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[Abstract] Objective China has achieved remarkable progress in tuberculosis (TB) control, with the
incidence rates declining continuously; however, the disease burden among females remained substantial with
pronounced regional heterogeneity. The differential impacts of climatic factors on TB onset and their driving
mechanisms remains poorly understood, particularly lacking zone-specific evidence based on climatic
gradients. This study aims to analyze the heterogeneous effects of climatic factors and air pollutants on female
TB incidence across 6 climatic zones and identify key driving pathways, thereby providing evidence-based
support for developing gender-sensitive, climate-adapted precision prevention and control strategies.
Methods A retrospective descriptive study design was adopted. Based on China’s climate zoning standards
and typical climate characteristics, 6 representative regions were selected, corresponding to the 6 major
climate zones: Cold-Dry Zone, Hot-Humid Zone, Warm-Humid Zone, Temperate Continental Zone, Alpine
Zone, and Temperate Monsoon Zone. Sample representativeness was evaluated across 3 dimensions:
geographic coverage (encompassing northern, southern, eastern, western, and central China), climate
consistency (consistent with the core climate characteristics of the corresponding regions), and population
epidemiological representativeness. A total of 9 570 female patients with newly diagnosed TB in 6 regions
from 2017 to 2024, along with official meteorological and pollutant monitoring data during the same period,
were collected. Two categories of measurement indicators were established for cases and meteorological
pollution variables. After preprocessing such as imputation of missing values and construction of lagged 1 to 3
period variables, a panel data set was formed. With female TB case counts as the dependent variable, stepwise
regression analysis was applied, and model performance was evaluated using R?, VIF, and F/t tests.
Results The overall demographic and clinical characteristics of female TB patients exhibited highly
significant heterogeneity across the 6 climatic zones (P<0.001). The TB incidence in the females increased
with advancing age, showing a fluctuating downward trend across all regions with significant inter-zone
differences. The alpine zone demonstrated high incidence rates, initially declining then rising, decreasing
from 155/100 000 in 2017 to 36/100 000 in 2022, subsequently increasing to 91/100 000 in 2024. Regression
models for all climatic zones passed multicollinearity tests (VIF<10) and demonstrated extremely significant
statistical significance (P<0. 001): R?=0. 452 for the Cold-Dry Zone, R?>=0. 589 for the Hot-Humid Zone, R*=
0. 610 for the Warm-Humid Zone, R*=0. 626 for the Temperate Continental Zone, R*=0. 641 for the Alpine
Zone, and R?=0. 580 for the Temperate Monsoon Zone. The combined model yielded R*=0. 584 (F=71. 5438,
P<0.001). Lag effects of 2 to 3 periods were present across all regions. Core driving factors were zone-
specific, with lag 1 period PM10 identified as the core positive driver of female TB onset.
Conclusion Climatic conditions and air pollutants exert significantly heterogeneous effects on female TB
incidence across China’s 6 climatic zones. The 2 to 3 period lag effects essentially align with the incubation

period of Mycobacterium tuberculosis infection. Regional differences in the incidence are closely associated
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with  climatic  characteristics, population

behavioral

patterns, and pollutant exposure profiles.

Countermeasures Building upon the existing technical guidance system for TB prevention and control, it is

recommended to incorporate early warning rules tailored to local climatic conditions and pollutant lag-based

screening window standards. Screening resources and health education efforts at the primary care level should

be reallocated based on core pollutant drivers in each region. Data interfaces among meteorological,

environmental, and TB surveillance systems should be integrated to establish linked assessment mechanisms,

enabling zone-specific, time-specific precision early warning and targeted interventions.

