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Purpose: China launched “treat-all” in 2016 to make all HIV-positive people eligible for ART regardless of disease stage. Widespread 
treatment may not eliminate advanced HIV. This study investigated the prevalence, characteristics, risk factors, and clinical outcomes 
of advanced HIV disease (AHD) in newly diagnosed HIV-positive individuals in China during the “treat-all” period.
Patients and methods: We performed a retrospective cohort study on newly diagnosed adult ART-naive people with HIV (PWH) in 
Xi’an from 2016 to 2022. The prevalence of AHD and six-month mortality/loss to follow-up (LTFU) were investigated. Risk variables 
for AHD and predictors of mortality or LTFU in the cohort were investigated using multivariate logistic and Cox regression, 
respectively.
Results: Of the PWH, 47.5% (2999/6318) had AHD at HIV diagnosis. At enrollment, being ≥50 years (aOR: 1.75, 95% CI: 
1.44–2.12, P < 0.001; ≥50 vs 18–29), 30–49 years (aOR: 1.43, 95% CI: 1.24–1.65, P < 0.001; 30–49 vs 18–29), opportunity infections 
(aOR: 7.43, 95% CI: 5.96–9.35, P < 0.001), severe anemia (aOR: 3.56, 95% CI: 1.81–7.70, P = 0.001) and liver disease (aOR: 3.09, 
95% CI: 1.48–7.05, P = 0.004) were independently associated with AHD. Within 6 months of enrollment, 95.6% and 58.3% of those 
who died or were LTFU had AHD. AHD (aHR: 14.30, 95% CI: 4.42–46.30, P < 0.001), ≥50 years (aHR: 5.39, 95% CI: 2.10–13.82, 
P < 0.001; ≥50 years vs 18–29 years), those with opportunistic infections (aHR: 2.59, 95% CI: 1.54–4.34, P < 0.001), and severe 
anemia (aHR: 9.89, 95% CI: 5.19–18.87, P < 0.001) were independent predictors of six-month mortality.
Conclusion: Under the “treat-all” policy, Xi’an had a high prevalence of AHD upon HIV diagnosis. AHD predicted 6-month 
mortality. Urgent implementation of targeted strategies is necessary to minimize AHD.
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Introduction
Thirty-nine million people globally were infected with the human immunodeficiency virus (HIV) by the end of 2022, and 
despite advances in the scaling up of antiretroviral medication (ART), 630,000 people died away from illnesses related to 
the acquired immunodeficiency syndrome (AIDS).1 The percentage of people with advanced HIV disease (AHD)— 
which is defined by a CD4 count of <200 cells/μL or World Health Organization (WHO) stage 3 or 4 events—remains 
high at over 4 million,2 increasing the risk of severe opportunistic infections and mortality. AIDS and AHD are similar 
but vary in definition, clinical usage, and therapy. AIDS is the most severe stage of HIV infection, characterized by CD4 
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count <200 or specific opportunistic infections or cancers. Even if CD4 levels recover, a patient’s AIDS history remains 
(for legal/statistical reasons), whereas AHD is a wider clinical designation for people at high risk of severe outcomes. 
AHD requires prompt attention (eg, rapid ART, fungal infection screening), whereas AIDS requires long-term monitoring 
and disability benefits in certain countries. All AIDS cases are AHD, but not all AHD meets the strict AIDS definition. 
For example: a patient with tuberculosis (WHO Stage 3) and CD4 = 250 has “AHD” but “not AIDS”. Modern HIV 
treatment has made “AIDS” less common, but advanced disease remains a critical focus to prevent deaths from late 
diagnosis or treatment failure.

