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ABSTRACT

Introduction: A comprehensive  analysis  of
nationwide survival trends for people living with
human immunodeficiency virus/acquired
immunodeficiency syndrome (HIV/AIDS, PLWHA)
from the initial reported case to present has not been
conducted. This study evaluated the survival outcomes
of PLWHA reported in China from 1985 to 2022.

Methods: We analyzed data from PLWHA
recorded in the National HIV/AIDS Comprehensive
Response Information Management System from 1985
to 2022. Survival rates were calculated using Kaplan-
Meier curves, and factors associated with survival time
were analyzed using Cox proportional hazard models.

Results: Progressive relaxation of antiretroviral
criteria led to significant
improvements in survival rates across different
diagnostic periods in China. The 1-year and 5-year
cumulative survival rates increased from 85.2% and
66.1% in the 1985-2003 cohort to 91.1% and 81.4%
in the 2016-2022 cohort. Cox proportional hazard
analysis revealed elevated mortality risks among males,

initiation

therapy

individuals aged >65 years, those with injection drug
use or other transmission routes, hospital-tested
patients, and those with lower CD4 counts at diagnosis
or without treatment.

Conclusions: Antiretroviral therapy has effectively
reduced mortality risk among PLWHA in China.
Future efforts should focus on expanding HIV testing
to reduce the proportion of late diagnoses with lower
CD4 counts and providing targeted, differentiated
services for older populations to further decrease

mortality risk among PLWHA.

Over the past 40 years, China’s HIV epidemic has
undergone significant evolution,
preventive and control measures implemented to

with numerous
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reduce HIV transmission and disease burden. The
introduction of antiretroviral therapy (ART) has
markedly improved survival outcomes among people
living with human immunodeficiency virus/acquired
immunodeficiency syndrome (HIV/AIDS, PLWHA)
(). As ART research advanced, China progressively
adjusted its free ART eligibility criteria for PLWHA,
modifying CD4 cell count thresholds from <200 to
<350, then to <500 cells/pL, and finally to universal
treatment regardless of CD4 count in 2004, 2008,
2014, and 2016, respectively (2).

Early survival studies of PLWHA in China primarily
focused on specific high-risk populations, such as
people who inject drugs and former plasma donors
(3-4). With the evolution of primary transmission
routes, numerous studies have examined long-term
PLWHA survival in localized areas (5). However,
comprehensive nationwide survival data spanning from
the first reported case to present remains lacking.
Understanding long-term survival patterns within
China’s complex and evolving HIV epidemic context
can illuminate population-level trends in survival and
mortality while identifying survival disparities among
PLWHA subpopulations. In this study, we analyzed
data from the National HIV/AIDS Comprehensive
Response Information Management System (CRIMS)
to evaluate PLWHA survival from 1985 to 2022. Our
findings provide crucial insights for optimizing future
HIV prevention and control strategies.

METHODS

Data were extracted from the CRIMS database,
which HIV/AIDS
diagnosis, treatment, and follow-up data reported from
31 provinces in China. The study included all newly
reported PLWHA in CRIMS between 1985 and 2022.
After excluding 19,218 (1.1%) individuals with missing
follow-up records or logical data inconsistencies, the

encompasses  comprehensive

final analysis dataset was established.
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The primary outcome measure was all-cause
mortality. The observation period extended from the
date of HIV/AIDS diagnosis (starting point) to
December 31, 2023 (endpoint). Survival time was
calculated as the duration between diagnosis and either
death or the follow-up endpoint. The main exposure
variable was the diagnostic period cohort. Based on
pivotal changes in Chinese ART standards (2), the
study population was stratified into five cohorts by
diagnosis year: 1985-2003, 2004-2007, 2008-2013,
2014-2015, and 2016-2022. The period from 1985
to 2003 was designated as the pre-ART era, preceding
China’s implementation of free national ART in 2004.
The 2016-2022 period was classified as the treat-all
era, as it marked the initiation of universal ART access
regardless of CD4 counts.

