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1. Introduction

Acquired immunodeficiency syndrome (AIDS), caused 
by the human immunodeficiency virus (HIV), has been 
a major global health concern since 1981. As of July 
2022, approximately 84.2 million people worldwide 
have been infected, with 40.1 million deaths due to 
HIV-related illnesses (1). In China, 1.223 million people 
were reported to be living with HIV/AIDS by the end of 
2022 (2). The introduction of combination antiretroviral 
therapy (cART) in 1996 significantly improved 
outcomes for people living with HIV (PLWH) (3). Since 
2015, the WHO has recommended initiating ART for 
all HIV-positive individuals regardless of CD4+ T-cell 
count (4,5), and China adopted this guideline in 2016 
(6), resulting in nearly 600,000 PLWH starting ART the 
following year (7).
 Recent evidence suggests that rapid ART initiation, 

defined variably as starting treatment within 5 to 14 
days after diagnosis(8,9), can further improve clinical 
outcomes. Studies across multiple countries have 
demonstrated that immediate or same-day ART initiation 
leads to higher rates of virologic suppression, reduced 
treatment dropout, and significantly lower mortality 
(8-19). For example, rapid ART initiation has been 
associated with a 63% reduction in mortality (10) and 
faster virologic suppression in settings such as Haiti, 
Atlanta (USA), San Francisco (USA), and Guangxi 
(China) (13,17-20). These benefits are particularly 
pronounced in patients with advanced disease or 
low CD4+ counts (10,19). Despite variations in 
implementation across regions, the trend toward rapid 
initiation is supported by strong clinical evidence.
 Late presentation remains a key barrier to effective 
HIV treatment, especially in low- and middle-income 
countries. In China, the proportion of late presenters 
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SUMMARY: This study evaluated the impact of initiating antiretroviral therapy (ART) within 14 days compared to 
starting after 14 days in newly diagnosed, late-presenting people living with human immunodeficiency virus (PLWH). A 
total of 1,538 PLWH with a baseline CD4+ T-cell count < 350 cells/μL who attended our outpatient clinic from January 
2017 to June 2022 were included. Participants were divided into two groups based on ART initiation timing: rapid 
initiation (ART within 14 days) and delayed initiation (ART after 14 days). Rapid initiation led to significantly higher 
virologic suppression rates at 6 months (62.5% vs. 52.7%, P < 0.05) and 1 year (81.6% vs. 72.1%, P < 0.01) compared 
to delayed initiation. While overall treatment retention rates were comparable, rapid initiation improved retention at 6 
months for those with baseline CD4+ < 200 cells/μL and at 1 year for those with baseline CD4+ between 200 and 350 
cells/μL. No significant differences in CD4+ T-cell counts or CD4/CD8 ratio were observed. A positive correlation 
was found between baseline viral load and time to virologic suppression, with rapid initiation of ART leading to faster 
suppression, especially in those with higher baseline viral loads. Multivariate analysis confirmed that ART initiation 
timing and baseline viral load were key determinants of virologic suppression. In conclusion, rapid ART initiation within 
14 days was associated with higher virologic suppression at 6 months and 1 year. Rapid initiation of ART and lower 
baseline viral load were critical for virologic suppression, with improved retention for specific subgroups.
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has decreased over the years, from 80% in 2008 to 
29% in 2016 (21,22). However, many newly diagnosed 
individuals still present with CD4+ counts below 350 
or 200 cells/μL or with AIDS-defining conditions (23), 
placing them at higher risk for poor outcomes, including 
a tenfold increase in morbidity and mortality during 
the first year after diagnosis (24,25). Delayed diagnosis 
also contributes to ongoing transmission and incomplete 
immune recovery (26-29). Despite the urgency, there is 
a lack of focused research on late-presenting PLWH in 
China. This retrospective study analyzes such patients 
treated at Nanjing Second Hospital from 2017 to 2022, 
aiming to evaluate the impact of rapid versus delayed 
ART initiation on virologic suppression, treatment 
retention, and immune recovery over 1 year and 5 years.

2. Materials and Methods

2.1. Study subjects

This study is a single-center, retrospective, controlled 
study. The subjects were patients who visited the 
Infectious Diseases Department at Nanjing Second 
Hospital between January 1, 2017, and June 30, 2022. 
The study focused on treatment-naive individuals with a 
baseline CD4+ T cell count below 350 cells/μL. Eligible 
patients were categorized into two groups based on the 
time to initiate ART after diagnosis: the rapid initiation 
group (ART started within 14 days of diagnosis) and the 
delayed initiation group (ART started more than 14 days 
after diagnosis).