[ Key words

tuberculosis; female; climatic zones; heterogeneity; precision prevention

Supported by the Regional Science Fund Program of National Natural Science Foundation of China (72264021). Corresponding author: HE Guozhong,

E-mail : heguozhong@kmmu. edu. cn

FH 45 4 40 BT B 5 S 0 45 B T e e R A JE T
P AT B TR Bk L AR T S T A 4 412024 4 A K
LERR IS ) 7R B R e B B IS, S A R
TR A R B YL L 2023 AR B 8 90 KR B s
st R s R o R s o A
B35 K (2024 4EHEA PR IRATIX) |, (EAT TR s B A
35 B FELFIL I 2 A B DX S B P BSR4 R0 4 A
7 Hb B ER A RS A RSN, T A P R i AR AR
Rk Jo I BT T P T SR R A S R A A
SRR BRI N R R ) S R R 2 22 Sl
AT R AR 2 L N BENE B B A g 0, I
WG A TR S I 2 A B RS RS, 45 %
5 R AR A AR T T P W, T T 98 45 B I i Ak
S F ST B X B2 R R0 H AR IR B A
FO P25 R R A5 O B IR AT SR R
ARk T [ B B R L B MR R R Tt e
2P U HR B IR A0 ORIl 47 4 P ) TR A B A
2 PR32 T I 0k A5 R g% 455 2k s KR SR T, B O
GY LR P T RS, B B M S AR
SEVETIFSE, 5 DR T A5 B LR ML 237

AT G 1 B AR ) A M X P 45 A 4
R 8 MU S X L P 2 0 W S P L T 4
B 2017—2024 4F- 20 S5 4% 9 B I A TR 22 A A0E , IR 45 &
[ S 5 I 800 | B R4 7R AT 2o 45 A% 0 Tk
PRI 22 S AL, AT A 2 o7 A I R | S 1
T XS A T 9 2 SR M AR AR 20

1 #R5FE

1.1 AFREt 5 R IG e R

AKIF T Sy ] el iR R Y A M R
P 5 AT H P T A0 B v B A R o b R B
] 6 A LR S ety AR TR D SR 8, A
it TP AR 2 T R B M R U X SRR 9€

AR R IER T, AR R, N R
2 )05 2 AT A ZE KA X O SCRRTRR “ $A
A7 A A I R R R VR AT T O A
2 XU PSR DX (U SCTRTAR “ Wity , A AT, TR 4
() 300, 0 R 5 v ) ) b T T R R i P A X (s S
FRTFR AT KBtk , DR W], & =98V T =R
FRZZ W) O ARERT 1T e D L i e FE S A X (g SRR
“RFEHT RURIEY B RO 2E K B ) 1 B A
T, AT 23 RS DX O SRR Sty 2 Xt Y
oy W] R AR, A ZR IV T ) U I

1.2 #FBERR

12,1 eBIEEERIE SRR T 20174E 1 H
1 H—20244F 12 H 31 H 6 Hb 2855955 Fl B 452 1 v 0 8
B R BERIZ I S v L g T A A B R S —
SRR E G B ARG WK S o R AL
25 4%, A e A% . R0 AR H0I2 H ] A
DX P AR P R R AL R SRES) (2 Wi L. g
AR W12 Ry 25 450 1) 2 1k BB Bl J8. S8 3 ]
B s HEBR AR - E A S 1], AR 2T P R ARG
AR BB IR B . AR ST T A BRI R AT AR IR
I B AL HE NP KRR S N RL iR T R 2
i B R B A AR B A LA A% H AL (KMMU2024
MEC186).

1.2.2 [ZEHRAIGEEIRE KL ARG
G A0 24k U5 T v R R 2 B 2k IR 45
(http ://data. cma. en/) , NAFFE I BT BF 58 B3 1) B 7 14
H WA, £ R A 5 s Y e R A S5 R
WEINHE AR R , SRAIEECHE i e e 5 e ek

1.3 #ARmzissh RERLE

13,1 #Odetr  AWFSEIRE 2 KR
95 A S I AR AL AE - A 248 AR (B2 B W L 4F
i P EE SR BPIRAS) R RI2 WidE AR (12 143 D) L)
R R ARAT AR A AR H B3 & R & % 3 1