Despite a stabilization of HIV prevalence and a decline in incidence from 1990 to 2017, AIDS-related mortality in China has 
increased dramatically in recent years.3 At the end of 2020, China had 1.05 million people with HIV (PWH) and 351,000 
recorded deaths.4 AHD remains a significant concern in China, as it substantially contributes to AIDS-related mortality. 
According to data from a nationwide cohort in China between 2006 and 2014, AHD accounted for 34% of newly diagnosed 
individuals.5 Health systems were burdened more while AHD was more prevalent.6 Data from different regions in China up to 
2019 reported varying proportions of AHD in PWH newly diagnosed ranging from 29.7% to 47.2%.5,7–9 The prevalence of HIV 
infection and AHD exhibits significantly regional variations across China.4 For instance, provinces of Yunnan, Guangxi, Henan, 
and Xinjiang are considered high-risk based on statistics on new HIV infections, AIDS cases, and AIDS-related mortality.10

Previous studies identified risk factors associated with AHD, including older age, lower levels of education, poor risk 
perception, and ignorance of HIV-related symptoms.7,8 The preceding study focusses only on demographic and socio
economic variables, leaving out clinical issues. There are presently no studies that investigate clinical outcomes in the 
Chinese AHD population. Since China implemented “treat-all” policy in June 2016, PWH are being started on ART 
earlier instead of based on CD4 criteria, which may reduce AHD prevalence. It remains crucial to investigate the local 
AHD epidemiological characteristics and clinical outcomes under the “treat-all” policy.

Xi’an, Shaanxi’s provincial capital, is the most populous city in central China, with a population of more than 
13 million. Xi’an’s first HIV case was recorded in 1992, and the number of people with HIV/AIDS increased rapidly 
from 1,200 in 2010 to more than 9,000 in 2022.11 The prevalence and determinants of AHD in Xi’an are unclear. As 
a result, the current study investigated the prevalence of AHD, risk factors, and clinical outcomes in people newly 
diagnosed with HIV/AIDS under the “treat-all” era in Xi’an, China.

Methods
Study Participants
The study included all persons newly diagnosed with HIV who enrolled in the HIV/AIDS information management 
system of the Xi’an Centers for Disease Control (CDC) between June 2016 and December 2022. The inclusion criteria 
were: (1) HIV-positive, (2) residing in Xi’an city, (3) at least 18 years at diagnosis, (4) ART-naïve, (5) with a CD4 count 
record within three months of diagnosis. Exclusion criteria included individuals who: (1) had no record of CD4 count, (2) 
had previous ART experience; (3) had less than 6 months between enrollment and last visit; (4) transferred out; (5) 
missing data. Newly diagnosed people with HIV were defined as those who received a serologically verified diagnosis of 
HIV infection that either caused their present hospital visit or was recorded during their current hospital stay. We were 
unable to discriminate between newly infected and chronically infected individuals since most newly diagnosed HIV 
patients in the study were not consistently tested prior to becoming serologically positive. The study was approved by the 
Human Medical Ethics Committee of Xi’an Eighth’s Hospital (No. 2024–12) and followed the Helsinki Declaration. At 
the time of diagnosis, every PWH provided informed consent for the use of their clinical records.

Data Collection
Upon recruitment, all participants received a medical history and physical evaluation, as well as a demographic and 
behavioral survey. Participants’ routine following up visits were scheduled at 2, 4, and 12 weeks after ART started and 
every three months thereafter. Blood routine, serum creatinine, and aspartate aminotransferase (AST) levels were tested 
for each participant at the previously stated follow-up visits. Free CD4 count testing was done at the start of therapy and 
every 6 months, whereas free viral load assessment was done yearly following ART.
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Data was extracted from the hospital’s computerized medical records and the HIV/AIDS information management system of 
the China CDC. Variables that were obtained included age, sex, routes of transmission, marital status, CD4 count at enrollment, 
WHO stage, hemoglobin, platelet, creatinine, AST, dates of HIV diagnosis, historical ART initiation date, ART regimen, date of 
transfer out, and death. CD4 count at enrollment was determined using test results from three months prior to the initiation of 
ART. Severe anemia is defined as hemoglobin <8 g/dL. Chronic kidney disease (CKD) stage 3–5 was defined as having an 
estimated glomerular filtration rate (eGFR) of less than 60 mL/min/1.73 m2 for over 3 months,12 as calculated using the 
Modification of Diet in Renal Disease equation and blood creatinine obtained at enrollment. Liver disease was defined as AST-to- 
platelet ratio index >1.5.13,14

Outcome Measures
The primary treatment outcome was 6-month mortality following ART initiation, while the secondary outcome was loss 
to follow-up (LTFU), which was defined as the person’s (who had not died or been transferred) lack to contact the health 
center 60 days after the last drug pick-up in the six months following enrollment.

