www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates

UGT1A1l and BLVRA allele and
genotype variants in neonatal
patients with hyperbilirubinemia in
southern China
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We explore the allele and genotype distribution of UGT1A1 and BLVRA variants in individuals

affected by neonatal hyperbilirubinemia in southern China. Blood specimens were collected from 240
neonates: 126 cases of hyperbilirubinemia and 114 healthy controls. Serum levels of total protein,
albumin, bilirubin (total and direct), urea nitrogen, creatinine, and other biochemical parameters
were quantified using a biochemical analyzer. Nine UGT1A1 and five BLVRA genetic variants were
genotyped using flight time mass spectrometry. The allele and genotype frequencies of these variants
and their associations with neonatal hyperbilirubinemia were analyzed. The genotype frequencies

of CC and CG for the UGT1A1 variant rs11888492 in the hyperbilirubinemia group were 90.48% and
9.52%, respectively (P=0.001), in comparison with the control group. The C and G allele frequencies
of rs11888492 in the hyperbilirubinemia group were 95.24% and 4.76%, respectively (P=0.023).
Similarly, in the hyperbilirubinemia group, the genotype frequencies for the UGT1A1 variant rs4148325
were 90.48% CC, 8.73% CT, and 0.79% TT (P =0.001), with corresponding allele frequencies of 94.84%
forCand 5.16% for T (P=0.002). No notable distinctions were detected for other variants. Newborns
carrying the CC genotype of rs11888492 exhibited higher total bilirubin (TBIL) levels than those
carrying the GG genotype (P =0.034), whereas newborns carrying the CC genotype of rs4148325
displayed higher TBIL levels than those carrying the CT genotype (P=0.003). The presence of the G
allele at rs11888492 was found to be significantly correlated with a decreased likelihood of developing
neonatal hyperbilirubinemia (odds ratio [OR]: 0.363; 95% confidence interval [CI] 0.169-0.777).
Furthermore, a substantial reduction in the risk of neonatal hyperbilirubinemia associated with the
CT genotype of rs4148325 were revealed (OR = 0.242; 95% Cl 0.102-0.574). Additionally, an inverse
relationship was identified between TBIL concentration and the quantity of genetic variants. The
UGT1AL1 variants rs11888492 and rs4148325 are strongly associated with neonatal hyperbilirubinemia
in southern China.

Keywords Biliverdin reductase A (BLVRA), Neonatal hyperbilirubinemia (NHB), Single nucleotide
polymorphism (SNP), Uridine diphosphate glucuronosyltransferase 1A1 (UGT1Al)

Hyperbilirubinemia is a prevalent clinical condition among newborns that is primarily attributed to factors
such as excessive bilirubin production, compromised liver uptake and conjugation, and enhanced circulation
of bilirubin in the enterohepatic system. Elevated bilirubin levels can lead to severe complications, including
acute bilirubin encephalopathy and kernicterus, resulting in irreversible nervous system damage and, in extreme
cases, mortality"2.

The etiology of hyperbilirubinemia encompasses various maternal and neonatal factors, with increasing
recognition of its genetic components®. Biliverdin reductase A (BLVRA) and uridine diphosphate
glucuronosyltransferase 1A1 (UGT1AL1) play pivotal roles in bilirubin metabolism by converting biliverdin to
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bilirubin and facilitating the conjugation of unconjugated bilirubin to glucuronic acid molecules, respectively”.
Emerging evidence suggests a significant link between specific genetic variants of UGT1A1 or BLVRA and the
incidence of severe hyperbilirubinemia®~’. Mutations in UGT1AL1 cause a decrease or deletion of glucuronidase
activity, affecting bilirubin synthesis in vivo and leading to hyperunbound bilirubinemia®®. Genetic variants of
UGTI1AL, including UGT1A1*28 and UGT1A1%*6, have been recognized as contributing factors for the risk of
neonatal jaundice in Asian populations®°.

