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[# ZE)E® B ARREE L E IAE (hyperbilirubinemia , HB ) 4= JLEJHZL /19 8 [ FLAE (total bilirubin to albumin ra-
tio, B/A) /K V-2 57 , FFIF Al HOGH IR ZT 28 M F) FUIA0 (L, LASUI g i RXUBS: 23 J2 4R S50 T3 ik e 2020 4F 3 A 22202542 H
T 8 RAEBE A2 ) LB R BRI HB#TAE L 1 ST RS XTG  E HB RLEE 43 5 HE 4 (n=608) \ H 4 (n=436) M &
M (n=527), oA 3B LG IR PR, SR FH 200kt A 4301 B/A 5 IFDIREFRFRNSC R R 2R3 TAERRIE R (receiver op-
erating characteristic curve , ROC) 7387 B/A XF HB %5 i#F J/& 0 U R BE o o) AR A2 75 01 A& AR 2128 I 23 i 28 (5 0T IR T 3R
B , n=296 ) Xt ARAL (JCAHZL RN , n=1275) o 53 HB I IHZL RNl B9 RZ AN 3R o >R H Bootstrap #5530 H HB 2 B X B/A
S RRLT 2 M A A Sk, F R BR S 7 R AR (vestricted cubic spline, RCS) 4387 A~ 7] HB 2 B/A 55 R LT 2 Mk A9 571
BN KFR, &R 34EILLEH LT A4 2 i 3 (neonatal behavioral neurological assessment, NBNA ) PEAY TN R R I
¥ F4 Wi (alanine aminotransferase, ALT) | K 4 % R & JL % % M} (aspartate aminotransferase , AST) \y—4% 2 Bt % 7 ff (y—glutamyl-
transferase , GGT) \FLER I Z M (1actate dehydrogenase, LDH) \B/A (=4 C & b & F1 (hypersensitive C—reactiveprotein ,hs—CRP) [
28 0 S 04 4K 1 (neuron—specific enolase, NSE) . #1 22 IK Y (neuropeptide Y, NPY ) | HILER {4 /i [] T (creatine kinase isoen-
zyme , CK-MB) . T 40 1L 25 (hematocrit, HCT) | I 37 24 IHZT £ (total serum bilirubin, TSB) 77 i 2% 5 A G 1142 8 X (P<0.05) ., £
JLEAE RN 7 M R, /UL B/A JKSF-5 ALT (AST GGT \LDH /K-F- 3 52 IEAA % (P<0.05) . ROC HIZR M7 7, B/A K- X 4218
HB A JLR J il o 3/ o B A il 26 F TP (area under the curve, AUC) i 0.714, RN 0.698 , 15 5 4 0.705 5 7542 i/ i
HB 2 R SN 8 HB B 50 v, B/A B9 AUC g 0.882, REUE N 0.861, 7557 0.879 , 25 WU REFE A1 1 55 T TSB, FU A {E SE A
(#P<0.001) . NBNA#F43 ALT AST .B/A \HB F2 & .hs—CRP \NSE NPY .CK-MB HCT & HB i JLJf- & I 21 2 i3 1) 5% o [A] 5%
(P<0.05) . HA BT IR, 95%C1 2 0.549~1.328 , 47 HB R ETE B/A 5 R NHLLZ ik 2 MIAF 7R 58 2P AU% . RCS 73
B, B/A 5AN IR HB A2 BN 1 IH £ 2 s =2 [E) A7 AE AR 2 R ) i SO OG 3% (P<0.05) o ARl HBRREE TR, B4 B/A KF- 7+, I
ST F MG A KB S IR . BEAE  ANTRIRLEE HB B L B/A KT AAAE 25 5, B/A X L 3 s FLAT TN (8 FL 5 HB LR A7
TESER PR, — 3 S AR LR S AR o
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Differences in B/A levels among neonates with different degrees of