2.1.1. Inclusion criteria

Aged 18 years or older; Diagnosed with HIV/AIDS 
according to the People's Republic of China health 
industry standard (WS293-2019) - "Diagnosis of AIDS 
and HIV Infection"; Received initial antiviral treatment 
at Nanjing Second Hospital with complete follow-up 
data; Baseline CD4+ T cell count below 350 cells/μL.

2.1.2. Exclusion criteria

Prior receipt of any form of antiretroviral therapy; 
Absence of baseline viral load (VL) data; Coexisting 
conditions such as tuberculous meningitis, cryptococcal 
meningitis, or Kaposi's sarcoma that would preclude 
rapid initiation of ART; Patients transferred out during 
the follow-up period.

2.2. Study methods and data collection

2.2.1. Study design

This study employs a single-center, retrospective design. 
This study was approved by the Ethics Committee of 
The Second Hospital of Nanjing, Affiliated to Nanjing 

University of Chinese Medicine (Approval No: 2024-LS-
ky043). All procedures were conducted in accordance 
with the Declaration of Helsinki (2013 revision).

2.2.2. Baseline assessment

Baseline data were collected before the initiation of ART, 
including general information (age, sex, marital status), 
immunological status (CD4+ T cell count, CD4/CD8 
ratio), HIV infection status (HIV-1 RNA viral load, time 
of HIV diagnosis, and time from diagnosis to treatment).

2.2.3. Follow-up data collection

Participants were followed at regular intervals, with data 
collected at 3 months, 6 months, 1 year, 2 years, 3 years, 
4 years, and 5 years after initiating ART. Collected data 
included: HIV-1 RNA viral load; CD4+ T cell count, 
CD8+ T cell count; adherence to and interruption of 
treatment. Data from HIV-1 RNA and immune status 
tests conducted within 3 months before or after each 
follow-up visit were included in the analysis for that time 
point.

2.2.4. Data sources

Data were sourced from the following: National AIDS 
Basic Prevention and Treatment Information System 
database; Electronic Medical Record System of Nanjing 
Second Hospital; Laboratory Information System (LIS); 
Patient paper records.

2.2.5. Stratified analysis

Since the majority of late-presenting patients had CD4+ 
T cell counts below 200 cells/μL, stratification by CD4+ 
T cell count < 200 cells/μL was performed to account for 
variations in baseline CD4+ T cell levels and their impact 
on achieving viral suppression.

2.3. Study endpoints and definitions

2.3.1. Primary endpoints

Viral suppression rate: The proportion of patients with 
plasma HIV-1 RNA < 50 copies/mL at 12 months post-
treatment. Treatment retention rate: The ratio of actual 
treated patients to the number of patients eligible for 
treatment each year. CD4+ T cell count and change from 
baseline: Measurement of CD4+ T cell count and the 
difference from baseline at 12 months. CD4/CD8 ratio: 
The ratio of CD4+ to CD8+ T cells.

2.3.2. Secondary endpoints

Viral suppression rate: Proportions of patients with 
plasma HIV-1 RNA < 50 copies/mL at 1 year, 2 years, 
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achieving viral suppression in late-presenting HIV 
patients post-treatment. Kaplan-Meier (K-M) curves 
illustrated the time to viral suppression for the rapid 
initiation group compared to the delayed initiation group, 
under various influencing factors.
 Stratified analyses were performed based on baseline 
CD4+ T cell counts, distinguishing between those with 
CD4+ T cell counts < 200 cells/μL and those with counts 
between 200 and 350 cells/μL. These analyses evaluated 
changes in viral suppression rates, treatment retention 
rates, and immune recovery. Statistical significance was 
set at P < 0.05.

