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Association between the proportion of elderly population and
HIV/AIDS based on a Bayesian spatio — temporal model
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" School of Public Health, Sun Yat — sen University, Guangzhou, Guangdong 510080, China

Abstract: Objective  To analyze how population aging affects HIV/AIDS incidence and mortality, and to explore the
modifying role of socioeconomic factors in this association. Methods Data on reported HIV/AIDS incidence and mortality,
demographic structure, and socioeconomic indicators were collected from 31 provinces in mainland China between 2004 and
2020. A Bayesian spatio — temporal model was constructed with the proportions of different age groups as key explanatory
variables. Covariates included per capita gross domestic product (GDP) , number of health institutions, population density, sex
ratio, education leveland annual mean temperature. The modifying effects of socioeconomic indicators were also analyzed.
Results At the national level, each 1% increase in the proportion of the population aged 0 — 14 years was associated with a
1. 1% increase in the relative risk of HIV/AIDS mortality (95% CI: 1.001 —1.021). Each 1% increase in the proportion of
the population aged =65 years was associated with a 2. 0% increase in the relative risk of HIV/AIDS incidence (95% CI;
1.006 —1.033) and a 1.8% increase in the relative risk of HIV/AIDS mortality (95% CI. 1.004 — 1.033). The effect
modification analysis showed that, across different strata of sex ratio and education level, population aging was significantly
positively associated with HIV/AIDS incidence and mortality, while the linear trends of sex ratio and education level on
incidence and mortality were not significant. Conclusion The progression of population aging increases the relative risk of
HIV/AIDS incidence and mortality, and sex ratio and education level may partially modify the association between aging and
HIV/AIDS.
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Table 1 Global Moran [ statistics for the proportions of three population age groups and HIV/AIDS incidence and mortality rates in 31

provincial — level administrative regions of mainland China, 2004 —2020

Year ~14 % 15 ~64 % =65 % HIV/AIDS %95 HIV/AIDS 3ET-%
2004 0.332* 0.386" 0.278* 0.123" 0.025°
2005 0.225° 0.217¢ 0.133* 0.161° 0.025"
2006 0.343° 0. 446" 0.227° 0.064" 0.010"
2007 0.315* 0.379* 0.250* 0.147° 0.098"
2008 0.312* 0.378" 0.209* 0.159* 0.183*
2009 0.315° 0.424* 0.194* 0. 156" 0.205"
2010 0.301° 0.350" 0.251° 0.185" 0.240"
2011 0.278* 0.366" 0.204" 0.205" 0.258"
2012 0.267* 0.328" 0.241* 0.181* 0.261"
2013 0.315° 0.349° 0.222° 0.235" 0.283"
2014 0.264° 0.332¢ 0.159° 0.274° 0.319°
2015 0.283* 0.286" 0.268" 0.327¢ 0.334"
2016 0.298* 0.302° 0.246" 0.374* 0.378*
2017 0.184° -0.026" 0.222° 0.340° 0.467°
2018 0.154* 0.122° 0.210* 0.371° 0.385"
2019 0.068* 0.043° 0.249* 0.391° 0.463°
2020 0.336" 0.307° 0.346" 0.497° 0.508"
7E:a P<0.05,b P<0.01,

3.2 XEA AUITCEET DM S EAIEAE = S R 1 S SRR AL, SR 2 A TE A EY GDP BEYT
AMERE B LB HIV/AIDS R REFAIETRE) HUSEC N VR MR L 52 208 SRAFR - 23 55
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Table 2  Regression coefficients from the Bayesian spatiotemporal model for 31 provincial — level administrative regions of mainland
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Fig.4 Forest plot of the modifying effects of socioeconomic factors on the association between population ageing and HIV/AIDS incidence
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Fig.5 Forest plot of the modifying effects of socioeconomic factors on the association between population ageing and HIV/AIDS mortality

FERG IR I ML AR M 2R A B, BE X AR HIV/AIDS U 0 K B, 229 JEAY SR T AR A 55



PRACTR B £ 2% 2026 455 53 #4512 ] Modern Preventive Medicine, 2026, Vol. 53, NO. 12