The analysis incorporated socio-demographic and
clinical variables including sex at birth, age at
diagnosis, HIV transmission route, testing venue, CD4
count at diagnosis, and ART initiation status. CD4
counts at diagnosis were stratified into four categories:
<200, 200-350, 351-499, and =>500 cells/pL.
Individuals presenting with AIDS-defining illnesses
within 6 months of diagnosis were classified in the
“CD4<200 or AIDS” group, while those lacking CD4
test results within this period were categorized as
“unknown.”

Survival trends were analyzed using Kaplan-Meier
curves, stratified by diagnostic cohort and demographic
factors within cohorts, including age at diagnosis, HIV
transmission route, and CD4 count at diagnosis. Log-
rank tests assessed between-group survival differences.
Cox proportional hazard models were employed to
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estimate hazard ratios (HRs) and 95% confidence
intervals (CIs) for evaluating the impact of diagnostic
cohort, socio-demographic factors, and clinical
indicators on mortality risk. To accurately assess the
impact of ART policies on PLWHA survival, we
conducted additional analyses on the ART-recipient
subgroup using the same model framework. Statistical
analyses were performed using R software (version
43.1, R Foundation for Statistical Computing,
Vienna, Austria), with statistical significance set at
P<0.05 using two-sided tests.

RESULTS

Among the 1,619,060 PLWHA included in this
study, 433,420 deaths occurred by December 31,
2023. Analysis of survival rates across the 5 diagnostic
cohorts revealed progressive improvements, with 1-year
survival rates increasing from 85.2% to 91.1% and 5-
year survival rates rising from 66.1% to 81.4%. The
differences in survival rates across diagnostic cohorts
were statistically significant (P<0.001) (Figure 1).
Similar trends of improved survival with evolving
treatment criteria were observed across age groups,
HIV transmission routes, and CD4 count categories at
diagnosis (Figure 2). Notably, across all diagnostic
cohorts, survival rates decreased with advancing age
(P<0.001). In post-2004 cohorts, individuals with
homosexual transmission consistently demonstrated
higher survival rates compared to other transmission
routes (P<0.001). Additionally, PLWHA with higher
CD4 counts at diagnosis showed significantly better
survival outcomes (P<0.001).

Diagnostic cohort
1985-2003
— 2014-2015 —2016-2022

2004-2007 - 2008-2013

0 5 10

15 20 25 30

Follow-up time (years)

FIGURE 1. Survival time since HIV diagnosis by cohort in China, 1985-2022.

Abbreviation: HIV=human immunodeficiency virus.

Chinese Center for Disease Control and Prevention

CCDC Weekly / Vol. 6 / No. 48 1265



China CDC Weekly

Age group <20 year — 20-34 year — 35-49 year — 50-64 year — >65 year
1.00 1.00 1.00 1.00 1.00
2 Z 2 Z 2
f_é‘ 0.75 TE 0.75 % 0.75 TE 0.75 % 0.75
E E E E E
2 0.50 a 0.50 2 0.50 2 0.50 2 0.50
5 0.25 'z 025 Z 025 Z 025 F 025
& & & & &
0 0 0 0 0
0 5 10 15 20 25 30 0 5 10 15 20 0 5 10 15 0o 2 4 6 8 10 0 2 4 6 8
Follow-up time (years), Follow-up time (years), Follow-up time (years), Follow-up time (years), Follow-up time (years),
1985-2003 cohort 2004-2007 cohort 1985-2003 cohort 2014-2015 cohort 2016-2022 cohort
Transmission — Homosexual — Heterosexual — Injection drug use — Others/unknown
1.00 1.00 1.00 1.00 1.00
2 z 2 o 2
f_;: 0.75 TE 0.75 T'é 0.75 -:E 0.75 % 0.75
2 £ 2 £ £
2 0.50 8 0509 -==-=----"p== 2050 ----------%= 2 0.50 2 0.50
E E b E : E E
7025 z 025 ' ' z 025 ' 'Z 025 'Z 025
' ' '
0 0 ! ! 0 ! 0 0
0 5 10 15 20 25 30 0 5 10 15 20 0 5 10 15 0o 2 4 6 8 10 0 2 4 6 8
Follow-up time (years), Follow-up time (years), Follow-up time (years), Follow-up time (years), Follow-up time (years),
1985-2003 cohort 2004-2007 cohort 1985-2003 cohort 2014-2015 cohort 2016-2022 cohort
CD4 at diagnosis — CD4<200 or AIDS CD4200-349 — CD4350-499 — CD4>500 — Unknown
1.00 1.00 1.00 1.00 1.00
2z 2 2 2 ol
% 0.75 ;: 0.75 _—D; 0.75 ;E 0.75 % 0.75
S 5 e 5 e
80501 ==--Rg------- 2 0509 -=----= 2 0.50 2 0509 ---= 2 0.50
E e L . E s s
7025 " o 'z 0.25 . F 025 F 025 F 025
a [ i A ' ' a & Z
I v TR
0 -- v 0 o 0 0 0
0 5 10 15 20 25 30 0 5 10 15 20 0 5 10 15 0o 2 4 6 8 10 0 2 4 6 8