Statistical Analysis
The baseline characteristics were shown as frequencies and proportions for categorical variables, and as medians and 
interquartile ranges (IQR) for continuous variables. Continuous and categorical data were compared using the Kruskal–Wallis 
and χ2 tests, respectively. The predictors of mortality and LTFU within six months after enrollment were assessed using 
multivariate Cox regression models. The hazard ratio (HR) and adjusted hazard ratio (aHR) were reported with 95% confidence 
intervals (CI). Odd ratio (OR), adjusted odds ratios (aOR) and 95% CI were also obtained from the investigation of variables 
associated with AHD using multivariate logistic regression models. The variables that had a P-value of less than 0.05 in the 
univariate analysis were included in the multivariate analysis. A P value below 0.05 was considered statistically significant. All 
analyses were performed using the SPSS 26.0 software (SPSS, Chicago, IL).

Results
Study Population
Table 1 shows participant characteristics at enrollment. Between June 2016 and December 2022, 6529 PWH aged ≥18 
years were recruited in Xi’an city. Of them, 6318 (96.8%) had accessible data and were analyzed in the study 
(Supplementary Figure 1). Of the participants, 2999 (47.5%) had an AHD at diagnosed (67.3% had a CD4 count of 
less than 200 and 91.5% had WHO stage 3 or 4).

Although most people with HIV were male (92.9%), a higher proportion of men than women presented with 
advanced HIV disease (92.9% vs 7.1%). The median age was 34 (IQR 27–46) years, with AHD individuals significantly 
older than non-AHD individuals (37 vs 31). The median time between diagnosis and ART was 28 (IQR 14–62) days, 
with comparable rates of rapid ART initiation (≤7 days following diagnosis) in both groups (10.8% and 10.0%). (Table 1)

At enrollment, the median CD4 count was 296 cells/μL (IQR 153–437), with 144 cells/μL in AHD individuals and 
418 cells/μL in non-AHD individuals (Table 2). In total, 39.2%, 28.8%, 13.8%, and 18.2% of participants had CD4 
counts of ≥350, 200–349, 100–199, and <100 cells/μL, respectively. About 43.4% of participants had a diagnosed of 
WHO stage 3 or 4 irrespective of CD4 level, which accounted for 91.5% of individuals with AHD.

At the time of enrollment, 39 (0.6%) had liver disease, 35 (0.6%) had CKD (stages 3–5), and 63 (1.0%) had severe 
anemia. When comparing those with AHD to those without AHD, severe anemia and liver disease were much more 
common (P < 0.001).

Unfavorable Clinical Outcomes Among People with Advanced HIV Disease
Within 6 months of enrollment, 69 (1.1%) of these individuals died, and 108 (1.7%) became LTFU. Among those who 
died or were LTFU, 66 (95.6%) and 63 (58.3%) had advanced HIV disease, respectively (Figure 1). The median time 
from enrollment to death was 52 (IQR 15–91) days.
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Factors Associated with Advanced HIV Disease at Diagnosis
The results of logistic regression analyses that were performed to determine the risk factors correlated with AHD are shown in 
Table 3. AHD was more common in PWH ≥50 years (aOR: 1.75, 95% CI: 1.44–2.12, P < 0.001) and 30–49 years (aOR: 1.43, 
95% CI: 1.24–1.65, P < 0.001) compared to those 18–29. AHD was less common in single PWH (aOR: 0.72, 95% CI: 
0.62–0.84, P < 0.001) than in married/cohabiting individuals, and in those who took integrase strand transfer inhibitor-based 
regimen (aOR: 0.80, 95% CI: 0.70–0.91, P = 0.001) than those who chose nonnucleoside reverse transcriptase inhibitor-based 
regimen. As well, those with opportunity infections (aOR: 7.44, 95% CI: 5.97–9.37, P < 0.001), severe anemia (aOR: 3.56, 

Table 1 Characteristics of People Presenting with and without Advanced HIV Disease

Variable Total Non-AHD AHD Statistic P

(n =6318) (n =3319) (n =2999)

Sex, n (%)

Female 451 (7.1) 226 (6.8) 225 (7.5) 1.142* 0.285

Male 5867 (92.9) 3093 (93.2) 2774 (92.5)

