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Random forest analysis on the association between hyperuricemia and exposure to common
pesticides, veterinary drugs, and chemical contaminants in humans
SONG Qizhe', HUANG Conghui*, LI Mengmeng', SU Chang’, WANG Huijun®,
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(1. School of Public Health, Fudan University, Shanghai 200032, China;2. National Institute for
Nutrition and Health, Chinese Center for Disease Control and Prevention/Key Laboratory of Trace

Element Nutrition of National Health Commission, Beijing 100050, China)

Abstract: Objective To identify the risk factors of developing hyperuricemia (HUA) , especially due to exposure to
chemical contaminants, common pesticides, and veterinary drugs in humans. Subsequently, the effect of machine
learning techniques on exposure data of agricultural and veterinary drugs and chemical pollutants was explored. Methods
According to the “Study on Appropriate Physical Activity to Reduce the Risk of Nutrition-related Chronic Diseases in
Overweight Adults” program conducted in Shijiazhuang and Hangzhou, China, from 2018 to 2019, traditional logistic
regression and random forest (RF) were used to establish prediction models using demographic indicators and exposure to
pesticides, veterinary drugs, and chemical contaminantsas covariates on the development of HUA. The discrimination of
the models were assessed by the area under the receiver operating characteristic curve (AUC). Results RF analysis
revealed that the top five factors affecting the development of HUA were doxycycline , 4-chlorophenoxyacetate (4-CPA) ,
furaltadone, prochloraz, and perfluorodecanoic acid (PFDA). The RF model showed better discriminant ability than the
logistic regression model (AUC 0.934 vs. 0.735). Conclusion Exposure to doxycycline, 4-CPA, furaltadone,
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prochloraz and PFDA, alcohol drinking history, living in Hangzhou, and a level of triglycerides = 2. 26 mmol/LL may be

risk factors for developing HUA. The RF model was suitable to analyze associations of chemical contaminants, pesticides,

and veterinary drugs data, and ehibited a significantly improved discriminatory ability for identifying HUA patients

compared with the conventional logistic regression model.

Key words: Hyperuricemia; pesticides and veterinary drugs; chemical contaminants; Logistic regression; random

forest model
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Table 1  Basic information of respondents [n(%)]

flt HE2H o PR 2 LA 20

i ait (n=412) (n=79)
PE

Eegin 266(54.2) 227(55.1) 39(49.4)

J 225(45.8) 185(44.9) 40(50.6)
W% A

& 351(71.5) 294 (71.4) 57(72.2

£ 140(28.5) 118(28.6) 22(27.8)
R s

7 180(36.7) 155(37.6) 25(31.6

e 311(63.3) 257(62.4) 54 (68.4)
Wi

ARIE 310(63.1) 272(66.0) 38(48.1)

BN 181(36.9) 140(34.0) 41(51.9)
BM1/(kg/m?)

18.5~24.0 56(11.4) 56(86.4) 0(100.0)

>24.0 435(88.6) 356(13.6) 79(0.0)
AR /%

<50 261(53.2) 221(53.6) 40(50.6

>50 230(46.8) 191(46.4) 39(49.4)
=RV

75 408(83.1) 329(79.9) 79(100.0)

1 83(16.9) 83(20.1) 0(0.0)
T EH R

wIth R LI 98(20.0) 78(18.9) 20(25.3)

fe e 165(33.6) 139(33.7) 26(32.9)

Kt RFEKVIE 228(46.4) 195(47.3) 33(41.8)
TG/(mmol/L)

<2.26 345(70.3) 296(71.8) 49(62.0

>2.26 146(29.7) 116(28.2) 30(38.0
TC/(mmol/L)

<6.22 432(88.0) 360(87.4) 72(91.1)

>6.22 59(12.0) 52(12.6) 7(8.9)
HDL-C/(mmol/L)

<1.8 153(31.2) 123(29.9) 30(38.0)

>1.8 338(68.8) 289(70.1) 49(62.0)

