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Abstract

Purpose: Decision tree method was used to explore and analyze the cooperative influence of
behavior habits and common diseases on carotid atherosclerosis. Methods: From July 2019 to
July 2020, 573 participants (329 CA and 244 non-CA) were recruited from the Affiliated Hos-
pital of Qingdao University. Demographic information, behavioral habits, concomitant disease
factors and carotid ultrasound results were collected. Chi-square test, t-test, logistic regression
and decision tree algorithm were used to analyze the cooperative influence of behavioral ha-
bits and common diseases on carotid atherosclerosis. Results: Chi-square test and T-test
showed that age, smoking, alcohol consumption, high-fat diet, physical exercise, hyperlipide-
mia, hypertension and diabetes were correlated with the occurrence of carotid atherosclerosis.
Logistic regression showed a linear correlation between age, high-fat diet, hyperlipidemia,
physical exercise, hypertension and carotid atherosclerosis. The decision tree model showed
that hypertension was an influencing factor at the root node, and age, smoking, physical exer-
cise, high-fat diet, hyperlipidemia, diabetes, alcohol consumption and other factors had differ-
ent synergistic influences on the occurrence of carotid atherosclerosis. The ROC curve was
drawn to evaluate the predictive ability of the decision tree model (p < 0.05). Conclusion: The
decision tree model of influencing factors of carotid atherosclerosis explains the nonlinear
synergistic effect or superposition action pattern of different factors and provides a tool for
early identification and intervention of high-risk population to assist disease prevention and
control and clinical diagnosis.
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1. 5|8

# fik 45 £ Aig 1k (carotid atherosclerosis, CA)AE S W4 B B KL AR ) — N 8 107, 85 K6 20 5
JB P B JEE EE (IMIT ) o 4] 35 50 B Bt A2 P P T SEHR AR [ 1] 0 S0 IS A A58 A4 160 A A DG P 2 88 PR 3 v I
JE[2] WRAH[3] (4] BEIRIR[S] (6] mlRIMLAE[ 7] AERR[8] KREMKIE[9] [10]. ARKE M. B35 11]
[12]%F. il BEIRME . MR B DhREAS 4] 330 ik ot A i AL BB 47 1o BT BFUE (9] [13]. HH
AR DL e 35 ) FCAE A (1) 22 P IR 2 B B R BB AR A, BT S S48 DA R 1 5 e 2B o s e 35 0 ik
TR & AR B R E R AT 2

TR SR A — Tl FH 22 Tl 52000 R 2R R AT 5008 F00IN P 50 0 4290 B0 [ 141, 7T LRI 22 DR 3000 90 R AR Bl
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J& (1) e A X R HE 25 R 26 [15] [16] [17]s

AAEBh PR B, IR SR N AN DR R AT IR R ERERE R Sz
FEARAREE, ATk b DR 20T S50 Mok A A 5 T 25 o B [ B8 A5, DA IR A AN (R 4T 2 2T 1B RIS IR A
TN SEBEBKEE O R, FBIDIR B KR .

2. WRE57HE
2.1. ARMR

WediE 2019 4 7 A2 2020 4 7 A T35 8K % 4 Be B A8 B 5 AR HF 75 & 2 N LM el 5 BERE, 3R AT
T IRl A b . AR 2SN IKGRE 7 2 SRR 4y RSB Ik EEAG AL(CA) 329 N, JESBN KA 2H (non-CA) 244
No ABEFCHEIEE R BERE AR Rl 2lE AFBHEEZ 5K, JHE
.

IINFRE: 1) FhE 60~90 % 2) W)y, WHERIBREIIER, RWE SRS A 3) INAREIE
W, SRR FORSEEG . HERRARAE: 1) BPEIIR . RO S I SR YT 2R S A 3 R T
fEvEgmT: 2) AFIBERG, ASREEMREIF A R 2 3) BRI .

