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AHFFEALEE 2016 4EF] 2019 FFVLIRE 24T 19 2 D AE R BOR R N A IRE 5k, A e, 1K
i | WA B2 N P S 1S VR 116 AN 7S U o = 82 A 1 [ Ve S B 1V €1 N R N S N R DR = O
UES RS . HLTE SRS (R RE SR RURAE B, HERR TS AN S8 RIS W AS B B 0 R BERE, RN IR ER T 3 4R
DAL T Sy 0 M O R AR BEORE 3999 A1), VA I JRE O I AR AG: B RL 4 536 ).

B A B FE PR MEAL . FRIETR E. O bRufEfb . MRS N 09 BE 2R SEARAR E R S IR I B R R L IR R
GRS 2 AR, @ FRAETHHE . B BT A RRAE, e BRI A X A . SR G2 LR R, AR
I 0 50 45 SR Bk AT e T SCRYRRAE. AR B R0 R IS A 4 1 0 SR, K 3 AR N R A8 R B i 1 B O
FR{EN 1. % 3 N BAE HER BB AR TR 0. S 5FREMARIE 10 N, HHEFEHELT =, %
Harhy 3 41, AR EN DA i EE TR, e, bR ESS RIEAT AT, S5 R A R S B
B R B B A 4 e 28 ) S
1.2 fREEiE

LE N2 2 e — R AL G 2 A Sk 2k ) 2 L R 58 B O 55 1 2 2] Bk, SRSy AR A L B RS L 0
A KB AR B 1 A5 AR R o4 A B A TT 43 bagging 1 boosting M 28510 | AR 43 i) 1 B 28 A Y Bt ML AR
A XGBoost BEATHEE ", BEHLAR AR XGBoost il F #5 J2 {ff A ok 5 Wy 3 2 o] B8 04T 42 . Pl S
R A NLEB B, Ao WM Eal Y —, B —MROESH ., oA mEty S&ns —14
SRS B 23 SARRRS TR AR S5 AR [l i s B> i s AR SR SE SRR R) i — 2R A, 3 L i ke
RMAEA C4.5,1ID3 Fl CART, BEGE A RUHE AT R MUBEE 4 b, A0 30 BLAT m 4R FRAE 10 i AREA.
1.2.1 #A %

Vg HBOHE E Fie BB — 5 He A9 53 g I 20 8 A 4 L I B TR I 0 A 5 O I s e A AR L 0 T ok
TR AL Y O A PR RE. A BE AL AR ARSI Grad R v, 2 DU 1T SR A 18 07 X0 44> DR SRR 2 12— 1 AN W) 1Y
FEARLHE . AR BT 545 5 b 00 SRR SR A 1 B 27 R i D {8 58 AR 1 70 24 b, A 4l A58 P
s T 455 2R 55 6 0L S8 AR 12 W A SR AR AT . DT A B 08k e DO A AL ] XGBoost B I i
o, A DR TR B AR R G AR E R R 5 B A 22 B, WX T
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1.2.2  HEA A6

S E AR R ITE S b P RS, 047 22 BOBE RS I R 1 0 O A A L. 0 A% 45 % J7 1 7T LA 55
SR IBEA S . BRI A SCRAEEN IR 25 o e ARG S AR A R M i O A 8T AL,

M BUEPH YRR AR 2 . BB — A8 WIRIE (leave-one-out cross-validation, LOO-CV)#l & #7538 X 5
IE(k-CV). LOO-CV il AR MRS Z (1 00 T A — e oL PR k-CV ik, # Jin Bodl 3 70
Wk AL B R T B A A — O R R BRI, XS AR b DBIAL, b AR
PEREFE BRI - IEH R R I k-CV TR PERE. k-CV 1T LUA Rkt e ad 305 5 R IG k4. sEHEIr
25 A Ul R
1.2.3 &5k

PIEA 7 A A5 AT A %) B B F8 A . K B0 2% (Precision, P) . B2 (True Positive Rate, TPR) . H [
# (True Negative Rate, TNR) ., F1 {H (Fl-score). #2248 7619 M Bk 0 7 45 8 1 1] H A9 he v 5 o R
FPHAEM RS, P=TP/(TP+FP); HH A28 M W e 8 sE s Uiy S 1, TPR =
TP/(TP+FN); BB 5 8 E BOEF IR 5k, TNR=TN/(TN+FP); F1{8)k P
1 TPR W JAFF#{l, F1=2% P x TPR/(P+TPR). F1 {H A% 5 47 i (A B 1) fiE

