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Chinese medicine pattern differentiation model for systemic lupus

erythematosus based on XGBoost algorithm

WEI Fangzhi’?, PAN Chengdan', SONG Yitian', ZHUANG Yanping', ZHANG Xuan', ZENG Minyu',
JIA Xiaokang', GONG Aimin'*
1. School of Chinese Medicine, Hainan Medical University (Hainan Academy of Medical Sciences) Haikou, Hainan 571199,

China; 2. Bo’ao Yiling Life Care Center, Qionghai, Hainan 571400, China

[Abstract] Objective To construct a Chinese medicine (CM) pattern differentiation model for systemic lupus erythematosus
(SLE) using the XGBoost algorithm and explore the feasibility of applying the XGBoost model for CM pattern classification.
Methods Eligible cases were collected through a questionnaire survey to establish a SLE dataset. An XGBoost-based SLE CM
pattern differentiation model was developed, and the random forest (RF) algorithm was used as a control for accuracy comparison.
Results A total of 400 SLE patients were included in this study, including 33 males and 367 females. The top three CM patterns
for SLE patients were yang deficiency of the spleen and kidney pattern, yin deficiency—induced internal heat pattern, and wind
dampness and heat impediment pattern. The classification indicators and performance curve scores of the XGBoost algorithm model
were overall superior to those of the RF algorithm. Conclusion XGBoost algorithm demonstrates high accuracy in CM pattern
modeling and can be used for classification research in CM pattern studies.
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RGMELTBEARIE (systemic lupus erythematosus,
SLE) 2 —Fhif X Z 48 B (2 HHER A 5 R IEBIR
3 B AR L0 1710 000, 52 7675 FE 00 2 /5,
SLE 5 Hp [ 2« 21 W MR ™ < 21 R« BH PR " 45 2
o1, SLE WIHAZAIIE , 5 1 22 BF M TIE ol BH R IE | s
MARATTEEH A rhBE 25 HE AR f B2 3 SLE i
AU BEE SLE B ek | 38 BB/ VE 24511
BERIVE I, BHIEIRIR TP EL IR %O, I
BRRHHIEXT SLE 3097 43 0C8E, Hrh BEHHIERR= FF
SRR, IERLA S = R A RR G

AR, N T ReAE 5l B b B2 2 W fR T 45 7
TR A E R TIHE, TR B UE 2= & WAL
RINEE Rz —, BHET, a5 HLES
) B R DU R 48 SRR AL T
S FIFEHLAR AR (random forest, RF)ZEH jx #0544k
HRAFAE—LL i | 40 DTSy o0 26 15 245 B S I il 3
LR ZS Ty i HU A ELXE DL SR B e FE R, S e
] S ML BT 2 A% SRR LR TR , RF b3/ IVEE AR
ROR AL

XGBoost F32: AT AXF/INFEZR 2 2 1 (1) v B %L
PRI TR AP 5 e R PRI A — e A
TR P A AN, ABFFEULL SLE =
TIE A A SRR R YIS0, 328 ] XGBoost 5323 44 2
SLE JIFEALH| FIARY [R5 RF A X% 1] %)
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PO (1 53 25 A8 bR AN e I 260143, i i HH i &
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| BRI %
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AR A S5 [ XA By 22 2 1T 1 SLE 2 Wrbm i
(D) BUEHUABRE DREURZTAR 2= D — U RS i
HIPEMEADRIHE, (2) I RIS AIORRE A5 b5 . 7 U

IREEFS (2 B RS M P2 03 R R
S LD B B IR ) F 3 AN F bR (P
RPUIR AMA SLE FESEERUAR) i 2 28/ — Tl R

FEbR , IEF AR =10 47,
1.2.2  SLE EUFESZWbRIE S0 2002 (T2
B RBTSEEE SRR B bR K SLE 230 4
BESUBRAIE S R NGRS B R TIE B BRI 5%
PR UE | XGBHIEIE AN P R IE 7 FPERY
1.3 N HEBR R SRR iR
1.3.1 AbRME  (DFFE SLE PUBZHiaE; (2) H
S5 (34N 18~80 %,
132 HEBRbRME (D) GIEm O B RLE RSE
SEHA™ ELEE ; (2) B IR AR E ; (3) 4
IREUHFLIA I L (4) ANBERL A AR E
14 BHAREWHE