FSNIKAE IS Wi Fe oy e bRt s CASIBh KN — A B FE(IMT) < 0.9 mm A IE & (AEFSh Ik AE L 2H), 1 mm
PA b H 23 AL JEFEAE 1.2 mm BA b 5E ORI kA0 (B s Bk AE A0 2E) [18] [19].

2.2. BURWER

) — M N (5 BEFE: Fl8(60~90 %) PERI(H ML), A E(BMI = 1A HE (kg)/ & 2
(m?)); AT R IR R A7 A5 B HE: WO S R I RS ST MR R R E RS (R )
BEAES S mlRMoAE . S WE IR (R ).

FRRAEbRE: 1) BB EKAEAL: 83 B2 B TAE R G0 A 700 Gz ik 75 SRS : 2) ey I
@© FEF—K 3 W&, Ui 140 mmHg & DL EAI(ER)4F5K K 90 mmHg K LL E[20]; @ S BI#i N &I
JE HAEE B2 B IR 2003697 - 3) BEIRIR: © 2 IEIMHE 7 mmol/L LA_EAN/sk 28 5 3 /N IfiE 11.1 mmol/L
UL b, SRR EMHEE > 11.1 mmol/L [21]; @ IEAEFHTREMMEGEIT . 4) SARMCE: @© SHHE g
8 > 6.2 mmol/L MB35 B I FE EE{H > 4.13 mmol/L [22]; @ 1EAE DRIENE 259697 . 5) Wl ST 1
BEAEAE B 2 8 > 1 37, WhARRs: 1 4500 B34 (23], 6) Wil I R E D —E, nETERH
ng /b P DU J T AN (2410 7) ARG AR S Ao i o B — R LR R SE 1 4ERL B[25]. 8) fKAE
Bl AT EN >3 IRHA RS 30 2080 L UL L. 9) R . A5 £ v E 3 i s g M 1k e (n
TYER S WSS IR > 3 RIFRFEEEAEDL F[26].

AT A R B 2 R SRR AR AR K, TRIRTAE AT, DU BT AR LB, 3
BRI EN A SIS MBERSE, RN IS RSB ANEE, ETE IHgm S A AS . SAH
2R R STHATBER M G .

23. G ERZE

SRR R + FEESD)RRLE 1), R E R RITRE L 2)F logistic [FIH (K%
3), fii/] IBM SPSS Statistics 25.0 FAFHEATHETH 220 HT o FTA ZARFE BURHY SIN R . DR 7 T R
F IBM SPSS Modeler 14.1 Z4 N\ FirA 1) B 248 S MK 8 (L% 4, 1). ] MedCalc® statistical software
S F A K A AL TR S A AR 5 Logistic [B] A5 5 Tl 251 20 ik i 4k, A2 AU ) ROC i 2ot L ], W42 il 2k
THEHA(AUC) (L 2).
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3. &R
3.1. AOZ, (TRIR. BUERFEIBEESH

AR FCI 573 %2R FE W WA, Figh kb A Mz ki 40 . Hrh sk as b4 329
N(57.42%), AEFBhKIEILAL 244 N (42.58%). CA 4TI 70.49 £ 7.160 %, non-CA 41°FHJ4ER
N 69.27 + 8.240 % (t = 218.787, p < 0.05) . 41 BMI []. i /4 4148 24.20 + 2.769 kg/m® (t = 0.002, p > 0.05)
(& 1),

FANKREALLL A, 175 61(53.2%)FH > 70 % (X2=13.503, p <0.05), 106 %(32.22%)F W1 > (X =
9.72, p < 0.05), 109 H1(33.13%)4 i S5 (X> = 5.94, p < 0.05),165 $1(50.15%)H m= Ik & (X* = 18.97, p <
0.05), 240 1(72.95%)FH 17K B (X = 4.43, p < 0.05), 190 151(33.13%)A &g MLAE(X? = 30.55, p < 0.05),
182 191(55.32%) A ML (X? = 31.94, p < 0.05), 124 f5(37.69%) A FE JRF(X> = 6.07, p < 0.05). EAIKG T
ST RS, BMIL YRR AREE S5 5 300 kb 2 A) A 3 B DS PE(IL 32 2).,

