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Objective: To explore the association between the timing of antiretroviral therapy (ART) initiation and all-causes mortality, as well as
related risk factors, for late presenters living with HIV (PWH).

Methods: Treatment-naive PWH with CD4+T cell count<350 cells/uL, also called late presenters, who initiated ART at the Nanjing
Second Hospital from January 2017 to June 2022 were enrolled in this study and followed for at least 3 year and a maximum of 8
years. Based on the time from diagnosis to ART initiation, subjects were divided into a rapid ART group (ART initiation<14 days after
HIV diagnosis, median 12 days) and a delayed ART group (ART initiation>14 days after HIV diagnosis, median 35 days), with
a significant difference in initiation time (p<0.001). The difference in mortality, cause of death and immunological profiles between the
two groups were compared, and a Cox proportional hazards model was constructed to analyze death-related risk factors.

Results: A total of 1538 PWH were included in the study, and 68 patients died, with the total case mortality rate of 4.42%. There were
459 (29.8%) patients in the rapid ART initiation group, and the mortality rate was 3.92% (18/459), there was no significant difference
in case mortality compared to the delayed initiation group (4.63%, 50/1079). The most common cause of death among these patients
was non-AlIDS-related cancer. Besides, risk factors for death were being single, divorced or widowed, and having a baseline CD4+T
cell count <200 cells/pL.

Conclusion: The all-cause mortality rate of PWH with CD4+T cell counts <350 cells/uL was 4.42%, and the cause of death in China
have shifted over time. Rapid initiation of ART was not significantly associated with reduced mortality in this cohort; however, low
CD4+T cell counts at baseline and social factors showed a more significant association with mortality.
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Background

With the application of antiretroviral therapy (ART), the global incidence rate and mortality rate of HIV have
significantly decreased,' and the life expectancy of people living with HIV (PWH) has increased."” ART has been
recommended by the World Health Organization (WHO) since 2015 for PWH regardless of their CD4 T cell levels. In
2017, scientists introduced the idea of “rapid initiation of ART”. This approach suggests starting ART immediately after
diagnosis, regardless of the CD4 count, instead of waiting for days or weeks.> While early ART generally refers to
starting treatment soon after HIV diagnosis, rapid ART specifically denotes initiation within a very short timeframe,

typically within 7 to 14 days, or even same-day.”.
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The advancement of this concept has resulted in shortening the time to achieve virological suppression, reducing risk
of transmission, controlling and minimizing follow-uploss, and decreasing the morbidity and mortality rates of HIV/
acquired immune deficiency syndrome (AIDS).””” Research has shown that rapid initiation of ART maintains higher
treatment rates and virological suppression rates at 10—12 months compared to delayed initiation therapy.® Research
data from China also shows that the mortality rate of patients who immediately receive ART (within 30 days after
diagnosis)decreased by 63%.% The mortality decreased from 27% to 10% with the early initiation of ART and follow-up
lasting 6—18months.'°.

Although early ART initiation is widely supported, the implementation of rapid ART initiation in resource-limited
areas is impacted by pretreatment testing coverage and availability. It has been demonstrated by studies that the
percentage of newly diagnosed patients receiving ART is less than 75% within 30 days,'" and within 7 days it is only
18.7%.'* Moreover, 55-70% of newly diagnosed PWH have CD4+T cells<350 cells/uL, and 29-45% have CD4+T
cells<200 cells/pL.'*!'* For late presenters living with HIV,'* the risk of opportunistic infections, tumors, and even death
is much higher than that of patients with CD4+T cells>500 cells/pL.'®

All PWH should receive rapid ART initiation as recommended by the WHO, which refers to the prompt commence-
ment of ART within 7 days, or as soon as feasible.'” The implementation of rapid antiretroviral therapy (rapid ART) for
individuals who have recently been diagnosed with HIV is influenced by their specific conditions and available
resources.'™ A study in Africa showed that rapid initiation within 7 days resulted in a 6-month survival rate of
87.4%." Besides, the AIDS progression and fatality rate of PWH who begin ART within 14 days are lower than
those who start ART after anti-opportunistic infection treatment.”> Studies in different countries and regions have

2021 A recent

adopted different standards, including starting treatment 5 days, 7 days, or 14 days after the diagnosis.
meta-analysis showed that in comparison to standard/delayed treatment, rapid ART can reduce the incidence of
tuberculosis and severe bacterial infections in HIV patients, but reduce less in mortality or the incidence of adverse
events.”> Overall, there is competitive conclusions into the rapid initiation of ART in PWH with CD4+T<350 cells/uL, as
well as significant study populations and mortality data in the low-income countries.