Z N EWIE E BRI N R ke A &
N AE B ZEW) SCHERAIFSE AT /NEAR R IE T,
WHE 80 MIFFEIH R 2 R W AR A it 38 (f
faT B | RDREAS i 2 /0 5T IR 2R 1Y) 5~10 £,
PRt A58 LA 400 FIFEAS
1.5 SLE HERERIFIE

ARSI I 2004 AFCH BAEIR 200 2% ) 2005
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Table 1 SLE dataset

f1l 2 f3 f4 f5 {6 - 79 {80  EA
0 0 0 2 0 0 @ e 0 2 2
0 0 2 0 2 0 @ e 0 0 1
0 0 0 0 0 0 e 0 0 4
0 0 0 4 0 0 @ e 0 0 4
0 0 2 0 2 0 @ e 0 0 1
0 0 0 0 0 0 e 0 0 2
0 0 0 0 0 0 e 0 0 1
0 0 2 0 0 0 @ e 0 0 3
0 0 0 0 0 0 e 0 0 2
0 0 0 0 0 0 e 0 0 1
0 0 0 0 0 0 e 0 0 3
0 0 2 0 0 0 @ e 2 0 1
0 0 0 0 2 0 @ e 0 0 1
0 0 0 0 0 0 e 0 0 2
0 0 0 0 0 0 e 0 2 2
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DAEBRANE . 1 e (0 FH BEATLAG £ 1) 23 2 2 U
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THE R ZA 590 BB ER N — AR e, K
NG SR

(1) F14s B breR %L

0 =51y ) +E000 @
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(3) HAR R B S — e T .

LO =3, [z (;vi,y?‘” + gl-ft(xi)> + %hﬁ(xi)] +0(f)3)
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Ob, =— 25T I 4y1
ST 2% H A @

AL AT ESE h . XGBoost B 4G MR 38 K #E 4
B —HRAR 45 2] 4 H AR ek AR, IS W04 264 7 U
e BURT AR pREL, I BT H bR Rt xt
USRI 5% 25 HEA TG S TET A B AR 2R 45
A3 n BRI AR AR AL, R E AR A 1
SUOTER B A 5 R AR I B A R A ) S
%k
1.8.3 JHEMNEEE  CPUIntel core i7-10700K
CPU @ 38GHz 4bHZ%; i :NVIDIA GeForce RTX
2070 SUPER(8G/WUR ) ; AT : 411 DDR4 3200MHz
326,
1.84 FEHAMA  FZHAF  Anaconda 3
Python 3.9.7, 3541 Numpy Panda Matplotlib scikit—
learn #11 XGBoost,
1.8.5 FEEBEE  ()SAMNRE; (2)F
A SLE #¥E4E ; (3) /%4 SLE Bis 8 (A A H AR
{8 ; (4)Lh 7:3 [ LLBILKs SLE Bs 597 43 B I ZRdE A
MHRAE 5 (5)XGBoost FHAFTIMN ; (6)RF AR
1.8.6 AL B0 S RRERLE AN R i
PR | 5 B AR BR AR AE AT 55 H bRt — 2 3%
FAOCEE By 2L, i A A AR S R AR
DAFFE I AR TR, AF 9 iz FH S 18 R0 3
P8 U/ B 9 XGBoost Hl RF B b2 B B
RAEL, IT45 6 T AR 200 IS R AE A W] Sk 52
SFE AL . 7E XGBoost H1, n_estimators 1%
FISIERIEL, eta T2 2 max_depth 10
BB R, min_child_weight £ Fe/ N5 5 AL
HA, gamma 0T U2 R/ MR T RE(A,
subsample fCFRFEHLRAFE HA , colsample_bytree 1
REAPLRFE 5 SFEAMI L], 76 RF ' n_estimators
il max_depth 5 XGBoost 5 XL AH ], max_features 1%,
FEI AR AESL, min_samples_leaf XI5 5 fr i
1 e D REASEL, min_samples_split 18377 55 %] 70 7
B e/ NVEEAR KL criterion fRFR 4 ZFRIE . XGBoost
H RF HESHOREIEE W3R 2, #R h SHU K
e S AU AR
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x2 SHEUER
Table 2 Parameter value table
DR XGBoost RF
ZHRBUETEE  n_estimators ; 1~400 n_estimators; 1~200