3. Results

3.1. Patient enrollment and study flow

Between January 1, 2017, and June 30, 2022, a total 
of 1,717 individuals with a baseline CD4+ T cell 
count below 350 cells/μL were initially enrolled 
at the Infectious Diseases Department of Nanjing 
Second Hospital. Following exclusion of 58 cases 
with missing baseline viral load data, 16 cases with 
cryptococcal meningitis, tuberculous meningitis, or 
Kaposi's sarcoma, and 105 cases transferred from 
other institutions, 1,538 patients were included in the 
subsequent analysis (Figure 1).
 Of these, 456 patients were in the rapid initiation 
group, and 1,082 patients were in the delayed initiation 

3 years, 4 years, and 5 years. Treatment retention rate: 
Treatment adherence rates at 1 year, 2 years, 3 years, 4 
years, and 5 years. CD4+ T cell count and change from 
baseline: Changes in CD4+ T cell count from baseline at 
the specified time points. CD4/CD8 ratio: The CD4/CD8 
ratio at each follow-up interval. Mortality rate and related 
factors: The mortality rate during the 5-year follow-up 
period and factors associated with mortality.

2.4. Statistical methods

Data were collected and initially processed using Excel, 
and statistical analyses were conducted with R Studio 
4.3.0. All graphical representations were generated using 
Origin. Baseline characteristics of the population were 
described using appropriate methods based on data types. 
For continuous variables, median values and interquartile 
ranges (IQR) were reported. Comparisons between two 
groups for normally distributed data were performed 
using the Student's t-test, while non-normally distributed 
data were analyzed using the Wilcoxon rank-sum test. 
Categorical data were expressed as percentages, and 
comparisons between two groups were made using the 
chi-square test or Fisher's exact test.
 Correlation curves were employed to describe the 
relationship between baseline viral load, time to ART 
initiation, and the duration required to achieve viral 
suppression. Cox proportional hazards regression 
analysis was used to identify factors associated with 

Figure 1. Baseline enrollment status.
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group (Table 1). Overall, the cohort comprised 1,419 
males (92.3%) and 119 females (7.7%). The median 
age of the patients was 38 years (IQR: 30-54 years). 
Education levels showed that 959 patients (62.4%) had 
attained a high school diploma or higher.
 The median time from diagnosis to treatment 
initiation showed a decreasing trend over the years: 26 
days (IQR: 14-69.5) in 2018; 26 days (IQR: 13-68.5) in 
2019; 20 days (IQR: 13-48) in 2020; 20 days (IQR: 13-
42) in 2021; and 18 days (IQR: 11-39.75) in 2022.
 The median baseline CD4+ T cell count for the 
overall cohort was 181 cells/μL (IQR: 66-266 cells/μL). 
The largest proportion of patients had CD4+ T cell counts 
between 200 and 350 cells/μL (712 patients, 46.3%), 
followed by those with counts between 100 and 199 
cells/μL (331 patients, 21.5%), counts below 50 cells/
μL (309 patients, 20.1%), and counts between 50 and 99 
cells/μL (186 patients, 12.1%).
 The median log10 value of baseline VL was 4.8 
log10 copies/mL (IQR: 4.3-5.2 log10 copies/mL). 
The baseline VL was significantly higher in the rapid 
initiation group compared to the delayed initiation group 
(4.8 log10 copies/mL vs. 4.7 log10 copies/mL, P = 0.048).

3.2. Viral suppression rates, treatment retention rates, and 
immune recovery within 1 year of ART

3.2.1. Viral suppression rates

We found that rapid ART initiation resulted in 

significantly higher one-year viral suppression rates 
than delayed initiation in patients with advanced HIV. 
As shown in Table 2, the overall viral suppression rate 
within one year for late-stage people living with HIV 
exhibited an increasing trend over time. The rapid 
initiation group demonstrated significantly higher viral 
suppression rates compared to the delayed initiation 
group at 6 months (62.5% vs. 52.7%, P = 0.022) and at 1 
year (81.6% vs. 72.1%, P = 0.001).
 Furthermore, the data demonstrated superior viral 
suppression with rapid ART in both low (< 200 cells/
μL) and moderate (200-350 cells/μL) CD4+ T cell count 
groups. When stratified by baseline CD4+ T cell levels, 
the viral suppression rate within one year showed an 
increasing trend regardless of the baseline CD4+ T cell 
count. For individuals with baseline CD4+ T cell counts 
< 200 cells/μL, the viral suppression rate at 1 year 
was significantly higher in the rapid initiation group 
compared to the delayed initiation group (77.3% vs. 
66.6%, P < 0.05). In the cohort with baseline CD4+ T cell 
counts between 200 and 350 cells/μL, the rapid initiation 
group exhibited significantly higher viral suppression 
rates at 6 months (76.7% vs. 62.9%, P < 0.05) and at 
1 year (86.0% vs. 77.6%, P < 0.05) compared to the 
delayed initiation group.
 To identify key predictors of viral suppression, we 
conducted comprehensive univariate and multivariate 
Cox regression analyses. Univariate and multivariate 
Cox regression models were employed to analyze 
the factors influencing viral suppression, with factors 