Therefore, we collected and analyzed clinical data of treatment-naive PWH who were diagnosed with and initiated
ART at Nanjing Second Hospital from 2017 to 2022 and followed up until 2025. This study aims to provide real-world

comparative data on rapid initiation in PWH with CD4+T<350 cells/uL, especially data on mortality and cause of death.

Methods

Study Design

This was a retrospective, observational study involving the patients who initiated ART at Nanjing Second Hospital
between January 1, 2017, and June 30, 2022, and followed by next 3 years until October 2025. The inclusion criteria
were as follows: adult HIV-1-infected patients who initial CD4+T cell count<350 cells/uL; initiation of ART at the
Nanjing Second Hospital ; patients with baseline records and at least 1 complete antiretroviral follow-up data. Exclusion
criteria: patients with combined tuberculous meningitis, cryptococcal meningitis, or Kaposi’s sarcoma who should initiate
ART after control of opportunistic infection; patients withdraw during follow-up period.

The study subjects were divided into two groups based on the time from HIV diagnosis to initiation of ART. The
group that initiated ART < 14 days after diagnosis was referred to as the rapid treatment initiation group (rapid ART,
RIG). The group that started ART 14 days after diagnosis was referred to as the delayed treatment initiation group
(delayed ART, DIG).

Data Collection

Baseline demographic and clinical characteristics, including age, sex, marital status, route of infection, CD4+T cell count,
HIV-RNA viral load (VL) and education were extracted from electronic medical records and laboratory databases. Data
was collected from the medical records of the enrolled patients during the treatment and follow-up period, including the
database of the National AIDS Basic Prevention and Control Information System, the electronic medical record system
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of Nanjing Second Hospital, the laboratory information system and the outpatient follow-up files. This study was
approved by the Medical Ethics Committee of Nanjing Second Hospital (No. 2024-LS-ky043).

Outcomes of Interest

The primary endpoint is the all-cause mortality rate. But we also pay attention to their immunological recovery. Follow-
up time was defined as the duration from the date of ART initiation to the date of death, loss to follow-up, or the end of
the observation period. Patients who did not experience the event of interest (death) by the end of the study or who were
lost to follow-up were censored. These data were extracted from electronic medical records and laboratory databases as
described above. According to the cause of death filled in the follow-up record, the cause of death belongs to AIDS
opportunistic infection, AIDS related tumors, AIDS related symptoms and signs, and is classified as “AIDS related
death”The cause of death belongs to cardiovascular and cerebrovascular diseases, malignant tumors other than AIDS
related tumors, respiratory system diseases (excluding opportunistic infections), endocrine, nutritional and metabolic
diseases, digestive system diseases and other non-AIDSrelated diseases, which are classified as “AIDS unrelated death”If
the cause of death is not filled in or cannot be classified into the above two categories, it is classified as “undetermined”.

Statistical Analysis

Statistical analysis was performed via SPSS software (version 25.0; IBM Corp, Chicago, IL, USA). Categorical data are
expressed as frequencies (percentages) and compared via the x 2 test and Fisher’s exact test. Normally distributed data
are expressed as the mean + standard deviation and were compared via independent samples t-tests. Skewed distribution
data are expressed as medians (P25, P75) and compared via non-parametric tests. A P-value <0.05 was considered to
indicate statistical significance. To analyze the differences in causes of death between the Rapid ART and Delayed ART,
and cox regression was applied to analyze the influencing factors of death and evaluated the hazard ratio (HR) of the
study variables ART status, demographic variables, and HIV related clinical variables. Candidate variables included age,
sex, education level, marital status, time from HIV diagnosis to ART initiation, baseline CD4+T cell count, and baseline
viral load . Variables with a P-value <0.1 in univariate analysis were considered for inclusion in the multivariable model.
All selected variables were entered simultaneously using the Enter method. Results are presented as HR with 95%
confidence intervals (CI). A two-tailed P <0.05 was considered statistically significant. The Kaplan-Meier survival curve
compared the survival status of patients in the rapid ART group and delayed ART group.

Result

Baseline Characteristics of Research Subjects

In Nanjing Second Hospital, there were 2999 PWH who initiated ART from January 1, 2017, to June 30, 2022, with 1717
of them being CD4+T cell count<350 cells/uL, accounting for 57.29%. This study excluded a total of 179 individuals,
including 58 with unknown baseline VL, 16 with cryptococcal meningitis or tuberculous meningitis or Kaposi’s sarcoma,
and 105 pre-treated PWH. Finally, 1538 people were included, divided into 459 people (rapid ART group) and 1079
people (delayed ART group) (see Supplementary Figure S1 for details).