eta:0.01~0.51 max_depth: 1~20

max_depth:2~20 max_features:5~30
min_child_weight: 1~6  min_samples_leaf; 1~10
gamma ; 0~0.6 min_samples_split; 2~20
subsample;0.5~1 criterion; [ gini’, “entropy’]

colsample_bytree:0.5~1 —

1 :n_estimators FIRAEK K 10, FHREAEERTER N 1, eta BN
0.01, subsample . gamma , colsample_bytree 4K 4 0.1, HAh ZHE K
B4,

1.9 REIHIEMS,

J T PR A5 VN SRR g e B, AR5 3 T 2
Tebn APERE R LU B RS RL G PERE , Forh i A Y
GYIEAEAIA 28 SURIE S MERR S S IUERG R N
R B F1E BHE-RISE 2P (LT A
FR“B2 ) R T34 (LA TR0 ) 5 PR g th 2k 3222
A ROC #h4k PR i M4 gk . 58 IR UF &K
BE T 53 M /N T HE 0 F T VA AR 1 e 1
B, AR SRR 3 W38 GR35 4 B A AR AR
PEREPEAR

2 &R

2.1 EAXRHER
2.1.1 MR ARBFIEILGIA 400 1 SLE £i38, B 1k
B 33 0, etk 367 i, B R E8.3%,
oM S 91.7% , B PE=1:11.1,
2.1.2 AWy 7E 400 ] SLE fBE b AR 18~
79(35.78+13.55) % . A (18 & <4Eih<45 ¥ )f
290 N, 5 72.5% ., HHEH M 25 A, A0 6.25%;
HAELME 265 A, b7 B AU 66.25%, HAFE(45 % <
AEIR <60 B A 84 N, 21.0%, PAEBRMES AL G
BB 1.25% AL 79 A, B EBE 19.75%
BAE (T =60 2) 47 26 N\, 5 6.5%, ZAEFM 3N,
Hi B 0.75%; B4 23 N, 5 BB 5.75% .
22 HEMNZEEER

400 i SLE B b B Ui {5 BHE Y & 0L 3& 3,
AN 80 T R DUASAR B REUURR R S (R A 7
FEPHES, fe 3 BT, 4G 19 T B P fE B B
W T 20% , 40 o i R R IRELEE ¢

WEEERE MR ) IR AL IR
R VEIRLL WK EHEH HEHETE K K
T A A 22 BB KA
23 HEIERER

FEARYIRIAL () 400 ] SLE B34, e iy WLAY
BEIERY A BB BH AR IE (110 A, 7 27.5%) . Hk 35
S BF KB P ARAIE (25.3% ) AR IAVBLIIE (15.8% ) \ 34
FARRAIE (11.0% ) 58 B L IE (9.8% ) < I 14 RE ik
(6.3%) JTFEFFHREIE(4.5%) , WL 4,
24 EEXREASHER

