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Improvement of liver fibrosis diagnostic models based on Youden index
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[Abstract] Objective - By using Youden index, to improve the performance of the hepatic fibrosis diagnostic models, and to solve the problem of
unbalanced diagnostic sensitivity when there is a big difference in the sample size of two groups. Methods - Two hepatitis B virus (HBV) datasets
available on GitHub were selected, including 482 HBV infected subjects recruited from Shuguang Hospital in affiliation with Shanghai University of
Traditional Chinese Medicine (train set) and 86 HBV infected subjects from Xiamen Hospital of Traditional Chinese Medicine (validation set). By using
the two datasets, linear discriminant analysis model, random forest model, gradient boosting model and decision tree model were established, based on
four clinical parameters (age, glutamic-oxaloacetic transaminase, glutamic-pyruvic transaminase, and platelet count) of patients, for the diagnosis of
early and advanced hepatic fibrosis as well as the diagnosis of hepatic fibrosis and cirrhosis. Youden index was used to adjust the threshold value and the
classification result of each diagnostic model. The diagnostic performances of each machine learning model and fibrosis index based on the 4 factor (FIB-4)
were evaluated by accuracy, the area under the receiver operating characteristic curve (AUC) and sensitivity. Results - The intergroup sensitivity imbalance
occurred in all machine learning models. After using Youden index, the difference of intergroup sensitivity was greatly reduced, and the total accuracy and
AUC values of machine learning models were generally higher than those of FIB-4 index. Conclusion - The improved diagnostic models based on Youden
index can reduce the difference of intergroup sensitivity and improve the comprehensive performance of the diagnostic models of hepatic fibrosis.
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g S HOR, gk A (decision tree, DT). Bl HLAR bk
(random forest, RF), #f B 355 (gradient boosting, GB)
Fk 0 5 4> M1 (linear discriminant analysis, LDA) %&,
FEBIRTEWT . 5 VRIS 55 05 T8 A R bR bk 52 2]
MITE Y, HLES >R — Rl it o b B i Ay, f
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RS R 5 FIB-4 AH[A 94k, R DT, RF f1 GB
D555 ST T RS R G S T £F AE £ DL R 25 AL T R L
HIZW AR, R =21 TAEFEME (receiver operating
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Fi validation_setl) FFJ@ A& W78, %l o] £F GitHub [ 34
(https://github.com/elise-is/LiveBoost) 2y JF 3k Ht; FH o,
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i AEURARAE P M SO P A 2o s B JF IS N 2 a2 ik P
Ji5: (human immunodeficiency virus, HIV) 4% HBV [
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TR 2 A REMT AL (1.45 F03.25) 43 Bl 750 i,

FIB-4=4£{% x GOT/ (PLT X 4/GPT) (1)
1.42 ML 5 2 B8 H MASS & ( hiw A& 7.3-
51.3), rpart f ( kR 4% 4.1-13) gbm & ( hix 4 2.1.5),
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1.4.3 FEAIPEAE SR ROC £k T fR (area under the
curve, AUC). 2 W Y M i 5 50 3 G0 HE 48 Ao 452 210 P g
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Tab 1 Summary of typical diagnostic results

i
921
RN A WEIIHF 44 1
LT a b b
WEIITLF 4t < i a il

AUC & ffif & 5y KAL) — FhIFO Fa bR, Fom
LT ) (9 HELE B R TR A R, Rl pROC (3 (hRRAS
1.14.0) TG, SEREE A PTA ERIZE R 3R
TERAWFEREA T I S E S bl SRR A &4 IE
TSI AIRIE T G AE & TR AL B R E 4 b, &4
1 RAEE Ay & AE RIS W B SR G0 & SR BRAR AR 2H v i
A E e, THREART

HMERZE = (a+d) / (a+b+ct+d) x 100% (3)

LW RIT L AL A 2R =a/ (atc) x 100%  (4)

W IT LT AL AR =d/ (b+d) x 100%  (5)

W EF LI R UE =a/ (at+b) x 100%  (6)

W IIT LT AR LAY REE =d/ (c+d) x100%  (7)

1.5 SEil*#o b

FHRIET (A 3.52) FiIR Studio ( fft4s 1.1.463)
RPEARIE B AR A oA i O S b A g R . o,
X U4 TIE 42 3B 3 B 4R 04 R PLT A5 S AR M IE &840 f7, R
xEs PR s BUESEH A H AR BRI T A A ety
AMRMIES S A, R OE (Mo frgaleh) 1k .