http://aammt. tmmu. edu. cn P 2275 R 22731, 2026, 48(8) 1113

R -3 R R — B 2257 ) . KRB 5150
AH OGN B 8 A 7 T, i A R S 45 4% 4y
AT PR AT B M 3 G oy 25 oA 7K AR X 3 2o 52
R B A o SRR 28 SR B AR U R
LIRS H SR HSE AR | H KR
H P35 R T S350 5 [RIE ARHE PM2. 5 55 4i ok
Wy nT 55 4 A R 3G R S SRR g B R A
FELEET ARG Y W IR AR AL E H R
PM2. 5. HF-¥PM10. H -1 NOLIK JiE | H °F- 1 SO, ik
FEHAE 053 B L H 38 CO MR EE Je s SR 48 4K
(air quality index, AQI) .
1.3.2 Rdmihb 3 555550 BOFF T 2~8 JA Y
SRV RSP RRIE , 25 18 AU 5 TS e IR 3% B
JER . T A P RS 1) IR AN, P AIF 5% B8 A T BTk
FiAb P, BB OB {H A3 R FH ] 787
IG5 YW B B A 2 i R O AH L PRAIE
B I P (0 S8 R s ) H BE R A T BT E A
S FEFR T H XA B AXHE R H 8K
B, LKA G g iis bR b H ¥ PM2. 5 . PM10.NO,.S0:.,
05, CO ¥ & Y O B2 /4R B AR 448 ; H B /K 2 U
/A B SR TSR BEER VR 7 T B
{H, AF B AR EUES ] BE W AR {8 O )5 A8 it
P DAA B R () ROBE MR 505 e 2R 1
T 1~3 H AR o, A L 2 P 5 A% e 1 HiE R
M) 5 () & BUOAT A= Fe A A e < T H AR & ) 3 A 3 °F
B — B 22 o Tahm , W BRECE B 30 i T s ©%E
e LU -] (AR ] ) 7 e —HESE il G s
A T bR 5 RS  RATS YA T8 b, T2 18 IHT AR
BRLE ;@i ) X RO R AT 2 A% A B I
TR ORGSR ), KR 515 Y B KT
BB IR A R A W DA
1.4 %5 oH

R A ] A Bk R A7 AR S 0 1 , 1 A A
14 G 56 7K T A a=0. 05, 531 Bk A% 8 B4 AL 50 7K I ao=
0. 10, LAZr PS5 %00 &R B0k AR & 9 AT A<
G KRG N P2 R Je AR AR o A AR i AR
“HE -GG DN 0 e AR AR SR ) R
VAR, L I RR AR JRL G RAJEAE b, XP A AL vp | A
A B REA R AT R AG I, AT BRI [ AR i
2 W RRAS 1 5 AR BN DR IE 3 B0 R2 R v ) AL, DA T
T 2 UL b, i A TR S R ) RERE . 2 E L
MR L VIF HEATRR S, B <10, AR G4 I 2
PERH PRS2 A S B E MR 5%, DL P<

0.05 =S HAG 27 L.
2 Z#R

2.1 SKABEFTEAREEREFIERATFEIER
HFAE 2 R E R
2017—2024 4 (8] , Lo S5 %0 BB HE N D 421t
5 R AR AR AE 2 35 22 5 (P<0. 001) , HAS [F4E £y
A7 AE S PR RRAE - 35 LUAS b P 58 Fa B R = (86. 40%~
96.09%) , & LA (0~19 % ) 5t <12%, 4k & 254 5
It 88. 409%~93. 24%(F 1),
2.2 BAMBEWRHEERARES ZEDETHRL
X 3% 8] 4K £ o %
4 P 25 KR R SR AE 4 M X S B S R
P, HAFAE b 2 R 22 57 = JE M IX R R e, HLE
FIF SR, Sl 8, DA 2017 4 155/100 000 [ A% 2
2022 4 36/100 000, J5 #4111 %5 2024 4F 91/100 000; -5
Hi DX M X SR b XK R R N R E YRR TR
20/100 000~45/100 000 ; it 7 K Fifi P4 5 ek 7 2 XUl X
KGRI, BAARAE T 207100 000, [AIA, L P45 4% &
I SR B AR B T G, 1 9E 5 = FE M X A R
e Jpa T I W V-5 A b [X 7E 20~64 % B H KRR
o A X, FACHY R B & 0 R AR 2 THEA
RCE ),
2.3 AR5 F AT Ao 4 A 0w KR 6 R 3 5K
B LA AR A A T L3 A A 2~3 B0 )G AR
AT I AR 138 ook 2 Hi LA M A 58 (VIF<
10) H BA 484124 5 X (P<0.001) , Bt A LA (R =
0.584,P<0.001) . KL 55 Y R T X Lo P45 % 0%
9 Y B S RIO0; S B S AT R R L IR R Y
FEAE 2~3 W13 5 2800, HAACG BH5 3T [R1 A7 A i 3
LHAEM(R2).
TR IR R?=0. 452, ¥ 5 2 1] 05(B=0. 273) i
J& 3 11 S0,(B=0. 257) ¥ J& 1 3] PM10(B8=0. 178) K %
3 T T 90K 2y PR, L v R g 85— i 2 2 %o RS AR i 8 )
ek (B=0. 590) ; HEAF LA R?=0. 589, ¥ J5 3 1 NO»
(B=0.393) ¥ 7 3 724 XU (B=0. 169) 4y 1F 1] 4K )
K1, W5 34 S0.(B=-0. 379) K f i 3K sh [ 1, Kk
B— B 2243 (B=0. 603 ) A 4% o fift AR b 5 W Vi 7 A2 7
R?=0. 610, i J5 13 PM10(8=0. 256) . H ¥ CO(B=
0.237) .fif J5 2 M NO2(8=0. 224) 4y 1E [a] 4K 5l [K ¥~ , i
Ji VHE A K (B=-0. 667) SEH 4% (B=-0. 316) K
T Ik, A FEARR TS 22 E L (B=0.360) .
TR KBS R?=0. 626, H 345 (8=0. 173) ¥