- 2151 -

[ L, o) S S ORG vE 22 U e, DA R i 1k
1A HIV/AIDS 19 A& S e T /U
4.2 MHRE FHF R A v L HIV/AIDS
KB Hreapuh] VR EA B2 REE A AL Y
HIV/AIDS 752 ZFist 25 R R . AR5 A&
AR LM e M Z 20F R 2, A0 ik
b5 HIV/AIDS & %6 AU T 3R 1 2 i 35 1F [n] K
PER B L RN AE 45 L P R R A7 AE . AR MR IS
IR BRI HOX & 3 AR T R A L A A
YEHIAR B T2 88 AR TR b 2 5% B E W
i, RHPIE AT RefE—E B LT 2k 5
HIV/AIDS SCI¢, (HESH MR A B . AL T, H:
bt 2 22 AE B 45 S 2 N IR AL RON 2 R 1k B 5t
TheE e I HL A AL N s AR, R e e
EWRABIVE I, B LRI L2 8 E Rl gk A
—E (MRS SO AR BUR M A

MATELEFY 5 KBS RHERTE , 0 HIV & U
TEM, BEAEBFITR W drE B 4k HIV/AIDS % 9%
R FET- R T v, X RES B O AR K
AR W B AT R AR RE A5 XU AT R AE 5 1 T
FrE WA EEIR T ST, X — k5 25 R A AR
NFErp RIBEAEAE A TR A0 ot 6 28 Je e SR I i
TR, o AR 5 AT O R M TR BROIR A ELXE HIV/
AIDS XU AR, B 5 ke A e AR 3 0 v ol R AT
St TR R X . A, AR e ART 34
7N T 28 T O T AT 5 M (AR AT
P HIV S8 (50 58 T KUK 32 4F 4 52 0 o O B B 24
HE— 25 R T & Ak X HIV/AIDS BE T XUBS: 9 52 1
[, IR A2 380E 3R Bt 2 HIV/AIDS (1) 3 28 XU ]
B, Ho i 52 e £ B4R SR I XURS: A R B AT R I B
RIEVEM . 152 BE RBARM X, 22 4F N 4RI
HIV/AIDS B jA IR Y S8 A B, 4% 47 i 12 ek e
SRS IA I JE 84 A4 NARVIA oA B R S sk 4a 42
Ja T SR BT 3 0, AT R TR KU R
B, (R R AN A 1T BB ORI R IR 55,
A R TE B FE G ACREAR 5 A B RS, 2B ART
Ja B MRS SR, #E— 25 s HIV/AIDS 38T
Uk

g5 L RTIR RN A 2 TS ST HIV B 3R g
I FE R DG IE AT B M B E 7K b X ) AT B
IR S AT AL DA BRI, — MBS
PEHIV E 3G 94 A 2 AF A (@ BB 0 H |, A2
15 [N F R HIV GrAR i, g7« K ill—5 A —ik
J77 R BL KA R AR A BT . IR
B K HIX A HIV (@ EEZCE A fd R 2 A7
U MRATIEAT TAE AR G 55 &, R &)

e WA AR X, = R A e H A X
RS T RO 20 TE ], DI S X e iy e 45 vy
FEAFEF LI T sh i A5 0, 4 HIV A o
FRAIT B

4.3 FRARE AT —ERNRRE, &
P, FE TR B HIV/AIDS I I 4 n] BEAF 76— E 12
JEE B T At , TR A 52 BRIR e FZE T /K-, R ST
A2 R M T B T A 2 RO AT S U
HE s FUC, AT LA AT BT 0 RUBE 3 L4
AR AN [R]3t DXCA 2 T) S be , Je 6 mT 7 28 T R
B$ T R SRS 4 A9 2= 18] 0T, A4 22 RS =[] 46
B PR VAT 4 2 04t 2 2 5 5 N H 22
PE, (HASJCHE W 3 A T RERZ R HIV/AIDS %o
FIFETARAGVE AL AL i, 45 58 ] BEAT 16 M 7 , R o wl it
— LI Z AL IS8 ; i il 2 At
LR AL, AT 0 SR AN [R) AR B N 11 o HE g AR
TYPEFT 73T AR JCIEAR i B AR B LU n] BES 1 Y
TRARINEL, AR ] 5 8 R FIH B 2 I HE bR IR ub A 1
AR AR X HIV/ AIDS B2