Table 1. T-test of the continuous variable
= 1. EETEM 0

e =N Bz kgL LSS kAL 2
FER () 69.97+7.655 70.49 + 7.160 69.27 + 8.240 t=218.787, p=0.000 < 0.05
BMI (kg/m’) 24.20 £2.769 24.43 £ 2.690 24.23 £3.081 t=10.002, p=0.998 > 0.05

Table 2. Chi-square test of categorical variables
=2 DETEMNFHRLE

B b B KAELL, RN ki Ak e S
B >70 175 92 X?=13.503, p =0.000
R <70 154 152
3 Bk 182 118 X?=2.719, p=0.099
e ik 147 126
= 106 50 X?=9.724,p=0.002
Yo % 223 194
. = 109 58 X?=5.944,p=0.015
i & 220 186
e = 167 139 X?=2.169,p=0.141
o 7 162 105
o = 165 78 X?=18.969, p = 0.000
Rk %5 164 166
. = 240 158 X?=4.434,p=0.035
H B - % .6
. & 190 84 X*=30.545, p = 0.000
e A I E = 130 160
B = 182 77 X?=31.935,p=0.000
FL %5 147 167
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Continued
2 124 68 X?=6.065,p=0.014
Bl PR B
& 205 176
>24 169 112 X?=1.675,p=0.196
BMI
<24 160 132

3.2. SiENBxEA R IMEE —JT Logistic B394

LRSI AR AR, ¥ EIR &R Rw Ry AR R, #4770 Logistic BIHMHAH: F
#(p =0.004 < 0.05) FRRE(p = 0.000 < 0.05) 74 & #M(p = 0.006 < 0.05)~ =i MLIE(p = 0.006 < 0.05)-
= I (p = 0.002 < 0.05) /2 2 20 Bk Ak, 1) A 2 sz e R 3 (LR 3).

Table 3. Multiple logistic regression analysis of influencing factors of carotid atherosclerosis

2 3. TENRKRE L ME R T logistic EYA R

A B(SE) OR (95% CI) p-t
FER(70/<70 ) 0.540 (0.187) 1.715 (1.190~2.473) 0.004
BMI (>24/<24 kg/m?) —0.004 (0.034) 0.996 (0.932~1.063) 0.900
PR/ 0.238 (0.223) 1.268 (0.820~1.962) 0.286
AR (R/TS) 0.444 (0.275) 1.558 (0.909~2.670) 0.106
B (/) 0.156 (0.256) 1.168 (0.707~1.931) 0.544
MER /) —0.354 (0.190) 0.702 (0.484~1.018) 0.062

m RS R 0.761 (0.192) 2.140 (1.470~3.116) 0.000
R B HHRCE/A) -0.550 (0.199) 0.577 (0.391~0.853) 0.006
TR IR LA (2 /75) 0.570 (0.209) 1.768 (1.175~2.663) 0.006
L (R /45) 0.661 (0.212) 1.937 (1.279~2.934) 0.002
BEIRIR 2/ T5) 0.295 (0.207) 1.343 (0.896~2.014) 0.153