Age at Enrollment (years), n (%)

Median (IQR) 34 [27, 46] 31 [25, 42] 37 [29, 49] −14.700† <0.001

18–29 2407 (38.1) 1506 (45.4) 901 (30.0) 175.367* <0.001

30–49 2748 (43.5) 1335 (40.2) 1413 (47.1)

≥50 1163 (18.4) 478 (14.4) 685 (22.8)

Transmission route, n (%)

Heterosexual 1829 (28.9) 879 (26.5) 948 (31.6) 31.660* <0.001

Homosexual 4306 (68.2) 2361 (71.1) 1945 (64.9)

Injection drug use 49 (0.8) 24 (0.7) 25 (0.8)

Unknown 136 (2.2) 55 (1.7) 81 (2.7)

Marital status, n (%)

Married/cohabiting 2227 (35.2) 980 (29.5) 1247 (41.6) 151.497* <0.001

Single 3159 (50.0) 1902 (57.3) 1257 (41.9)

Divorced/widowed 932 (14.8) 437 (13.2) 495 (16.5)

Time between diagnosis and ART, n (%)

Median (IQR) 28 [14, 62] 28 [14, 64] 28 [14, 57] −1.860† 0.063

≤7 663 (10.5) 360 (10.8) 300 (10.1) 0.927* 0.336

>7 5655 (89.5) 2959 (89.2) 2696 (89.9)

Initial regimen

NNRTI 4868 (77.0) 2547 (76.7) 2321 (77.4) 13.070* 0.001

PI 141 (2.2) 55 (1.7) 86 (2.9)

INSTI 1309 (20.7) 717 (21.6) 592 (19.7)

Notes: Data are presented as No. (%) or median (interquartile range). *χ2 values; †Z values. 
Abbreviations: AHD, advanced human immunodeficiency virus disease; IQR, interquartile range; ART, antiretroviral therapy; 
NNRTI, nonnucleoside reverse transcriptase inhibitor; PI, protease inhibitor; INSTI, integrase strand transfer inhibitor.
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95% CI: 1.81–7.70, P = 0.001) and liver disease (aOR: 3.09, 95% CI: 1.48–7.05, P = 0.004) were more likely to suffer 
from AHD.

Predictors of Six-Month Mortality Among People with HIV
In the Cox regression analysis, AHD (aHR: 14.30, 95% CI: 4.42–46.30, P < 0.001), ≥50 years (aHR: 5.39, 95% CI: 
2.10–13.82, P < 0.001; ≥50 years vs 18–29 years), and those with opportunistic infection (aHR: 2.59, 95% CI: 1.54–4.34, 
P < 0.001), and severe anemia (aHR: 9.89, 95% CI: 5.19–18.87, P < 0.001) were independent predictors of six-month 
mortality (Table 4).

Predictors of LTFU Among People with HIV
Predictors of LTFU in multivariate Cox regression analysis included ≥50 years (aHR: 2.81, 95% CI: 1.70–4.62, P < 
0.001; ≥50 vs 18–29), and those with unknown transmission route (aHR: 2.75, 95% CI: 1.31–5.77, P = 0.007; unknown 
vs heterosexual) (Table 5).

Table 2 Laboratory Characteristics of People Presenting with and without Advanced HIV Disease

Variable Total Non-AHD AHD Statistic P

(n =6318) (n =3319) (n =2999)

Enrollment CD4, n (%)

Median (IQR), (cells/μL) 296 [153, 437] 418 [316, 541] 144 [53, 242] −58.363† <0.001

<100 1149 (18.2) 0 (0.0) 1149 (38.3) 3626.838* <0.001

100–199 870 (13.8) 0 (0.0) 870 (29.0)

200–349 1822 (28.8) 1107 (33.4) 715 (23.8)

≥350 2477 (39.2) 2212 (66.6) 265 (8.8)

Hemoglobin level, g/dL 15 [13, 16] 15 [14, 16] 14 [12, 15] −29.255† <0.001

Platelet count, 1000/μL 191 [155, 230] 201 [169, 236.00] 179 [139, 222] −14.519† <0.001

