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Abstract

BACKGROUND

The progression of chronic hepatitis B into cirrhosis is slow
and easily ignored, and the construction of a noninvasive
diagnostic model for cirrhosis based on routine clinical
indicators has become a hot research topic. However, there
is still a lack of machine learning models regarding the
early diagnosis of cirrhosis.

AlM

To investigate the performance of the extreme gradient
boosting (XGBoost) machine model in the diagnosis of
hepatitis B cirrhosis.

METHODS

A retrospective analysis was performed on 1087 patients with
chronic hepatitis B virus infection (CHBV) diagnosed for the
first time at the Department of Infection, The First/Second
Affiliated Hospital of Anhui Medical University from 2010 to
2018. The patients were divided into training and validation
sets in a 3:1 ratio according to the randomization principle.
Clinical data of all study participants were collected and
prediction models were constructed using XGBoost machine
learning model. Meanwhile, the aspartate aminotransferase/
platelet ratio index (APRI) and fibrosis4 index (FIB4) scores
were calculated and compared with the XGBoost machine
learning model. Area under the curve (AUC) was used to
assess the model discrimination, and calibration curve (CA)
and decision curve analysis (DCA) were used to assess the
model calibration and benefit.

RESULTS

A total of 1087 CHBV patients were included, including 817
in the training set and 270 in the validation set. There was
no statistical difference between the training and validation
sets for all predictor variables (P > 0.05). Cirrhosis occurred

2023-07-08 | Volume 31 | Issue 13 |
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in 103 patients in the training set, and APRI and FIB-4 scores
were significantly higher in cirrhotic patients than in non-
cirrhotic patients (P < 0.05). The relative importance of
platelets was the highest among all predictors. The AUCs of
the model in the training and validation sets were 0.95 and
0.86 (P < 0.05), respectively, and the Kappa values were 0.78
and 0.74, which suggested that the model was reproducible.
CA curve analysis indicated that the model predicted a
high degree of agreement with the true situation fit. DCA of
the training and validation sets implied that the developed
model could result in a high degree of benefit for patients.
XGBoost machine learning model was significantly more
efficient for the diagnosis of cirrhosis than APRI and FIB-4
scores.

CONCLUSION

The XGBoost machine learning model constructed in this
study based on common clinical information of CHBV
patients has an excellent performance for the diagnosis of
cirrhosis and deserves further clinical promotion.

© The Author(s) 2023. Published by Baishideng Publishing
Group Inc. All rights reserved.

Key Words: Chronic hepatitis B virus infection; Cirrhosis;
Prediction model; XGBoost machine learning model
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XGBoost: HPREBEARTIIL; CHB: 181t ORI,

2 BER

2.1 Nk E L BIEEAF A Z 6 RAFIE AR AL
N TN Z1087491, F2183: 110 EL A BERL R 523 9l
ZREE(B1THN AN UEAE(27001). I ZREEm T Gk A=
FFEAL 103651, B6TEEE3201. ISR EERIIRIESE 2 (B AT 1)
IR R el B Bt (R 1), 25 HERHBV DNA.
GLB. ALTZ4b, MR RARIRIAAE I R R Seit
Z5(P<0.05)(F2).

2.2 FAEALXGBoosHLE 5 S B A eh i 5 Firfg T AR
S HE N, A P 145 5 AT R ISR A R E
e I VRVEH IR T NZRBA S SRR T
e RIS 53 r ARG (E12A). 24
IoH 44 T EL.(0.90) AT B 44 FRIAEL(0.95) F& 7~ Flr 28 57 [ A5
RN PR A R0 A TR AL RO ATE 70 %5 52 40 5 A B v D )
R, BT WERAE 90,95, i@ FHROC I 28 N T Ak Fr g ~r
FORSTCHB A JE AL 2B 2 [ FUN A RE, AUCH0.95,
PR AT AR AT B = O T R e (3, [13). 1IIZhdE
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ST B LoglossfE N0.15, HER FFREAL I TS 5 5
SEPRME R 2 (A B AT [FIIF, 4 RI%(0.73)FIF 1174
(0.81)F& 7 T 7 ASE 1L 6ok AN 25 s 5040 TR LA A P 7
MIZLRE. Kappald 4078, $&7~ H AT AT SRR B 1
LFfe] A M. ISR TS L X GBoosthl #4552
BRI PPl P Am L3R 2. 2 i 2 2/ TME 5 Se bl 2
i) B R IFH— S (E4A). DCABMZ & XL T
R PPAik 5 AT T0U0) B2 15 R0 LL S SR 28 VP A
BT T IECE AN AT T I G TR IR A
PR P15 T R 28 TS 2L DAt 5 e A S 8 SRAS B U 1Y
EINTILS