5 & it

A 5T 3 T DL 307 Ik 2 AT ) 3 M 45 R R W
“=65 %7 NH I BT R T HIV/AIDS %
i S HET AR AR , ELIS 2o 531 LU 032 2807 A<l fig
E—EREE LI 2k LS HIV/AIDS SCHk, i
B F N B R AL BERE AR DR, 7528 W AL R 1
B A 1y S AR DR, o) 2 3 v N B 2 B
FORARERA X, # DR S i 2 A LA
SRR RS BRAR & s AL DU 2R I0 T Y R ek SR
M, 58 35 ARG B S e LR 55
Pl RAER AW FAEAE R 45 b5

&% 3k

(1] A3, b, thE T B8 0 i 52 m R R r Hr S B [ ]
ZAEIFETE ,2022,9(3) :26 - 34.
Huang XW, Zhang YZ. Analysis and prediction of influencing
factors of population aging in China[ J]. Aging Research, 2022, 9
(3):26 -34. (In Chinese)

[2]  Bigras N, Popova N, Pedneault L, et al. Sexual well - being
among partnered adults and couples over 60; a scoping review[ J].
Sex Med Rev, 2024, 12(4) . 611 —622.

(3] Carter A, Zhang M, Tram KH, et al. Global, regional, and
National burden of HIV/AIDS, 1990 - 2021, and forecasts to
2050, for 204 countries and territories; the Global Burden of
Disease Study 2021 [ J]. Lancet HIV, 2024, 11 (12) . 807 -
e822.

[4]  Hsieh E, Polo R, Qian HZ, et al. Intersectionality of stigmas and
health — related quality of Life in People ageing with HIV in China,
Europe, and Latin America[ J]. Lancet Healthy Longev, 2022, 3



- 2152 - PRARTH B 25 2% 2026 4E55 53 #5512 ] Modern Preventive Medicine, 2026, Vol. 53, NO. 12
(3): €206 - e215. (In Chinese)

[5] FulL, Tian T, Wang B, et al. Global, regional, and National [15] Lieber M, Chin — Hong P, Whittle HJ, et al. The synergistic
burden of HIV and other sexually transmitted infections in older relationship between climate change and the HIV/AIDS epidemic:
adults aged 60 — 89 years from 1990 to 2019 results from the a conceptual framework [ J]. AIDS and Behavior, 2021, 25(7) :
Global Burden of Disease Study 2019[J]. Lancet Healthy Longev, 2266 -2277.

2024, 5(1): el7 - €30. [16] Chen R, Zou J, Chen J, et al. Immune aging and infectious

[6]  CHIIH, ZAfM, 10/, 4. 2013—2021 4EFK F 45 60 & K L) diseases[ J]. Chin Med J(Engl) , 2024, 137(24) ; 3010 —3049.
[ HIV B SO T L MR A AT [T ] P AR AT 2 4 (17] S, &#M RY I8, %, HIV/AIDS BH vt R ()]
5,2023,44(11) ;1679 - 1685. 3G G ,2026,32 .3,

Guan MY, Qin QQ, Jin YC, et al. Analysis on mortality and Ma XX, Meng PF, Song XY et al. Research progress on aging in
change trend of HIV — infected patients aged 60 years and older patients with AIDS[J]. Chinese Journal of AIDS & STD, 2026,
reported in China, 2013 - 2021 [ J]. Chinese Journal of 32: 3. (In Chinese)

Epidemiology, 2023, 44(11) : 1679 —1685. (In Chinese) [18] Lodi S, Phillips A, Touloumi G, et al. Time from human

[7] &R, A, B, % 2015—2022 4R E R 60 2 K L) immunodeficiency virus seroconversion to reaching CD4 + cell
b HIV B B R AT R AR AL 38 [T ], AR AT IR 2 2R ik, count thresholds <200, <350, and <500 Cells/mm?® ; assessment
2023,44(11) :1673 - 1678. of need following changes in treatment guidelines [ J]. Clinical
Jin YC, Tang HL, Qin QQ, et al. Epidemiological characteristics Infectious Diseases, 2011, 53(8) . 817 —825.
and trend of HIV - infected patients aged 60 years and older [19] Dos RL, De OA, Dos RL, et al. Social representations of elderly
reported in China, 2015 - 2022 [ J]. Chinese Journal of people about living with HIV/AIDS [ J]. Arch Gerontol Geriatr
Epidemiology, 2023, 44(11) : 1673 —1678. (In Chinese) Res, 2023, 8(1). 15 -21.