Follow-up time (years),

1985-2003 cohort

Follow-up time (years),
2004-2007 cohort

Follow-up time (years),
1985-2003 cohort

Follow-up time (years),
2014-2015 cohort

Follow-up time (years),
2016-2022 cohort

FIGURE 2. Survival time by different age group, transmission and CD4

China,1985-2022.
Abbreviation: ART=antiretroviral therapy.

The Cox proportional hazard model, adjusted for
age at diagnosis, sex, transmission route, venue of
testing, and CD4 count at diagnosis, demonstrated
progressively lower mortality risks corresponding to
changes in treatment criteria (Table 1). Compared to
the 2016-2022 diagnostic cohort, the adjusted HRs
were 1.92 (95% CI: 1.89, 1.96), 1.75 (95% CI. 1.73,
1.77), 1.73 (95% CI: 1.72, 1.75), and 1.35 (95% CI.
1.34, 1.36) for the 1985-2003, 2004-2007,
2008-2013, and 2014-2015 cohorts, respectively.
Analysis of ART recipients revealed a consistent
reduction in mortality risk across post-2004 diagnostic
cohorts. Higher mortality risks were associated with
male sex, age >65 years, injection drug use or other
transmission routes, hospital-based testing, and lower
CD4 counts or AIDS at diagnosis (P<0.05). Subgroup
analyses incorporating ART initiation as an additional
adjustment factor yielded similar results, with
untreated PLWHA showing consistently higher
mortality risks compared to those receiving ART

(Table 2).
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at diagnosis from pre-ART era to treat-all era in

DISCUSSION

The implementation of China's national free ART
policy has significantly enhanced survival outcomes
among PLWHA. Survival rates markedly improved
from the pre-2003 period (1-year: 85.2%; 5-year:
66.1%) to the post-2016 era (1-year: 91.1%; 5-year:
81.4%). These outcomes position China's survival
rates above those reported in Thailand (2014-2018: 1-
year: 88.2%; 5-year: 75.1%) (6), though below those
achieved in the Republic of Korea (2014-2018: 1-year:
96.8%; 5-year: 93.4%) (7) and Japan, where 10-year
survival rates increased from 65.0% in the pre-ART era
to 96.0% for those diagnosed after 2008 (8). These
international variations likely reflect differences in
healthcare infrastructure, socioeconomic conditions,
and patient demographics. Notably, the near-universal
ART coverage in Japanese and the Republic of Korean
studies may explain their superior outcomes. Our
findings align with U.S. data, showing that mortality
risk during follow-up was approximately twice as high
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TABLE 1. Cox proportional hazards regression models for mortality risk among people living with HIV/AIDS in China,
1985-2022 (n=1,619,060).
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Characteristic