hyperbilirubinemia and the predictive value of B/A for bilirubin encephalopathy

Bi Xiaona,Wang Xue, Feng Xiangchun,Chen Huilan
(Department of Neonatology , Women and Children’s Hospital Affiliated to Qingdao University)
[ Abstract]Objective : To explore the differences in the total bilirubin to albumin ratio(B/A) levels of neonates with different degrees of
hyperbilirubinemia (HB) , evaluate the predictive value of B/A for bilirubin encephalopathy, and provide a reference for clinical risk
stratification. Methods : A total of 1571 newborns with HB admitted to Women and Children’ s Hospital Affiliated to Qingdao Univer-
sity between March 2020 and February 2025 were selected as the subjects and divided into the mild group (n=608) , the severe group
(n=436) , and the extremely severe group(n=527) according to the degree of HB. The clinical data of the three groups of children were

compared. The relationships between B/A and liver function indica-
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5 HAR : hitps://link.cnki.net/urlid/50.1046.R.20260610.1241.006 ating characteristic curves. In addition, they were divided into the
(2026-06-10) case group (with bilirubin encephalopathy, n=296) and the control

tors were analyzed by multiple linear regression. The predictive effi-

cacy of B/A for the progression of HB was analyzed by receiver oper-
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group (without bilirubin encephalopathy,n=1275) according to the presence or absence of bilirubin encephalopathy. The risk factors of
HB complicated with bilirubin encephalopathy were analyzed. The Bootstrap method was used to analyze the mediating effect of HB
degree on the association between B/A and bilirubin encephalopathy. The dose-response relationship between B/A and bilirubin en-
cephalopathy under different HB degrees was analyzed by constructing a restricted cubic spline model. Results : There were significant
differences in Neonatal Behavioral Neurological Assessment score, alanine aminotransferase , aspartate aminotransferase, y—glutamyl-
transferase, lactate dehydrogenase, B/A , high—sensitivity C-reactive protein, neuron—specific enolase, neuropeptide Y, creatine kinase
isoenzyme, hematocrit, and total serum bilirubin among the three groups (P<0.05). The results of multiple linear regression analysis
showed that B/A level was positively correlated with the levels of alanine aminotransferase , aspartate aminotransferase , y—glutamyl-
transferase, and lactate dehydrogenase (P<0.05). The results of receiver operating characteristic curve analysis showed that the area
under the curve of B/A level for predicting the development of mild HB into severe/extremely severe cases was 0.714, the sensitivity
was 0.698, and the specificity was 0.705; in the prediction of mild/severe HB developing into extremely severe HB, the area under the
curve of the B/A level was 0.882, the sensitivity was 0.861, and the specificity was 0.879. All the efficacy indicators were higher than
those of total serum bilirubin, and the predictive value was better (all P<0.001). The Neonatal Behavioral Neurological Assessment
score, alanine aminotransferase , aspartate aminotransferase , B/A , HB degree , high—sensitivity C-reactive protein, neuron—specific eno-
lase, neuropeptide Y, creatine kinase isoenzyme, and hematocrit were the risk factors of bilirubin encephalopathy in children with HB
(P<0.05). The results of the mediating effect analysis showed that the 95%CI was 0.549 to 1.328, suggesting that HB degree played a
complete mediating role between B/A and bilirubin encephalopathy. The restricted cubic spline analysis results showed that there was a
nonlinear dose—response relationship between B/A and bilirubin encephalopathy at different levels of HB (P<0.05). Under different lev-
els of HB, with the increase of B/A levels, the risk of bilirubin encephalopathy increased. Conclusion : There are differences in B/A lev-
els among children with different degrees of HB. B/A has predictive value for bilirubin encephalopathy , with HB degree showing a com-
plete mediating effect between B/A and bilirubin encephalopathy. A nonlinear dose—response relationship was observed between B/A
and bilirubin encephalopathy.
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BE RS  HB BT AE L1 571 B BFFE X4 ARG TSB 43 e
JELH (TSB<342 pumol/L,n=608) FEJE 4 (TSB 342~427 pmol/L,
n=436) M4 (TSB>427 pmol/L,n=527)", Y EE
I NEEL 2R G 53 S s 1) 2 (-6 I B 2R Mg , n=296) FIX
TR (TCMLL R MG , n=1 275) . ARWFEEFH B KFHm
L L BE B B A AR I 5y oy AT At E A (4% % : QFELL-K Y~
2020-02) . AHAFRHE: DFF 4 HB 2 Wik @ H i 1~30
d; QI PR FERF 2R s OF i 2B A R A5 HERR bR O
SR D RE R s IR A=A BT i L s @)% BB A MR ik
PePEPRG & s @2 N R S RIRTE L.