F1 HETNERWIREER

FEAR 4326 S ARUE N IEREAR S hr e Ry SRR
T Sy 1 FEAS TP FP
TR Ay B A A FN TN

1.3 BEREKHE

BEHLAR AR . XGBoost S5/ KA RE S H AR ARG AR P(Y=c X)), Hrp ¢ RRFJ0, X EH
AFHE. (AR E H PMER 2 SRR T 28 o Y SEMERA I 25 . A7 i 2 3 5 o 18 PR B o 00
Ay, Pl R BE A R [ O SR8 PR S 0 XU ME 38, XSS Y ARE S i AT R R R, AT BRI 22
e 200 e ABE 23 A T AR U I 1) AR
1.3.1 MERET *®

23R A T BV 4325 000 0 ARE 3 B R R AT T AR, PR R A S v T A ME S R A AF IR R S A HE R
A 25 . BEHER RIS 2L — A b ar T U gh E R IR 4. X T 43 B4R A 22457 Platt scaling Fl Isotonic re-
gression 2 PP HE T .

Platt scaling /&l Logistics [71 5 X5 458 7Y (1) i 0 (B ASCH0L 65, 3% 0 3638 B P REAS S /N ARG 00 5 28 700 fi 1y
EAE N HEARRE , GHEASEBRR 2t A ERE AL I 25 4, U255 31 — 2 LR BEAY, 55 28 i 45 SR st 2 1
A2 5 Platt scaling J5 M BUMMERE. BIRFEA i BBIAVEN IR R £, £ Platt scaling J5 SRR .

1
Pav =1 Fepar, 8

Hrb, 28 A B Tl %52,

Isotonic [HIJA X FRORF [BIH , J&—FpAES IABIAY, %05 vk H X reliability B 808 #4740 5. 1R
WHINAE [, 5EPRR% y, A

y.=m(f;) +e,

LYREAE m BRI R B AR REL:
m :argfninz (y;, —z(f))?
F F5 bR BB — FhoR fift )5 1 52 PAV 8 ¥ (pair-adjacent violators algorithm), T2 EAH 28 A& (f,,
yOIE £ INNBIRHRRF . Z )5 AN W& I I8 8 3 s B 1 1) Jm B DX T o 8 4 R 0 A R A
1.3.2 MERBEMZAFHE

BT L SE AR R A, B R K BIAR 2, DeGroot & Fienberg ™™ #1738 4 reliability & #E47 7]
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AR T A R ARG B 10 B AR ARG 0 0 T A m AR B R AR S R A O 10 A TIUI AR R Oy
0~0. 1 MFEAVE AL — DA, TR 0. 1~0. 2 IFEARTEAS ZAHd, DLt 4.

AR = T A AR B0 TN S 35 (0 A5 AR A R B SE PR IERRAS BB A DA BT o A5 A A SR AR A,

AR o A P P A B . HURE SR 1 T R A A e 2 SR A R

735k B g 25 SR B Brier 20 B0 ol A A HE B — AR E. 7E 0 RIS LT . 15 Brier 238
IS

1 )
BS—N[Z;(]C, 0,)

Hor, f, RN ESAT 0 AR o, T MBI CRAN 1, A%AT 005 N TN = 1F B
. Ut Brier 23T 0, AR FIN 2 SRR T B SR AR

2 SLIGHER

2.1 HIE&EME

Xof 15 4 21 [ B0 AT B AU SR AR AL B X T R ORI S T B Ea i, £ 2 BR
TN A A REAE AN [R) BRI 9 2 5 SR R 18 M R A R B A A I O OB R I A5 R St AR
R, 1 R 0% M B SR T A AR N O FLUE R R M R R I . BRI ULEF . R R 5 R E K
S T A TR R0 T e Y T R R S B R SRR (KO R AT A R R R 18
. AR R TR IS 25 A BN . B RRAE BT X 3 AF N SR 1 R A 8 MR B AT R BA Ge it X (p<<0. 01),
¢ A 2k U R A 508 2 55 0 A7 AR A H B S AR DG G 3R 1 Lk S AR AF A N7 AR A 5 B Y