In this study, we aimed to investigate the role of novel or less-studied genetic variants that may contribute to
neonatal jaundice. While UGT1A1 variants are well-established risk factors, we sought to explore other genetic
factors that may provide new insights into the condition. Therefore, our research sought to explore the allele and
genotype frequencies of nine UGT1A1 and five BLVRA variants associated with neonatal hyperbilirubinemia. As
far as we are aware, our study represents the inaugural report on the connection between UGT1A1 rs12479045,
BLVRA rs1181576, and rs2730625 and neonatal hyperbilirubinemia.

Results

Clinical analysis

The clinical data of the control and NHB groups are summarized in Table 1. There were no substantial disparities
in birth weight or gestational age (weeks) between the control and NHB groups. The average TBIL levels were
141.14+46.76 pmol/L for the control group and 316.47 +36.46 umol/L for NHB group. Relative to the control
group, a significant elevation was observed in serum BU, BC, TP, and ALB levels within the NHB cohort
(P<0.0001, P<0.0001, P=0.0105, and P<0.0001, respectively), whereas the NHB group demonstrated a
notable rise in serum levels of AST, BUN, and CR (P <0.0001, P=0.0417, and P <0.0001, respectively).

Allele and genotype frequencies of UGT1A1 and BLVRA variants

The gene sequence accession number and the primerssequences location are shown in Table 2. The allele and
genotype frequencies of the UGT1A1 and BLVRA variants are shown in Table 3. The distribution of genetic
variants for UGT1A1 and BLVRA adhered to the Hardy-Weinberg proportions, indicating no significant
deviation from equilibrium (P> 0.05). Marked disparities were evident in the allele and genotype frequencies
of rs11888492 and rs4148325 within UGT1A1 when comparing the control and NHB groups, whereas other
variants did not exhibit such differences. For rs11888492, the genotype frequencies of CC and CG in the NHB
group were 114 (90.48%) and 12 (9.52%), respectively, showing a notable disparity (P=0.001). The C and G
alleles frequencies in the NHB group were 240 (95.24%) and 12 (4.76%), respectively, showing a significant
difference (P=0.023). Similarly, for rs4148325, the genotype frequencies of CC, CT, and TT in the NHB group
were 114 (90.48%), 11 (8.73%), and 1 (0.79%), respectively (P=0.001). The C and T allele frequencies in the
NHB group were 239 (94.84%) and 13 (5.16%), respectively, demonstrating a significant difference (P=0.023).
Thus, the variants rs11888492 and rs4148325, which showed notable distributional differences between the
control and NHB groups, were incorporated into the conditional logistic regression model.

Table 4 presents the findings from the logistic regression analysis of the variants associated with neonatal
hyperbilirubinemia. The logistic regression model for rs11888492 revealed that in contrast to allele C, allele G
was correlated with a decreased probability of NHB occurrence (OR=0.363; 95% CI 0.169-0.777). Similarly,
analysis of rs4148325 indicated that compared to CC, the CT genotype exhibited a lowered likelihood of
developing neonatal hyperbilirubinemia (OR=0.242; 95% CI 0.102-0.574). Furthermore, compared to allele
C, allele T was associated with a reduced likelihood of NHB onset (OR=0.361; 95% CI: 0.165-0.794). However,
after adjusting for clinical factors, allele T exhibited a lower risk of NHB than allele C, with an OR of 0.413 (95%
CI0.141-1.211; P=0.107).

Parameter NHB group (N=126) | Control group (N=114) | P-value
Birth weight (g) 32104380 3120+ 650 0.3298
Gestational age(week) | 38.27 +2.46 39.01+1.32 0.2354
Age (days) 8.56+5.27 3.91+4.07 <0.0001
TBIL (umol/L) 316.47 +36.46 141.14+46.76 <0.0001
BU (umol/L) 308.41+33.06 140.29+46.70 <0.0001
BC (umol/L) 6.97 £6.50 0.84+1.56 <0.0001
ALT (U/L) 13.33+8.15 16.11+10.07 0.0777
AST (U/L) 38.79+18.38 61.13+31.87 <0.0001
TP (g/L) 54.86+5.57 52.35+5.93 0.0105
ALB (g/L) 38.81+3.52 35.86+3.81 <0.0001
GLB(g/L) 16.04+3.26 16.49 +3.30 0.4187
BUN (mmol/L) 2.69+1.35 3.11+1.22 0.0417
CR (mmol/L) 39.32+10.22 60.63+18.40 <0.0001