AST level, U/L 23 [19, 30] 22 [19, 28] 24 [19, 31] −7.876† <0.001

eGFR, mL/min/1.73 m2 123 [108, 140] 121 [108, 138] 124 [108, 144] −4.843† <0.001

Clinical presentation

WHO clinical staging

Stage 1 or 2 3573 (56.6) 3319 (100.0) 254 (8.5) 6318.000* <0.001

Stage 3 or 4 2745 (43.4) 0 (0.0) 2745 (91.5)

Past medical history

Opportunistic infection 666 (10.5) 97 (2.9) 569 (19.0) 430.388* <0.001

Non-AIDS-related diseases

Severe anemia‡ 63 (1.0) 10 (0.3) 51 (1.7) 32.261* <0.001

Liver disease§ 39 (0.6) 9 (0.3) 30 (1.0) 13.654* <0.001

CKD (stage 3–5) 35 (0.6) 13 (0.4) 22 (0.7) 3.343* 0.067

Notes: Data are presented as No. (%) or median (interquartile range). *χ2 values; †Z values; ‡Severe anemia: Hemoglobin <8.0 g/dL; 
§AST/platelet ratio index >1.5. 
Abbreviations: AHD, advanced human immunodeficiency virus disease; IQR, interquartile range; AST: aspartate aminotrans
ferase; eGFR: estimated glomerular filtration rate; WHO: World Health Organization; AIDS, acquired immunodeficiency 
syndrome; CKD, chronic kidney disease.
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Discussion
We evaluated the prevalence, risk factors, and unfavorable clinical outcomes of AHD in a large HIV cohort in Xi’an 
during the “treat-all” era. We observed that the high burden of AHD resulted in increased mortality. We also found AHD 
risk variables and predictors of six-month mortality or LTFU in PWH.

Figure 1 Advanced human immunodeficiency virus disease contribution to death and loss to follow-up. 
Abbreviations: AHD, Advanced human immunodeficiency virus disease; LTFU, Loss to follow-up.

Table 3 Risk Factors Associated with Advanced HIV Disease Among 6318 
Newly Diagnosed People with HIV

Characteristics Univariate Multivariate

OR (95% CI) P aOR (95% CI) P

Sex

Female 1

Male 0.90 (0.74, 1.09) 0.285

Age at Enrollment (years)

18–29 1 1

30–49 1.77 (1.58, 1.98) <0.001 1.43 (1.24, 1.65) <0.001

≥50 2.40 (2.08, 2.76) <0.001 1.75 (1.44, 2.12) <0.001

Transmission route

Heterosexual 1 1

Homosexual 0.76 (0.68, 0.85) <0.001 0.95 (0.84, 1.07) 0.402

Injection drug use 0.97 (0.55, 1.70) 0.904 0.91 (0.49, 1.65) 0.748

Unknown 1.37 (0.96, 1.95) 0.085 1.03 (0.70, 1.52) 0.872

Marital status

Married/cohabiting 1 1

Single 0.52 (0.47, 0.58) <0.001 0.72 (0.62, 0.84) <0.001

Divorced/widowed 0.89 (0.76, 1.04) 0.137 0.91 (0.78, 1.07) 0.265

(Continued)
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Table 3 (Continued). 

Characteristics Univariate Multivariate

OR (95% CI) P aOR (95% CI) P

Initial regimen

NNRTI 1 1

PI 1.72 (1.22, 2.42) 0.002 1.31 (0.91, 1.91) 0.153

INSTI 0.91 (0.80, 1.02) 0.115 0.80 (0.70, 0.91) 0.001

Opportunistic infection

No 1 1

Yes 7.78 (6.23, 9.71) <0.001 7.44 (5.97, 9.37) <0.001

Severe anemia

No 1 1

Yes 5.72 (2.90, 11.3) <0.001 3.56 (1.81, 7.70) 0.001

Liver disease

No 1 1

Yes 3.72 (1.76, 7.84) 0.001 3.09 (1.48, 7.05) 0.004

CKD (stage 3–5)

No 1

Yes 1.88 (0.95, 3.74) 0.072

Abbreviations: OR, odd ratio; aOR, adjusted odds ratios; CI, confidence intervals; ART, antiretro
viral therapy; NNRTI, nonnucleoside reverse transcriptase inhibitor; PI, protease inhibitor; INSTI, 
integrase strand transfer inhibitor; CKD, chronic kidney disease.

