage-
ment and follow-up of newborns and hyperbilirubinemic children in China and
abroad, but due to the differences in ethnicity, the visual assessment will be the
same as the actual bilirubin level. actual bilirubin levels. Also, TCB can be affected
by skin color. The method has the advantage of being non-invasive and rapid, but
there is some error with TSB levels, so visual assessment and TcB are used for the
initial screening of children in need of TSB testing. However, a single test may not
accurately reflect the severity of the condition. Therefore, in recent years, research-
ers have worked to find more sensitive and specific biomarkers that can detect the
emergence of neonatal hyperbilirubinemia earlier and predict the development of
bilirubin encephalopathy more sensitively, to minimize the incidence of neuro-

logical damage and the rate of morbidity and mortality.

2. Serologic Markers
2.1. Serum Total Bilirubin (TSB)

At present, domestic and international standards for the detection of neonatal
jaundice and phototherapy are often based on the serum total bilirubin level as
the gold standard to predict the risk of bilirubin encephalopathy by the rate of rise
of bilirubin [5] [6]. Phototherapy threshold curves were plotted according to dif-
ferent gestational ages, days of age, and the presence or absence of risk factors for
bilirubin neurotoxicity to guide the treatment of NHB.TSB reflects bilirubin over-
load in neonates and may reflect the severity of NHB to some extent; however, in
a related study, neonates with a TSB level greater than 13.5 mg/dl (230.9 umol/L)
were compared with neonates with a TSB less than 13.5 mg/dl were compared [7],
with no significant difference in the incidence of cerebral palsy, deafness, devel-
opmental delays, or visual abnormalities over a two-year follow-up. It has also
been shown that when total bilirubin (TBIL) is less than 205 pmol/L, it may cause
neurological damage, whereas TBIL greater than 600 umol/L may not occur [5]-
[9]. Therefore, the level of bilirubin and the degree of its elevation are not com-
pletely consistent with the risk of neurological damage, and it is not specific for
the prediction of damage to organ function, the degree of neurotoxicity, or the

incidence of ABE or neurological damage.

2.2. Bilirubin/Albumin Ratio (B/A)

Bilirubin bound to albumin does not easily cross the blood-brain barrier and has
no significant neurotoxicity, whereas the bilirubin/albumin ratio reflects bilirubin

overload and albumin-bilirubin binding capacity. The bilirubin/albumin ratio is
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considered to be valuable in the monitoring of NHB progression, prediction of
bilirubin neurological damage, and prognostic assessment of ABE in related stud-
ies. Handan SAHAN, Selvi GULASI [10] and May Ahmed Khairy, Walaa Alsharany
Abuelhamd and other scholars [11] studied cord blood bilirubin/albumin levels
on the first day of life of newborns as an indicator for screening newborn hyper-
bilirubinemia thereafter, and by determining the levels of cord blood bilirubin,
albumin levels on the first day of life, and by measuring bilirubin on the days of
postnatal follow up, it was concluded that the cord blood B/A was significantly
increased and P < 0.001 was statistically significant, and in ROC curve analysis,
the cord B/A ratio had a good predictive value for the development of hyperbili-
rubinemia in newborns when it reached a critical value. However, the B/A ratio
may also be affected by drugs or other components of plasma that bind free bili-
rubin, In cases of low bilirubin kernicterus, an elevated B/A ratio may help predict
the risk of neurological damage. However, bilirubin-induced neurological damage
occurs at total bilirubin levels, and low albumin levels are considered harmless.
In a study by Wenqing Kang, Xiao Yuan et a [3]. Serum bilirubin and albumin
values were measured in neonates with confirmed ABE, and B/A was analyzed by
logistic regression analysis in a certain number of groups presenting with ABE
adverse outcomes, with the conclusion suggesting that B/A was correlated with
the adverse outcomes, suggesting that it could predict the occurrence of adverse
outcomes. Some scholars have also selected predictors of ABE by logistic regres-
sion analysis by measuring bilirubin, albumin, B/A levels, and direct anti-human
globulin test in children with established ABE [12], which identified B/A as an
independent risk factor. However, related studies have concluded that the B/A
ratio is not more valuable in predicting bilirubin encephalopathy than the deter-

mination of TSB levels alone [13].

2.3. End-Tidal Carbon Monoxide (ETCO), Carboxyhemoglobin
(COHD)

Bilirubin maintains a certain balance between production and metabolism. In
ABO hemolysis, red blood cells are destroyed in large quantities and thus produce
too much bilirubin to upset this balance, leading to early onset of jaundice and
even higher levels of hyperbilirubinemia [14], so early prediction and identifica-
tion of ABO hemolysis in the newborn, as well as prevention of acute or chronic
neurological impairment, are also particularly important.

In the latest edition of the NHB Clinical Guidelines [15], it is also recommended
that ETCO or COHb be recommended as a predictor for screening and evaluation
of hemolytic disease in newborns. Since hemoglobin is metabolized to produce
equimolar amounts of carbon monoxide and bilirubin due to enzyme catalysis,
CO production can be considered as an alternative to being able to measure bili-
rubin production, and CO is exchanged for oxygen in respiration, thus allowing
for the use of ET'CO or COHb in the blood as a means of assessing hemolysis [16].
However, COHD is mostly used for laboratory tests.