All people

People on ART

Proportion(%) Adjusted HR (95% CI) Proportion (%) Adjusted HR (95% CI)
Diagnostic cohort
1985-2003 1.5 1.92 (1.89, 1.96)° 0.7 1.07 (1.03, 1.11)%
2004-2007 7.2 1.75 (1.73, 1.77)% 5.8 1.21(1.18, 1.23)%
2008-2013 22.8 1.73 (1.72, 1.75)% 21.0 1.18 (1.17, 1.19)%
2014-2015 12.9 1.35(1.34, 1.36)° 13.2 1.11 (1.10, 1.13)%
2016-2022 55.6 Ref. 59.2 Ref.
Sex
Male 75.7 1.50 (1.49, 1.51)¢ 74.9 1.55 (1.53, 1.56)%
Female 24.3 Ref. 251 Ref.
Age group, years
<20 3.6 0.58 (0.57, 0.60)% 3.8 0.46 (0.44, 0.48)°
20-34 345 0.69 (0.68, 0.69)* 35.6 0.62 (0.61, 0.63)*
35-49 29.6 Ref. 29.7 Ref.
50-64 21.1 1.63 (1.62, 1.65)% 213 1.83 (1.81, 1.85)%
>65 11.1 3.52 (3.49, 3.56)¢ 9.6 4.31(4.26, 4.37)%
HIV transmission route
Homosexual contact 21.4 0.42 (0.41, 0.42)8 23.9 0.44 (0.43, 0.45)%
Heterosexual contact 65.6 Ref. 65.7 Ref.
Injection drug use 7.8 2.09 (2.07, 2.11)} 5.8 2.16 (2.12, 2.19)
Others/unknown 5.3 1.18 (1.16, 1.19)¢ 46 1.40 (1.37, 1.42)8
CD4 at diagnosis (cells/pL)
CD4<200 or AIDS 31.9 1.87 (1.85, 1.89)% 323 2.11 (2.07, 2.15)
CD4 200-349 22.4 0.99 (0.97, 1.00)t 24.6 1.22 (1.20, 1.24)8
CD4 350499 16.8 0.99 (0.98, 1.00) 17.9 1.08 (1.06, 1.10)%
CD4 >500 14.4 Ref. 15.0 Ref.
Unknown 14.5 3.25(3.22, 3.29)° 10.2 1.78 (1.75, 1.82)%
Venue of testing
Hospitals 50.8 1.45 (1.44, 1.47)% 49.7 1.28 (1.27, 1.29)¢
VCT clinics 26.2 Ref. 27.7 Ref.
Others 23.0 0.97 (0.96, 0.98)% 22.6 0.97 (0.96, 0.98)%

Note: Model 1: Adjusted for age group, sex, HIV transmission route, and venue of testing. Model 2: Model 1 with additional adjustment for

ART initiation.

Abbreviations: HR=hazard ratio; Cl=confidence interval; ART=antiretroviral therapy; HIV=human immunodeficiency virus; VCT=voluntary

counseling and testing.

* Analysis excluded 81 PLWHA with missing age data.

T P<0.05.
§ P<0.001.

for individuals diagnosed in the pre-ART era compared
to the treat-all era (9).

The enhanced survival of PLWHA can be partially
attributed to the declining proportion of untreated
individuals. Our analysis revealed substantially higher
mortality risks among untreated populations compared

Chinese Center for Disease Control and Prevention

to those receiving ART across all diagnostic cohorts.
The proportion of untreated individuals decreased
markedly from 56.3% to 9.2% as ART initiation
criteria.~ were  relaxed.  Furthermore,  survival
improvements were observed even among those

receiving ART, likely due to earlier treatment initiation
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following the adjustment of ART eligibility criteria.

The mortality risk for PLWHA diagnosed at age 65
or older was significantly higher compared to those
diagnosed between ages 35-49. This disparity
intensified over time, with the adjusted AR increasing
from 1.72 in the 1985-2003 cohort to 2.51 in the
2016-2022 cohort. For older PLWHA receiving ART,
reduced immune resilience compared to younger
adults contributes to elevated mortality risk (10).
Furthermore, older PLWHA face increased risks of
comorbidities including hypertension, cardiovascular
diseases, and malignancies (/7). The convergence of
HIV infection with these age-related conditions may
compound disease burden. Given both the rising
proportion of newly reported older PLWHA and the
increased longevity of existing patients due to ART,
healthcare systems must urgently develop targeted,
differentiated  strategies to address the unique
challenges posed by an aging PLWHA population
(12).

