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Abstract

Based on the incidence rates of tuberculosis in 31 provincial-level administrative regions in China from
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2010 to 2020, we investigated the spatial and temporal evolution of the incidence rates of tuberculosis
and its driving factors by using the Joinpoint regression model, spatial autocorrelation analysis, and
geodetic detector methods. The results showed that the overall spatial distribution pattern of TB inci-
dence was “high in the west and low in the east”, and the average annual incidence rate in the western
region was 89.93/100,000, which was higher than that in the eastern, central and northeastern regions.
In terms of temporal trend, the AAPC was negative in most provinces, and the incidence rate of TB
showed a significant downward trend, but Tibet, Qinghai and other regions showed an upward trend.
Global spatial autocorrelation analysis showed that Moran’s I index increased from 0.2834 in 2010 to
0.4306 in 2020, with a significant positive spatial correlation in incidence rates and the clustering effect
of high prevalence regions increasing year by year. Geographic detector analysis revealed that the q-
value of the number of healthcare institutions among the medical factors was the largest, 0.5011, which
was the primary factor explaining the spatial heterogeneity of the incidence rate; interaction detection
showed that the synergistic effect of multiple factors led to a nonlinear enhancement effect or a two-
factor enhancement effect, in which the number of healthcare institutions N0z combination had the
highest explanatory power, with a q-value of 0.81.

Keywords

Joinpoint, Spatial Autocorrelation, Geographic Detector

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

Jifi 45 1% (Tuberculosis, TB)/& —Fh HH 25 % 70 A B GL 5 1R (IS, F A NFIGEA R, H4454% 00
SR NZKET, G B S DURIR IR RS B E S, BT NS, TR T R 1],
SERR R — PR AR TR, s R A ISR B RS T 8000 2 4 H A A i AR -1
(AT PR ) A ZE MURE AR [ 2] 2024 SEHER DAY (ERGEZ R A ) BoR: 2023 G AERH G 45 1095
%143 1080 /3, KIAHFEIEK 02% /G T1E, WHNSE. RIREZWRILT NBOELLE T, 2023 4
29125 Ji, TGRS, (B WTI T A2 AR — & i BOE M B 225 K . 30 AN s il B R 1 45
2o ) o AR HE 87%, HAENRE(26%) EIEEJETPETE(10%) F1E (6.8%) FEA: TE(6.8%)Fl LI HiH
(6.3%) . H A5 2 BR S E 56% [3].
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2.1. KR

AF 31 ANME . BiGX . BETONEIEF SR ATEUX TR AT X . G5 HIX)2010 45 2020
SR IRAT i 45 4% 0 F(1/10 J3)BUHE SRR T A $£ A RF 223048 7.0 (https://www.phsciencedata.cn/Share/) »
A 31 X 2010 FZE 2020 A 45 % R 2 5 R R 3R AR B R VR T B X Gt R (B K 8

(https://data.stats.gov.cn/easyquery.htm?cn=C01)).
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(1) 4=y = [a) | AR S4Bt

IRGT 2010~2020 44 [ il 45 4% 04 22 (1 723 (] 0 ATRFAE S B A A, SR 4R i) | AH G 4
W75, 3T ArcGIS 10.8 “FaXfaE 31 AN HATEUX Mg &% m 8 AT = Mgt . &R
Moran’s 1 5 £ i /& 5K B B 25 [ AH DGR — A EEH8 AR, 1 Moran T 1950 4E42 HH[6]9F) 12 B T2
(FIAE DGR 9T, LI I B0 S PR B E 2% (R AR 42 B c B AR AARR B2, BB A% A A5 7 DX 3 Ak 1y 2 ] SR B A
X, %5 Moran’s I FIBUETEE -1 5] 1, 24 Z2>1.96. P<0.05 H4JR Moran’s I {fi >0, FnEH A0
IEAHZR, 42) Moran’s L{EMOK, ETE A0 FEIHIER AT, % Z> 196, P <0.05 HA/H
Moran’s 1 <0, FoREIFFAAMIE, 25 Moran’s [ EHV)N, JEYEAEA 218 704 b LI H 45 BN
BB [7]. 4R Moran’s I T & AR T :
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Forhw, XAk i A1 j 2 (M)A AR . n AR MR AR, B 31 MEPATBURAL, X, Ml x, ARERIX
B0 A A A R R
2.2.3. HIBIRMEZ