ETCO, on the other hand, as a noninvasive test, is considered to be clinically
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useful for identifying the occurrence of hemolysis in newborns and predicting the
risk of NHB [17]. Initially, at birth, there is a transient decrease in ETCO due to
physiologic destruction of red blood cells, but when a newborn develops jaundice,
there is a persistent or increased level of ETCO, suggesting increased hemoglobin
metabolism. This assay was statistically validated in several studies, and it was
concluded in various experiments that P < 0.05 was statistically significant [14]
[17]-[19], and it was concluded that early identification of at-risk infants could be
improved with this method.

In the management of NHB, ETCO is also recognized as a predictor for as-
sessing the need for extended phototherapy. In a study by Bahr TM et a/, the re-
lationship between ETCO levels and duration of phototherapy in children with
NHB was investigated and it was concluded that elevated ETCO levels were asso-
ciated with earlier initiation or longer duration of phototherapy and it was statis-
tically concluded that when ETCO was elevated by 1 ppm earlier initiation and
longer duration of phototherapy was required and this conclusion was placed at
the 95% credible interval [20] however the cases included in this study were more
likely to have a high risk of NHB than those included in the study. The cases in-
cluded in this study were mostly normal newborns and a few children with lower
TSB levels. The same conclusion that children with higher levels of ETCO need
longer phototherapy was made in the study by Yuan-Li Zhan et al [17], but the
cases included in this study were characterized by significant hyperbilirubinemia
and TSB levels. All of the above studies clarified the relationship between ETCO
and duration of phototherapy, but did not show the rationale for this conclusion,
and did not include a certain number of children with mild NHB in the study.
Therefore, the reason why the initial ETCO level was used to predict the duration
of treatment is not clear, and the conclusion that the level of this index is related
to the prediction of the duration of treatment can necessarily be used in children
with mild NHB has not been confirmed by studies, and needs to be confirmed by

further studies by more scholars.

2.4. Nucleated Red Blood Cells (nRBC)

Bilirubin is converted from hemoglobin, which originates from the destruction of
red blood cells. Bilirubin acts as an antioxidant, and its antioxidant capacity is
enhanced at elevated levels. Therefore, its relationship with NHB has been ex-
plored. In a study by Orhon [21] ef al, a statistical analysis of neonatal umbilical
cord blood nRBC counts showed that nRBC counts were elevated in neonatal hy-
perbilirubinemia and were statistically different at P < 0.05 by intergroup com-
parison, which led to the conclusion that elevated Nucleated Red Blood Cell (NRC)
counts could be used to predict the occurrence of NHB. This procedure is non-
invasive and simple, and is considered to be a novel biomarker for the follow-up
of newborns. However, in this study, nRBC counts at a certain cut-off value in
children with NHB were not investigated to indicate the need for phototherapeu-

tic interventions, and there was insufficient evidence that this marker could iden-
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tify neonates in need of phototherapy. In a further study by Sadgunraju Chakra-
hari and other scholars, it was found that when the nRBC count was above the
cutoff value, it had a high sensitivity and percentage of negative predictive value
in prediction, however, it had a low percentage of positive predictive value, and
when it was less than the cutoff value, some neonates had NHB as well [22]. There-
fore, nRBC may also help clinicians to identify newborns who do not require fur-
ther evaluation and avoid further invasive procedures such as refinement of serum

bilirubin.

2.5. Reticulocyte Count (RC), Erythropoietin (EPO)

Excessive destruction of red blood cells causes high bilirubin, Erythropoietin stim-
ulates the hematopoietic system and regulates the process of erythrocyte elevation,
Reticulocytes are the earliest anucleate red blood cells observed in peripheral
blood cells, EPO may precede the elevation of RC, which also responds to the in-
crease in the level of EPO [23]. In a study by Sadgunraju Chakrahar and other
scholars, the relationship between reticulocytes and NHB was investigated, and
this biomarker predicted the occurrence of NHB with specificity and sensitivity.
And it was concluded that RC has a high negative predictive value, which can
exclude, to some extent, that neonates are at risk of NHB, but it cannot be consid-
ered inevitable that neonates will develop NHB [22]. Elfarargy M S et al con-
cluded that EPO can predict the occurrence of NHB and that this biomarker has
significant specificity and sensitivity by comparing the cord blood EPO levels of
children who developed pathologic jaundice and did not develop pathologic jaun-
dice that did not need to be treated with a statistically significant difference in the
levels of EPO after the two groups, P = 0.001, and concluded that EPO can predict
the occurrence of NHB, and that this biomarker has significant specificity and

sensitivity [23].

2.6. Peripheral Blood Biomarkers (PBBIs)

Peripheral blood biomarkers are thought to be useful in differentiating the sever-
ity of disease in newborns with hyperbilirubinemia [24] [25]. These include: red
blood cell (RBC), white blood cell (WBC) counts and their classification: absolute
lymphocyte count (ALC), absolute neutrophil count (ANC), monocyte count, Al-
teration in platelet (PLT), mean cell volume (MCV), neutrophil to lymphocyte
(NLR), platelet to lymphocyte ratio (PLR), and other blood cells. This may be re-
lated to the fact that bilirubin is not only an antioxidant and immunomodulator,
but also an anti-inflammatory factor, which may promote or inhibit hematopoie-
sis, differentiation [24] [26]. Therefore, the relationship between the above mark-
ers and hyperbilirubinemia can be explored.