2.3 MFAALX GBoosHLEE 5 5T AL 49 3R 3E JATH
FHIGUE RN FOd g 7 (B HEAT 7 S0AIE, B0 E A A%
BUPPAGHE AR LR 3. JRIE A B B 5 R X GBoos b Y i ik
HH R ECBR PR HHE AL ) o3 1) K525, B BV (AE I REAL) 1)
ot 9213451 (F12B). Be ik A B FAE (0. 79) MIBH P i
DUME (0.89) 3 7 BT A N7 AR 2R AE BGF A Hh oo} B AY R
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® 1 JIGFESRIEEIBRERR

FHIE YIZREE(n = 817) KLl = 270) PIE
FH() 36.85+11.49 37.91+11.66 0.173
1EB(7/%) 0.512
S 607(74.30%) 206(76.30%)
i 210(25.70%) 64(23.70%)
AR/ %) 0.744
2 103(12.61%) 32(11.85%)
& 714(87.39%) 238(88.15%)
HBV DNA(Ig10cp/mL) 5.54 +1.82 5.55+1.75 0.968
AFP(ng/mL) 3.29(2.13-10.38) 3.37(2.07-7.36) 0.729
ALB(g/L) 40.77 +4.89 4156 +5.46 0.059
GLB(g/L) 27.09 +4.84 27.11 +£5.62 0.755
ALT(U/L) 47.00(28.00-78.00) 44.00(28.00-86.00) 0.745
AST(U/L) 33.00(25.00-50.00) 34.00(24.00-55.00) 0.694
GGT(U/L) 29.00(17.00-45.68) 27.50(17.25-45.68) 0.961
WBC(10%/L) 542 +1.68 5.45+1.69 0.850
PLT(10°/L) 158.66 +62.11 157.04 +57.63 0.947
APRIS) 0.86(0.36-0.96) 0.90(0.37-1.12) 0.470
FIB-417) 1.70(0.74-1.91) 1.74(0.78-2.11) 0.299

HBV DNA: ZBURSMATEIR SAZNEILER, AFP: BBIASEE; ALB: B&M3; GLB: IRED; ALT: SEMEEERES,; AST. SBIEEHS,; GGT: SaMIEN
fig; WBC: B4BIRITL; PLT: IVWRITEY, APRI: SELESESFSIN ) WRELRISET, FIB-4: LT4HE5-4.

& 2 JIFEBZIRRSESRR

RHIE FERFEEIL = 714) BFE@{k(n = 103) PE
Fhe (=) 36.09 + 11.37 42.07 +10.96° <0.001
1B (7/%) 0.022
St 520(72.93%) 86(83.50%)

a4 193(27.07%) 17(16.50%)

HBV DNA(Ig10cp/mL) 5.57 +1.85 5.33+1.61 0.157
AFP(ng/mL) 11.32(1.98-7.04) 45.60(3.85-19.00)° <0.001
ALB(g/L) 41.18+4.71 37.91 +£5.20° <0.001
GLB(g/L) 26.97 +4.78 27.94+5.18 0.057
ALT(U/L) 64.88(27.00-77.00) 73.19(35.00-84.00) 0.059
AST(U/L) 41.86(24.00-49.00) 58.24(31.00-64.00)° <0.001
GGT(U/L) 38.81(16.00-45.68) 58.52(31.00-68.50)° <0.001
WBC(10°%/L) 5.53+1.63 4.66+1.79° <0.001
PLT(10°/L) 165.48 + 56.72 111.48 £ 76.16° <0.001
APRIS) 0.75(0.35-0.87) 1.66(0.84—1.70)° <0.001
FIB-4117) 1.45(0.69-1.66) 3.49(1.567-4.09)° <0.001

°P<0.05, FHRAE vs IFIHBIE, SIRFERCAELE. HBY DNA: ZEURSMATRIRAZIBIZER, AFP: BFI6EE; ALB: B88; GLB: IRES; ALT:
CaBRaEKBE; AST. SRRAE; GCT: SaBEINES: WBC: BAEITAL PLT: IVIVRITAL APRI: SEELREOIVIMRECEKISE FIB-4: 474

£65-4.