Table 4 Factors Associated with 6-month Mortality Among People with HIV

Characteristics Univariate Multivariate

HR (95% CI) P aHR (95% CI) P

Group

Non-AHD 1 1

AHD 24.65 (7.75, 78.4) <0.001 14.30 (4.42, 46.30) <0.001

Sex

Female 1

Male 1.24 (0.45, 3.41) 0.673

Age at Enrollment (years)

18–29 1 1

30–49 1.92 (0.94, 3.91) 0.074 1.59 (0.71, 3.55) 0.255

≥50 6.55 (3.32, 12.92) <0.001 5.39 (2.10, 13.82) <0.001

(Continued)
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Table 4 (Continued). 

Characteristics Univariate Multivariate

HR (95% CI) P aHR (95% CI) P

Transmission route

Heterosexual 1 1

Homosexual 0.63 (0.38, 1.06) 0.082 0.86 (0.50, 1.47) 0.584

Injection drug use 3.16 (0.75, 13.38) 0.118 2.24 (0.51, 9.84) 0.286

Unknown 4.06 (1.75, 9.42) 0.001 2.35 (0.96, 5.72) 0.060

Marital status

Married/cohabiting 1 1

Single 0.48 (0.28, 0.83) 0.008 1.80 (0.84, 3.86) 0.132

Divorced/widowed 1.12 (0.61, 2.07) 0.713 1.56 (0.83, 2.95) 0.167

Time between diagnosis and ART (days)

≤7 1

>7 2.57 (0.81, 8.17) 0.110

Initial regimen

NNRTI 1 1

PI 3.52 (1.4, 8.83) 0.007 1.16 (0.39, 3.49) 0.793

INSTI 1.04 (0.58, 1.89) 0.890 0.97 (0.53, 1.78) 0.923

Opportunistic infection

No 1 1

Yes 5.93 (3.67, 9.59) <0.001 2.59 (1.54, 4.34) <0.001

Severe anemia

No 1 1

Yes 26.15 (14.3, 47.83) <0.001 9.89 (5.19, 18.87) <0.001

Liver disease

No 1

Yes 2.43 (0.34, 17.53) 0.377

CKD (stage 3–5)

No 1 1

Yes 11.57 (4.21, 31.75) <0.001 3.12 (0.91, 10.69) 0.070

Abbreviations: HIV, human immunodeficiency virus; AHD, advanced human immunodeficiency virus disease; HR, hazard 
ratio; aHR, adjusted hazard ratios; CI, confidence intervals; ART, antiretroviral therapy; NNRTI, nonnucleoside reverse 
transcriptase inhibitor; PI, protease inhibitor; INSTI, integrase strand transfer inhibitor; CKD, chronic kidney disease.
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Table 5 Factors Associated with Loss to Follow-up Among People with HIV

Characteristics Univariate Multivariate

HR (95% CI) P aHR (95% CI) P

Group

Non-AHD 1 1

AHD 1.58 (1.07, 2.31) 0.020 1.25 (0.83, 1.87) 0.282

Sex

Female 1

Male 0.67 (0.36, 1.26) 0.215

Age at Enrollment (years)

18–29 1 1

30–49 1.10 (0.67, 1.81) 0.711 1.01 (0.61, 1.67) 0.981

≥50 3.43 (2.14, 5.49) <0.001 2.81 (1.70, 4.62) <0.001

Transmission route

Heterosexual 1 1

Homosexual 0.73 (0.48, 1.09) 0.125 0.90 (0.59, 1.37) 0.629

Injection drug use 1.06 (0.15, 7.73) 0.954 1.20 (0.16, 8.74) 0.860

Unknown 3.52 (1.70, 7.31) 0.001 2.75 (1.31, 5.77) 0.007

Marital status

Married/cohabiting 1

Single 0.67 (0.44, 1.01) 0.056

Divorced/widowed 0.94 (0.54, 1.62) 0.814

Time between diagnosis and ART (days)