In the study of Li Zhang et al, it was concluded that bilirubin was negatively
correlated with leukocyte count, and TSB could regulate the elevated or decreased
leukocyte count. However, elevated leukocyte counts can reflect enhanced cellular

oxidative stress, and the antioxidant function of bilirubin may play a role and thus
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be depleted, whereupon bilirubin concentrations are reduced [26]. In that study,
only the correlation was explored without a clear causal relationship.

In the study of Gay, Ozlem Ozcanli and other scholars, it was concluded that
there was a statistically significant difference in WBC, ALC, monocyte count,
ANC, and lymphocyte/monocyte before and after phototherapy at P < 0.05, and
it was concluded that phototherapy is related to the inflammatory process, and
that the above mentioned hematological markers may reflect the prognosis to
some extent [27].

In a further study by Dereje Mengesha Berta et al [24]. Newborns with hyper-
bilirubinemia were categorized into three groups of low, medium, and high risk,
and venous blood of the children was taken for complete blood count and ana-
lyzed statistically. It was concluded that there was a significant decrease in RBC
and MCV in the high-risk group, and bilirubin toxicity may also induce hemoly-
sis, causing premature dispersion of erythrocytes, resulting in changes in number
and volume. There was a decrease in ALC in the high-risk group, and this may be
related to the fact that bilirubin induces the production of inflammatory factors
and inhibits the production of ALC. There was a significant increase in ANCs,
NLRs, and PLRs with the rise in bilirubin concentration, and it was suggested that
the possible mechanisms were bilirubin-induced inflammatory cell production
and inhibition of bone marrow hematopoiesis by bilirubin toxicity. Elevated bili-

rubin affects platelet aggregation, apoptosis, and thus platelet count.

3. Gene-Related Markers

Bilirubin is metabolized by heme, which is metabolized by various enzymes, such
as heme oxygenase (HO-1) and biliverdin reductase A (BLVRA). Excessive eleva-
tion of bilirubin is the cause of neonatal hyperbilirubinemia, and elevated biliru-
bin levels are also affected by a variety of causes, among which are impaired he-
patic uptake and binding, and increased enterohepatic circulation, where bilirubin
needs to be bound to organic anion transporter polypeptide 2 (OATP2), a mem-
ber of the organic anion transporter family, before entering the intestinal-hepatic
cycle. OATP2) to enter the liver and subsequently bind to uridine diphosphate
glucuronosyltransferase 1A1 (UGT1A1) for excretion into the intestine [28].

Mutations in the genes of the above enzymes can lead to alterations in the struc-
ture or function of the enzyme, which can affect the metabolism and elimination
of bilirubin, leading to the development of NHB, and may also be associated with
a dangerous degree of jaundice or even increase the need for phototherapy. Genes
are polymorphic, and mutations may occur at different sites in the coding region,
and mutations at different sites may also yield different results, which may be re-
lated to the effects of different ethnic and geographic differences. Mutations at dif-
ferent loci or multilocus mutations may also have inhibitory or protective effects
on the development of NHB.

In a study by Nguyen TT et al [29], it was suggested that mutations in the
UGT1A1 gene were associated with the development of hyperbilirubinemia in Vi-
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etnamese newborns, and that the pure polymorphisms were positively correlated
with the severity of bilirubin levels. Similarly, in Atasilp et al [30] also suggested
that UGT1A1 polymorphisms (e.g., UGT1A1*28 and *6) are risk factors for severe
hyperbilirubinemia in Thai newborns. However, in a study by XiuJu Liu et al. [31],
it was concluded that polymorphisms in the UGT1A1 gene in neonatal hyperbili-
rubinemia patients in southern China affect bilirubin concentration, with statisti-
cally significant differences in bilirubin levels between mutations at different loci,
where the CC genotype and the C allele in rs1188849 reduce the risk of NHB,
whereas the opposite is true for the G allele. Bilirubin levels were low in rs4148325
carrying the CT genotype. However, in previous studies by different scholars, it
was concluded that rs11888492 was not associated with TSB levels and rs4148325
may be associated with high levels of bilirubin, which may be influenced by dif-
ferent populations. Meanwhile, in this study, BLVRA variants rs699512 and rs7738
had no statistically significant increase in gene frequency in children with hyper-
bilirubinemia, and were not considered to have a significant effect on high biliru-
bin levels. Domestic scholars Yang et al. [32] found statistically significant differ-
ences in TSB levels between Han and Uyghur newborns with mutations in the
UGT1A1 gene, and concluded that genetic polymorphisms in this gene are genetic

regulators of the risk of NHB among different ethnic groups.