Table 1. General characteristics between the two groups

Feature

Age, years
     Median (IQR)
Gender
     Male, n (%)
     Female, n (%)
Education Level
     Primary and Below, n (%)
     Junior High, n (%)
     High School and Above, n (%)
     Unknown, n (%)
Marital Status
     Single, Divorced, Widowed, n (%)
     Married or Cohabiting, n (%)
Baseline CD4+ T Cells, cells/μL
     <50, n (%)
     50-99, n (%)
     100-199, n (%)
     200-349, n (%)
Baseline VL, log10copies/ml
     Median (IQR)
Time from Diagnosis to Treatment (day)
     2018, Median (IQR)
     2019, Median (IQR)
     2020, Median (IQR)
     2021, Median (IQR)
     2022, Median (IQR)

IQR: interquartile ranges ; *: P < 0.05; ***: P < 0.001.

Total (n = 1538)

      38 (30-54)

1419 (92.3)
119 (7.7)

  88 (5.7)
  189 (12.3)
  959 (62.4)
  302 (19.6)

  989 (64.3)
  549 (35.7)

  309 (20.1)
  186 (12.1)
  331 (21.5)
  712 (46.3)

       4.8 (4.3-5.2)

         26 (14-69.5)
         26 (13-68.5)

      20 (13-48)
      20 (13-42)

          18 (11-39.75)

P

  0.932

0.57

  0.377

  0.191

  0.268

   0.048*

   < 0.001***

   < 0.001***

   < 0.001***

   < 0.001***

   < 0.001***

Rapid ART (n = 456)

    38 (30-55)

418 (91.7)
38 (8.3)

30 (6.6)
  50 (11.0)
278 (61.0)
  98 (21.5)

282 (61.8)
174 (38.2)

105 (23.0)
  57 (12.5)
  93 (20.4)
201 (44.1)

      4.8 (4.4-5.2)

  12 (7-12)
  10 (5-12)
  12 (7-13)
  12 (8-13)
 8.5 (5-12)

Delayed ART (n = 1082)

      38 (30-54)

1001 (92.5)
  81 (7.5)

  58 (5.4)
  139 (12.8)
  681 (62.9)
  204 (18.9)

  707 (65.3)
  375 (34.7)

  204 (18.9)
  129 (11.9)
  238 (22.0)
  511 (47.2)

       4.7 (4.3-5.2)

        40 (26-230)
        35 (21-154)
      33 (21-89)

           31 (20-114.5)
              33 (19.25-81.5)
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showing P < 0.1 in univariate analysis included in the 
multivariate model. The univariate analysis identified 
several significant factors: age (P = 0.053), baseline viral 
load (P < 0.001), baseline CD4+ T cell count (P < 0.001), 
whether ART was initiated rapidly (P < 0.001), and the 
use of co-trimoxazole for prophylaxis (P < 0.001).
 The multivariate Cox regression model, employing 
the forward likelihood ratio method, revealed that a 
baseline VL < 105 copies/mL (HR: 0.623, 95% CI: 
0.556–0.698, P < 0.001) and ART initiation within 14 
days of diagnosis (HR: 0.71, 95% CI: 0.632–0.800, P 
< 0.001) were significantly associated with a higher 
likelihood of achieving viral suppression (Table 3).
 The survival analysis revealed two crit ical 
determinants of viral suppression timing in late-stage 
PLWH: treatment initiation speed and baseline viral load. 
As illustrated in Figures 2A1 and A2, the time to achieve 
viral suppression in late-stage PLWH is influenced by the 
time from diagnosis to treatment initiation and baseline 
viral load levels. The Kaplan-Meier curves demonstrate 
that, within the rapid initiation group, the median 
time to achieve 50% viral suppression is significantly 
shorter, indicating that earlier initiation of ART leads 
to quicker attainment of viral suppression (P < 0.001). 
Additionally, for treatment-naive late-stage PLWH, those 
with a baseline VL below 105 copies/mL achieve viral 
suppression more rapidly (P < 0.001).
 Our correlation analysis demonstrates that baseline 
viral load significantly impacts the viral suppression 