2 &R

2.1 FEARJEAG L
NGRS T, AR ERIGHIAG LR, IFEr4E(t
2B SO 4% 46 {5 (9.54%). S1 2% 167 il (34.65%). S2
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% 134 {5l (27.80%). S3 4% 55 {5l (11.41%), S4 Z% 80 fl
(16.60%) ., I Zkterh B3 4EW, GOT, GPT J¢ PLT 43
At PR ML 2.
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Tab 2 Results of liver biopsy and related serological indicators in patients with
chronic HBV infection in training set

JFEF 4

wam N FRIZ GOT/ (UL)  GPT/(U/L)  PLT/(X10%L)
S0 46 32.00 (13.50) 49.00 (32.25) 106.00 (117.25) 189.50 (57.75)
S 167 30.00 (13.00) 58.00 (60.00) 114.00 (126.00) 179.00 (61.00)
S2 134 31.00 (1225) 74.00 (96.75) 155.00 (191.25) 176.00 (60.00)
S3 55 39.00 (20.00) 62.00 (71.00)  90.00 (207.00) 148.00 (78.00)
sS4 80 49.50 (17.75) 45.00 (49.00) 45.44 (78.01)  86.12 (81.83)

RS RS b, T £F 2 fL A2 BE 4 SO 2 iy 835 15 il
(17.44%) . S1 2% 21 {5 (24.42%). S2 4 12 f5i| (13.95%).
S3 4% 11 {5 (12.79%). S4 2% 2745 (31.40%), U iiF 4 f
B . GOT, GPT K PLT f) Al i L3k 3.

3 WAEGENTE HBV Jge i T o2 G 2R 2R A 45 3R B G L i - i A
[UERE S

Tab 3 Results of liver biopsy and related serological indicators in patients with
chronic HBV infection in validation set

JFEr 4t . )

N R/ GOT/ (U/L)  GPT/(U/L)  PLT/(x10°/L)
15330
S0 15 34.07+9.07  40.00 (50.00)  65.00 (70.00)  184.17+56.83
S1 21 35.86+11.99 67.00 (97.50) 98.00 (127.50) 202.71+43.71
) 12 3892£830  50.00 (117.00) 76.00 (406.50) 168.50 +43.62
S3 11 40.00+10.66 35.00 (28.00)  40.00 (88.00)  113.45+34.04
sS4 27 47.11+12.61 43.00 (41.00) 35.00 (55.00)  78.56+£47.72

2.2 PR BRI S5 F I Ss R

221 IZRE R AT LF 4 fb oy Bz 858 7RI
B, FHNTLr4Eit (SO ~ S2) & 347 fil, M iT
fHeft (S3 ~S4) BH 13541, B LDA, GB, RF fiI
T 2P IBEYLAR A& (random forest based on Youden
index, YRF) #7810 F L1 4L IS W if i3 A 4n FIB-4,
EH: S B RN T 27 4 (L A IS W e iR 2 T FIB-4,
Bk RF, YRF fAU4N, HAhALE S I8 0) AUC (88T
FIB-4, M\ R ¥ KF, LDA, RF, GB, DT #4817 {E
R EAF-HERIBLG, i T 28 Fr B2 W B 7 n] - i
ZH IR 25 SR R s BLBR YRF BCRISL, HoAfth ik T-29%%
RIS R RIS T FIB-4, HAREER LK 4,
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Tab 4 Classification results of early and late hepatic fibrosis in training set