4. Metabolomic Markers
4.1. Insulin-Like Growth Factor-1 (IGF-1)

IGF-1 is a key factor in the regulation of cell metabolism, growth, and decay, and
it activates downstream pathways that inhibit apoptosis of neural stem cells and
attenuate neuronal cell damage [33] [34]. In several studies, researchers measured
IGF-1 levels in the serum of hyperbilirubinemic and non-hyperbilirubinemic chil-
dren and concluded that IGF-1 levels were statistically lower than those of the
control group in hyperbilirubinemic children at P < 0.05, and that the difference
in IGF-1 levels between children with different degrees of hyperbilirubinemia was
also statistically significant [35] [36]. Thus, it can be concluded that IGF-1 levels
are negatively correlated with high bilirubin levels and that this indicator has value
in the prediction of children with NHB. In addition, IGF-1 can also be used to
predict the efficacy of phototherapy in a study by Qianfei Wang, Ping Li, et al By
comparing the IGF-1 levels of phototherapy-sensitive and non-phototherapy-sen-
sitive children, the difference was found to be statistically significant at P < 0.05,

with a certain degree of specificity and sensitivity [37].

4.2.25-Hydroxyvitamin D [25-Hydroxyvitamin D, (25-(0H)-D)]

Relevant studies have suggested that 25-hydroxyvitamin D levels have an impact
on neonatal outcomes, among them Fernando M, WANG, WU et al. 25-(OH)-D
is associated with neonatal jaundice [38]-[40]. In the meta-analysis of Huang et
al [41], the vitamin D level of hyperbilirubinemic neonates was lower than that

of healthy neonates, with a statistically significant P < 0.05, which suggests that
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the vitamin D level is associated with the development of NHB. In this meta-anal-
ysis, children with high bilirubin levels had lower vitamin D levels than healthy
children, and it is considered that low vitamin D levels are associated with higher
levels of bilirubin. However, in a study by Zhou et al [42], 25-(OH)-D levels were
lower in children in the NHB group than in the control group, but the difference
was not statistically significant, and it was concluded that 25-(OH)-D levels do
not have an absolute value in predicting the risk of developing NHB. The mecha-
nism of the association between 25-hydroxyvitamin D and hyperbilirubinemia in
newborns has not yet been well investigated either, and the possible mechanism
may be related to the fact that vitamin D can reduce EPO levels and erythrocyte
lysis, in addition to the antioxidant effect of vitamin D can reduce oxidative dam-
age to erythrocytes, thus reducing bilirubin production; and both bilirubin and
vitamin D metabolism are also produced in the liver [41] [42]. The relationship

between the two is also controversial, so more research is needed to confirm this.

5. Proteomic Markers
5.1. Maternal Anti-A/B IgG Titer (Maternal Anti-A/Anti-B IgG Titer)

ABO antibody exists naturally, it is IgM class, not easy to pass through the pla-
centa, while erythrocyte antigen enters the mother to stimulate the mother to pro-
duce the corresponding maternal antibody is IgG class, this antibody can pass
through the placenta into the fetal circulation, when the fetus and the mother
there is ABO blood group incompatibility, easy to hemolysis, Grethe R. Krog, et
al. through the measurement of prenatal and perinatal maternal anti-A/B IgG ti-
ter, to explore its role in NHB, and to determine the role of maternal anti-A/B IgG
titer, and to determine its role in NHB. , to explore its value and predictive signif-
icance in NHB, and the results showed that the antibody titer in the group with
ABO hemolysis requiring phototherapy was significantly higher than that in the
group with ABO hemolysis but not meeting the criteria for phototherapy, and the
P < 0.001 was statistically significant [43]. In early pregnancy, due to the transit of
IgG antibodies through the placenta, antibody titers may be at a low level, and in
late pregnancy, due to the increase in maternal blood volume, antibody titers may
be diluted and show a decreasing trend, however, in the group of ABO hemolyzed
and subjected to phototherapy, there was a steady state in the anti-A/B IgG titers
as detected in the group of ABO hemolyzed and subjected to phototherapy [43].
This led to the conclusion that maternal anti-A/B IgG titer has a predictive value
for neonatal hyperbilirubinemia, and that there is an association between in-
creased titer and hemolytic neonatal hyperbilirubinemia. By testing the sensitivity
or specificity of different predictors in hemolytic jaundice, Cheng Xiaoqin and
other scholars in their study concluded that anti-A/B IgG titer does not have high
sensitivity and specificity in predicting hemolytic jaundice [44].

5.2.5S100B

S100 protein is used clinically to assess neuropathy, brain diseases and some tu-
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mors, but not much research has been done on the relationship between S100
protein and bilirubin encephalopathy. S100B protein is derived from glial cells in
the brain tissue, and when its concentration is increased, it can exacerbate inflam-
matory responses and neuronal cell death [45]. In the study of Zhang Menglan et
al, S100B was considered to be a risk factor for jaundice, and its level was higher
in jaundiced children than in non-jaundiced children, and there was a statistically
significant positive correlation between the levels of S100B and TSB with P < 0.05
[46]. CUI et al. continued to compare the levels of S100B between jaundiced chil-
dren with brain injury and non-brain-injured children, and found that the group
of brain-injured children had higher levels of S100B, P < 0.05 [45].Levels were
higher with a statistically significant P < 0.05, and the authors concluded that this
indicator has diagnostic value for brain injury. In the subsequent follow-up, S100B
was found to be highly sensitive in the prediction of prognosis [45]. Although the
relationship between S100B and jaundice was investigated in the above study,
there are not many similar studies, and there are some limitations in this study,
for example, S100B was considered to have diagnostic value in brain damage, but
there were no related neurological symptoms in the children included in the study,
so the value of this index in the prediction of neurological damage needs to be

further explored.