12 HLEIEAT

WO LI R BEORE, L8] R H S AR AR T |
FEBEW ] HB 3 [] 7= 0 4006 07 =X R SR 7 =X A R 1)
BRI I ORI = I B AR JLAT SR A 2 E i % (neonatal
behavioral neurological assessment, NBNA)BEST -

T L R AT A LKL, i 0 385 ULTEF (serum cre-
atinine, Scr) . TN 24 ik 2 2 5 £ iff (alanine aminotransferase ,
ALT) | K 4 & 18 2 % % # B (aspartate aminotransferase,
AST) y- AL i (y-glutamyltransferase , GGT) (LR
S (lactate dehydrogenase , LDH) (ALB \TSB I4fH | [A] 4z AH £
2 (indirect bilirubin, TBIL) W fE 3157 B/A L £T 41 i %5 (red
blood cell, RBC) . 1 40 it 31 %X (white blood cell, WBC) . IfiL/]>
*fiif%ﬂl(platelet count, PLT) | = 8 C J2 i 85 H (hypersensitive
C-reactiveprotein, hs—CRP) | #fl & 7 5§ 5 ¥ I B 4k i

(neuron—specific enolase, NSE) \#f & ik Y (neuropeptide Y,
NPY) LR % it ] -7 ( creatine kinase isoenzyme , CK-MB)
2T 40 e 25 (hematocrit, HCT) o

K BT 38 B0t 28 Uy RE B A% (bilirubin induced neuro-
logical dysfunction, BIND) ¥ JF & JIH £ 3 igi i 8 JL 1 9o 175
FEE AL, 1~3 53 NI 4~6 53 Ry Th EE, 7~9 S N H
1.3 %itsFk

K SPSS 23.0 FEATHE AT, T BORER I EL = A
W22 (v £ ) F7R , AL FLRER T F/RT 3 THECRORER AR
3 Lo, 18] LEBCR TR 5 R . R FH 22 oot [ml )
I3HT BIA 5 BT DI REFR AR Y 5C 2, R 221X TARRRE it £&
(receiver operating characteristic curve, ROC) 43 ¥ B/A X} HB
PRI LR 4 TR BE , SR T 22 PR R logistic [m1)A 4347 HB JF %4
JRLZT 25 i F 52 0 (K] 2%, >R FH Bootstrap ¥ 43 Hr HB P2 B XT B/
A 55 BELZR N 14 T A RO, i e R 4 7 7 RE SRR AR (e
stricted cubic spline, RCS) 7 #7A [f] HB # F B/A a4 &
i P9 700 B SN DG AR o KK @=0.05

2.1 REARAE &L R FAH AR

340 H JLYE NBNA P43 . ALT . AST . GGT . LDH . B/A . hs—
CRP . NSE,NPY ,CK-MB ., HCT . TSB J7 1fi 22 5 4 45 124 75 X
(¥ P<0.05), L% 1.