R /%
2
Bk TR ET AL WRIIAT T Al
LDA 8278 84.55 76.00
YLDA 76.35 90.03 55.50
GB 85.48 86.35 82.18
YGB 83.82 91.38 68.15
RF 83.40 85.41 76.19
YRF 81.54 86.65 67.69
DT 87.34 89.50 80.83
YDT 86.10 92.68 72.08
FIB-4 73.44 87.63 51.83

BT A B AR R T LT JE AL S W R SOl R 5 | 1159

RIBE /%
AUC
R ALiRAR: ia R UL RA R il

93.08 56.30 0.844
75.50 78.52 0.844
94.81 61.48 0.903
85.59 79.26 0.903
92.80 59.26 0.812
87.90 65.19 0.812
93.37 71.85 0.917
87.61 8222 0.917
73.49 73.33 0.822

7 YLDA b T2 52 0 3045 Br  (linear discriminant analysis based on Youden index) #i%!; YGB At T2 5k et s%  (gradient boosting based on
Youden index) 155, YDT A& T 25355005t (decision tree based on Youden index) A%

2.2.2 IHKENFLFAECFITREIL > 22 W AR (E I 2%
e, IFerdeft (SO ~ S3) & 402 (5, JFafft (S4)
BH 80 B, HIFEAKIERR KR, TR EMNL
WA AU A 2 21 [A] (1) R 5% 22 (AW 2. /T LDA | GB, RF,
DT 88, o A AP 8OR o XHITEF e (L AT RE 1L

46 5 YNGRIERT LT AL FUATREAL 53 545 4

Tab 5 Classification results of liver fibrosis and cirrhosis in training set

HETF /%
Bz
J5YS Uigags Hiail JFREALLH
LDA 90.46 92.38 77.42
YLDA 78.63 97.76 43.20
GB 91.49 92.67 83.05
YGB 87.97 97.51 59.17
RF 88.59 90.82 71.93
YRF 76.35 97.68 40.56
DT 91.08 93.05 78.46
YDT 84.85 95.32 52.94
FIB-4 86.72 93.11 58.89

2.3 P 4iAL B UE A B Wi a1

231 RHIRImE BT LT de Loy RISW AR (EIRIER
t, FIIAFER (L (SO ~ S2) & 48 (4, MEHIITLT4Eft
(S3 ~ S4) H3% 38, kxLDA, RF, DT il YDT, Hfth
PLES = BT I W R . RO, AUC THWE &
FIB-4, LDA, RF #5 %4 fy LI T2 4 112 W7 ofk fffy =5 g 30

http://xuebao.shsmu.edu.cn

M43 20T, P& SRR & o> L AERAR = 55 FIB-4 AAH
EFs BrYDT, YLDA, YRF#ER!, HABHLES AR ik
=t T FIB-4, XftL AUC [H, FxDT. YDT f7d4p, I
b BLES 2 BRI T FIB-4, ARGIRILE S,

RILE %
AUC
UigaR: sl JFREALEH

96.52 60.00 0.903
76.12 91.25 0.903
97.51 61.25 0.944
87.81 88.75 0.944
96.02 51.25 0.891
73.38 91.25 0.891
96.52 63.75 0.861
86.07 78.75 0.861
90.80 66.25 0.869

JIFLT AL R G EENR K T FIB-4, 1y DT A1 YDT £ 2f)
W SIRTET AL IS R R SR AN FIB-4, (BAE A5 i ffe
T FIB-4, i TFHRBEARAZEAKR, LDA, RF, GB, DT
TR S B RE A B S AP G, i T 28R AL
SIS RLAN OURT LA NV TR R 22 5, IR REF i e
e, KRR RIS IERE, HREERILE 6,
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Tab 6 Classification results of early and late hepatic fibrosis in validation set