6. Conclusions

In clinical practice, the conventional serum marker TSB is frequently utilized to
evaluate the presence of jaundice in newborns and determine the necessity for
intervention. While these levels can serve as an indication of the presence of NHB,
they do not serve as a definitive confirmation of the occurrence of bilirubin-in-
duced neurological damage. Conversely, low levels of bilirubin may still result in
neurological damage, while elevated bilirubin levels do not necessarily lead to neu-
rological dysfunction. However, the onset of acute bilirubin encephalopathy, or
kernicterus, can result in adverse outcomes, including death, in newborns. Con-
sequently, identifying additional biological markers to predict the occurrence of
NHB and neurological damage, to guide early detection and intervention in clin-
ical practice, and to prevent adverse outcomes is of great importance. However,
reliance on a solitary marker is inadequate in itself.

The advent of scientific and technological progress, coupled with the prolifera-
tion of disparate academic disciplines, has prompted numerous scholars to delve
into the intricate interplay between disparate biomarkers in human serum, genes,
metabolism, and proteins, and the manifestation of NHB or neurological impair-
ment. In the human serum profile, TSB, B/A, ETCO, COHb, and RC have been
identified as potential predictors of NHB occurrence. Specifically, B/A has been
shown to have a certain predictive role for neurological damage, while ETCO,
nRBC, and peripheral blood cells can serve as guides for the determination of the
necessity of phototherapy. Genetic mutations and alterations at different loci have

been associated with the occurrence, severity, and need for phototherapy in NHB.
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In the field of proteomics, maternal anti-A/B IgG titers have been observed to
increase in cases of hemolytic jaundice, and S100B levels have been shown to be
positively correlated with TSB levels. In the domain of metabolomics, IGF-1 and

25-(OH)-D have been identified as potential predictors of neurological damage.

Limitation

The reliability and specificity of a single biomarker must be confirmed by a large
number of clinical trials. In the future, there is a need to identify more specific
biomarkers and explore the value of combined testing of related biomarkers. In
addition, simpler, non-invasive, and more reliable methods for earlier identifica-

tion of NHB and neurological damage are needed to avoid adverse outcomes.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this paper.

References

[1] Olusanya, B.O., Kaplan, M. and Hansen, T.W.R. (2018) Neonatal Hyperbilirubinae-
mia: A Global Perspective. The Lancet Child & Adolescent Health, 2, 610-620.
https://doi.org/10.1016/s2352-4642(18)30139-1

[2] Olusanya, B.O., Teeple, S. and Kassebaum, N.]J. (2018) The Contribution of Neonatal
Jaundice to Global Child Mortality: Findings from the GBD 2016 Study. Pediatrics,
141, e20171471. https://doi.org/10.1542/peds.2017-1471

[3] Kang, W, Yuan, X, Zhang, Y., Song, J., Xu, F., Liu, D., et al (2020) Early Prediction
of Adverse Outcomes in Infants with Acute Bilirubin Encephalopathy. Annals of Clin-
ical and Translational Neurology, 7, 1141-1147. https://doi.org/10.1002/acn3.51077

[4] Zhang, ].L., Zhang, J. and Yang, Y.G. (2023) Predictive Modeling of Risk Factors for
Neonatal Bilirubin Encephalopathy. China Health Statistics, 40, 425-428.

[5] Yang,J.L.and Wang, J.H. (2023) Interpretation of the 2022 Edition of the American
Academy of Pediatrics Guidelines for the Management of Neonatal Hyperbiliru-

binemia. Chinese Journal of Contemporary Pediatrics, 25, 11-17.

[6] Kemper, A.R., Newman, T.B., Slaughter, J.L., Maisels, M.]., Watchko, J.F., Downs,
S.M., et al. (2022) Clinical Practice Guideline Revision: Management of Hyperbili-
rubinemia in the Newborn Infant 35 or More Weeks of Gestation. Pediatrics, 150,
€2022058859. https://doi.org/10.1542/peds.2022-058859

[7] Muchowski, K.E. (2014) Evaluation and Treatment of Neonatal Hyperbilirubinemia.
American Family Physician, 89, 873-878.

[8] Ngashangva, L., Bachu, V. and Goswami, P. (2019) Development of New Methods
for Determination of Bilirubin. Journal of Pharmaceutical and Biomedical Analysis,
162, 272-285. https://doi.org/10.1016/j.jpba.2018.09.034

[9] Song, E.F., Zeng, F. and Yin, Y.Q. (2022) The Value of Bilirubin/Albumin Ratio in
Predicting Neuro-Development in Newborns with Hyperbilirubinemia and the Con-
struction of Nomo-Gram Prediction Model. Journal of Tropical Medicine, 22, 996-
1000.

[10] Sahan, H., Giilasi, S., Mert, M.K. and Cekinmez, E.K. (2023) The Predictive Signifi-
cance of Umbilical Cord Bilirubin and Bilirubin/Albumin Ratio for Neonatal Jaun-
dice in Healthy Term Newborns. Zurkish Journal of Medical Sciences, 53, 511-517.