JH-ASE A (R 50 SR I RE B A B s AR Tl 2. B e A
XGBoostHAIHERE 50.88, AUCH0.86, /A B AT
B R IR (E13). A [\I#(0.5 1) AF1PE53(0.96)FE 7~
JIT 28 ST AR A B R S AN $A) i R TR LA R
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TR HE. Kappalti .74, $E7 H AT L AR 4G
EER R RE LA B ) T s PR (RR3). A il 2B R
BrEEE P UIE S SE PR E Z AL A R A — Bk (1&14).
DCA 2 F&7R Bk £t 2 X GBoost Y Al 5 42 T
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& 3 JIGEASEERENTMNIEIR

=t YIZREE WHIFEE
RTINS 0.90 0.79
BRMEFONE 0.95 0.89
BOX 0.73 0.51
=E 0.98 0.96
ERE 0.95 0.88
FINED 0.81 0.62
Loglossi& 0.15 0.29
AUC 0.95 0.86
Kappal& 0.78 0.74

AUC: 1B TIERFEHE T iR,

) AUC
// — IRIFEE: 0.86
// — Y48 0.95

T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1=
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3 XGBoost# 2% B RFTNCHBVS HATIELROCHIZE. ROCHIZE: ZikE TIEEIEIIZ; AUC: 2 #E TV E L R,
XGBoost: REEEEFETIAL; CHBV: 120 T 4R,

A 1.0 + B 1o

0.8 1 0.8
o 0.6 0.6
g 0.6 -
i i3
* 0.4 0.4

0.2 1 0.2

0.0 0.0

{IHII\ | \I II r . |I iHHH | l‘ | ; I I | |
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
T FEEA
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XGBoostlg8% IR EFNCHBVEFHATEBIRUERBLE. A: 15 B: JHIESR. XGBoost: IEREREEIRTIIL; CHBV: 18R 275 5
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— T
012 ¢ --o- by
E_ ++ XGBoosthE Y (II|%%5)
[ — — XGBoostf& 7 Ga[F5E)
0.10 \
008 %
A [ N
=006 L\ -
s N
s 1 ~
0.04 - '1* \\ .
Y \/\v' o
0.02 LV
' \ ,/V.' \ .
) ~ .
0.00 H \’\\\" LN
| \ /»' :
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
BRI
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5 XGBoostil 285 IR EFTNCHB ST AL IR REILLE. XGBoost: IPRFEEEIETHIL; CHB: 181 IUAT4.

A B

1.0 1.0
0.8 0.8 -
0.6 0.6 |
i il
0.4 0.4
0.2 - 0.2
0.0 4 AUC = 0.772 0.0 AUC = 0.747
T T T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1S 15
c 1.0 D 1.0 -
0.8 0.8
0.6 0.6
2 B
0.4 0.4
0.2 0.2
0.0 4 AUC = 0.809 0.0 | AUC = 0.785
I T T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1R 1R
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6  APRHEDFIFIB-41ED FHUNCHBVSFAFIEILROCHIZE. A: APRITES(JIIZAEE); B: APRINES) GRIIFE); C: FIB—41F5) (I14:4E); D: FIB—4
PO GEEEE). AUC: 32k E TVRRHEL RN CHBV: 180 AT SO =

il
B4 ROCHIZ: 228 TIERFIERRZE.

(B E R EVAS BT T E A AT TR VSR APRIVE 2 FIFIB-40F 2 EAT 1 L. 44
FA B3R A FE(E5). SERT5, RGP APRIVESS SFIB-4iF 7 (HAUCSY
2.4 ZAEER ey i N T B EOR AR R ATELL BI080.772410.809, B6AESE HR 43 N0.747410.785(6). B
XGBoostl# 2% IR RS, AT SZMHLL AP T R X 7 BE#/N T XGBoosthlL 2%
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A B
1.0 1.0 o
0.8 4 0.8
06 06
0.4 0.4 -
0.2 4 0.2
O-O‘I\\mwmlw | : : | O'O_IIIIHHIII | | | | !
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
TR TR
C D
1.0 1.0
0.8 0.8
‘E{_ ‘F\\_
22 0.6 £20.6
0.4 0.4
0.2 0.2
0.0 1 AR : | : | 0.0 (TR : | | |
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
T TR
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SRR, AR, APRIVES FIFIB-4F-20 A HE fh 2837
YN ZRGE NI 1) T A 5 S B 2 ) 1 — B At
Z (7). HAE I DCA IR APRIVES Al
FIB-4VF 3 VAL 5 #2521 T 2 38 B AR R 1 =y FR A 1
o, {5 B 1K T XGBoostH L% 27 > A1 (14]8).