3.3. FBNBKEE LR AME REVRRR 4

A 75 290 20 kR Ak Ry DR A B, AN B0 % A OGS e R 3% E AT VR SRR 3 AT, R YR 4 ST 38 B N
62.80%. IZAALHIM AT KANA 19, HARA 10 hikr, ZEC08 6, TERL 10 2FMI(WZE 4). sk b i
N0 R R EILE, RIS FE . W . mRERE . REEE. mARIE. S
J PRI 20 A T A A e L SR R A BBl KA M 3 70.27% (182 45 i T8 i LS 1) 46.82%
(147 f5); fETC R MR I ANBES, Fis > 70 & AR AESNBNIKAEALIRIEEZE A 60.00% (75 )i T4 <70
1 38.10% (72 fl)s FETC A MR S s < 70 B NTEF, WA A AR 3 kA8 AL IR 2 55.32% (26
Bl T AR 32.40% (46 B); 4 ANFE LR ML HAER >70 %, 0SBk KA 3030 ki Ak 1 iR
N 45.71% (32 BIK T ToAE B G 78.18% (43 H): fELmIMLE HAFR >70 &, AHEBREANTH, W)
T A B KA MR 20 71.43% (15 49y s T AN ) 34.69% (17 191)s FEA R ANFEF, A SRR
B RAETEIKEEIREZE A 81.10% (103 #1)), =T LEMEIE 59.85% (79 #i), XEANBTLILEEH A
NER &Y 5 R A BNk AEA . TR LR, Jomi MR & M NBE A, R I 35 A 29030 ks A, (4 R 236y
65.17% (58 51y, =T JG =i IR I 48.84% (8 191 e A [y £EME R i 5 R A= 3 s ik A AL O E 2 72.73% (8
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BT ICHE R ) 40.63% (13 B), fEA®ILE, TTRElRRE. &l MU FovE R i N B, s &
BB E A 63.64% (7 ), & T ICURIE S5 # #T 28.57% (6 ) (WK 1),

3.4. REWIRBS Logistic BVIRBFURTEIBKEH L EH ROC BiZk

Logistic [B] V4% 7 F 553 & A2 30 5h ik A4k 1 AUC A 0.662 (95% CT 0.621~0.700), R A #5574 i1

BH R A I BKIELL ) AUC N 0.784 (95% CI0.748~0.817) (z=5.776, p = 0.021 < 0.05). {7~ 75X} 30 50 ik

BEAL R AL TN D5 T, SRR A T Logistic [RIITRERI(ILIA 2).

FRENFRRETL (12T

B % nl
171000 57417 32a];
1™ 2.000 42583 2441
| =i 100000573 )

BhE 225!

L& et

2.0‘00
Fiml
258 % n

1.000 46815 147
W 2000 53185 167

B3t 54788 314

‘ =

S (1ETIEI<TON)

2.000
h=
25 % n

1.000 38095 72
m32.000 B1.905 117

1.000
T T
25 % n

1.000 60000 75
W 32000 40.000 50

1

Rufili]

=
|
1,000

N 2 000

Bit

|
=12
% h

70.270182
29.730 77

45201 259

= e

2.000

=

(1R

1.000

T 13
Eic| % i

Tim 20
A % il

1.000 59.848 73
W 2000 40152 43

1.000 81.102 103
m32000 18.898 24

Bit 324834138 21 2815125 Bt 23037132 Bit 22164127
‘ =l = =l
IR (125 FE#E (1520 ShEmiE (1225
2.000 1.000 2.000 1.000 2.000 1.000
T3 T 4 hu=k T8 Figd 14 T 19
23 % h ol % il #8) % il ot % il #8) % h 8 % h
1.000 32.394 46 1.000 55319 28 1.000 78182 43 1.000 45714 32 1.000 48837 1 1.000 B5169 A58
M 2000 BFEOG 96 Wo000 44631 2 Wao0o 21818 12 W000 54286 38 Wz000 A1163 22 W2000 34831 H
B 24782142 Bt 8.202 47 2 9599 &5 B3 12216 70 By 7.504 43 B4 15532 89
= =
IR (1R A (1R2T)
2,000 1.n|nn 2 n|un 1.000
T 10 b=l ho=Rk] TR 18
| % n | % n | % n 8 % n
1.000 34684 17 1.000 71429 14 1.000 40625 13 1.000 72727 8
W 000 F5.306 32 Wz000 23571 4] Mz000 53375 14 Wz000 27373 3
B3 24851 49 23 3665 21 23 5885 312 2 1920 11
=
g (21T
2 D|DD 1.D|DD
=516 HE7
xE % n xE % n
1.000 20571 6 1.000 63636 7
W2000 71.429 15 H2000 36364 4
it 3665 21 2 180 1
Figure 1. Decision tree mode
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Table 4. The 10 rules extracted through the decision tree
4. BIDRERIRENEY 10 KA