DOI: 10.4236/jbm.2025.138026

344 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.138026
https://doi.org/10.1016/s2352-4642(18)30139-1
https://doi.org/10.1542/peds.2017-1471
https://doi.org/10.1002/acn3.51077
https://doi.org/10.1542/peds.2022-058859
https://doi.org/10.1016/j.jpba.2018.09.034

Q.S.Sunetal

(11]

(12]

[13]

[14]

(15]

[16]

(17]

(18]

(19]

[20]

(21]

[22]

(23]

(24]

https://doi.org/10.55730/1300-0144.5611

Khairy, M.A., Abuelhamd, W.A., Elhawary, .M. and Mahmoud Nabayel, A.S. (2019)
Early Predictors of Neonatal Hyperbilirubinemia in Full Term Newborn. Pediatrics
& Neonatology, 60, 285-290. https://doi.org/10.1016/j.pedneo.2018.07.005

Zhang, F., Chen, L., Shang, S. and Jiang, K. (2020) A Clinical Prediction Rule for Acute
Bilirubin Encephalopathy in Neonates with Extreme Hyperbilirubinemia. Medicine,
99, €19364. https://doi.org/10.1097/md.0000000000019364

Das, S. and van Landeghem, F.K.H. (2019) Clinicopathological Spectrum of Bilirubin

Encephalopathy/Kernicterus. Diagnostics, 9, Article 24.
https://doi.org/10.3390/diagnostics9010024

Karabulut, B. and Arcagok, B.C. (2019) A Neglected and Promising Predictor of Se-
vere Hyperbilirubinemia Due to Hemolysis: Carboxyhemoglobin. Fetal and Pediatric
Pathology, 39, 124-131. https://doi.org/10.1080/15513815.2019.1641862

Neonatology Group of the Chinese Medical Association Pediatrics, Editorial Board
of the Chinese Journal of Pediatrics (2025) Guidelines for the Diagnosis and Treat-
ment of Neonatal Hyperbilirubinemia (2025). Chinese Journal of Pediatrics, 63, 338-
350.

Du, L., Ma, X,, Shen, X., Bao, Y., Chen, L. and Bhutani, V.K. (2021) Neonatal Hyper-
bilirubinemia Management: Clinical Assessment of Bilirubin Production. Seminars
in Perinatology;, 45, Article ID: 151351.
https://doi.org/10.1016/j.semperi.2020.151351

Zhan, Y., Peng, H,, Jin, Z., Su, J., Tan, X., Zhao, L., et al (2023) Higher ETCOc Pre-
dicts Longer Phototherapy Treatment in Neonatal Hyperbilirubinemia. Frontiers in
Pediatrics, 11, Article 1154350. https://doi.org/10.3389/fped.2023.1154350

Bhatia, A., Chua, M.C., dela Puerta, R. and Rajadurai, V.S. (2020) Noninvasive De-
tection of Hemolysis with ETCOc Measurement in Neonates at Risk for Significant

Hyperbilirubinemia. Neonatology, 117, 612-618. https://doi.org/10.1159/000509405

Elsaie, A.L., Taleb, M., Nicosia, A., Zangaladze, A., Pease, M.E., Newton, K., et al.
(2020) Comparison of End-Tidal Carbon Monoxide Measurements with Direct An-
tiglobulin Tests in the Management of Neonatal Hyperbilirubinemia. Journal of Per-
inatology, 40, 1513-1517. https://doi.org/10.1038/s41372-020-0652-y

Bahr, T.M., Shakib, J.H., Stipelman, C.H., Kawamoto, K., Lauer, S. and Christensen,
R.D. (2021) Improvement Initiative: End-Tidal Carbon Monoxide Measurement in
Newborns Receiving Phototherapy. The Journal of Pediatrics, 238, 168-173.e2.
https://doi.org/10.1016/j.jpeds.2021.07.008

Orhon, A., Topal, H., Hakan, N. and Ozer, E.A. (2018) Cord Blood Nucleated Red
Blood Cell Level: Is It a Predictive Marker for Neonatal Jaundice? Laboratoriums
Medizin, 42, 171-175. https://doi.org/10.1515/labmed-2018-0065

Chakrahari, S., Patil, M. and Bijapure, H.R. (2023) Umbilical Cord Blood Bilirubin,
Albumin, Reticulocyte Count, and Nucleated Red Blood Cells to Predict Subsequent
Hyperbilirubinemia in Term Neonates: A Prospective Observational Study. Cureus,
15, e37598. https://doi.org/10.7759/cureus.37598

Elfarargy, M.S., Al-Ashmawy, G.M., Abu-Risha, S. and Khattab, H. (2021) Study of
Cord Blood Levels of Erythropoietin, Bilirubin and Reticulocyte Count as Early Pre-
dictors of Neonatal Hyperbilirubinemia. Endocrine, Metabolic & Immune Disor-
ders— Drug Targets, 21, 1641-1648.
https://doi.org/10.2174/1871530321666201229152019