HER PR B (812 —Fh A T2 RIORF T B, A% 0 B A 2 R0 M 2 8] () o0 S MEARRAE, IFdE— 2D
PR R IREN IR R o BEFE T DU SCBEERIN AR, 70l o0 57 SR R 2% 28 FLAR FHER 28 o XU
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2 (8] 43 S PR SR, XU BRT 7 x R0 RO DR, S SRS s g = 1 I UJ 2 A JRURG: PR -7 58 A 4
T ISR -
(2) AZEERM
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Table 1. Types of interaction of the two independent variables on the dependent variable

F1. ANBEEENETEXEERNAR

FIWT S 2 HAEH
q (X1 NX2) < Min (q(X1), q (X2)) B2 En]
Min (q(X1), q(X2)) < q (X1 NX2) < Max (q (X1), q (X2)) BT AR LAY
q (X1 NX2) > Max (q (X1), q (X2)) B T4 3
q(X1NX2)=q (X1)+q(X2) P
q(X1NX2)>q (X1) +q (X2) JEL R

A AR DA 7355, B BT 158 LA FH 8K AR R 1 X A0 (K S /g 4
BUARZEENG 58, U135 B X1 F9 52 ELAE P 0 00 70 K A i DR R A T R R - A

3. 458
3.1. A REBRE D

2010~2020 FAEEE . BIGX . BRI ELE 1, 2010 44 ES5 2 KW %R 74.27/10
Ji, B 2020 SERIRIFRERN 47.76/10 J5, B 2010 SERTRR B 35.69%. KIFFIREAE “ PR AL
IYAT o ZRABHLDC b DR AR A M X 85 DX Ak R il 45 A s 22 1) 2 T PR s R Hh X b, BraE . PEAER.
TR RON 5 BT ERmES, Hil. =/ RekE B,
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Figure 1. Incidence of tuberculosis in 31 regions of the country, 2010~2020
1.2010~2020 £ 2 E 31 MbX L RE

X} 2010~2020 44 [E 31 ANHE X it 854% K i 28 AR A H5 347 0 A, 18 THEAE S 1 43 EE AR G (AAPC)
KB ZEWKCFP BB NIRRT ER L, WE 2. GRER, Z2HEMIMEZERRENEE T
e, Wil pir) AAPC J-8.1%, P<0.001; HH#H AAPC H—-8.8%. P<0.001, KiF74A M AAPC {4
YN H P AEIE /N T 0.05, FHIXEEHL[X AE 2010~2020 FAli 45 8% KRR R BB HHIRE . #0HX
R 2 ETHES, S AAPC 4 0.6, HIFH AAPC 24 1.1. MiFE5#K AAPC 24 3.4%, P<0.001,
FKHH KRR E L LT

Table 2. AAPC and P-values of TB incidence in 31 districts of the country
2. 2 31 MEXAER L REN AAPCER P&

By AAPC P1E B AAPC P1E By AAPC P1{H
bt —4.0* <0.001 WL -3.8 <0.001 biiaEs| -2.8* <0.001
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Rt -1.7 0.078 TR —-4.2° <0.001 HER -2.7" <0.001
b —4.8" <0.001 finyes -3.2 <0.001 ) -3.9" <0.001
v -8.1* <0.001 VAL -2.5" 0.002 FM -3.1" <0.001
3 —4.7" 0.001 HIER —4.9* <0.001 P 0.6 0.121
7 -3.3" 0.002 I -5.1" <0.001 g 3.4° <0.001
A —-8.8" <0.001 biE]e —4.6 <0.001 B -2.8" <0.001
BT —7.4" <0.001 i) -1.7 0.002 HH -9.9° <0.001
i -2.6" <0.001 IR —4.8" <0.001 Hilg 1.1 0.578
L5 —6.1" <0.001 I -2.8" 0.001 TH —4.7 <0.001