Table 1. Clinical characteristics of control group and NHB group. TBIL total bilirubin, BC conjugated
bilirubin, BU unconjugated bilirubin, ALT alanine aminotransferase, AST aspartate transaminase, TP total
protein, ALB albumin, GLB globulin, BUN urea nitrogen, CR creatinine.
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Gene Accession number | SNP_ID Sequence Location
12479045 | ACGTTGGATGAGACACTGACCATCCTTCTC | [~
s ACGTTGGATGTTAAGAGCCAGAGGACTCAC | o
8330 ACGTTGGATGCTTTAAACACACAAGGTGGC |
s ACGTTGGATGTTGGCTTCTGCAGATGGTTG | "0
loaz64o | ACGTTGGATGCCATCTGCAGAAGCCAAAAG |
s ACGTTGGATGAGTGCGGGATTCAAAGGTGG | “X°"
3771340 | ACGTTGGATGTCCCTTCCCAAATGCATTTC |
s ACGTTGGATGATGTGGGTTACTGGGAATGC | ™om
e ACGTTGGATGTAGTCCTGAATAGGAGTGCC
Uridine diphosphate glucuronosyltransferase 1A1 (UGT1A1) | NM_000463 rs11888492 ACGTTGGATGGTTAGCTGCTTCAACCCTTG Exon4
148305 | ACGTTGGATGCAGCTCATTTCCAAGTGCTC | [
s ACGTTGGATGGAGTGGGTTTCATGAAGAGC | rom
17864705 | ACGTTGGATGGTGTTGATGGTCCTATTCTC | [~
s ACGTTGGATGATGCCAGGTTGIGCTTTCIC | ron
4148308 | ACGTTGGATGCCCCATTAGATTTAAAACTCC | [
s ACGTTGGATGTCTGTGCAGGAAACTTATGG | o
lo18124 | ACGTTGGATGTCAGTGTTCTAACCAACAGC ||
rs ACGTTGGATGGACTCAAAAGTGTATTAGGG | o
7738 ACGTTGGATGCCCAGACTTGAAATGGAAGC |
s ACGTTGGATGTGTCTTTGCAGTCCACTGTC | X"
699512 | ACGTTGGATGAAGCATCCCTTAAACTGGTC |
rs ACGTTGGATGGTCTTTACAGTGACCGAAGG | “X"
b ACGTTGGATGGGAATCTGAAACTCCAGAGC
Biliverdin reductase A (BLVRA) NM_000712 rs10486752 ACGTTGGATGCCCCGAGTACAACAATCAGA Intron3
181576 | ACGTTGGATGCAACAGTACCATTCACAGCG |~
s ACGTTGGATGCGCCCAGCTGTTTCTTTTGT | ™on
730605 | ACGTTGGATGGGGCAACAAGAGCAAACATC | o
s ACGTTGGATGTCTGGGAGATGGCAACAAAG | X"

Table 2. The gene sequence accession number and the primers’ sequences location.

Correlation between genotype and total bilirubin level

As depicted in Fig. 1, newborns with the CC genotype at rs11888492 had significantly higher total bilirubin
levels than those with the GG genotype (P=0.034). Similarly, neonates carrying the CC genotype of rs4148325
had significantly higher total bilirubin levels than their CT counterparts (P=0.003).

Cumulative impact of UGT1A1 variants on neonatal hyperbilirubinemia

The aggregate influence of concurrent UGT1A1 variants was evaluated by examining the correlation between
the quantity of variations and the likelihood of developing neonatal jaundice. The adjusted OR and 95% CI for
one variant was 0.244 (95% CI 0.088-0.678; P=0.007). The adjusted OR and 95% CI for two variants was 0.079
(95% CI 0.005-1.232; P=0.07) (Table 5). The OR exhibited an inverse correlation with the accumulative count
of the two variants within individuals. As shown in Fig. 2, an increase in the number of genetic variations was
associated with lower total bilirubin levels. Compared with the OR value for individuals with no variants, the OR
value for those with one variant was statistically significant (P <0.01).