22 N TR 2 KA TS Y R A O Sk
v
Table 2 Detection and concentration range of 11 pesticides

and veterinary drugs and chemical contaminants in human

e it Kt

LOD/(ng/mL) # H A%k e B /(ng/mL)

15 ) /%

Ik fif Jfiz 0.030 170 34.6 <LOD~3.21
LR FH 0.750 275 56.0 <LOD~32.20
15K 0 2 T 0.015 228 46.4 <LOD~0.33
EHDPP 1.500 156 31.8 <LOD~28.83
4-CPA 0.750 198 40.3 <LOD~292.59
PFOA 0.300 489 99.6 <LOD~115.73
PFNA 0.150 341 69.5 <LOD~26.57
PFDA 0.150 346 70.5 <LOD~21.49
PFHxS 0.075 491 100.0 0.13~11.20
PFOS 0.030 491 100.0 0.52~61.65
PFUnDA 3.000 195 39.7 <LOD~63.30




B AR R
—648— CHINESE JOURNAL OF FOOD HYGIENE 20234F4 35 B4 5 M

F 3 NI LR A 2 T A T Y ) 5 5 VA 114 L 1] 4 A 1 L

Table 3 Distribution between groups of 11 pesticides and veterinary drugs and chemical contaminants in human

LA TG Y ) e /(ng/mL) a4/ [n(%)] 5 DR R I E 41/ [n(%)] P
DK fic Jfig 0.939
<LOD 268(65.0) 53(67.0)
Pk (LOD~1.49) 71(17.3) 13(16.5)
U (1.49~3.21) 73(17.7) 13(16.5)
LR F 0.552
<LOD 185(44.9) 31(39.3)
he FF (LOD~19.24) 114(27.7) 22(27.8)
TR M (19.24~32.20) 113(27.4) 26(32.9)
105G 0 L, 0.144
<LOD 214(51.9) 49(62.0)
Tk i (LOD~0.08) 96(23.3) 18(22.8)
R M % (0.08~0.33) 102(24.8) 12(15.2)
4-CPA 0.029
<LOD 256(62.2) 37(46.8)
T E (LOD~1.01) 76(18.4) 23(29.1)
U (1.01~292.59) 80(19.4) 19(24.1)
EHDPP 0.673
<LOD 280(68.0) 55(69.7)
Fv B (LOD~9.14) 126(30.5) 22(27.8)
W JE (9.14~28.83) 6(1.5) 2(2.5)
PFOA 0.002
<LOD 2(0.5) 0(0.0)
FFvk B (LOD~7.12) 221(53.6) 26(32.9)
U (7.12~115.73) 189(45.9) 53(67.1)
PFNA 0.005
<LOD 136(33.0) 14(17.7)
Pk (LOD~1.82) 146(35.4) 27(34.2)
e (1.82~26.57) 130(31.6) 38(48.1)
PFDA 0.001
<LOD 130(31.6) 15(19.0)
Pk (LOD~1.39) 154(37.4) 22(27.8)
v (1.39~21.49) 128(31.0) 42(53.2)
PFHxS 0.116
Pk (0.13~2.48) 215(52.2) 33(41.8)
oW E (2.48~11.20) 197(47.8) 46(58.2)
PFOS 0.005
R F (0.52~5.89) 220(53.4) 28(35.4)
1RV i (5.89~61.65) 192(46.6) 51(64.4)
PFUnDA 0.003
<LOD 261(63.4) 35(44.3)
P (LOD~10.42) 3(0.7) 2(2.5)
= (10.42~63.30) 148(35.9) 42(53.2)
F 4 L Logistic [ 745§ F5 BAPLARARBIIY 54 5 2278 4
Table 4  Results of Logistic regression model Table 5 The top 5 most important variables of the random
B ORTE(95%CI) P forest model
ESEES 0.018 A5 1k BN A5 1k 44 PR A
A Ref 1 EAE2S S 12.17
& 2.20(1.17 ~ 4.33) 2 4-CPA 11.53
i <0.001 3 19K e A ) 10.58
AR Ref 4 DK i Jiie 10.27
B 2.28(1.26 ~ 4.20) 5 PFDA 8.61
TG/(mmol/L) 0.017
<226 Ref F Logistic [Bl T F % AUC {f 0.735(0. 681,0. 789)