o —0.29* 0.014

2010~2020 F=PU R ZE 5153 X A AN [m M Xl S5 A% AE 30 R 28 WL 1] 2, AR b X AR 380 R 220 47.17/10
Ji, bRty REE b, i, IOR. AR ILZRART AR ESHL X B R AR AR s WL TR, IR
CE I8 P FRAE AR X AR R, T A PR 2 R T AR DX P e e RS A X PR AR R N 65.93/10
Jis WP 22 TR LR I DX R AR R R BRI, VLT Wb IR AR 2 R R AE R X
RS IR R R AR R X R R . ZRACHLX AR R RN 64.08/10 5, HAUIL T HARME
BIRIRREBAR, BRITHEE R R . PO X fEY R HR N 89.93/10 73, HrrpgEd, HER.
VI, z=FE BRpE. Hlt. 5 2 MEL R RAE VA X A A, T P BEM . PERR. EIEE . RN
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Figure 2. Average incidence rates of tuberculosis in different regions of China, 2010~2020
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4 JRy 73 8] B R DG 43T R A e i 45 4% R4 36 1 2 (8] A AT RFAE A 98 073 . i T 42/ Moran’s T $5
K. Z EAN PAH =245, A VT AL 4 b X il 45 A% RO ZR 1 S TR AH OGP, W32 3. 45 IR, 2010~2020
R FTE A1 Z [EIREIT 1.96 (P<0.05), HAE 95% B EAKTF FEA G4, WESEa (1A R
PE. 4J5 Moran’s I 18535 0 EME, R B S5 4% K00 ZRAF(E 0 35 125 (R IE AR ORRRAE 850 /o PR I 45 4% R 0 2
DX AR AR S R s R X AR AR, EAARBUE M 2010 41 0.2834 B INZE 2020 4E[1) 0.4306, 3 HH 25 R4
P B N )38 A5 1 5

Table 3. Global spatial autocorrelation analysis for the 31 regions of the country, 2010~2021
3. £ 2010~2021 £ 31 MEX £ B EBHEX S

G Moran’s I 154 Z1H P{H Wk

2010 0.2834 2.9911 0.0027 0.0112
2011 0.3352 3.4498 0.0006 0.0114
2012 0.3486 3.6465 0.0003 0.0110
2013 0.3663 3.7972 0.0001 0.0111
2014 0.3497 3.6565 0.0003 0.0110
2015 0.3591 3.7484 0.0002 0.0110
2016 0.3821 3.9988 0.0001 0.0108
2017 0.3914 4.1737 0.0000 0.0103
2018 0.2938 3.7605 0.0002 0.0076
2019 0.4064 4.2741 0.0000 0.0106
2020 0.4306 4.4747 0.0000 0.0108

3.3. RMLSHEHERIRN R

33.1. EETENSHNSHERK

AHHFELL 2010~2020 EFFLEZ IR RA AR AL, EHUREAE . i, 8., BT AEETLR
QU 21 SR RN EARE, R 4. EEEESPTHT, EH R IE SR EGREARETIEDE, ARk
EAGRh, A EARHE S R ES R, S GD W T S EURAH IR RIS /i . AR R B U T K
FERECER BRI S q HAA REPN, I HSEL RS THHb B BRI 23 AR ) I RT3 . SR
RSEE A, W E S HENEETE RN 4~10 28, Z %0 [ 5500 B Hi(Equal Interval). [ AW S5 (Nat-
ural Breaks). 4345025 #4k.(Quantile) & J LAl 8] [ 25 B4k (Geometric Interval) PUFH 757k, 3&T GD HHE S
PRIEHESE, @i R4 22 (Grid Search) i E T A& (4 T7i% < 7 Fn% =28 M) q fH, RAREAL
&g R RNERTR, 1ZINEA R T RS PR 28 B S B B e R R PR