The median age of the population included in this study was 38 years old (IQR, 30—54 years old), and most of them were
male (92.3%). The majority of 989 cases (64.3%) were individuals who were single, divorced, or widowed, with men who
have sex with men being the main route of transmission (65.3%). 53.7% of PWH had baseline CD4+T cell levels below
200/uL, while baseline viral load was mostly between 50-100000 copies/mL (64.2%). The median time from HIV
diagnosis to ART initiation for the entire cohort was 26 days (IQR 13-54). As per the grouping criteria, the rapid ART
group initiated treatment at a median of 12 days (IQR 7—12), significantly earlier than the delayed ART group [median 35
days (IQR 22-107); p<0.001]. When comparing the baseline clinical characteristics of rapid ART group and delayed ART
group, we found that both groups were predominantly male, and there was no significant difference in the gender ratio
between the two groups (91.5% vs. 92.6%, p=0.467). Additionally, there were no significant differences in education level,
baseline CD4+T cells, baseline CD4/CDS ratio, and baseline VL between the two groups (shown in Table 1). However, the
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Table | Clinical and Immunological Characteristics of Enrolled Subjects

Characteristics Total (n=1538) RIG (n=459) DIG (n=1079) | p-value
Age, years

Median (IQR) 38 (30-54) 38 (30-55) 38 (30-53) 0.958
Gender

Male, No.(%) 1419 (92.3) 420 (91.5) 999 (92.6) 0.467
Education 0.338
Primary, No.(%) 88 (5.7) 30 (6.5) 58 (5.4)

Junior middle, No.(%) 189 (12.3) S51(11.1) 138 (12.8)

Senior or higher, No.(%) 959 (62.4) 278 (60.7) 681 (63.1)

Unknown, No.(%) 302 (19.6) 100 (21.8) 202 (18.7)

Marriage

Single, divorced or widowed 989 (64.3) 284 (61.9) 705 (65.3) 0.194
Married or cohabitating 549 (35.7) 175 (38.1) 374 (34.7)
Transmission route 1004 (65.3) 292 (63.6) 712 (66.0) 0.004
MSM, No.(%)

Heterosexual, No.(%) 423 (27.5) 146 (31.9) 277 (25.6)
Other/unknown, No.(%) 111 (7.2) 21 (4.6) 90 (8.3)

Baseline VL, copies/mL

<50, No.(%) 2 (0.1) 0 (0.0 2 (0.2) 0.436
50-100000, No.(%) 988 (64.2) 287 (62.5) 701 (65.0)

>100000, No.(%) 548 (35.6) 172 (37.5) 376 (34.8)

Baseline CD4+T cell count, cells/puL

<50, No.(%) 310 (20.2) 106 (23.1) 204 (18.9) 0.273
50-99, No.(%) 186 (12.1) 57 (12.4) 129 (12.0)

100-199, No.(%) 330 (21.5) 93 (20.3) 237 (22.0)

200 -349, No.(%) 712 (46.3) 203 (44.2) 509 (47.2)

Baseline CD4/CD8 0.17 (0.08, 0.29) | 0.17 (0.08, 0.29) | 0.17 (0.08, 0.28) 0.751
Time from diagnosis to ART initiation | 26 (13-54) 12 (7-12) 35 (22-107) <0.001

Note: The p-values are the comparison of the baseline variables between the RIG versus the DIG.
Abbreviations: IQR, interquartile Range; MSM, men who have sex with men; ART, antiretroviral therapy; RIG, rapid ART
initiation group; DIG, delayed ART initiation group.

rapid ART group and delayed ART group saw significant differences in transmission routes, with men who have sex with
men accounting for 63.5% and 66.0%, respectively.

Analysis of All-Cause Mortality and Causes of Death

In this study, a total of 68 patients died during the 8-year follow-up period of 1538 patients, with an all-cause mortality
rate of 4.42% (68/1538). Among them, there were 18 deaths in the rapid ART group, with a mortality rate of 3.92% (18/
459); There were 50 deaths in the delayed group, with a mortality rate of (4.63%, 50/1079). Although the mortality rate
in the delayed ART group was slightly higher than that in the rapid ART group, there was no significant difference in the
all-cause mortality rate between the two groups (p=0.668).