Berta, D.M., Cherie, N., Woldu, B., Yalew, A., Chane, E., Mekuaninnit, A., et al

DOI: 10.4236/jbm.2025.138026

345 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.138026
https://doi.org/10.55730/1300-0144.5611
https://doi.org/10.1016/j.pedneo.2018.07.005
https://doi.org/10.1097/md.0000000000019364
https://doi.org/10.3390/diagnostics9010024
https://doi.org/10.1080/15513815.2019.1641862
https://doi.org/10.1016/j.semperi.2020.151351
https://doi.org/10.3389/fped.2023.1154350
https://doi.org/10.1159/000509405
https://doi.org/10.1038/s41372-020-0652-y
https://doi.org/10.1016/j.jpeds.2021.07.008
https://doi.org/10.1515/labmed-2018-0065
https://doi.org/10.7759/cureus.37598
https://doi.org/10.2174/1871530321666201229152019

Q.S.Sunetal

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(2025) Peripheral Blood Biomarkers as Differential Diagnostic Markers of Disease
Severity in Neonates with Hyperbilirubinemia. Heliyon, 11, e41299.
https://doi.org/10.1016/j.heliyon.2024.e41299

Saygin Hekimoglu, B., Demirel, A. and Arman, D. (2022) Umbilical Cord Blood Red
Cell Distribution Width as a Predictor of Neonatal Hyperbilirubinemia. /inekoloji-
Obstetrik ve Neonatoloji Tip Dergisi, 19, 1506-1511.
https://doi.org/10.38136/jgon.974006

Zhang, L., Zhang, C., Meng, Z., Gong, L., Pang, C,, Liu, X., ef al (2019) Serum Bili-
rubin Is Negatively Associated with White Blood Cell Count. Clinics, 74, €775.

https://doi.org/10.6061/clinics/2019/e775
Cay, 0.0. and Kemer, O. (2023) Prognostic Evaluation of Newborns with Neonatal
Hyperbilirubinemia. Journal of Medicine and Palliative Care, 4, 690-693.

https://doi.org/10.47582/jompac.1398442

He, C.H. and Qu, Y. (2020) Neonatal Hyperbilirubinemia and Genetic Polymor-
phisms. Chinese Journal of Contemporary Pediatrics, 22, 280-284.

Nguyen, T., Zhao, W., Yang, X. and Zhong, D. (2020) The Relationship between Hy-
perbilirubinemia and the Promoter Region and First Exon of UGT1A1 Gene Poly-
morphisms in Vietnamese Newborns. Pediatric Research, 88, 940-944.
https://doi.org/10.1038/s41390-020-0825-6

Atasilp, C., Kanjanapipak, J., Vichayaprasertkul, J., Jinda, P., Tiyasirichokchai, R.,
Srisawasdi, P., et al. (2022) Associations between UGT1A1 and SLCO1B1 Polymor-
phisms and Susceptibility to Neonatal Hyperbilirubinemia in Thai Population. BMC
Pediatrics, 22, Article No. 243. https://doi.org/10.1186/s12887-022-03311-4

Liu, X., Zhang, C., Chen, L., Liu, S. and Zhou, Z. (2024) UGT1A1 and BLVRA Allele
and Genotype Variants in Neonatal Patients with Hyperbilirubinemia in Southern
China. Scientific Reports, 14, Article No. 25744.
https://doi.org/10.1038/541598-024-77499-z

Yang, H,, Li, H, Xia, Q., Dai, W,, Li, X,, Liu, Y., et al. (2022) UGT1A1 Variants in
Chinese Uighur and Han Newborns and Its Correlation with Neonatal Hyperbiliru-
binemia. PLOS ONE, 17, €0279059. https://doi.org/10.1371/journal.pone.0279059
Abdellatif, M., Trummer-Herbst, V., Heberle, A.M., Humnig, A., Pendl, T., Durand,
S., et al. (2022) Fine-Tuning Cardiac Insulin-Like Growth Factor 1 Receptor Signaling
to Promote Health and Longevity. Circulation, 145, 1853-1866.
https://doi.org/10.1161/circulationaha.122.059863

Song, P., Han, T., Wu, Z., Fang, H., Liu, Y., Ying, W., et al (2024) Transplantation of
Neural Stem Cells Loaded in an IGF-1 Bioactive Supramolecular Nanofiber Hydrogel
for the Effective Treatment of Spinal Cord Injury. Advanced Science, 11, €2306577.
https://doi.org/10.1002/advs.202306577

Wu, RY,, Xu, LY. and Ye, Y.Y. (2024) Correlation of Early Amplitude-Integrated
Electroencephalogram with Total Bilirubin Insulin-Like Growth Factor-1 and Its Di-

agnostic Value in Newborns with Hyperbilirubinemia. China Maternal and Child
Health, 39, 1541-1544.

Han, J., Chu, K, Ding, X.F., et al. (2022) Clinical Value of Serum NPY, IGF-1 and
PCT in Neonatal Hyperbilirubinemia. Liver, 27, 1322-1326.

Wang, Q.F. and Li, P. (2023) Expression Levels of S-100, B/A and IGF-1 in Neonates
with Hyperbilirubinemia and Their Value in Predicting the Effect of Phototherapy.
Hainan Medicine, 34, 360-364.