F2 mOHt

i BAERAERER RN R ol i AR EER  HERNE R )l
N/% N/% N/% N/%

age 20~39 2 483(97.0) 77(3.0) <0.001 || WHiE <90 24(48.0) 26(52.0) <0.001
40~64 1577(72. 4) 602(27. 6) 90~138 4 463(53.7) 3 845(46. 3)
65~79 240(9. 4) 2 311(90. 6) >139 3(7.7) 36(92. 3)

>80 236(19.0) 1 008(81. 0) ok I <60 344(94. 0) 22(6.0) <0. 001
sex i 2 815(59. 6) 1908(40.4)  <0.001 60~89 3 700(55.7) 2 940(44. 3)
gs 1721(45. 1) 2091(54.9) >90 445(39.2) 689(60. 8)

BMI <24 2 316(65.9) 1196(34. 1) <0.001 | HEH <60 1(25.0) 3(75.0) <0. 001
24~27 1 781(44.0) 2 265(56.0) 60~79 3601(72.4) 1 373(27.6)
>28 438(44.9) 537(55. 1) >80 524(87.0) 78(13.0)

HEH <35 6(21. 4) 22(78.6) <0.001 R % <2.9 122(41.9) 169(58.1) <0.001
35~50 3 225(65. 1) 1730(34.9) 2.9~7.4 4 228(57.7) 3105(42.3)
>51 912(92.8) T1(7.2) >7.5 182(23.6) 589(76.4)

SR AT <4 73(25.2) 217(74.8) <0.001 || %5 M I K <3.9 33(31.4) 72(68.6) <0. 001
49~ 4076(63.8) 2 314(36.2) 3.9~6.0 4021(58.8) 2823(41.2)
>10 369(73. 9) 130(26. 1) >6.1 482(32.0) 1 024(68.0)

B <3 69(46. 3) 80(53.7) <0.001 || JREM - 4030(71.0) 1648(29.0)  <0.001
3~5. 68 3829(57.7) 2810(42. 3) +- 162(48.5) 172(51.5)
>5. 69 633(42.2) 866(57.8) 1+ 177(51. 6) 166(48. 4)




% 10 7 EXF,.F. ATERFITHEEAREERTHFE 7% 21
4k 2
n WA RN GRS AR " . WA B R R "
iR - . A b3 - p
N/% N/% N/% N/%
il LB <40 4192(55. 3) 3389(44.7)  <0.001 2+ 108(52.9) 96(47.1)
10~19 198(47.7) 217(52.3) 3+ 59(47.6) 65(52.4)
50~100 20(25.3) 59(74.7) REH - 3781(67.9) 1784(32.1)  <0.001
>101 126(27.4) 334(72.6) +— 525(76.8) 159(23.2)
R <149 23(29.9) 54(70.1) <0. 001 1+ 172(59.9) 115(40. 1)
149~1415 3708(72. 1) 1434(27.9) 2+ 17(39.2) 73(60. 8)
>116 691(64.8) 376(35.2) 3+ 10(38.5) 16(61.5)
2.2 TRERAY| %

R R R g o B 45 R, B 2 AN R B (R RR AR A Ml L AR L BMIL i He . i 1 240 At 4%, ol ok
Qv 1 2 Q1164 = 1 I = = IO 11058 o = O 1 = T = 197 S S | = o - s = R S 1 1
JEE B B P R e VLI PR R L M A R S L A N L PR FR L &S R OB L PR BRam . PR . H
B S E MR RO ke i A i, P AL AR AR S B 1) R ZE S HCH n_estimators, max_depth, min_
samples_leaf,min_samples_split, max_features,criterion, XGBoost ¥ & #| 1) FEEZ A learning rate,n_
estimators, min_child_weight,subsample,colsamole_bytree,gamma,reg alpha,reg lambda. - 5 $7r32
SR B8 7 N 2 D A AR R, B 5 R A A AR N 2 SR A S (B A e 4 T A 2

K B BLAR AR XGBoost S A B YIN 25 B 11530 45 04 B A R AF 32 2Pk o0 Bcan 181 2 e, fii FH B AL %
MREAETHEAT AR S L R PO M e R0 06 A 094 ORI XGBoost 5k 154 AR
W L AR R AR E T L R I X o R O A R R AR