As shown in Table 2, among the 68 death cases, 39 cases were mainly caused by non-AIDS related diseases (39/68,
57.4%), among which non-AIDS related tumors were the most common (14/68, 20.6%), followed by cardiovascular and
cerebrovascular diseases (13/68, 19.1%). 20 patients died from AIDS related diseases (20/68, 29.4%), with HIV related
tumors being the most common (7/68, 10.3%).

The main cause of death for PWH in both rapid ART group and delayed ART group was non-AIDS related diseases
(12/18, 66.7% vs 27/50, 54.0%). Besides, there was no significant difference in the proportion of non-AIDS related
causes of death between the two groups (p=0.538). The highest number of deaths were caused by non-AIDS-related
tumors, with 5 cases (5/18, 27.8%) in rapid ART group and 9 cases (9/50, 18.0%) in delayed ART group. Among the
deaths caused by AIDS related diseases, there were 5 cases in the rapid ART group (5/18, 27.8%) and 9 cases in the
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Table 2 Analysis of Cases of Death in This Study

Causes of Death Total Cases of RIG, n DIG, n p-value*
Death, n (%) (%) (%)

Total 68 (100) 18 (100) | 50 (100) 0.668
AIDS-related disease 20 (29.4) 5(27.8) 15 (30.0) 0.538
HIV-related tumor 7 (10.3) 3(16.7) 4 (8.0 0.371
Opportunistic infection 6 (8.8) 2 (I1.1) 4 (8.0 0.652
Other (HIV-related) 7 (10.3) 0 (0.0) 7 (14.0) 0.177
Non-AIDS-related disease 39 (57.4) 12 (66.7) | 27 (54.0)
Non-AIDS-related cancer 14 (20.6) 5 (27.8) 9 (18.0) 0.498
CVD disease 13 (19.1) 3 (16.7) 10 (20.0) 1.000
Respiratory disease 5(74) 3(16.7) 2 (4.0) 0.111
Other disease (HIV-unrelated) 7 (10.3) I (5.6) 6 (12.0) 0.666
Unknown 9 (13.2) I (5.6) 8 (16.0)

Notes: The p-value is the comparison of variables between the RIG and DIG; * shows the proportion of
causes of death (AlDS-related disease and non-AlDS-related disease) between the RIG and DIG. CVD:
cardiovascular disease.

Abbreviations: RIG, rapid ART initiation group; DIG, delayed ART initiation group.

delayed ART group (9/50, 18.0%). Overall, the distribution of causes of death in RIG and DIG group have no significant
difference.

We collected and analyzed whether CD4+T cell and CD4+/CD8+ ratio have significant effect on death. As shown
in Figure la and b, there was no significant difference in CD4+T cell counts between the rapid ART group and the
delayed ART group (p=0.21), but there was significant difference in CD4/CDS8 ratio between the two groups
(p=0.046).

Analysis of Survival Curve and Related Risk Factors

In this study, we followed 1538 PWH receiving ART for a maximum 8-year period. The estimated overall survival time for
PWH was 66.27 months. Furthermore, the estimated survival times for PWH who initiated ART within 14 days (RIG), and
more than 14 days (DIG) after diagnosis were 61.16 months and 68.44 months, respectively. The overall mortality rate in
the cohort during the 101923 person-months of observation was 6.67 per 1000 person-months of follow-up. Cumulatively,
68 PWH died, accounting for 3.92% of the total PWH population over 8 years.

CD4+T cell counts CD4/CD8
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Figure | The differences of CD4+T cell counts and CD4/CD8 between death cases with antiretroviral therapy initiation time. (a) Comparison of CD4+T cell counts
between the rapid ART initiation group (RIG) and delayed ART initiation group (DIG). (b) Comparison of the CD4/CD8 ratio between the RIG and DIG.
Abbreviations: RIG, rapid ART initiation group; DIG, delayed ART initiation group.
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Figure 2 Kaplan—Meier survival curves for patients with different antiretroviral therapy initiation time over the eight-year follow-up period. (a) Survival comparison
between the rapid ART initiation group (<14 days) and the delayed ART initiation group (>14 days). (b) Sensitivity analysis of survival comparing ART initiation within 7 days,
8-60 days, and after 60 days.

Abbreviations: RIG, rapid ART initiation group; DIG, delayed ART initiation group; Mon, month.