1114

Bl 2242 R K22 41, 2026, 48(8)

http ://aammt. tmmu. edu. cn

R1 ZMERFEEEAOZREZRL #(%) ]

Table 1 Changes in demographic characteristics of female TB patients [ n( %) |

. 2017 2018 2019 2020 2021 2022 2023 2024
(n=1426) (n=1463) (n=1455) (n=1117) (n=1094) (n=870) (n=1128) (n=1017)
Area type”
Cold-Dry Zone 319(22.37)  456(31.16)  353(24.26)  248(22.20)  260(23.77) 175(20.11)  244(21.63) 311(30.58)
Hot-Humid Zone 283(19.84) 267(18.25)  343(23.57)  335(29.99)  314(28.70) 254(29.20)  294(26.07) 216(21.24)
Warm-Humid Zone 373(26.16)  364(24.88)  354(24.33)  349(31.25)  331(30.26) 269(30.92)  303(26.86) 220(21.63)
;anep“‘“‘te'c"“ﬁ“‘“‘"tal 56(3.93)  74(5.06)  64(4.40)  51(4.57)  59(5.39) 49(5.63)  35(3.10)  37(3.64)
Alpine Zone 313(21.95)  245(16.75)  275(18.90)  80(7.16) 81(7.40)  76(8.74)  200(17.73) 198(19.47)
Temperate-Monsoon Zone 82(5.75)  57(3.90) 66(4.54) 54(4.83) 49(4.48)  47(5.40) 52(4.61)  35(3.44)
Agelyears”
01019 158(11.08)  113(7.72) 169(11.62)  97(8.68) 98(8.96)  61(7.01)  112(9.93)  86(8.46)
20 to 44 593(41.58) 585(39.99)  563(38.69)  453(40.56)  413(37.75) 328(37.70)  371(32.89) 317(31.17)
45 10 64 386(27.07) 415(28.37)  399(27.42)  290(25.96)  281(25.69) 246(28.28)  305(27.04) 285(28.02)
=65 289(20.27) 350(23.92)  324(22.27) 277(24.80)  302(27.60) 235(27.01)  340(30.14) 329(32.35)
Census register”
Local 1307(91.65) 1264(86.40) 1269(87.22)  994(88.99) 1040(95.06) 836(96.09) 1080(95.74) 966(94.99)
Non-local 119(8.35)  199(13.60)  186(12.78) 123(11.01)  54(4.94)  34(3.91) 48(4.26)  51(5.01)
Diagnosis and classification”