0.18 0.251
0.16 F
0.20F
0.14}
% 012}
% 0.15F
_ﬁ .10} &
Y B 0.10f
0.06 | i
0.04 | 0.05F
0.02}
0
& @ o B O B & 8 S % o B B O O I R & B
W OB O H M O H = W = & $ B O® B R OM M O#H EH K
wm oo ® OF B o§ o o® B O I & o oo
o g @ it g {1l 2= o m
e gt « £l e e
it it *® 1 1
&3 el sl !
Bl = = i
(a) FEHVLFRHA (b) XGBoost& jEiEE
B2 BEHHFRW(ELE)S XGBoost(F ) EEEBNIFEEEHITM
2.3 THREZABNK
F O3RN T 5 Yras XKL Jy A5 B A 3 TR R T B 08 P B L 0 A O 1 B PR . T BE AL AR

ML B 12 PR B R TR A O Ik RS AR . BB H MR F1E 4B 0. 964, 0. 950, 0. 969,
0.957., i Fl XGBoost &3 1443524 0. 950,0. 966,0. 955.,0. 958.
£3 HEBMAELE

PEAL ¥ R RF XGBoost PEAL 38 B RF XGBoost
RS 0. 964 0. 950 HBAMR 0. 969 0. 955
H M 0. 950 0. 966 F118 0. 957 0.958

H: RF: BEHLARMRE EARAL s XGBoost : XGBoost 51
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2.4 THERBERKRAELER

A 19 Bt AL AR M S T AE S5 1 reliabilivy 3R 05 &, Q& 3 22 BT AR, AR A HE 1 Bl AL AR AR
Brier 434k 0. 007, BERIFU G5 RE ST 0 Fl 13X 2 AMEH . reliability EI B WA S B, U BRI 7 25 1 g
U, B4 AR A A SEME R EE. BB Platt scaling SEATHERKHE, W01 3 ZZFE IR, K UEJG Brier 4250H
0. 044, reliability [l I /) #% s 3% 452 1 11 2% PH S B2 30 X A 42, A ML AR MR 1 1) ABE 3 A0k o o 1 2k 28 A oA )5 7 )
—E#TF, X VLB Platt scaling R LLAG 0 Hh 55 A8 Bifi HL 2% AR AO f 22

KM HE B XGBoost fii H T A8 2% 1) reliability A4 15 07 FANE 3 A R TR, R HENELT .
XGBoost B4 (%) Brier 73800 0. 016, 5L R —FE . XGBoost MMME W AR EZELE 0, 1 X 2 &b, 7
3 Brier 3 $0AR /1N o B8 A4S 1 26 LY B B AR RS 42 00 X A 2k, MR RT SE RN AT 42 TE. [ FE £ £ Platt scaling
HEATRE R, WK 3 A BTN, K HEJE B Brier 284308 0. 037, AR LTFT 0,021, {HJE reliability &
A R R b G T X, MR R A — R R T ARG T A R . HE AR B R R
A 1) 3 2 1 R

BEMLAR S XGBoost FLk R R A Platt scaling MERR AL HE T AL HERT T » %12 M B o 110 5L 407 7 2 M
M LB DL 2R 4. RUEJS BB R PE BB AR AE — B BE I R R, EL2 & T 0. 94,

1.0} o 1.0f
08} 0.8+
0.6 0.6
04Ff 0.4F
02F - Boan0.om 02} - BAERI0.016)
BOFERT(0.044) - ROART(0.037)
of : , , , \ or , \ . , ,
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
(a) FEMFRME Fsigmoid KA RT FFXTLE (b) XGBoost{s fsigmoid Ko R X LL &
3000F
250 F s 0 25001 N
2001 = ?E,ﬂ 2000} = B
150 | e 1500+ E¥ =
100 | 1000 }
50 F } ] 500F |
0 0.2 0.4 0.6 0.8 1.0 L 0.2 0.4 0.6 0.8 1.0
(c) SEFFHEZR (d) PR
B3 #WMERKERFH reliability B S HmE T E
T4 HEABERKETNEEREILRE
PR FE 45 RF RF +Platt XGBoost XGBoost + Platt
Brier 0.007 0. 044 0.016 0.037
L ES 0.999 0. 940 0.970 0.941
AR 0.997 0. 950 0. 985 0. 968
LR R 0. 999 0. 945 0.976 0.952
F114 0.998 0. 945 0.978 0. 955

H: RF . WEHLARMREILBRL; RF + Plate . BEHLARMRE L BIALR H Platt scaling #2844 #E 7 % M ;5 XGBoost : XGBoost
B XGBoost + Platt : XGBoost B2 B 5% F Platt scaling HE 28¢ #i J7 Be A k.