Table 4. Drivers of spatial variability in TB incidence and discretization results

4. FMAGER A REREE S F R R TR B AER

WBh T TN 7 RITA DR
] NO, ,ug/m3 X1 quantile 10
HR B % ( )
0O, ( ug/m ) X2 natural 6
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PM, (,ug/m3) X3 natural 9
PMIO(,ug/mS) X4 equal 8
I (%) X5 equal 10
ANBH X A== B E O/ N) X6 natural 7
IR R AT SZBLIRN (D) X7 quantile 9
NP FM R R AU (JT) X8 quantile 8
W R R 22 (o) X9 quantile 6
AT B N33 2 52 H (O) X10 geometric 8
WEE R EIT IR 8 S H (On) X11 natural 9
AT RN ETT PR AE S H (On) X12 geometric 9
B EIEEIN) X13 geometric 9
ZiEHE NEERIEETIN) X14 geometric 10
AR BERIZRE(TAR) X15 geometric 10
G297 AN X16 geometric 9
A— TAENRETIN) X17 geometric 7
= B AR A 2(%) X18 quantile 9
N EAEAEAN) X19 quantile 10
J— ﬁ+ﬁ)\5%¢5ﬁ&$ﬂﬁ:ﬁi@éﬁ(A) X20 natural 10
1 ey R AR D B (U E=1) X21 quantile 9
3.3.2. BFIRNER
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Figure 3. Factor detection results
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L PR RN 5% 4D A1 R 00 285 308 43 1 2 o K] 3 0o it 8 A 0 e s ) oy SRR e AR B, R LR RE T
RIEFTRLE R, WIE 3, q [EIGETE 0.0514 2 0.5011 Z[A], 2B &N 7 Xof Jils 45 4% 2293 28 1) 243 1) 4
FEPEHS B AR B . AEREERZ 0, NOy (X1). 03 (X2). PM2.5 (X3)F1 PM10 (X4)%F 45 8] 43 S
Yifgsmi, Hq 558 0.3102, 0.2838, 0.1038 £ 0.3649, it PM10 (X4)%t 2% 18] 7357 0 S M kH X A
o fEALRATN RS, IWEE(XS). A5 GDP (X6)FIAAT JE RN 35 BT fR (i 5 H (X 12) 5 520 EA -7 X6
A RO R, H g N 0.3672. 0.2409 F10.2495. fEACIBERI R d, ZREK &S B (X13)0 25 A
o YRR, 3L q (RN 0.3297; AMRHERIEE(X14), qEAN 0.2211, Foxffiligh % K 2 1) 23 1]
S RIETCRE . RTINS E(X16)0 A Ay S S B, g fE8 0.5011,
MR RIT T AE MU BRI MR It 45 42 R0 22 75 8] 43 PRI 50.11%s A B A =AM (X19) ) g 1H4 0.3975,
PAENGEXITE q A 0.2042; BB RAEH (X181 q 1H4 0.0514, i 45 8% K % 175 (8] 45
ST RE W ERERES, G0N0 &P B A (X20). 8 m AR (X2 1) 548 br
X 25 6] oy e A R, q {508 0.2106 F110.1803. BARLLEGH RN RN q AN, By BRE
7 AN q (BB, 0T IH S5 4% I3 26 1R 2% 8] 4 S kA e 10 e ik