Discussion
Bilirubin metabolism is predominantly mediated by uridine diphosphate glucuronosyltransferase 1A1 (UGT1A1),
which aids in glucuronidation and thereby facilitates bilirubin’s removal from the body. UGT1A1, located on
chromosome 2 (2q37), covers an area of approximately 160 kbp!!-'4, Multiple genetic polymorphisms within the
UGT1ALI gene, including rs8175347 [UGT1A1*28, —53 A(TA)6TAA > A(TA)7TAA], rs4148323(UGT1A1*6,
211 G> A, Gly71Arg), rs4124874, and rs10929302, are known to influence gene expression, enzyme function,
and serum bilirubin concentrations!®>~'°. It is widely recognized that the —53 A(TA)7TAA/A(TA)7TAA and
211AA genotypes predominantly contribute to Gilbert’s syndrome among populations in East Asia. Within this
demographic, the 211AA genotype is primarily responsible for causing neonatal hyperbilirubinemia. In contrast,
the —53 A(TA)7TAA/A(TA)7TAA variant tends to provide a protective benefit against the development of
hyperbilirubinemia in breastfed infants!”!%. Oussalah'® identified rs4148323, located in the first exon’s substrate-
binding domain coding region of the UGT1AL1 gene, as a low-frequency and rare missense variant. This variant
is in strong linkage disequilibrium with rs4148325 and is highly associated with serum bilirubin concentration.
To explore the effects of more novel and less studied polymorphic sites on neonatal hyperbilirubinemia, we
investigated nine UGT1A1l and five BLVRA variants.We noted statistically significant disparities in the
distribution of the alleles and genotypes of rs11888492(2:233771328 C> G)and rs4148325 (2:233764663C>T)
of UGT1A1 between the control and NHB groups. However, no clear relationship was observed between other
variants and neonatal hyperbilirubinemia.

For rs11888492, our findings revealed that the frequencies of the CC genotype and C allele were more
prevalent within the NHB cohort than in control subjects (P=0.001 and P=0.023, respectively). The G allele
was linked to a decreased likelihood of NHB incidence (OR=0.363; 95% CI: 0.169-0.777), while allele C
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Gene Variants Genotype frequency n(%) P-value | Allele frequency n (%) | P-value
rs1018124 (A>G) | AA AG GG A G
Control group 64 (56.14) | 46 (40.35) | 4 (3.51) 0.010 174 (76.32) | 54 (23.68) | 0.101
NHB group 70 (55.56) | 35(27.78) | 21(16.67) 175 (69.44) | 77 (30.56)
rs1042640 (G>C) | CC CG GG C G
Control group 94 (82.46) |20(21.28) [0(0.00) [0.237 |208(91.23) | 20(8.77) | 0.386
NHB group 111 (88.10) | 14 (11.11) | 1 (0.79) 236 (93.65) | 16 (6.35)
rs11888492 (C>G) | CC CG GG C G
Control group 90 (78.95) | 24 (21.05) | 4(7.02) 0.001 204 (89.47) | 32(14.04) | 0.023
NHB group 114 (90.48) | 12 (9.52) | 0 (0.00) 240 (95.24) | 12 (4.76)
1rs12479045 (G>C) | GG CG CcC C G
Control group 64 (56.14) | 46 (40.35) | 4 (3.51) 0.368 54 (23.68) | 174 (76.32) | 0.442
NHB group 80 (63.49) |40 (31.75) | 6 (4.76) 52(20.63) | 200 (79.37)
rs17864705 (G>T) | GG TG TT G T