[8] Yuan FS, Liu L, Liu LH, et al. Epidemiological and [20] Mbalinda SN, Lusota DA, Muddu M, et al. Ageing with HIV .
spatiotemporal analyses of HIV/AIDS prevalence among older adults challenges and coping mechanisms of older adults 50 years and
in Sichuan, China between 2008 and 2019 a population — based above living with HIV in Uganda[ J]. BMC Geriatrics, 2024, 24
study[ J]. International Journal of Infectious Diseases, 2021, 105; (1).095.

769 -1775. [(21]  BRER,BOSCH, EHNE, 45, A B4R HIV/AIDS LRI BT

[9] Feng SS, Cheng WT, Li X, et al. Contributions of the elderly to FEVETT MM A A FH et 2 S B B A 5ns 20 8 [ T ] . BRAC T
the transmission of HIV/AIDS in China[ J]. Infectious Disease i BE 2% ,2024 51 (14) ;2513 -2516, 2580.

Modelling, 2025, 10(4) ; 1488 — 1506. Chen H, Jia W], Wang LH, et al. Modification effect of social

[10] Ugwu CLJ, Ncayiyana JR. Spatial disparities of HIV prevalence in support level on the perception of discrimination against HIV and
South Africa; Do sociodemographic, behavioral, and biological adherence to antiviral therapy among middle — aged and elderly
factors explain this spatial variability? [J]. Front Public Health, People living with HIV[ J]. Modern Preventive Medicine, 2024,
2022, 10; 994277. 51(14) ;2513 -2516, 2580. (In Chinese)

[11] Z=H AR A 2o, 5. DU ST ik 23 450 0 1 % g B0 i 23 (22] Hplete, 2200, 3O, 4. 1990—2019 4 Hh [ 33 5 5 Bt
3 Freh B R [ 1], BUAR TP B2 2%, 2022,49 (16) : 2908 - SHI[T] . BAEEFRE,2024,38(11) 179 -84,

2912,2917. Yang TT , Peng JZ, Lu CC, et al. Analysis of burden of disease of
Li T, Dai YC, Li JW, et al. Research progress of bayesian spatio HIV/AIDS in China from 1990 to 2019 [ J]. Soft Science of
— temporal model in spatio — temporal analysis of infectious disease Health, 2024, 38(11): 79 - 84. (In Chinese)

data[ J]. Modern Preventive Medicine, 2022, 49 (16) :2 908 - [23] VIOGHR, SRR, JE0 3, 55, E B4R ARE HIV YL B & 47
2912, 2917. (In Chinese) R IENT ST R[] . L BT EE 24,2019 ,26 (4) :510 - 513.

[12] LiJ, Zhang R, Lan G, et al. The distribution and associated Jiang GJ, Wu GH, Pei YX, et al. Current status of HIV infection
factors of HIV/AIDS among youths in Guangxi, China, from 2014 and research progress on behavioral characteristics among elderly
to 2021 ; bayesian spatiotemporal analysis[ J]. JMIR Public Health people in China [ J]. Practical Preventive Medicine, 2019, 26
Surveill, 2024, 10 53361 - e53361. (4): 510 -513. (In Chinese)

[13] Thalia OP. The intersection of HIV and social determinants of [24] Gao DS, Zou ZY, Dong B, et al. Secular trends in HIV/AIDS
health; a comprehensive review[ J]. NIJRMS, 2024, 5(3);: 53 - mortality in China from 1990 to 2016 ; gender disparities[ J]. PLOS
58. One, 2019, 14(7) ; €0219689.

(147 >0, IS, WhEK, 5. dE HIV/AIDS & %% R i} 25 %jﬁn [25] TanT, Li S, Bai C, et al . Prevalence and risk factors of high —
FM M P Z AT T]. BTG BE 24,2024 ,51(1) .1 - 7. risk sexual behavior among elderly men with HIV infection in
Liu S, Zhou BF, XieXS, et al. Study on spatial — temporal Chongging, China[J]. Scientific Reports, 2025, 15(1) ; 8053.

differentiation and macro influencing factors of HIV/AIDS incidence

in China[J]. Modern Preventive Medicine, 2024, 51(1): 1 -

5 H 85 :2025-09-18