timeline in late-stage PLWH, with differential effects 
across viral load strata. Overall, higher baseline viral 
load in late-stage PLWH is associated with a longer time 
to achieve viral suppression (R = 0.24, P < 0.01), as 
shown in Figure 2B1. Further stratification by baseline 
VL thresholds of 105 copies/mL reveals that in the group 
with VL < 105 copies/mL, there is a positive correlation 
between the time from diagnosis to treatment and the 
time to achieve viral suppression (R = 0.099, P = 0.0027). 
This correlation is more pronounced in the group with 
VL > 105 copies/mL (R = 0.17, P < 0.001), indicating a 
stronger relationship (Figures 2B2 and 2B3).
 Additionally, a positive correlation was observed 
between the time to initiate ART and the time to achieve 
viral suppression, meaning that earlier initiation of 
ART is associated with a shorter time to achieve viral 
suppression (R = 0.16, P < 0.001) (Figure 2B4).

3.2.2. Treatment retention rates

For late-stage PLWH undergoing ART, treatment 
retention rates were assessed at various time points. At 
3 months, the retention rates were 98.7% in the rapid 
initiation group and 96.1% in the delayed initiation group 
(P = 0.316) (Table 4). At 6 months, retention rates were 
98.1% in the rapid initiation group compared to 95.7% 
in the delayed initiation group (P = 0.563). At 1 year, 
the treatment retention rates were 96.8% for the rapid 
initiation group and 93.6% for the delayed initiation 

M: month; *: P < 0.05; **: P < 0.01; ***: P < 0.001.

Table 2. Virological suppression rates at different CD4+ T cell counts within one year

Population group
Time Point

3 M Viral Suppression Rate
6 M Viral Suppression Rate
9 M Viral Suppression Rate

≤ 14 Days

0.327
0.625
0.816

> 14 Days

0.31
  0.527
  0.721

P

0.759
 0.022*

   0.001***

≤ 14 Days

0.276
0.512
0.773

> 14 Days

0.24
  0.435
  0.666

P

0.366
0.113

  0.005**

≤ 14 Days

  0.402
  0.767
0.86

> 14 Days

0.393
0.629
0.776

P

0.875
  0.009**

 0.021*

Total Population CD4+ T Cells < 200 cells/μL CD4+ T Cells 200-350 cells/μL

*: P < 0.05; **: P < 0.01; ***: P < 0.001.

Table 3. Factors associated with virological suppression in late-presenting PLWH: Cox regression analysis

Factors

Age
Initial VL Measurement, copies/mL
     < 105

     > 105

Initial CD4+ T Cells, cells/μL
     < 50
     50-150
     > 150
Time from Diagnosis to Treatment, days
     Within 14 Days
     Greater than 14 Days
Use of Co-Trimoxazole
     No
     Yes

Univariate HR (95% CI)

0.996 (0.990, 1.000)

1
0.623 (0.556, 0.698)

1
0.918 (0.889, 1.200)
1.322 (1.208, 1.474)

1
0.721 (0.777, 0.936)

1
0.762 (0.724, 0.913)

P

0.053

< 0.001***

0.314
< 0.001***

< 0.001***

< 0.001***

Multivariate HR (95% CI)

0.997 (0.993, 1.000)

0.631 (0.563, 0.708)

1.180 (0.989, 1.408)

0.711 (0.632, 0.800)

0.975 (0.838, 1.130)

P

0.079

< 0.001***

0.066

< 0.001***

0.739
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group (P = 0.510). Differences between the groups were 
not statistically significant.
 Further stratification by baseline CD4+ T cell count 
revealed differences in retention rates. For individuals 
with a baseline CD4+ T cell count < 200 cells/μL, the 
treatment retention rate at 6 months was significantly 
higher in the rapid initiation group compared to the 
delayed initiation group (98.3% vs. 93.7%, P < 0.001). 
For those with baseline CD4+ T cell counts between 200 
and 350 cells/μL, the retention rate at 1 year was notably 
higher in the rapid initiation group compared to the 
delayed initiation group (96.2% vs. 95.1%, P < 0.05).