F1 SEBILERERLE (n,%;x =)

T H 2 E A1 (n=608) HEA (n=436) W AL (n=527) X/F1H PAH
51 4.398 0.111
5 312(51.32) 248(56.88) 267(50.66)
L 296(48.68) 188(43.12) 260(49.34)
fifi % (J) 34.74 + 3.62 35.06 + 3.65 35.25+3.71 2.824 0.060
Hi%(d) 6.32+1.21 6.48 £1.28 6.44 £1.29 2.371 0.094
A BT (kg) 3.45+0.57 3.39 +0.48 3.42+0.51 1.666 0.189
AEBEm T (d) 4.82+0.68 479 +0.63 4.85+0.72 0.931 0.394
HB H ] (d) 3.03+0.54 3.02£0.58 3.08 = 0.60 1.611 0.200
PR IR 4.574 0.102
il 348(57.24) 263(60.32) 282(53.51)
%" 260(42.76) 173(46.49) 245(46.49)
G307 1.968 0.374
gty 362(59.54) 259(59.40) 294(55.79)
HE 246(40.46) 177(40.59) 233(44.21)
LSS L E 0.652 0.957
BEFL 318(52.30) 226(51.83) 275(52.18)
e 7 W5 142(23.36) 106(24.31) 118(22.39)
IRAMSE 148(24.34) 104(23.86) 134(25.43)
YR URIIBE R 0.302 0.860
H 38(6.25) 25(5.73) 29(5.50)
J 570(93.75) 411(94.27) 498(94.50)
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WH 214 (n=608) T4 (n=436) W T 4 2 (n=527) XIFAE P
SRR R INAS 0.632 0.729
A 27(4.44) 22(5.05) 21(3.98)
J 581(95.56) 414(94.95) 506(96.02)

NBNA $743(43) 31.52 +5.61 27.48 + 4.49 25.73 +4.27 210.095 <0.001
ALT(U/L) 53.41+528 65.72 £5.69 72.59 +5.74 143.667 <0.001
AST(U/L) 42.38 + 4.46 48.64 + 4.83 5237 +5.12 18.652 <0.001
GGT(U/L) 124.15 + 10.52 158.63 + 12.47 169.64 + 14.59 6.749 <0.001
LDH(U/L) 411.69 + 56.94 479.42 + 63.58 502.75 +73.16 13.522 <0.001
B/A 525+1.16 6.69 £1.23 8.42+1.28 15.921 <0.001
Ser( pmol/L) 2524 +7.12 2441 £6.65 24.55 +6.83 2.274 0.103
RBC(x10"/L) 474+ 1.14 476+ 1.18 478 +1.23 0.162 0.851
WBC(x10%/L) 7.45£2.03 746 +£2.14 7.41£1.97 0.085 0.918
PLT(x10%L) 218.63 + 42.85 220.59 + 43.53 221.37 +43.79 0.603 0.547
hs—CRP(mg/L) 2.51+0.32 2.69 +0.41 3.34 +0.49 622.730 <0.001
NSE(pg/L) 4.61£0.75 5.05+0.83 6.38 £0.92 671.446 <0.001
NPY (ng/L.) 3.26+0.58 4.05£0.63 4.69 £0.76 670.689 <0.001
CK-MB(U/L) 33.61£3.21 37.24£3.43 39.37 £3.89 391.509 <0.001
HCT(%) 43.62+ 6.54 42.98 + 6.23 41.17+5.85 22.839 <0.001
TSB(pmol/L) 324.57 +26.18 370.92 +51.73 494.45 +72.74 16.903 <0.001

22 B/IA LT84 A& =) oA

Z LR PE RN 53 Fr 7R, L B/A K5 ALT  AST,
GGT .LDH /K- ¥ 5 1EAH G (35 P<0.05) , S IR A+ &5 A
KAEAAEAE (4 P<0.05) , WLFK 2,
2.3 B/A XF HB sk Ja it B 44 TR 2% A%

ROC {1 £k 43 #1713, B/A K7 X 44 i HB i A )L & SRk
o /M B RE Y Bl £k T 1 A (area under the curve, AUC) 4
0.714, RAFUE A 0.698 , K5+ B 4 0.705 ; 7E 54 /5 i HB & Jé
BB T BE HB A4 I o, B/A 19 AUC K 0.882, 7 B FE Ky
0.861, ¢ 5 £ 2y 0.879, ) 18 25 15 T A1 1] TSB X 12 2 95 o ik