Secondary 1252(87.80) 1341(91.66) 1318(90.58) 1018(91.14) 1020(93.24) 810(93.10) 1012(89.72) 899(88. 40)
Primary 174(12.20)  122(8.34) 137(9.42) 99(8. 86) 74(6.76)  60(6.90) 116(10.28) 118(11.60)
a: P<0.05
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Figure 1 Trends in the incidence of TB among females (per 100 000)
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Table 2 Association of climatic and environmental determinants with TB incidence in females

Variable name B 3 P VIF Variable name B 3 P VIF
Cold-Dry Zone Alpine Zone
Constant term - -0.132 0. 895 - Constant Term - 0. 593 0.555 -
Incidence_first-order difference 0. 590 7.438 <0.001 1. 000 Incidence_first-oirder difference 0.453 6. 425 <0. 001 1. 081
Lag 3 SO, 0.257 3.116 0. 002 1. 083 Lag 1 PM2.5 0. 635 2.746 0. 007 2.940
Lag?2 O3 0.273 3.040 0. 003 1.283 Lag 3 0s_8h 0. 181 4.525  <0.001 1. 602
Lag 1 PM10 0.178 2.047 0. 044 1.199 Lag 2 CO -21.656  -3.741  <0.001 2.462
Hot-Humid Zone Lag2 PM2.5 0. 839 3.231 0. 002 4.018
Constant term - 3.583 0. 001 - Average Age -0.299  -3.264 0. 002 1.084
Incidence_first-order difference 0. 603 8.818  <0.001 1. 000 Lag 2 NO, 0. 685 2.700 0. 008 3.354
Lag 3 NO» 0.393 5.485 <0. 001 1. 099 Lag 2 SO, -0.244 -2.027 0. 046 2.503
Lag 3 SO, -0.379 -5.245  <0.001 1. 115 Temperate Monsoon Zone
Lag 3 average wind speed 0. 169 2.419 0.018 1.039 Constant term - 5.748  <0.001 -
Warm-Humid Zone Incidence_first-order difference 0.525 10.244  <0.001 1.013
Constant term - 2.891 0. 005 - Monthly average CO 3.823 4.682  <0.001 2.322
Incidence_first-order difference 0.474 8. 092 <0. 001 1. 041 Lag 2 CO -4.308 -3.663  <0.001 5.345
Monthly average temperature 0. 360 1. 621 0. 109 4.335 Lag 2 SO, 0. 080 2.354 0.021 3.469
Average age -0.316 -2.488 0.015 1.177 Combined Model
Lag 1 PM10 0.256 3.603 0. 001 3.390 Constant term - 6.106  <0.001 -
IL)Z{SUL average - atmospheric o 667 817 0.006  6.414 ce | MO ¥lemperate- ~0.363 -10.768 <0.001  3.760
Monthly average CO 0.237 2,189  0.031 1.062 ;zﬁel PMI0 x Temperate-Monsoon ¢ 31615 895 <0001  9.964
Lag 2 NO, 0.224 2.111 0.038 1. 193 TB_incidence_first-order difference 0.472 12.381  <0.001 1.011
Temperate Continental Zone Lag 1 PM10 0. 245 7.619  <0.001 7.796
Constant term - 3.458 0. 001 - Lag 2 CO X Hot-Humid Zone 0. 300 2.025 0. 043 1. 960
Incidence_first-order difference 0.475 8. 487 <0. 001 1. 042 Lag 2 CO X Alpine Zone -4.762 -1.922 0. 055 2.812
Monthly average temperature 0.173 6.979  <0.001 3.950 PM10_Lagl x Hot-Humid Zone -0.126  -3.118 0. 002 2.009
Monthly average PM10 0.019 1.084 0.282 3.421 Average temperature 0. 139 3.227 0. 001 2.459
Lag 1 PM10 0.074 3. 305 0. 001 5.977 Lag 2 SO» X Cold-Dry Zone 0.337 3.626  <0.001 4.480
Monthly average O;_8h -0. 049 -3.362 0.001 4.950 Lag 1 PM10 x Cold-Dry Zone -0. 121 -2.822 0. 005 6.513
Lag 1 AQI -0. 062 —-2.498 0.014 3.569 Average age -0.081  -1.985 0. 048 1.357
[L;Hglpelimrénomhly WHEC ) 066 -2.466  0.016 4. 660
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