Uridine diphosphate glucuronosyltransferase 1A1 (UGT1Al) | Control group 64 (56.14) | 46 (40.35) | 4 (3.51) 0.248 174 (76.32) | 54 (23.68) | 0.320
NHB group 82 (65.08) | 38 (30.16) | 6 (4.76) 202 (80.16) | 50 (19.84)
1s3771342 (G>T) | GG TG TT G T
Control group 64 (56.14) | 46 (40.35) | 4 (3.51) 0.435 174 (76.32) | 54 (23.68) | 0.511
NHB group 79 (62.70) | 41 (32.54) | 6 (4.76) 199 (78.97) | 53 (21.03)
rs4148325 (C>T) CC CT TT C T
Control group 84 (73.68) | 30(26.32) | 0(0.00) 0.001 198 (76.23) | 30 (23.68) | 0.002
NHB group 114 (90.48) | 11 (8.73) | 1(0.79) 239 (94.84) | 13 (5.16)
rs4148328 (C>T) CC CT TT C T
Control group 16 (14.04) | 54 (47.37) | 44 (38.60) | 0.100 86 (37.72) | 142 (62.28) | 0.052
NHB group 13(10.32) |47 (37.30) | 66 (52.38) 73(28.97) | 179 (71.03)
1rs8330 (G>C) CcC CG GG C G
Control group 94 (64.91) | 20(35.09) | 0(0.00) 0.237 236 (93.65) | 16 (6.35) 0.386
NHB group 111 (88.10) | 14 (11.11) | 1(0.79) 208 (91.23) | 20 (8.77)
rs10486752 (A>G) | AA AG GG A G
Control group 66 (57.89) |42 (36.84) | 6(526) |0.150 | 174(76.32) | 54 (23.68) | 0.067
NHB group 98 (69.84) | 24(26.98) | 4(3.17) 210 (83.33) | 42 (16.67)
rs1181576 (G>A) | GG AG AA A G
Control group 42 (36.84) | 44 (38.60) | 28 (24.56) | 0.345 100 (43.86) | 128 (56.14) | 0.645
NHB group 44 (34.92) | 59 (46.83) |23 (18.25) 105 (41.67) | 147 (58.33)
rs2730625 (C>T) | CC CT TT C T

Biliverdin reductase A (BLVRA) Control group 18 (15.79) | 36(31.58) | 60 (52.63) | 0.291 72 (31.58) | 156 (68.42) | 0.697
NHB group 16 (12.70) | 52 (41.27) | 58 (46.03) 84 (33.33) | 168 (66.67)
rs699512 (G> A) AA AG GG A G
Control group 60 (52.63) | 36 (31.58) | 18 (15.79) | 0.273 156 (68.42) | 72 (31.58) | 0.845
NHB group 59 (46.83) |52 (41.27) | 15 (11.90) 170 (67.46) | 82 (32.54)
1s7738 (A> Q) AA AG GG A G
Control group 44 (38.60) | 46 (40.35) | 24 (21.05) | 0.664 134 (58.77) | 94 (41.23) | >0.9999
NHB group 45(35.71) | 58 (46.03) | 23 (18.25) 148 (58.73) | 104 (41.27)

Table 3. The genotype and allele frequency of UGT1A1 and BLVRA variants.

increased the risk. Neonates carrying the GG genotype had significantly lower total bilirubin levels than those
carrying the CC genotype. This suggests that the G allele of rs11888492 is associated with a reduced risk of
neonatal hyperbilirubinemia, indicating potential biological significance in regulating bilirubin metabolism.
This association could be ascribed to the variant’s impact on the splicing, transcription, or translation efficiency
of the UGT1AL1 gene, which could alter the function or stability of the enzyme. Research on rs11888492 is
limited; according to our full-text searches in various databases, only two articles on this variant have been
reported'*?°. Zhai et al.'* previously observed no correlation between rs11888492 and serum TBIL levels in
patients with sepsis. This discrepancy may be due to the differing study populations; our research focuses on
newborns with hyperbilirubinemia, while Hyland?® reported that rs11888492 is not associated with esophageal
squamous cell carcinoma.