JE B TN AE (AUC=0.662,0.738, 1) P<0.05) , $ 715 B/A 15
A (3 P<0.001) . WL 3.
2.4 JHf) LA Fo 3t BE 20 B UG SR AT LA

95 19 40 58 JL NBNA 143 \HCT /K AR T % BE4H , ALT,
AST .B/A HB#% & i /5 b .hs—CRP . NSE .NPY ,CK-MB 7K F
BT AL (35 P<0.05), W3 4.
2.5 % W& logistic ® )2 447 HB 5t & 2 41 % i o 69 % R
W%

DL HB L2 I & R LT 2 0 o IR AR i (Of k=1, &
J£%=0), LA NBNA #F-43 . ALT  AST . B/A \HB & .hs—CRP.

®2 B/ASHIIEEIEIRNES TEERIEASN

_— AR R R 1 R 2

B 95%CI P B 95%C1 P B 95%CI P
ALT 0.734 0.309~0.862 0.002 0.698 0.326~0.876 0.005 0.644 0.223~0.796 0.009
AST 0.826 0.394~0.915 0.001 0.702 0.331~0.859 0.004 0.665 0.201~0.724 0.007
GGT 0.715 0.326~0.897 0.003 0.686 0.295~0.784 0.007 0.617 0.193~0.768 0.012
LDH 0.722 0.311~0.858 0.002 0.693 0.283~0.755 0.006 0.632 0.264~0.759 0.010

TE AT L VRRE ) R | R AR AR BT  SER s AR 2, AEARRY 1 AR b R A o R SR R AR R PRV A IR A i I P S )

%*3 B/ARKTSBiZlfi HB A [E# EH ROC i £ T EFR

i H AUC 95%ClI R TSR Pla
B/A
BB vs. WML 0.714 0.605~0.785 0.698 0.705 <0.001
B EE vs. IRE 0.882 0.749~0.953 0.861 0.879 <0.001
TSB
BRHE vs. H /M EE 0.662 0.582~0.743 0.635 0.649 <0.001
BRI vs. W E 0.738 0.631~0.867 0.708 0.721 <0.001
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F4 2BBILERBRIEE (n,%;x +5)

Bzt I 2 (n=296) X HE4L (n=1 275) Xl PAl
PE5 0.055 0.814
5 154(52.03) 673(52.78)
u 142(47.97) 602(47.22)
e (F) 34.81+3.57 35.04 £ 3.68 0.974 0.330
H i (d) 634+ 1.22 6.42+1.26 0.990 0.322
AR T (kg) 3.44 +1.28 3.42+125 0.247 0.805
FEBERT ] (d) 4.85+0.74 4.82+0.67 0.680 0.497
HB H B R (d) 3.10£0.68 3.03£0.55 1.881 0.060
FEAFIR 3.206 0.073
wr 182(61.49) 711(55.76)
& 114(38.51) 564(44.24)
53575 = 3.166 0.075
gty 186(62.84) 729(57.18)
e 110(37.16) 546(42.82)
LSS L E 2.503 0.286
BEFL 145(48.99) 674(52.86)
(LRl 79(26.69) 287(22.51)
IRAWRTR 72(24.32) 314(24.63)
SRR bR e 0.411 0.521
H 15(5.07) 77(6.04)
¥ 281(94.93) 1 198(93.96)
BRI e il 2.633 0.105
A 8(2.70) 62(4.86)
Jc 288(97.30) 1213(95.14)
NBNA 743 (43) 23.45+4.36 29.62 +4.96 19.706 <0.001
ALT(U/L) 68.29 + 5.87 62.09 £ 5.47 17.323 <0.001
AST(U/L) 51.53+4.89 46.53 + 4.76 16.197 <0.001
GGT(U/L) 149.23 +12.58 148.92 + 12.39 0.387 0.699
LDH(U/L) 462.83 + 67.85 460.62 + 63.38 0.533 0.594
B/A 7.54 +£1.39 6.52+1.18 12.935 <0.001
Ser( pmol/L) 2538 £7.05 24.64 + 6.86 1.663 0.096
HB L
R 24(8.11) 584(45.80) 149.378 <0.001
il s 109(36.82) 327(25.65)
W 163(55.07) 364(28.55)
RBC(x10"/L) 4.83+1.21 4.74+1.17 1.185 0.236
WBC(x10%/L) 748 £2.11 7.43 £2.02 0.380 0.704
PLT(x10%L) 22431 + 44.68 219.11 + 43.05 1.859 0.063
hs—CRP(mg/L) 3.45 +0.46 2.70 +0.39 28.767 <0.001
NSE(pg/L) 5.78 £1.32 5.22+0.72 10.032 <0.001
NPY (ng/L) 421£0.72 3.90 + 0.64 7.327 <0.001
CK-MB(U/L) 38.59 + 3.74 36.08 + 3.44 11.120 <0.001
HCT(%) 40.69 = 6.17 43.07 = 6.23 5.932 <0.001