3.33. ZEERTENER

il 45 % R R A () oy e M 2 B E . #h 0. 8. EBI7 AES L KRN, MY
A H AN BRI 5 R 1, 3 52 B AS [A] PR 3R 2 1132 EL 8 A FH R B2 o AR TR0k Fh 22 BAR A LB AR,
SR FH bR 2% 1) A8 ELARI 25 K 43 M BRI R 2 R S AFAE RS AR o ARAER 5 (M H R PRIN 28 1 52 L
YEF AR B, AT A B8 R 52 E AR FH Ko il 8 A2 b 28 23 [ 43 e PE R AR 70 (q M) ¥ s TSR, L
A8 LRI F ER N AR LN AR BN R 1G5 . 28 0ISR UG BT AR E (X 1 6) %) il 45 4% 0 22 2% 1) 7y
SEPEARRE S8 0.5011, SRR R A NO, (X1). PMI0 (X4) 5 XA 1458 128 HAE FH 1 q 182 514%
F20.79. 0.69, 5 05(X2). PM2.5(X3) 2Lk MR 2 HAEH I q B2 Al#E 2 0.81. 0.66. 52
25 R 2 P IR AL R (X5) A Y GDP (X6) A i BRI AT SRR ON (X8) s A & B N 3317 2 5 (X 10)
W R NS T R S (X 1) R R RN BT AR 30 (X 12) 2 WA T35 12 HAE R q 155
AR 0.764 0.68+ 0.69. 0.67. 0.70. 0.69, HIEE R AW SCECHAXT) 8 E R
HH(X9) 2 AL M58 142 AR FH I q 2 BIHRTFE 0.70 0.67. S35IE K & Pk FiZ 8 (X13). At
BRI EX]S) W E T IG5 1028 BAEF K q (7 33T+ 2 0.62. 0.67, SAKKIaE LM MR
M HAERI q (HIRTHE 0.73. SEITFREFRITEAENRABXIT) A TAEZ A E(X19) 2 XHE T 158 1)
SEHARRI) q Il 0T R 0.62. 0.68, 5 EEFeii RAE FH %(X18) AR MG A HAR 1 q ([HIRTH &
0.64. S5EEREH RTINS H BSR4 $u(X20) 2 X H TR 22 BEAER M q EieTtE
0.70, 58 d AR AR MR A HAE 1) q BT 2 0.80. HARE T2 8] 19728 HAF At S 00
LR - B B B AR 4R P R R ) B s B, 4 R 2 1] 43 S M AN ANAN 52 A R [R5, B OR R
& RS R R e AR R

Table 5. Interaction detection results

F 5 XERMER

Xl X2 X3 X4 X5 X6 X7 X8 X9 XI0 XI1 XI12 XI3 X14 XI5 Xl6 X17 XI8 XI9 X20

X2 047

X3 0.60 0.42

X4 066 0.63 0.36
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X5 061 049 0.54 0.71

X6 047 043 041 0.62 041

X7 048 034 035 061 037 028

X8 054 038 041 059 039 027 0.28

X9 046 037 039 .56 040 034 020 0.32

X10 0.52 037 039 061 041 030 029 026 0.33

X11 0.54 037 039 065 043 033 039 036 034 031

X12 049 034 041 071 043 033 030 035 030 0.28 0.29

X13 0.65 049 054 0.65 0.62 0.54 044 0.50 043 0.48 0.56 045

X14 050 041 036 059 049 044 034 041 035 036 039 036 042

X15 0.50 042 041 0.62 045 040 029 035 033 036 038 031 036 0.38

X16 0.79 081 0.66 0.69 0.76 0.68 0.70 0.69 0.67 0.67 0.70 0.69 0.62 0.73 0.67

X17 0.50 039 042 0.64 047 040 030 033 035 037 032 033 040 037 030 0.62

X18 0.53 040 029 043 043 032 031 038 033 037 040 036 042 039 039 0.64 0.44
X19 0.71 0.60 0.63 0.66 0.80 0.59 0.58 0.68 0.62 0.66 0.60 0.63 0.69 0.60 0.60 0.68 0.59 0.68
X20 0.57 045 047 058 0.51 040 044 048 040 042 047 044 0.60 0.52 047 0.70 0.51 0.45 0.71

X21 052 040 036 0.53 060 046 0.38 0.41 033 0.39 0.50 038 0.59 042 043 080 0.47 0.38 0.78 0.45
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