For rs4148325, our investigation revealed that the genotype CC and allele C frequencies were more prevalent
within the NHB cohort than in the control group (P=0.001 and P=0.002, respectively). When comparing
neonates with the CC genotype to those with the CT genotype, there is a notably reduced risk associated with
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Crude Adjusted
SNP | OR (95% CI) P-value | OR (95% CI) P-value
rs11888492
CC | Ref Ref
CG |0.681 (0.259,1.788) | 0.435 0.528 (0.143,1.953) | 0.339
GG |- - - -
C Ref Ref
G 0.363 (0.169, 0.777) | 0.009 0.189 (0.067, 0.534) | 0.002
rs4148325
CC | Ref Ref
CT |0.242(0.102,0.574) | 0.001 0.198 (0.056,0.697) | 0.012
TT |- - - -
C Ref Ref
T 0.361 (0.165, 0.794) | 0.011 0.413 (0.141, 1.211) | 0.107

Table 4. Relationship between the genotype and allele frequency and hyperbilirubinemia. Adjusted: adjust
with AST, TP, ALB, BUN, CR; OR, odds ratio. CI confidence interval.
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Fig. 1. the relationship between SNPs genotype and TBIL, *P<0.05, **P<0.01.

Number of genetics variants | Control group (N=114) | NHB group (N=126) | OR | 95% CI P-value
0 64 101 1 - -

1 46 24 0.244 | (0.088,0.678) | 0.007

2 4 1 0.079 | (0.005,1.232) | 0.07

Table 5. Adjusted ORs and 95% CI of hyperbilirubinemia associated with the number of genetic variation.
Adjusted: adjust with AST, TP, ALB, BUN, CR. OR odds ratio, CI confidence interval.

the CT genotype for the development of NHB (OR=0.242; 95% CI 0.102-0.574). Newborns carrying the CT
genotype exhibited significantly lower bilirubin levels than those with the CC genotype. The rs4148325 is located
in both the proximal promoter region and intron 1 of the UGT1A1 gene. It lies very close to the UGT1A1*28
TATA box polymorphism and has a strong linkage with it, sharing the same haplotype block in our population?®!.
This SNP is significantly associated with serum bilirubin levels, possibly because it affects UGT1A1l gene
expression, thereby influencing bilirubin metabolism?2%. However, our findings differ from those reported in
other studies that found that rs4148325 was closely linked to the highest levels of bilirubin elevation in patients
receiving sarilumab treatment, likely indicating Gilbert syndrome or disorders of bilirubin excretion?***. The
observed inconsistency could be due to different study populations, different diseases, or the limited size of our
sample group and the failure to consider the cumulative effects of numerous genetic variations in our analytical
approach.

As far as we are aware, our research is pioneering in examining the interactive influence of UGT1A1 genetic
variants rs11888492 and rs4148325 on neonatal hyperbilirubinemia. We found that these variants were protective
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Fig. 2. Total bilirubin values amongst different numbers of genetic variants, **P < 0.01.

factors against the development of neonatal hyperbilirubinemia, with total bilirubin levels decreasing with an
increase in the number of genetic variations.

BLVRA is another important bilirubin metabolism gene responsible for the transformation of biliverdin into
bilirubin. Genetic variations within the BLVRA gene may also affect TBIL levels?>. Although genetic variations
in BLVRA have been associated with unconjugated hyperbilirubinemia in adults, the variant rs699512 did
not show a substantial impact hyperbilirubinemia in our findings. Similarly, the correlation between rs7738
and hyperbilirubinemia remains controversial. One study demonstrated an association between rs7738 in the
BLVRA and TBIL levels in coronary artery disease cases within the Chinese population?’. However, Chiddarwar
et al.?® observed an increased frequency in the rs7738 variant allele among individuals with hyperbilirubinemia
in comparison with the control cohort, although this discrepancy lacked statistical significance (P <0.14). Our
study yielded results similar to those reported by Chiddarwar et al.?® regarding rs7738. Additionally, we observed
that other variants, including rs10486752, rs1181576, and rs2730625, had no discernible effect on neonatal
hyperbilirubinemia. Notably, our study marks an initial inquiry into the effects of rs1181576 and rs2730625 on
neonatal hyperbilirubinemia.