Despite expanded treatment criteria enabling earlier
ART initiation at higher CD4 counts, a substantial
proportion of patients still present with advanced
disease. Our analysis revealed that patients with CD4
counts below 200 or AIDS-defining events had
significantly higher mortality risk [adjusted HR
(AHR)=1.87, 95% CI: 1.85, 1.89] compared to those
with CD4 counts >500. Notably, 30.8% of patients in
the 2016-2022 cohort presented with CD4 counts
below 200 or AIDS-defining illness. Hospital-based
diagnoses increased from 17.4% in the 1985-2003
cohort to 57.9% in the 20162022 cohort, with these
patients more likely to present at advanced disease
stages compared to those identified through voluntary
counseling and testing (/3). Late ART initiation is
associated with persistent immunological dysfunction
and increased mortality risk compared to early
treatment (/4). While rapid ART initiation and
personalized clinical management can significantly
reduce mortality in late presenters (15), early detection
remains crucial. Although China’s expanded HIV
testing strategies show promise for improving survival
through earlier diagnosis, their long-term impact
requires further evaluation, particularly given the
ongoing challenges in providing high-quality HIV care
at the primary care level.

This study was subject to several limitations. First,
there was inherent survivorship bias, as only living
PLWHA have the opportunity to receive ART, which
may confound our assessment of ART policy impacts
on survival outcomes. Second, as the data originated

CCDC Weekly / Vol. 6 / No. 48 1269
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from a routine surveillance system, the collected
information was inherently limited. Future research
examining long-term survival of PLWHA would
benefit from in-depth analyses of intrinsic factors such
as comorbidities, support networks, and
medication adherence patterns.

In conclusion, China’s implementation of the
national free ART policy has effectively improved
survival outcomes among PLWHA. Moving forward,
continued expansion of HIV testing strategies is crucial
to reduce the proportion of late diagnoses with lower
CD4  count levels. Additionally, developing
differentiated and precise services for older populations
will be essential to further reduce mortality risk among
PLWHA.

Conflicts of interest: No conflicts of interest.

Acknowledgments: All personnel involved in AIDS
prevention, control, and data reporting activities.

Funding: Supported by the National Key Research
and  Development  Plan  (Grant  number
2022YFC2305201).

doi: 10.46234/ccdcw2024.253

social

* Corresponding author: Fan Lyu, fanlv@chinaaids.cn.

' National Center for AIDS/STD Control and Prevention, Chinese
Center for Disease Control and Prevention, Beijing, China; * National
Key Laboratory of Intelligent Tracking and Forecasting for Infectious
Diseases, National Center for AIDS/STD Control and Prevention,
Chinese Center for Disease Control and Prevention, Beijing, China.

Submitted: October 15, 2024; Accepted: November 20, 2024

REFERENCES

1. Zhao Y, Wei L, Dou ZH, Zhao DC, Gan XM, Wu YS, et al. Changing
mortality and patterns of death causes in HIV infected patients —
China, 2013-2022. China CDC Wkly 2023;5(48):1073 - 8. https://
doi.org/10.46234/ccdcw2023.201.

2. Zhang FJ, Zhao Y, Ma Y, Zhao DC, Dou ZH, Wu YS, et al. Progress
and achievements of free antiretroviral treatment for AIDS in China.
Chin J AIDS STD 2022;28(1):6-9. http://dx.doi.org/10.13419/j.cnki.
aids.2022.01.02. (In Chinese).

3. Lai SH, Chen J, Celentano D, Page JB, Lai H, Yang JY, et al. Adoption
of injection practices in heroin users in Guangxi Province, China. ]
Psychoact Drugs 2000;32(3):285 - 92. https://doi.org/10.1080/

1270 CCDC Weekly / Vol. 6 / No. 48

7.

10.

11.

12.

13.

14.

15.

02791072.2000.10400451.

. Zhang LF, Qiao XC, Nie XY, Guo XL, Mei ZQ. A retrospective cohort

study on the survival of blood-borne human immunodeficiency virus
cases in a county, China. Chin ] Epidemiol 2004;25(11):941 - 4.
hteps://doi.org/10.3760/j.issn:0254-6450.2004.11.006.