LIF sk = 5 HAFR <70 % HR®E = %, THEN 483%: non-CA (96/142 5% 67.606%)
2. IF mliE = B HAR <70 5 HRH = /&, THEN 7302%: CA (26/47 B 55.32%)
3IF mliE = fHHAR >70 5 HIEE S = J&, THEN 4328: CA (43/55 5% 78.182%)

)

4. 1F miffE = FHER >70 0 HAAEHBE = A HWE = %5, THEN 473%: non-CA (32/49 8% 65.306%)

5.1F |k = JHFR >70 & BAEEE = A HRH = &, THEN 472: CA (15/21 5( 71.429%)

6. IF mlifE = 2 HmlEkE = B H&RIIAE = % EMRE = B HQN = 7, THEN 7025: non-CA (15/21 1 71.429%)
7.IF miLE = REGKERE = SH&IEME = 5 HBERWE = & HN = &, THEN 4738: CA (7/11 B 63.636%)

8. IF mililE = RHSBIKE = SHEMENE = 5 HBERW = /&, THEN 7-26: CA (8/11 8L 72.727%)

9. IF miflE = Z2H&
10.IF i = 2 H&

o=

iy

=
I

HHEARMIE = /&, THEN 2r2%: CA (58/89 5% 65.189%)
/&, THEN 433%: CA (103/127 5% 81.102%)

i
=]
pulny
ii
Il

100 |
80 |-
60 |
al i
# oL
20 f S ) — - - logistic[F] )4
[ e — R
b /l '
O,...l...l;.,l..,l...'l
0 20 40 60 80 100

100-45 57 1

Figure 2. Comparison of ROC curves between logistic regression
and decision tree model

[E 2. Logistic B35 RERE ROC BhZkXTEL
4. g

AR ERTRE . WE O, SRR, RERA. ®IBIAE. SR BRI LR
AN KA = e NI 3R . o m LR R B ORI AR &, e A ORI i AR SR,
AW . KR, CEREEE, AEIRIUE. SIE B8R SR B SRR R AR
Gy WKAESNEN BKAEAL o IX LS5 SR B 2T 4 B S AH S SCRR A 4518 — B 4]

AW, A e I S LG TG v I 0 5 2 B B R AR B KR4 . WF R, O I B I R
JESEH 2R F PiRE: st B0 A B A G R R (R LT IR IAE o M558 3 RN B 45343 9 K 2B
RAE, TERBN KA BERR[27] 0 15 L 2 ANHF RS de s i 25 b e R R 3R, SR RS #H AL, A
s RN B 2 o R S 0 S 1 4 A5 (28] e ML s S SO I ik A B — b IS JE B2 (IMIT ) 389 o B S R R4 TR ol )
—A o EE GRS R, ES KRR S DE Y B AR B s e R, e S S A i
MBI R 1) B 2 S R R 2 —[29].
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TmMES A 1) File <70 SERINFE, ARMEE LERIHEE BB UL 2) FE¢ > 70
SN, A EBIRE RSB BER AR 3) k¢ > 70 2 HARE BN, AHH
150 5 5 R AE S KAEAL . SOBKAEAL I B EAE G N FE R0, [N, mifls . A RBER I R iES)
AR A S IR 3R 8 IR S DAL ) A R BERE (27 BEAE SR RIS, Sl hkBE A 2R n, A 50 ik 56 14 ek
iR, M EA K R AL AN A AR [30]. WRMHA SN IKOR PR AL AR R 2R 22—, [RII th i A ST fE 6
RE, AR RSB I C . A 222 (31 IR 7284 416 5t DK 26 Hh s e AR
R I FCUER], WO S KA AL (PR 2 AR, IF AT S . B I AR A QI 25 AL A I
SERTRE R B AR LN R AU Z 5 1 SIS RK AL (KT AR e, I RE DN 28 i A [ 28 2 K rh S kA Ak [32] -
IEAIREFEAR M « 53 A BZDIRE . FEARBR B AR 8o IR SR B PRI R L (33 ] I ALK A AR AE R
BRSSO IRAFAEZE R, 2845 B IR RIS REWS IR Bk % 52 % E A g 7H 5 IR 1 3
TREFIAE THRE, TP I/ S A RO JORE 53 £ [ 12] -