Figure 2 illustrates the Kaplan—Meier survival function for the entire study population over the 8 years following ART
initiation. The median time of survival among respondents who initiated ART within 14 days of diagnosis was 100.6 months
(95% CI, 99.0 to 102.1). However, the survival time decreased to 99.9 months (95% CI, 98.8 to 101.0) for those who
initiated ART after 14 days. However, there were no differences between two groups (Log rank test, p=0.76, shown in
Figure 2a). Besides, we did sensitive analysis for initiation time. The results showed that there were no differences between
patients starting ART within 7 days, 8—60days, and after 60days (Log rank test, p=0.69, shown in Figure 2b).

Univariate and multivariate cox regression analysis was conducted to examine potential factors associated with
mortality among PWH, as shown in Table 3. Variables including sex, age, education, marital status, CD4 count before
initiating ART, CD4/CDS8 ratio, and time to ART initiation, viral load—were included in the analysis. In the multivariable
analysis, the time to ART after diagnosis was not significantly associated with mortality among PWH, which is consistent
with result in K-M analysis. As shown in Table 3, Single, divorced or widowed individuals (HR: 1.851, 95% CI:
1.040-3.295, p=0.036) or baseline CD4+T cell counts between 50-100 (HR: 4.441, 95% CI: 1.691-11.659, p=0.002) or
below 50 cells/uL. (HR: 2.747, 95% CI: 1.170-6.450, p=0.020) had a higher risk of mortality.

Discussion

The application of ART has significantly reduced AIDS-related opportunistic infections and diseases, transforming AIDS
from a lethal disease to a manageable chronic condition. Early and effective ART reduces the risk of HIV transmission,
treatment interruption, and virologic failure but does not increase adverse events.”'*%, Rapid ART initiation is aimed at
PWH and should be initiated regardless of CD4 levels.”, However, the clinical benefits and mortality risks of rapid
initiation of ART with CD4+T cells<350 cells/uL are still unclear.

Studies have found that the mortality rate in China decreased from 10.9% to 4.3% from 2007 to 2019.%* A long-term
follow-up study from East Africa showed that patients who initiated ART within 14 days after the first follow-up
(regardless of CD4+T cell count) had a lower long-term mortality rate (11.7/1000 person years compared to 17.1/
1000 person years).>*, In addition, the Rainbow study included 30 late presenting PWH who rapidly initiated ART within
7 days, with a virological suppression rate of 90% at week 48. And their average CD4+T cell count increased from 133 to
309 cells/uL, and the average CD4/CDS8 cell ratio increased from 0.18 to 0.44.%%, Different from others, our study found
that rapid initiation of ART was not significantly associated with the mortality rate of newly diagnosed PWH with CD4
+T cell count<350 cells/uL. Although the mortality rate of the rapid initiation group was slightly lower than that of the
delayed group, there was no significant difference between the two groups. Also, when we compared the immunological
indicators of the death subjects in the rapid ART and delayed groups, there was no significant difference in CD4+T cell
counts, but the CD4/CD8 was significant different. Although not entirely consistent with other research findings, this may
be related to our inclusion criteria excluding patients with delayed treatment due to opportunistic infections, and
a relatively balanced baseline immunological status, virus levels, and other cofounding factors. Previous studies have

Infection and Drug Resistance 2026:19

6 https:



Lu et al

Table 3 Bivariate and Multivariate Cox Proportional Hazards Regression Analysis for Factors Associated with Mortality

Among PWH
Characteristics Cases of Death Univariate Analysis Multivariate Analysis
(N=68)
RR (95% CI) P-value RR (95% CI) P-value
Age, n (%) 0.491 0.283
>60 36 (53) 1.00
18-35 5(7) 0.920 (0.359-2.359) 0.862 0.479 (0.142-1.612) 0.234
35-60 27 (40) 1.331 (0.802-2.207) 0.268 1.171 (0.645-2.127) 0.604
Gender, n (%) 0.005 0.003
Female 4 (6) 1.00
Male 64 (94) 0.225 (0.079-0.638) 0.157 (0.047-0.526)
Education level, n (%) 0.841 0.955
Unknown 36 (53) 1.00
Primary school or less 6 (9) 0.912 (0.381-2.188) 0.837 0.923 (0.347-2.456) 0.872
Junior middle school 9 (13) 0.809 (0.379-1.727) 0.583 0.797 (0.330-1.924) 0.614
Senior high school or higher 17 (25) 0.778 (0.433-1.397) 0.401 0.879 (0.449-1.723) 0.708
Marital status, n (%) 0.349 0.036
Married or cohabiting 32 (47) 1.00
Single, divorced or widowed 36 (53) 1.262 (0.775-2.054) 1.851 (1.040-3.295)
Time of diagnosis to treatment, n (%) 0.825 0.710
>14 days 50 (74) 1.00
<14 days 18 (26) 0.940 (0.544-1.623) 1.130 (0.594-2.149)
Baseline CD4+T cell count, cells/uL, n (%) 0.055 0.011
201-349 13 (19) 1.00
<50 24 (35) 1.934 (0.962-3.887) 0.064 2.747 (1.170-6.450) 0.020
50-100 14 (21) 2.969 (1.326—-6.648) 0.008 | 4.441 (1.691-11.659) 0.002
101-200 17 (25) 1.530 (0.721-3.429) 0.268 1.603 (0.710-3.617) 0.256
Baseline VL, copies/mL, n (%) 0.245 0.378
>100,000 30 (44) 1.00
<1000 I () 0.784 (0.106-5.802) 0811 0.249 (0.028-2.260) 0.217
1000-10,000 7 (10) 0.597 (0.260-1.372) 0.224 0.597 (0.239-1.493) 0.270
10,000-100,000 30 (44) 0.592 (0.348-1.006) 0.053 0.753 (0.412-1.378) 0.358