≤7 1

>7 1.03 (0.55, 1.92) 0.923

Initial regimen

NNRTI 1

PI 1.26 (0.40, 4.00) 0.691

INSTI 0.93 (0.58, 1.50) 0.768

Opportunistic infection

No 1 1

Yes 1.99 (1.22, 3.23) 0.006 1.64 (0.98, 2.73) 0.059

(Continued)
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Upon diagnosis, 47.5% of subjects had AHD. About 87.5% of PWH with CD4 counts <200 was in WHO clinical 
stages 3/4, highlighting the distinction between WHO stage and CD4 count level,15,16 which objectively reflects immune 
and clinical status and the risk of opportunistic infections.17 At baseline, 32% of participants had CD4 levels of below 
200 cells/μL, which is comparable to findings from previous Chinese studies,5,18 suggesting that late diagnosis is 
a significant issue in China. An increased risk of AIDS and mortality has been related to delayed presentation, especially 
in the first year after diagnosis.19 Reducing advanced HIV disease and late HIV diagnoses is still a major public health 
concern and challenge.

Our study showed that a higher risk of AHD was related to age ≥30, especially ≥50. A study carried out in South 
Africa observed that people aged 30–50 were 2.6 times more probable to present with AHD than those aged 12–20.14 

AHD may be more prevalent among PWH aged 30 years or older due to delays in HIV diagnosis, which may result in 
delayed ART initiation or interruptions in ART.20 These findings indicate an urgent need for strategies that involve young 
adults and elderly PWH earlier in the care process and assure the continuation of treatment to reduce the risk of AHD.

The prevalence of non-AIDS-related diseases in our study is lower than a previous Tanzania study,16 where we found 
that liver disease and severe anemia were linked to AHD. Anemia has previously been reported to be associated with 
AHD, although it is not specific to persons with AHD.16,21,22 The prevalence of anemia in HIV is comparatively high, as 
PWH are at greater risk of developing anemia because of inadequate iron ingestion, opportunistic infections, such as 
tuberculosis, and inflammation.23 Our results emphasize the necessity of incorporating non-AIDS-related diseases care 
within a differentiated service delivery approach for PWH, including those who have AHD.

In our study, individuals with AHD experienced a high rate of six-month mortality, with many deaths occurring 
within the first two months of enrollment. AHD, older age (≥50 years), severe anemia, and opportunistic infection were 
independent predictors of mortality. Mortality was associated with advanced age, which is well recognized as a risk 
factor for AIDS-related diseases.24 Severe anemia, which usually results from severe opportunistic infections, has 
previously been related to increased mortality.16,25 There is an urgent need for an extensive package of care that includes 
screening and prophylaxis for major opportunistic infections.

Our study has several limitations: The study’s retrospective design may limit its power to identify variables related to 
mortality or LTFU. In addition, our study does not examine the influence of the coronavirus disease epidemic on the 
prevalence of AHD. Finally, co-infections with other viruses, such as hepatitis B and C viruses, may disrupt the natural 

Table 5 (Continued). 

Characteristics Univariate Multivariate

HR (95% CI) P aHR (95% CI) P

Severe anemia

No 1

Yes 2.19 (0.54, 8.88) 0.271

Liver disease

No 1

Yes 3.16 (0.78, 12.78) 0.107

CKD (stage 3–5)

No 1 1

Yes 5.50 (1.75, 17.33) 0.004 2.65 (0.82, 8.53) 0.104

Abbreviations: HIV, human immunodeficiency virus; AHD, advanced human immunodeficiency virus disease; HR, 
hazard ratio; aHR: adjusted hazard ratios; CI, confidence intervals; ART, antiretroviral therapy; NNRTI, nonnucleoside 
reverse transcriptase inhibitor; PI, protease inhibitor; INSTI, integrase strand transfer inhibitor; CKD, chronic kidney 
disease.
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history of HIV infection and are associated with AHD. The large number of missing co-infection data points may have an 
impact on the overall findings.

Conclusion
Nearly half of the PWH included in our cohort following Treat-All adoption still had AHD at diagnosis in Xi’an, China. 
Age, opportunistic infections, severe anemia, and liver disease at enrollment were risk factors related to AHD. AHD was 
a predictor of 6-month mortality, but it was not a predictor of LTFU. Crucial measures to lower mortality include 
expanding HIV testing and adopting the AHD recommendations for opportunistic infection early detection, diagnosis, 
and therapy into practice.
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