% 10 # E2F, 5. ATERFILENERLERTFHFE T & 23

3 & it

ARG I T R AR RS XGBoost 48 2 27 553k ) 2 18 14 VB o W 300 0 2 3 FH) B ML A48 b B3 0 U1
153 2 07 A BE ARG 3 . FCPHPER . ELPIMERR F1{E 23 3128 0. 964,0. 950,0. 969,0. 957, XGBoost H. 1k
43128 0.950,0. 966,0. 955,0. 958. o H BEAL AR 12 0 RS 6 % 5 H MR B08 . XGBoost 5 1k 1 H 44
5 P, BARIE, 2 R sl 2] 500k i A AR M AR AR 24 . 1T DUARE AN [ 00 0 4 5 SRR e £, 18
ﬁ%ﬁﬁ%ﬁ%ﬁ%&ﬁ%u&* 2 AN 3 ] B A A 3] A4 B 4 SR e T LA O B A

P 5 O A e A S 110 25 R 2 BB R Ry 1 i T XU ARE SR AL T 43 AR A R i o 1) 3 B O

Eﬁﬁﬁﬂhﬁ%%%%ﬁ T BEVTANT M2 A TR 1 A 2 R S B S A R Y D 22 2 A SRR Y T
V\] VT 1 I A 5 X R R AT R TR b R PR A8 5 v iR e aX A [ R A SO A Plate scaling #E
R UE T IR ST A R RE A 7E — B R B I I, (R T 0. 94.

F 405 0 B O S 0 T AR AR O Y L SRR R, TC Yk L O D ASE AR A R T O A R
Th — a7 BT 5 A 7 1k B2 reliability &, B2 bR Xt M2k, U6 IARE AL MR A T 2L, 5
WL, AT LASR H Platt scaling M 5645 1 7 12 0 AR L o0 AR Y (1 g 22 , 1 e 2 i S (0 0 422 30 LS AE 36
2 3 AR R A A A L RS A A A B R A R A AL

L5 1, BT REHLARM . XGBoost 8 M 2% > 551 1 12 M 5 5 7 01 0 A% Jy 3 1) TOU 0 A5 2R 48 3R B R A HL AR
FE. R Platt scaling M R A i 7 i BEAT AR RUAM SR AG i - WA 1 2 1k A8 43 2Pk e, R T 7 SRR AU Xf
15 5 9 XU AR S A T 1 T S L PR O M SRR ARG o R T MR M T LI IR S . BT A 2 A
5 B 9 LD 07 A O T AR T R B L RAG R L AR XL PRI B KR B 5 AR B R R N B RS T
7 i 10 O 2
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An Early Screening Method of Chronic Kidney Disease Based
on Ensemble Learning Algorithm
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Abstract: Chronic kidney disease, with its high incidence and low awareness, is a common disease that se-
riously endangers human health. The early screening method of chronic kidney disease based on the en-
semble learning algorithm can improve the awareness rate of kidney disease and is conducive to early detec-
tion and early treatment. In a study reported herein, the medical examination data of many hospitals from
2016 to 2019 were collected, the examinees who had progressed to chronic kidney disease within three
years were selected as the research subjects, and the examinees who had not progressed to chronic kidney
disease within three years were taken as the control group. Through 5-fold cross-validation, python 3.7
was used to train and test the random forest and XGBoost algorithm models, and their predictive effect
was compared based on the F1-score, and true positive and true negative indicators of the outcome of chro-
nic kidney disease. The prediction effect of the random forest algorithm model was that the true positive
rate was 0. 950, the true negative rate was 0. 969 and the F1-score was 0. 957; while that of the XGBoost
algorithm model was that the true positive rate was 0. 966, the true negative rate was 0. 955 and the F'1-
score was 0. 958.

Key words: chronic kidney disease; early screening; ensemble learning; random forest; XGBoost; cross

validation
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