3.2.3. Immune recovery

Longitudinal immune reconstitution monitoring 
demonstrated substantial post-treatment improvements 
in both quantitative and functional immunological 
parameters for late-stage PLWH. As illustrated in Figure 
3A, the recovery of CD4+ T cell counts and related 

metrics in late-stage PLWH post-treatment shows a 
marked improvement. Overall, CD4+ T cell counts 
increased from a baseline of 183 cells/μL to 342 cells/
μL within one year, representing a rise of 159 cells/μL 
over this period. The most rapid increase in CD4+ T cell 
counts was observed at 3 months post-treatment (Figure 
3A1 and A2).
 The CD4/CD8 ratio also exhibited an upward trend 
over the year, increasing from a baseline of 0.17 to 0.39 
by the end of the year, reflecting an improvement of 0.22 
(Figure 3A3).
 The comparative analysis revealed comparable 
immune recovery including CD4+ T cell counts and 
CD4/CD8 ratio between rapid and delayed ART 
initiation groups in late-stage PLWH at one-year follow-
up. Immune recovery in late-stage PLWH improved 
following treatment. However, at one year, there were 
no significant statistical differences between the rapid 
initiation and delayed initiation groups in terms of 
CD4+ T cell counts (336 cells/μL vs. 347 cells/μL; P 

Figure 2. Kaplan-Meier (K-M) curves for achieving virological suppression and correlations with achieving virological suppression after 
treatment. (A1) K-M curves for the rapid start and delayed start treatment groups. (A2) K-M curves for different baseline viral loads. (B1) 
Correlation between baseline viral load and achieving virological suppression after treatment. (B2) Correlation between baseline viral load < 10⁵ 
copies/mL and achieving virological suppression after treatment. (B3) Correlation between baseline viral load > 10⁵ copies/mL and achieving 
virological suppression after treatment. (B4) Correlation between time from diagnosis to initiation of antiretroviral therapy and achieving 
virological suppression after treatment.

M: month; **: P < 0.01; ***: P < 0.001.

Table 4. Treatment maintenance rates at different CD4+ T cell counts within one year

Time Point

3 M Treatment Retention Rate
6 M Treatment Retention Rate
12 M Treatment Retention Rate

≤ 14 Days

0.987
0.981
0.968

> 14 Days

0.961
0.951
0.936

P

0.316
0.563
0.510

Total Population Baseline CD4+ T Cell Count < 200 
cells/μL

Baseline CD4+ T Cell Count: 200-
350 cells/μL

≤ 14 Days

0.988
0.983
0.973

> 14 Days

0.954
0.937
0.924

P

0.084
< 0.001***

0.160

≤ 14 Days

0.986
0.979
0.962

> 14 Days

0.969
0.966
0.951

P

0.880
0.218

  0.009**

Population group
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> 0.05), the increase from baseline (174.5 cells/μL vs. 
169 cells/μL; P > 0.05), or the CD4/CD8 ratio (0.40 
vs. 0.38; P > 0.05). Similar to the overall trend, both 
groups experienced the most rapid increase in CD4+ T 
cell counts at 3 months post-treatment, with increases of 
125 cells/μL and 110.5 cells/μL, respectively, although 
the differences between the groups were not statistically 
significant (Figures 3B).
 We compared CD4+ T cell recovery between 
rapid and delayed ART initiation groups stratified by 
baseline CD4+ levels (< 200 vs. 200-350 cells/μL) in 
late-stage PLWH. In the < 200 cells/μL subgroup, the 
rapid initiation group showed numerically higher but 
statistically non-significant improvements in CD4+ 
counts (251 vs. 242 cells/μL) and CD4/CD8 ratio (0.27 
vs. 0.25) at one year (P > 0.05). Similarly, in the 200-
350 cells/μL subgroup, no significant differences were 
observed in final CD4+ counts (446 vs. 459 cells/μL), 
absolute increases (174.5 vs. 175.5 cells/μL), or CD4/
CD8 ratio (0.58 vs. 0.58) between initiation strategies 

(P > 0.05). Both subgroups demonstrated comparable 
immune reconstitution regardless of treatment initiation 
timing (Figures 3C).

3.3. Viral suppression rates, treatment retention rates, and 
immune recovery within 5 years of ART
The follow-up period for this study extended up to five 
years, with a decreasing number of participants over 
time. Specifically, the number of patients followed up at 
1 year, 2 years, 3 years, 4 years, and 5 years were 1,402, 
1,143, 837, 601, and 337, respectively.