3 171E

HE RIS HEHBVIERYL R E, ASEHR, REZE R,
PR T LA IS HB Vi, (XL ERA G
B VEIIRTT 7R, X B2 AN B ) LA AT FADNA,
XA T P B ST AR (RS B o T2, FREd b
CRURT 4955 F5 8LA F GE BLEES SIUTF A 4T AR (1 3R B
FIAE, KT EMMR SR AT 4 S A S B0 2 1
R SR ORI E T AT b, R TS A
i HERA T REAL, (AR 22 R 23 PR 1 3 o I Bl 5E %
{1 5B BBz, o AT (A I ARRE AR (A A AL
R, A7 s IRER R BR T, B Ar TR R AR
ARACDPA PP AR P R T oA 1 R P, ARt 5e A I
PRAE T 3REUA RHA 2 T BE 85 A 2 TINC HB A& R PR
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5 7 APRREDFIFIB-HEDFNCHBV S HAFIE L BUERLE. A: APRIVES (JIIZEE): B: APRIVES @AIIFER); C: FIB—41F4(JII4E); D: FIB—4
T EAITEE). CHBV: 184k O BT 4 2d 4y, APRL: A EHESARG S/ WL 2 P850 FIB—4: 47485 1 —4.

AKX GBoostL #5257 > I Y 04T 1 A B SRHIE.
TR T 2 R W] DA I S A ) SR R
SRR/, AFP. ALB. GGTAHISERS. Il /M2 H
BE R T E AL R A2 Ry, 2 LI iR SR
A R AN D e A A B 28 LI I RRE, ek
TR AN B — ST BEAR AT 58 CLARIE T I/ MRZE
IR JUFE e Al A oo e T 1D A K s s 5 ) R K
25 Y, O IR TR B, T T TPOAE U/ Al
B IR BRI N R R BRI 2 A, PLTAH
S G g% BR AR [ T R EP LTI IR 1o o 2 3 2
{10 JE R Rk, DAPLT Ay F5UM A1 e % 2 St FFFAREA L P
TR E) TR EA I — B0 N RisE A T
196441 IR AE AT 4l e (hepatocellular carcinoma, HCC)
BFH M ME ORI, 05— ERHCCH) EE 2 Wi EYbs
B Britbz 4b, AEHCCE ] LA A F PRI T,
lanFaEfe . 2. IHEE . SRR B AN MR R 72
MG I, FEFFIE R A 1, AH SR 70 3% B I AE AL,
(RIAFP & A 9 T i W 5, 3kt 5 AR 5 1 45 A
L. AEAAMFEG.S g/dL-5.0 g/dL, 295 MG EA
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A 10/ —— APRIFS) B 1.0/ —— APRITFSY
IRIT EIRIT
— Ri&iT — Ri&iT
0.8 - 0.8 1
R i 061
P I
£ 5
& 041 & 04
0.2 ] 021
0 ’ 001 w
00 02 04 06 08 10 00 02 04 06 08 1.0
PaE = PRE =
C 1.0 1 —— FIB-4{¥5) D 1.0 —— FIB-41¥4)
ity 2itay
— i — Tty
0.8 1 0.8 |
i 067 &y 061
& 0.4 & 0.4
0.2 1 02
0.0 - A 0.0 1 ]
00 02 04 06 08 10 00 02 04 06 08 10
KPS REHIE
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) — )RR A NG A T 1R RS, 3 A
J = A, HAMN S S AR R 3R Atk 97K, T B AT B
82 R4 45 B BOZ AR (FeRn) 165 BE 7, AL,
H HFFeRnFk IR A 2R (14 it -GG Thz
T PP B ) T 40 45 2 TR AT b o 4 i P s, e —
PSS A", HA s BB T73-304 B 2 R IH P 35 455 1
FERE, tH2 2 SN T4 B 453 45 1 B ™, o FLER
FERFFCIE I GGT 5 B4l [ ALT S, ASTAH L X gAY, B] e
HA BRI, X5 AW 45 RAR . B
AFEPAETAERSS )1, HETHBVEEALRIR R L R
3%, X FECHBI RS A0 5 oA AR Je k18 152
JRANE]. BEAERIE 7T 3 W CHB B 6 5 4R R4 B A TR AH 6 5%
210 R AR RS I CHB R & A4 K CHBYR AL
i N2 5 B, XA AR O CHB A R AL 1 =
IR 2R, ASHIF 704 3 5 BRI 7 28,

4 518

B RMSRIFAE— T MR BRYE. 58, FrE 9Nt 7e
SRR AT IR ERIRTT, G097 Ja I B e 75 i
FA TGS AT T G R HEIRTT )7 256 F R (I BA S
FOUER. 85—, BT R AR R AR A B G 5O
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8  APRWEDFIFIB-MEDFUMCHBSHAFIBLIARENLE. A: APRIVF/(JII4:5E); B: APRIVF (GIIEEE); C: FIB—41F (JII4E5E); D: FIB—4
TS GEEEE). CHB: 18RI, APRI: AL S/ ML RIS FIB—4: 4F4EE 4.