NSE.NPY ,CK-MB HCT }y H ZE & , #4172 A & logistic [ 2.6 HBAZET B/A 5 24 IG5 49 P A2 B

A3AT, B 5R BR  NBNA PF4) (ALT AST . B/A \HB 2 £ \hs— HAS RO 2T S8 % L 95%CT h 0.549~1.328 , #2715 HB Fi
CRP NSE NPY .CK-MB HCT J2& HB £ JLIf: & LT 2 k95 Y JEAE B/A 53T & MR R Z BAFE 2T AR . I
RN (3 P<0.05) . WLEES5, 6.
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2.7 FREVHBAE T B/A 5 feir & i K44 7] B - B % 4
K FH RCS 43 M A [6) HB 2 B2 T B/A 5 04T 2 1 174 56

AR BRB/A 5T HB R N B9 0L WG =2 [ 77 4E

LR 2 v 56 & (P<0.05) . ARl HBFEEE T , i 5 B/A

AR T LT 2 s A A AU S 3 ka4 WLIE 1,

2.8 REEFERF HBAZE T #7 £ )L BIND #F 59 )b 4
SRR AL A MM BE 418 M 5 4 B BIND PR e

B EFAGT R L(P<0.05), WL 2,

2.9 REVEF AR E B/A KF T4 4 )L BIND #F 5 49 b4k
L B/A AL EL6.54 43 5t R, BIA KK T (<6.54) HB

LA R TR 31 LAY BIND W43 25 33 J0 402 3 (P>

0.05). B/ATK-(>6.54)HB FJLH, 53 432 BIND P43

K& HB A B o o i T2 (P<0.05) , WL 3.

®5 HBIF&RBLRRRH 0 E RS E X logistic B 547

At B SE Wald x* OR 95%CI P
NBNA P4y -0.277 0.095 8.506 0.758 0.629~0.913 0.002
ALT 0.235 0.084 7.831 1.265 1.073~1.491 0.004
AST 0.364 0.126 8.343 1.439 1.124~1.842 0.003
B/A 0.527 0.139 14.380 1.694 1.290~2.225 <0.001
HB &
W vs, R 0.423 0.104 16.567 1.527 1.245~1.872 <0.001
W EE vs. 7218 0.610 0.137 19.845 1.841 1.407~2.408 <0.001
hs—CRP 0.490 0.198 6.135 1.633 1.108~2.407 0.008
NSE 0.705 0.266 7.026 2.024 1.202~3.409 0.005
NPY 0.667 0.291 5.251 1.948 1.101~3.446 0.009
CK-MB 0.561 0.175 10.268 1752 1.243~2.469 0.001
HCT -0.110 0.042 6.836 0.896 0.825~0.973 0.006
#6 HBEEXTB/A S5HBLE K N
- TR | R 2 TR 3
- B ' B t B t
UEELE)
B/A 1.138 4.568" 2.449 4971° 0.416 1.925
HB L 0.302 6.138°
R 0.152 0.175 0.398
F 17.322¢ 20.649° 25.335¢
JEEI=h
B/A 1.115 4.327° 2.351 4.862° 0.410 1.874
HB RS 0.297 5.935°
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