. Ke SS, Fang Q, Lan JG, Qiao NN, Zhang XH, Xie CP, et al. Survival

times of HIV/AIDS in different AIDS diagnostic and treatment guidelines
from 2006 to 2020 in Liuzhou, China. BMC Public Health 2023;
23(1):1745. https://doi.org/10.1186/s12889-023-15662-3.

. Manosuthi W, Charoenpong L, Santiwarangkana C. A retrospective

study of survival and risk factors for mortality among people living with
HIV who received antiretroviral treatment in a resource-limited setting.
AIDS Res Ther 2021;18(1):71. https://doi.org/10.1186/s12981-021-
00397-1.

Park B, Choi Y, Kim JH, Seong H, Kim Y], Lee M, et al. Mortality and
of death among diagnosed with  human
immunodeficiency virus in Korea, 2004-2018: an analysis of a
nationwide population-based claims database. Int ] Environ Res Public

Health 2022;19(18):11788. https://doi.org/10.3390/ijerph191811788.

causes individuals

. Tsuda H, Koga M, Nojima M, Senkoji T, Kubota M, Kikuchi T, et al.

Changes in survival and causes of death among people living with HIV:
three decades of surveys from Tokyo, one of the Asian metropolitan
cities. J Infect Chemother 2021;27(7):949 - 56. https://doi.org/10.
1016/j.jiac.2021.02.003.

. Braunstein SL, Kersanske L, Torian LV, Lazar R, Harriman G. survival

among new yorkers with HIV from 1981 to 2017: inequities by race/
ethnicity and transmission risk persist into the post-HAART era. AIDS
Behav 2022;26(1):284 - 93. https://doi.org/10.1007/s10461-021-
03382-x.

Castillo-Rozas G, Tu SX, Luz PM, Mejia F, Sierra-Madero ], Rouzier
V, et al. Clinical outcomes and risk factors for immune recovery and all-
cause mortality in Latin Americans living with HIV with virological
success: a retrospective cohort study. J Int AIDS Soc 2024;27(3):
€26214. https://doi.org/10.1002/jia2.26214.

Hasse B, Ledergerber B, Furrer H, Battegay M, Hirschel B, Cavassini
M, et al. Morbidity and aging in HIV-infected persons: the swiss HIV
cohort study. Clin Infect Dis 2011;53(11):1130 - 9. https://doi.org/10.
1093/cid/cir626.

Godfrey C, Vallabhaneni S, Shah MP, Grimsrud A. Providing
differentiated service delivery to the ageing population of people living
with HIV. J Int AIDS Soc 2022;25 Suppl 4(Suppl 4):¢26002. htep://
dx.doi.org/10.1002/jia2.26002.

Zhang XJ, Wang N, Vermund SH, Zou HC, Li XH, Zhang FJ, et al.
Interventions to improve the HIV continuum of care in China. Curr
HIV/AIDS Rep 2019;16(6):448 - 57. https://doi.org/10.1007/s11904-
019-00469-y.

Kitahata MM, Gange SJ, Abraham AG, Merriman B, Saag MS, Justice
AC, et al. Effect of carly versus deferred antiretroviral therapy for HIV
on survival. N Engl ] Med 2009;360(18):1815 - 26. https://doi.org/10.
1056/NEJM0a0807252.

Kamya MR, Petersen ML, Kabami J, Ayieko J, Kwariisima D, Sang N,
et al. SEARCH human immunodeficiency virus (HIV) streamlined
treatment intervention reduces mortality at a population level in men
with low CD4 counts. Clin Infect Dis 2021;73(7):¢1938 - 45. https://
doi.org/10.1093/cid/ciaal782.

Chinese Center for Disease Control and Prevention


mailto:fanlv@chinaaids.cn
mailto:fanlv@chinaaids.cn
mailto:fanlv@chinaaids.cn
https://doi.org/10.46234/ccdcw2024.253
mailto:fanlv@chinaaids.cn

	 
	METHODS
	RESULTS
	DISCUSSION
	Conflicts of interest
	Acknowledgments
	References