TABIEI20%, H ATE S R AU — B, H AT
SRR ZREARMISCRE. Ha, AR AL AT
T AERRALE, (EORBEAS B SMREA S (BRI, Xt 2 H
I AIE TE 45 RAE SN ERT 32 21— € B JR BRI, 28T, H Al
A5 IR iR P 00 A B A R AT AT 92 rh 25 AT 21 1A,
AHF T 5 RAORBEVSUE DI X GBoostHL % 27 ST AL AE
CHB & F AL T A I e

A db =
S0 52

154 2 R IT 48 993 F5/E Y% (chronic hepatitis B virus infection,
CHBV)if & Al & — AN R 1) 1, 7RI AR A RAR
R A 2 RIS DRGSR i ACRE IR T A S8 2. JHF
TR RAREE S A R 55 R R AR R T HE W] 2, XA
15 AL JC BV Ak ORI FE R AR, B AT S
TR L2 T AL 7 ST B = 1.

L

AW I E SR CHB VR FIAFEES . 0 DL R I
T SEFR bR BT R ST AR BRI FE S TEHL(e X treme gradient

2023-07-08 | Volume 31 | Issue 13 |



=2, 5. XGBoost/18s5 IR C BAHEAHBIZHTBINIBINEITR

boosting, XGBoost)HL#5% > HE 7Y Tl FHAs A6 fr G R
B NCHBVEEfefb 4 ot WifE. seHpiz
7.

gl

SET-CHBVEH MRS VR LA K 8 R F Fa b S5
ST T CHBIE e T REAL OB L% 2 ST, D9 fFHE
R E BRI S,

Eoaliyy

HeH2010-20185F H YU 12 T LRI R R 55— M s 22
W A5 B e e 47 SR I CHB V. 42 BRBEL
JR I A3 1T LGRS 58 2 I GREEFN I UE 4R I
I ZREE B — BT FLIMIE F AR PR X GBoostl
TR, R SR SR EAT N EIE. RN, THEAS
LR M5 /MR LE 2R $8 % (aspartate aminotransferase/
platelet ratio index, APRI). #4455 [H-4(fibrosis-4 index,
FIB-4)iF-43 3F 5 78 i G B RS AT UL, 2% T
VEHRFAE #1281 T (area under curve, AUC) PATFAlFE A [X
I3 B, R 1 2% (calibration curve, CA) Jz 155 2% (decision
curve analysis, DCA) LAV AU HEFE S 3R 2 5

AN FICHBVIE 108741, A iIlZ54£817
i, B uE5E27011. YIZREE A 10341 2 A A,
R4k £ 2 APRIAIFIB-41F4) WH & i T AR A4k i
(P<0.05). FEYIZREE R, P TR0 PR = dfi /N A P A S5
HEE . R I ER R IXGBoosth a4k % ST R
Ja M4 RILRAUCHO0.95, IIFETIAUCH0.86, HE
Kappaft 47 40.78F10.74. CA B £ HE/RAS I T 1% 1 5
HAE DA B O G R . WIREERIBAIESEDCA
2R B BT ST R AT S S RIS R R 3R 25 . W
FLHF R IRIX GBoostL # 27 SR AR Xof T A Ak, [ Tl R4
Ael T APRIVES)r FIFIB-41T 47

CACHBV B HOLEES . P50 LUK IS 2748 b Tl
INAZ B X GBoostH L a7 ST R HAT R4 (1 0 2%
RE, A BT AL LA, 1 B 3R

BEF=

AW FAESE T FH 5 R X G B o os ths AU 7E TR
CHB V@ N HEEALIS AT AT 7. 2T XGBoostfIE34,
B 5 22 A R T AR A AN NSRS, SO A R St
—I3BHETE. AR T H SR TR R R PR} ) 58 B
FZREME, (REERTA JCCHBVHT L ML b7 S 1 06
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