Fernando, M., Coster, T., Ellery, S., Guingand, D., Lim, S., Harrison, C., et al. (2020)

DOI: 10.4236/jbm.2025.138026

346 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.138026
https://doi.org/10.1016/j.heliyon.2024.e41299
https://doi.org/10.38136/jgon.974006
https://doi.org/10.6061/clinics/2019/e775
https://doi.org/10.47582/jompac.1398442
https://doi.org/10.1038/s41390-020-0825-6
https://doi.org/10.1186/s12887-022-03311-4
https://doi.org/10.1038/s41598-024-77499-z
https://doi.org/10.1371/journal.pone.0279059
https://doi.org/10.1161/circulationaha.122.059863
https://doi.org/10.1002/advs.202306577

Q.S.Sunetal

(39]

(40]

[41]

[42]

(43]

[44]

(45]

[46]

Relationships between Total, Free and Bioavailable Vitamin D and Vitamin D Bind-
ing Protein in Early Pregnancy with Neonatal Outcomes: A Retrospective Cohort
Study. Nutrients, 12, Article 2495. https://doi.org/10.3390/nu12092495

Wang, M., Chen, Z,, Hu, Y., Wang, Y., Wu, Y., Lian, F,, et al (2021) The Effects of
Vitamin D Supplementation on Glycemic Control and Maternal-Neonatal Outcomes
in Women with Established Gestational Diabetes Mellitus: A Systematic Review and
Meta-Analysis. Clinical Nutrition, 40, 3148-3157.
https://doi.org/10.1016/j.cInu.2020.12.016

Wu, C., Song, Y. and Wang, X. (2023) Vitamin D Supplementation for the Outcomes
of Patients with Gestational Diabetes Mellitus and Neonates: A Meta-Analysis and
Systematic Review. International Journal of Clinical Practice, 2023, Article ID: 1907222.
https://doi.org/10.1155/2023/1907222

Huang, J., Zhao, Q., Li, J., Meng, J., Li, S., Yan, W., et al (2021) Correlation between
Neonatal Hyperbilirubinemia and Vitamin D Levels: A Meta-Analysis. PLOS ONE,
16, €0251584. https://doi.org/10.1371/journal.pone.0251584

Zhou, W., Wang, P., Bai, Y., Zhang, Y., Shu, J. and Liu, Y. (2023) Vitamin D Metabolic
Pathway Genes Polymorphisms and Vitamin D Levels in Association with Neonatal

Hyperbilirubinemia in China: A Single-Center Retrospective Cohort Study. BMC Pe-
diatrics, 23, Article No. 275. https://doi.org/10.1186/s12887-023-04086-y

Krog, G.R., Donneborg, M.L., Hansen, B.M., Lorenzen, H., Clausen, F.B., Jensen,
K.V., et al (2020) Prediction of ABO Hemolytic Disease of the Newborn Using Pre-
and Perinatal Quantification of Maternal Anti-A/Anti-B IgG Titer. Pediatric Research,
90, 74-81. https://doi.org/10.1038/s41390-020-01232-5

Cheng, X.Q., Lin, B.C., Chen, X.Y., ef al (2024) Predictive Value of End-Expiratory
Carbon Monoxide in Neonates with Hyperbilirubinemia Due to Hemolysis at 48 h
Postnatal Period. Chinese Journal of Perinatal Medicine, 27, 294-300.

Cui, X., Zhou, B., Wu, J., Yang, D., Liu, X. and Wang, Y. (2021) Changes in Amplitude-
Integrated Electroencephalography, Neuron-Specific Enolase, and S100B in Neo-
nates with Brain Injury Induced by Neonatal Hyperbilirubinemia and Their Signifi-
cance. Brain injury, 35, 943-948.

Zhang, M.L., Zhang, X. and Ma, H.H. (2021) Correlation between Serum S100B and
y-Glutamyl Transpeptidase Expression and Disease Severity in Neonates with Damp-
heat Jaundice. China Maternal and Child Health, 36, 1561-1563.

DOI: 10.4236/jbm.2025.138026

347 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.138026
https://doi.org/10.3390/nu12092495
https://doi.org/10.1016/j.clnu.2020.12.016
https://doi.org/10.1155/2023/1907222
https://doi.org/10.1371/journal.pone.0251584
https://doi.org/10.1186/s12887-023-04086-y
https://doi.org/10.1038/s41390-020-01232-5

	Advances in Biomarkers of Neonatal Hyperbilirubinemia
	Abstract
	Keywords
	1. Current Status of Monitoring Hyperbilirubinemia
	2. Serologic Markers
	2.1. Serum Total Bilirubin (TSB)
	2.2. Bilirubin/Albumin Ratio (B/A)
	2.3. End-Tidal Carbon Monoxide (ETCO), Carboxyhemoglobin (COHb)
	2.4. Nucleated Red Blood Cells (nRBC)
	2.5. Reticulocyte Count (RC), Erythropoietin (EPO)
	2.6. Peripheral Blood Biomarkers (PBBIs)

	3. Gene-Related Markers
	4. Metabolomic Markers
	4.1. Insulin-Like Growth Factor-1 (IGF-1)
	4.2. 25-Hydroxyvitamin D [25-Hydroxyvitamin D, (25-(OH)-D)]

	5. Proteomic Markers
	5.1. Maternal Anti-A/B IgG Titer (Maternal Anti-A/Anti-B IgG Titer)
	5.2. S100B

	6. Conclusions
	Limitation
	Conflicts of Interest
	References