This study is subject to certain constraints, including a relatively limited sample size and assessment of
only 14 gene loci that potentially affect bilirubin metabolism. Neonatal hyperbilirubinemia is a complex issue
influenced by multiple factors, and additional research with larger sample sizes is necessary to investigate gene-
gene interactions and offer a more thorough understanding of its pathogenesis.

Conclusions

Our study provides genetic evidence suggesting an association between the UGT1A1 rs11888492 and rs4148325
variants and neonatal hyperbilirubinemia among Chinese infants. We noted substantial distinctions in the
distribution of alleles and genotypes for these variations when comparing the control group with the NHB cohort.
Our findings suggest that these variants may serve as protective factors against neonatal hyperbilirubinemia,
with total bilirubin levels decreasing with an increase in the number of genetic variations. However, additional
studies employing more extensive sample populations is warranted to explore gene-gene interactions and gain
an enhanced comprehension of the disease mechanisms behind neonatal hyperbilirubinemia. The results of this
investigation could offer valuable understanding for the clinical management and drug development for this
disease.

Materials and methods

Study participants

A total of 240 neonatal samples were gathered from the Longgang Maternal and Child Health Hospital in
Shenzhen from March 2021 to March 2022. This study included 126 patients diagnosed with hyperbilirubinemia
(neonatal hyperbilirubinemia group, NHB group, TBIL>257.0 umol/L) and 114 healthy newborns (control
group, TBIL <257.0 pmol/L). The American Academy of Pediatrics established that hyperbilirubinemia was
diagnosed when the serum bilirubin concentrations were at or above the 95th percentile on the neonatal
hour-specific bilirubin chart. According to the Expert Consensus on the Diagnosis and Treatment of Neonatal
Hyperbilirubinemia (2014), intervention is recommended for infants with a gestational age of 35 weeks or
more when serum TBIL levels reach or exceed 257 pmol/L. Individuals with conditions known to affect serum
total bilirubin levels, such as premature birth, asphyxia, septicemia, hepatitis, bile duct obstruction, hemolytic
thalassemia, and glucose-6-phosphate dehydrogenase (G6PD) deficiency due to ABO and Rh blood group
incompatibility, were excluded from both groups. The study received ethical clearance from the Longgang
Maternal and Child Health Hospital Ethics Committee (Shenzhen, China)(LGFYYXLLQ-2020-023), and
obtained informed consent from the participants involved in this study. All the methods in this study were
strictly carried out according to the methods approved by the ethics committee.
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Biochemistry analysis of blood

Venous blood samples (2-3 mL) were obtained and the serum levels of total protein (TP), albumin (ALB),
bilirubin (total and direct), urea nitrogen (BUN), aspartate transaminase (AST), alanine transaminase (ALT),
and creatinine (CR) quantified using an automatic biochemical analyzer (Hitachi 7180, Japan).

Analysis of polymorphism

All remaining blood samples from routine blood tests were subjected to genetic polymorphism analysis using
the MassARRAY MALDI-TOF System (Sequenom, America). Nine single nucleotide polymorphisms (SNPs) of
UGT1A1 were investigated: rs1018124, rs1042640, rs11888492, rs12479045, rs17864705, rs3771342, rs4148325,
rs4148328, and rs8330. Additionally, five BLVRA SNPs were analyzed: rs10486752, rs1181576, rs2730625,
rs699512, and rs7738.

Statistical analysis

Allele and genotype frequencies were assessed through direct enumeration. Differences between control groups
and neonatal hyperbilirubinemia were analyzed with the chi-squared test. The data for continuous variables are
presented as averages accompanied by the standard deviation (SD), with statistical analysis conducted through
the application of Student’s t-test or analysis of variance (ANOVA), as appropriate.To examine the relationship
between NHB and the comparison groups, binary logistic regression was employed to derive odds ratios (ORs)
and associated 95% confidence intervals (CIs), adjusting for clinical covariates, such as AST, TP, ALB, BUN, and
CR. Additionally, the relationship between total bilirubin (TBIL) levels and various genotypic combinations
was investigated. The statistical evaluations were carried out using GraphPad Prism 8.3.0, recognizing results as
statistically significant when P <0.05.

Data availability

The data are available from the corresponding author on reasonable request.
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