Notes: Univariate analysis: Examining the association between a single variable and the outcome; Multivariate analysis: Examining the association between
multiple variables and the outcome.
Abbreviations: HR, Hazard Ratio; VL, viral load.

shown that the level of CD4+T cells in late-presenting PWH is closely related to mortality.” However, in our study, there
was no significant difference in CD4+T cell levels between the two groups, which partially explains why the timing of
ART initiation in this study had no significant effect on mortality in PWH with CD4+T cell count<350 cells/uL.

On the other hand, we analyzed the causes of death in two groups. Despite the low number of death cases, our data
indicate a shift in the causes of death for PWH with CD4+T cell count<350 cells/uL over the past years. In this study,
66.7% of deaths in the early ART group and 54.0% of deaths in the delayed ART group were classified as non-AIDS
related deaths. Data analysis in the United States and the developed countries have found that non-AIDS related deaths
account for 43.6-62.3%, significantly higher than AIDS related deaths.?**’ In 2016, PWH in China still died mainly
from AIDS related causes.”®, In 2021, Chinese data reported that 51.7% of PWH died from non-AIDS related diseases,
which is consistent with the proportion of deaths reported in this article. However, the non-AIDS related tumor deaths
reported in this article rank higher.?®, In the past five years of Chinese data, there were less reports on the follow-up
causes of mortality for late-presenting PWH and delayed initiation of ART. Finally, our study found that PWH with
baseline CD4+T cells<200 cells/uL, as well as being single, divorced, or widowed, are independent risk factors for late-
presenting PWH death. Consistent with previous reports, CD4+T cell levels are closely related to mortality, especially in
late presenters.”*” In addition, family companionship, care, and emotional support for late presenters have a certain
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positive effect on improving mortality rates. A study in the United States shows that single or unmarried individuals are
13 times more likely to die from HIV than married individuals.*®, This highlights the critical public health implication
that social determinants and family support systems play a vital role in long-term HIV care and survival.

In summary, compared to initiating ART with high CD4+T cell counts,’’, this study focuses on the impact of the
timing of initiation of late-presenting PWH on mortality outcomes and immune changes, revealing the changing causes
of death in late-presenting PWH. However, our research has several limitations. Firstly, this is a single-center retro-
spective study, which may limit the generalizability of the findings, and some potential confounding factors affecting
mortality were missing at baseline and could not be included. Secondly, the exclusion of patients with severe
opportunistic infections who required delayed ART might introduce selection bias, limiting our ability to detect mortality
differences related to ART timing among the most critically ill. Thirdly, the relatively low number of mortality events (68
deaths) limits our statistical power. Finally, due to the observational nature of the study, our findings should be interpreted
cautiously as associative rather than causal.

Conclusion

The all-cause mortality rate of late-onset PWH is 4.42%, and the timing of ART initiation showed no significant
association with the mortality rate and immune changes of late presenters living with HIV. Non-AIDS related deaths
have become the leading cause of mortality for PWH with CD4+T cell counts <350 cells/uL. Low baseline CD4+T cell
count and lack of social support (being single, divorced, or widowed) are the most important risk factors for late-
presenting PWH death. Clinical and public health strategies should prioritize comprehensive care, regular monitoring for
non-AIDS comorbidities, and social support interventions for HIV patients presenting with advanced disease.
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