XGBoost H % 2 HUM i 2445 - M :n_estima-
tors=40, eta=0.3 , subsample=0.5 , min_child_weight=1,
colsample_bytree =1, objective = multi : softmax , num_
class=7 , random_state=420, RF T B SR8 8 fc & 4%
B in_estimators=51, max_depth=19 , max_features=
14, min_samples_leaf=2 , min_samples_split=2, criteri-
on=gini, random_state=420, H:Alh & $& S 2801 hy 2R
INMERAE, FEILE L,
2.5 HEENENSIIE
2.5.1 PIMEIE S SAEIRAS R XGBoost FLIARIAY
AR WERG 2 3 738 LIS UE /40 P o % B
BARMARE R IMECRHESRS 5 [R5 A
B RS 5) R 78.3% .73.9% .63.5% .72.1% . 71.0% .
79.0% .64.0% 78.0% , RF FikAiRIXT W 484570505y
K 74.2% 74.3% 57.9% 66.6% .66.0% 74.0% .
58.0% ,74.0% ., XGBoost F ik A E R FRPR§HER 53
WK 89% 86% 64% 0% .89% 71% .100% ,RF 4
12 AR A% TR B RS HE 5 0 00 S 90% (86% (60%
0% .80% 67% . 75%, T¥W.3 5—6,
252 WAPE MRS XGBoost Fil RF &
PRI ROC H R WL 2 AN 3, B AT %0, XG-
Boost FAIFERL % FIASUERL Y AUC {H43 514 0.93
0.90.0.90,0.97 .0.90.0.79 .0.88 .0.91 FI 0.95;RF X}
IR AUC B354 0.92.,0.88.0.83.0.96.0.92
0.75.0.88..0.89 F10.90, XGBoost Fl RF S LA R
PR £k LI 4, FHIEI AT, XGBoost B AIf | 7% AP
553920 0.78 1 0.73; RF BRI 22 AP (5435 N
0.78 #10.74, idid bR IrSARPRFIERE S R
E— PR RIS E , 7T A& B XGBoost BRI % {3
AL T RF AR
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Table 3 Ranking table of CM four diagnostic information of SLE patients

HEF PR U2 AE LI N B HEy PR U AE LN P
1 HHE 191 47.8% 41 KRS, SOA R 44 11.0%
2 K 147 36.8% 42 JokiEr 44 11.0%
3 S RLT BT * 140 35.0% 43 it 44 11.0%
4 AT R 138 34.5% 44 feE R 38 9.5%
5 = 7y * 136 34.0% 45 =t 37 9.3%
6 PR * 134 33.5% 46 KA 37 9.3%
7 AN 133 33.3% 47 {5 35 8.8%
8 FIRI * 131 32.8% 48 UK R 33 8.3%
9 i % * 121 30.3% 49 JikiZ 32 8.0%
10 TIRLL * 120 30.0% 50 fikid 32 8.0%
11 JhkE 120 30.0% 51 Jesa 31 7.8%
12 THEH * 119 29.8% 52 WL 31 7.8%
13 W& PE e 107 26.8% 53 FROH 30 7.5%
14 PIN 102 25.5% 54 i 29 7.3%
15 Jokss * 94 23.5% 55 ki 29 7.3%
16 T * 86 21.5% 56 M 27 6.8%
17 Y2 = 86 21.5% 57 S 27 6.8%
18 Wi * 82 20.5% 58 I 26 6.5%
19 fokam = 81 20.3% 59 RV N ik 24 6.0%
20 RE IR 74 18.5% 60 fikitt 24 6.0%
21 s 73 18.3% 61 [WESTRY 24 6.0%
22 e 72 18.0% 62 LE 22 5.5%
23 ENIY 67 16.8% 63 JRD 22 5.5%
24 mprs 63 15.8% 64 IS 21 5.3%
25 HurE: 60 15.0% 65 fikez 20 5.0%
26 JE K 60 15.0% 66 ki 20 5.0%
27 % 58 14.5% 67 HHE 18 4.5%
28 vl 58 14.5% 68 AiF 17 43%
29 KTk 58 14.5% 69 [ ta oA 17 43%
30 A 57 14.3% 70 e 17 43%
31 HIERS 56 14.0% 71 MR =R 17 43%
32 R 56 14.0% 72 ER 16 4.0%
33 Hegped 55 13.8% 73 {50 16 4.0%
34 JRIE 55 13.8% 74 fikiit 15 3.8%
35 JRcAA RA 52 13.0% 75 IR 13 3.3%
36 KT 50 12.5% 76 e B AR 10 2.5%
37 IR AR 47 11.8% 77 g, 10 2.5%
38 =S 46 11.5% 78 JE IR 9 2.3%
39 iR 45 11.3% 79 FRAF 9 2.3%
40 R 44 11.0% 80 PRI 4 1.0%