A w4l 1) AR AR 5 R RSB AE AL 2) T A R AT A e i RE S
BIAE 58 5 JB G kAL ; 3) Toms gtk HIE iR AR AT rh A 08 R & B To i PR B 5 = sl ik
fEtl; 4) o lECe s G m R UORE SRR PRI B A3 UG SIABE AN B8 5 A A s kB A o e I
Fe miMEIAE < AR o MR SS R S BIRAEBEAL A BT 1, e I HIRE A2 S BKAE AL 1 1 E MG R A 3R [34]. BRI
AR 57 RS RK AR AL I G IR, BB T IR A R AR AT & s K AELL, K IR 7 RCR
HONEE[35]. 2Bt SO IR BARES R 2 sk PR AL e L BRI & [36]. A 22 E 371K, HE
PRI B EL B KRR AL A R AR R PR B R T e IR IE RS, 2 AR RO R K I A0
) REPE R AL ARRE PRI (T 2 1538 A7 SCHRIT 1%, KB R AT LA SR AU 7 00 i O LB 2R 8 XU
AKP[101; & IF TN ST A B TIA B3, PN A AR R R R, SR, KR AR
PN TS R S SR SR N T B I 2 e R S o R R (3310 A AR 13,037 il BN TR A A B, A A5 33
BN FEREALA DG, K IR U v i 2 25 5 Bk S A A A ) R [39] 4015

ROC ML NHEIB(AUC) R TR DI RESE 4, KEE T w[41]. FATIIRTFA R IR, R
RIAALL logistic [BIVRERIAT SR A TIAG L . thaird Ui, 12 R SRR AR TR A 3550 JEKAE A4 )2 W7 A 5 T 5
AR . JE R PSR B RE EDULTE B  Se BRSUEH Bk A A6 AN [R] 6 6 PR 3R O BUW RFAIE . A EE logistic A1 45
R, PR 7R A A B DR 3O Sl Bk AL R 2 I B R S, B A AL IR AR 2B S503h KB AL
(0T 0 PE R ey, X LR AN o0 A AR A B oy ) 45 2R B BAT 18 S BRI G, o Hogk e 1R A B AR R A (1
SRLR N ) RT3 S0 S AR R NI o PR BR BN AR HEAT 2228, RT AR B e A S0 A0 K AL
RPAFRER R RAS, ULRPRERNAE, TEEImAR LI, HhlmRisH.

XIGURIT T Ja) R A FUET R R B — ML DXL B — BRI B R 2 SR I B AR AT, NI
Wi R 2R AT IR B o T80, RIS AT 5 X DL IGE Sk 3 4 i e B [mMAZ i ey o AEARSR, FRATTRT G R WF FE AR,
IONEZ MR 2R, BEAEAC S, HERR DA R FIA R A, TS 21 38 83k 38 ] i 4518

5. &t

AT T4 BHRBA TN I B8 A EIe . TRE . AW, DOl Aamis. &g
WS W BRI S0 S () 4 AT, FFIRAT AR« Wa TR IA T HE 0, 42 ) 020 BB A 1 2 KUK o e
PR T RS B R 7 25 TR R 6 H AR s i AR 2Rt B Rl o RS nfE AR, BT RIEHEEA
B, TDTBIR R AR IR, SR — R e .
oo

R (1 B T2 2 2 2t A ARV IF () 2R 00 16 S AN & T T S, S TRt 22 A T F R0 R
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IWHATT, WSRO 4 25K, W NITRBE 2=, RTINS, U AL A R VR X AT
DTk LK i 2 [R] 22 MU A SR B35 By RO LL 2R AR S et T BA T H 1R 28 8 55

E&WE

728 SRR 5800 H (ZR2012HMO049)

SE

(1]

(2]

[9]
[10]
[11]

[12]

[13]

[14]

[15]

[16]
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