3.3.1. Viral suppression rates

This five-year longitudinal study of late-stage PLWH 
revealed progressive viral suppression improvements, 
with rates rising from first-year levels to 88.2% by 
year five. The rapid initiation group demonstrated 
significantly higher 1-year suppression rates (81.6% 
vs. 72.1%, P = 0.001), with subsequent annual rates of 

Figure 3. Immune reconstitution in late-presenting PLWH within one year of treatment. (A1) CD4+ T cell recovery in late-presenting PLWH 
within one year of treatment. (A2) Increase in CD4+ T cells from baseline in late-presenting PLWH within one year of treatment. (A3) CD4/CD8 
ratio recovery in late-presenting PLWH within one year of treatment. (B1) Changes in CD4+ T cell count in late-presenting PLWH within one 
year after treatment. (B2) Increase in CD4+ T cells in late-presenting PLWH within one year after treatment. (B3) Changes in the CD4/CD8 ratio 
in late-presenting PLWH within one year after treatment. (C1) Changes in CD4+ T cell count in late-presenting PLWH with baseline CD4+ T cells 
< 200/μL, and CD4+ T cells 200-350/μL under different treatment initiation groups within one year of treatment. (C2) Increase in CD4+ T cells in 
late-presenting PLWH with baseline CD4+ T cells < 200/μL, and CD4+ T cells 200-350/μL under different treatment initiation groups within one 
year of treatment. (C3) Changes in CD4/CD8 ratio in late-presenting PLWH with baseline CD4+ T cells < 200/μL, and CD4+ T cells 200-350/μL 
under different treatment initiation groups within one year of treatment.
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84.4% (vs. 83.6%, P > 0.05) at year 2, 89.3% (vs. 88.7%, 
P > 0.05) at year 3, and 90.8% (vs. 87.4%, P > 0.05) at 
year 5 (Table 5). Stratified analyses showed consistent 
temporal patterns: for CD4+ < 200 cells/μL patients, rapid 
initiation achieved 77.3% vs. 66.6% (P = 0.005) at year 
1, 81.6% vs. 78.2% at year 2, 85.9% vs. 85.0% at year 3, 
86.7% vs. 86.5% at year 4, and 88.9% vs. 85.5% at year 
5 (all P > 0.05 beyond year 1); while the CD4+ 200-350 
cells/μL cohort showed 86.0% vs. 77.6% (P = 0.021) 
at year 1, 95.3% vs. 92.6% at year 3, and 95.2% vs. 
92.4% at year 5 (all P > 0.05 post-year 1). These results 
demonstrate that rapid ART initiation's early virological 
advantage (particularly during the first year) gradually 
converges with delayed initiation outcomes across all 
CD4+ strata by year 2-5.

3.3.2. Treatment retention rates

Our study evaluated ART retention rates among late-
stage PLWH, finding an overall 5-year retention rate of 
75.64% with declining adherence over time. While rapid 
ART initiation showed significantly higher retention only 
at year 2 (97.7% vs. 92.5%, P = 0.011), trends favored 
this approach across all years (96.8% vs. 93.6% at year 
1; 96.4% vs. 91.5% at year 3; 96.2% vs. 91.4% at year 
4; 96.4% vs. 91.9% at year 5; all P > 0.05 except year 2) 
(Table 6). Stratified analysis revealed distinct patterns: 
in the CD4+ < 200 cells/μL subgroup, retention gradually 
declined from 97.3% (rapid) vs. 92.4% (delayed) at year 
1 to 94.0% vs. 93.3% at year 5 (all P > 0.05), while the 
CD4+ 200-350 cells/μL subgroup showed significantly 
better 1-year retention with rapid initiation (96.2% vs. 
95.1%, P = 0.009) but comparable subsequent rates. 

These findings suggest that while rapid initiation 
may offer early retention benefits, particularly in less 
immunocompromised patients, long-term adherence 
challenges persist across all subgroups.

3.3.3. Immune recovery

Five-year immunological monitoring of late-stage 
PLWH demonstrated progressive immune recovery 
under ART, with both CD4+ T cell counts and CD4/
CD8 ratio showing sustained improvement. CD4+ counts 
increased from 342 cells/μL at year 1 to 442 cells/μL at 
year 5, representing median gains of 172 cells/μL (year 1), 
213 (year 2), 241 (year 3), 257 (year 4), and 373 (year 5) 
above baseline. Parallel improvements occurred in CD4/
CD8 ratio, rising from 0.39 (year 1) to 0.57 (year 5), with 
median annual increases of 0.22, 0.28, 0.32, 0.38, and 
0.40 respectively above the baseline ratio of 0.17. These 
quantitative and functional immune parameters showed 
consistent year-over-year enhancement throughout the 
observation period (Figure 4A).
 Comparative analysis of immune recovery between 
ART initiation strategies revealed that while both groups 
showed progressive improvements in CD4+ counts and 
CD4/CD8 ratio over five years, the rapid initiation group 
maintained consistently lower absolute CD4+ counts at 
all annual follow-ups despite starting with lower baseline 
values. Notably, the magnitude of CD4+ count increases 
from baseline showed no statistically significant 
differences between groups. By year 5, the rapid 
initiation group achieved a marginally higher CD4/CD8 
ratio (0.706 vs. 0.674), though intergroup differences 
remained non-significant at all timepoints (Figure 4B), 

*: P < 0.05; **: P < 0.01; ***: P < 0.001.