T SRR E T 20%09H BE RS EL

RIFFRUEERERZ ) BN 92% , K
AL N R BB 66.25% ,iX 5 SLE IR
£ 400 5] SLE &, B 33 6], &Pk 367 #H(20~40 ) Lotk £ UL R 25 SR — 30,
B, Bt =1:11.1, BB REERT Lk, 5K XF R PO (E B R kB, W3 T 20%
SLE B#E B 1:7~1:13 MAGEZS AT, SLE Y IUIZ 15 B 5 2002 4F (h 2585 25 I R BT 5% 45 5 5

3 T
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Table 4 Distribution table of CM patterns in SLE

patients
HEry PSR LI N LIES
1 G BH Rk 110 27.5%
2 I5H K P FAIE 101 25.3%
3 RIBHAIEIE 63 15.8%
4 P URIE 44 11.0%
5 S RH IR 39 9.8%
6 ML HEIE 25 6.3%
7 JHFEF B R TIE 18 4.5%

WY1 (% SLE WL I2AE BARST , Ww) 20 S e 1 it
FIHLIX SLE £ 35 UL REAR | (ARAE A k5 45 b =
MizfE L.

E 400 151 SLE 835 HEATHT 3 A UERS A e
FH R IE | B R P PRGIE RN XGE PAIE ¥ 1 M IX SLE
SR B R N AR A A, AR B DL, 31X
5 RRAERIF ST 5 RARAFS, BeAh, A b IX. SLE SR8

A o
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JUES BE R IR g A 22 IR AR L X P R
SLE Ji ALV AR FHT: 1 DX A el | A 5% 1 H b
P b s, SRR IR | Ja R B IR Bt
I E I s AR R TN S N e ST RE R T A R T kA
A ERBT i e b DX AR B TR I I 10 A s e
I BIFSE AN [ BB [R50 1 v B AR i, A A
T E AR X A IR 2= ORE 4 T
Hu B AT TR

XGBoost fl RF By SHE L 015 3T 1
BRI TR RS A ReAS 2 TE AERf AR TR
P ] LA IR 52 % B Rz A 25 K/ iR &
ZREM RS R BRI ARG, RA0
26 Fin 26 fre/ NI AR A BE TR B A 0 B e 2 kiR
2 B/ INFTICIN MERA % 5 5 . XGBoost Il RF AR AU 1) 2
02 25 e PR R RY | R A R4 v 2 R Y 18 7 A it A0
&, I, 12 B AR AR Y &2 J B F T 22, Bl
1B

0.7175

0.7150

0.7125 A

0.7100 A
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0.7050 A

0.7025

0.7000
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Fig.1 Leaming curve of n_estimators
. A. XGBoost FJ n_estimators 2% > £ & ; B. XGBoost H%4E n_estimators & ;C. RF Y n_estimators 2% >J RS ;D. RF #x%
£ n_estimators [, AR AR IEARUCEL, PAALbR A 3 738 UIRIESH L
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Table 5 Classification metrics of algorithm model

PEst XGBoost RF
TR 78.3% 74.2%

3 38 LI UEST 4K 73.9% 74.3%
ST S R 63.5% 57.9%
BRI REL 72.1% 66.6%
FREHESR 71.0% 66.0%
TSRS #EZ 79.0% 74.0%
FAT Al 64.0% 58.0%
T [\ 78.0% 74.0%
FF1H 65.0% 59.0%
HIAL F1 A5 76.0% 72.0%

xo6 HERBIZIERSERERER
Table 6 Classification metrics of each CM pattern in

algorithm model

e XGBoost RF
IFERR RSMER GRIR FIE R#ER FARR FIE
0 89% 53% 67% 90% 60% 72%
1 86% 94% 90% 86% 94% 90%
2 64% 97% 77% 60% 97% 74%
3 0% 0% 0% 0% 0% 0%
4 89% 73% 80% 80% 55% 65%
5 71% 83% 77% 67% 67% 67%
6 100% 44% 62% 75% 33% 46%

TEAr 65 b, XGBoost B A HERR R SP- 17
HERf A BHE-RI R AL ZORHES InBoE e 2
R A R 72 LA A 1B L RF 57
5, 8 3 P38 RHIE/M B RF BERUIS ) 724 P R IE
RIS 2H6 45 I, XGBoost FERI A UETY (kS R A [l
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