2.6 2.16(1.14 ~ 4.04) (P<0.05), W] RF B ¥ & & F X 4 HUA &
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#HE 1),

Sensitivity

AUC: 0.735 (0.681-0.789)

AUC: 0.934 (0.902-0.967)
— Logistic
—RF

1 1 1
02 0.4 0.6 0.8 1.0
1-Specificity

1 Logistic 57 (M) 5 RF AL (¥ ) A9 ROC i1 £k

Figure 1 ROC curves of the Logistic model (black) and the RF
model (blue)
3 it
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Wi AR 5 2 Sk 2 T Y ) 2 A JE A H oK B
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R AR & BLUE A A BTN B BERE R HUA 1
AU J2 S5 A b R A7 5 N BE Y 2. 28 £i5 (P<0.05)
A BE A TN b Ak W, 5 A SR S P i T A
Fb AR 25 0 v i T RN A RS 1 B HE )
BT A TR R HUA BRI ah, ik

N TERE B HUA A9 U 2 A O N BE B 2. 20 £
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M T 45 S — B0, AT LA e 43 fige 0 3
PR AR, K ARG AT I T R R T L A
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ARG I Logistic [HTJARAL . X 7] f8 /&t F BMI 48
b 2 B W 4 BRI RE O B AR 47 Hb S i A R
T T B #] (W aist circumference , WC) G 5z e DL PN I
JI W B 4 G R R AR BT R L We A
BMI &5 & i o 5 177 g 08 4 b S W IE BE 5 HUA 1

Logistic [H] 5 45 Y S — Fp 25 0 FL T 97 fff FH 1) 465
Y 7 7 B EL AT LA U R ) R 3R ) A X A
FE AR TR B A A AR 2 R A 22 AR
MO0 T RF B 32 LR M T /0N, % &2 2% B8 5
A 2 PR RO A 7 M R, FLRE S 45 A AR B X R AR
HAE EMEIE . RF & —Fh AR % 2 Bk B HL
w2 gy ik, Hol g Bootstrap 5 AR £ AR, M EL AR
VIR REASE N Hr g il 542 4 B b A B AR A AR
B U SRR AR | AR B T A 1 B AR AR R b A
G3 2H B AL AR AR, 53 28 25 B4 o B I 4 S T
FE o ROC [T £ S SUM: el S vk (0 25 A 30k, ok
TRLHI R S0 AE ) 8 AUC SEITM ROC TR .
AUC WMETE 0.5 Al 1 Z (8], AUC #R 4231 1, Ud B AL
T S B BE 1Bl . AUC 7E 0. 5~0. 7 2 i 55 A% i
WPk, AUC ££ 0.7~0.9 JZ WA — & HE B R, AUC>
0.9 KB RE =, FEARWFGEH, Logistic A4
MR B N T2 W AR AR 2547 0 O 2R H R
A A5 B, AUC ALK 0. 735(0. 681,0.789) ;1fi RF
LT T iy iy b 3 0 o 5 2 e Ak 24 s Y ) R B
LR AUC TFHE £ 0.934(0.902,0.967) . X % M
RF #7452 # M Logistic #5518 LA W 4 1Y X ¢
HUA BE MR ), IF HAR B 25 Ko fb 20 Y ) 5 56 1]
AE I HUA RAEMEZENE,

AR G A AE — 52 Ja B | 1 e 2 3 T I v
FEW AT, LIRS HUA 54 225 KAk 205 Ye i) 7
W E LR ENHEEXR; A, AR
ARG ER R H T AR RS ME A AUC
(BB A X 2 L 28 B TR AT Y X 4 e L I LA AT
S A% S = DR R AL (4 1907 45 T A 4 o A
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