AT %
el
JSYES RINFEF AL WRUIITEr e fbal
LDA 79.07 76.79 §3.33
YLDA 84.88 90.70 79.07
GB 87.21 84.91 90.91
YGB §7.21 84.91 90.91
RF 81.40 78.57 86.67
YRF 84.88 §3.02 §7.88
DT 81.40 79.63 84.38
YDT 84.88 80.70 93.10
FIB-4 74.42 79.55 69.05
2.3.2 WIFEATL LTI RS EE R ERIE

b, T4k (SO ~ S3) HE 59 6, JIFrEfL (S4)
B 27 B, FHLE AR 2 BRI AUC {E ¥ (& T FIB-4,
LDA, YLDA 1 GB BRI S AEffE | &4 i3 Rk
& 5 FIB-4 AN AH |, RF Fi1 DT 5 7Y 19 i £F 4k 1L 12 W if

e T WAESENT LT AL FATREAL 53 545 4

Tab 7 Classification results of liver fibrosis and cirrhosis in validation set

HET =R /%
Bz
J5YS liga it JFREALA
LDA 82.56 85.48 75.00
YLDA 77.91 93.48 60.00
GB 83.72 85.71 78.26
YGB 84.88 87.10 79.17
RF 86.05 86.15 85.71
YRF 86.05 89.83 77.78
DT 84.88 85.94 81.82
YDT 86.05 88.52 80.00
FIB-4 83.72 86.89 76.00

3 itig

JFEF At AR M C AT J IR AFREAL . T 4R AR 2 JEE 1
WM B, KRR PG T LF 4e (LR B, XM HBV
B e B I R T B, JRYT KBS B B IR R
M, BT B E Ry, GPT, GOT Fil PLT [y FIB-4 f5 k%
Al %0 HBV Bede B8 - g fb iz W o ., AR
A R TIX 4 Tifabr, WHEZMYLES1I2WERR,
RS TR AELris W e iR . B RE AL B A 2L
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RIE /%
AUC
AT Al BRIIAT AT A feal

89.58 65.79 0.907
81.25 89.47 0.907
93.75 78.95 0.920
93.75 78.95 0.920
91.67 68.42 0.891
91.67 76.32 0.891
89.58 71.05 0.874
95.83 71.05 0.874
72.92 76.32 0.848

TR AT A TR 12 I R 8 BE M AR T FIB-4, 72 H At 7y i L+
FIB-4, YGB, YRF Fi1 YDT #5 % ) off iy 28 F1 R £ B B .
T FIB-4, %t LDA, RF. GB, DT &% {5 1E [ R Gk B
AR, A T 2R RIS Y £ m] A R RE JE Hb ie
xR, HAEGERILEKT,

RIGUE 1%
AUC
Uiga: sl JFREALH

89.83 66.67 0.891
72.88 88.89 0.891
91.53 66.67 0.877
91.53 70.37 0.877
94.92 66.67 0.880
89.83 77.78 0.880
93.22 66.67 0.856
91.53 74.07 0.856
89.83 70.37 0.842

AP LG DU AR, ARSI AL HR B
REIREAT 1 ok, DASIRE— 2D 4 i T 2T e AL IS W 2 ey o
FE.

AHEFERA T 2 A 4RHRAT T 27 25 {0 12 W 155U 1Y 12 W
PEREREAT LLERFNUT AL . AL &% 5 2 458 2 X L 30 BT 21 2 (L Al
W ST 21 2 (L 12 W7 1 S R =R 29 08T FIB-4, (A~ BT
(YLDA, YRF, LDA) FJF£F 4 A e 1t 12 (1 g of
iR I% AR T FIB-4, AUC {E#k i, FRonar RIZWimacr
BAFs XFEL AUC (A, HL& 2% 2B A 2 I PR RE ¥ o L T
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FIB-4, 780 HHL&s 52 2 IR R A W e 22 2 50 2 IRl /)
SRR AN . K& REWEER B, AER
BRSBTS, YA RAEARLANZERKR, LDA, RF,
GB, DT #7452 AL W RGP Hgry ), HA R
FEAROE R, SIS RBUERA T, Exdix— ]
A, BV TR T AR S RIS, R
Wl 2P B SIS SR A AUC {5 fEZH R FE
ABARZRERIT, PIRESTHM RIS AR, (HAE!
FOS/N R R 22, 420 TR AR ) 22 B s NE —
SEREFEIN, 2 T2PEAREAY o RS TA (] P-4
A RBUE, EREFEmIZWT MRS, WTRERIRIRAE T . £
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