Table 5. Changes in virological suppression rates within five years after antiviral treatment

Time Point

1 Year
2 Years
3 Years
4 Years
5 Years

≤ 14 Days

81.60%
84.40%
89.30%
87.80%
90.80%

> 14 Days

72.10%
83.60%
88.70%
88.70%
87.40%

P

0.001***

0.733
0.818
0.74
0.499

Population group

≤ 14 Days

77.30%
81.60%
85.90%
86.70%
88.90%

> 14 Days

66.60%
78.20%
85.00%
86.50%
85.50%

P

0.005**

0.342
0.801
0.976
0.564

≤ 14 Days

86.00%
88.50%
95.30%
90.50%
95.20%

> 14 Days

77.60%
89.70%
92.60%
91.80%
89.70%

P

0.021*

0.727
0.377
0.796
0.424

Total Population Baseline CD4+ T cell count < 200 cells/μL Baseline CD4+ T cell count: 200-350 cells/μL

*: P < 0.05; **: P < 0.01.

Table 6. Treatment maintenance rates within five years after ART

Time Point

1 Year
2 Years
3 Years
4 Years
5 Years

≤ 14 Days

96.80%
97.70%
96.40%
96.20%
96.40%

> 14 Days

93.60%
92.50%
91.50%
91.40%
91.90%

P

0.510
0.011*

0.056
0.155
0.380

Population group

≤ 14 Days

97.30%
96.10%
95.70%
95.00%
94.00%

> 14 Days

92.40%
94.60%
93.60%
93.40%
93.30%

P

0.160
0.299
0.266
0.715
1.000

≤ 14 Days

96.20%
96.40%
94.40%
92.70%
89.30%

> 14 Days

95.10%
97.00%
95.90%
95.80%
95.10%

P

0.009**

0.916
0.593
0.307
0.204

Total Population Baseline CD4+ T cell count < 200 cells/μL Baseline CD4+ T cell count: 200-350 cells/μL
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suggesting comparable long-term immune reconstitution 
regardless of initiation timing.
 Stratified by baseline CD4+ levels (< 200 vs. 200-
350 cells/μL), both rapid and delayed ART initiation 
groups demonstrated similar five-year immune recovery 
trajectories, with comparable improvements in CD4+ 
T cell counts, absolute increases from baseline, and 
CD4/CD8 ratio (Figure 4C). While all immunological 
parameters showed sustained upward trends regardless 
of initiation timing, no statistically significant differences 
emerged between the treatment strategies in either 
CD4+ stratum, indicating equivalent long-term immune 
reconstitution across different baseline immunological 
statuses (Figure 4C).

4. Discussion

Our study highlights several clinical benefits of initiating 
ART rapidly, including a reduction in time to achieve 

virological suppression, increased virological suppression 
rates, and higher treatment adherence rates.
 Our findings indicate that rapid ART initiation 
significantly shortens the time to achieve virological 
suppression for late-presenting individuals with HIV, 
regardless of their baseline HIV RNA levels. The time 
to suppression is positively correlated with baseline 
viral load. These results corroborate previous studies. 
For example, research by Christopher D Pilcher et al. 
in the United States demonstrated that initiating ART 
on the same day of diagnosis reduced the median time 
to virological suppression (defined as HIV RNA < 200 
copies/mL) to 56 days, compared to 79 days for standard 
ART (18). A similar retrospective study in Taiwan 
showed that starting ART within 7 days of diagnosis 
decreased the median time to virological suppression 
from 138 days to 47 days (30).
 Moreover, our study found that the rapid ART 
initiation group had significantly higher virological 
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Figure 4. Immune reconstitution in late-presenting PLWH within five year of treatment. (A1) Changes in CD4+ T cell count in late-
presenting PLWH within five years of ART. (A2) Change in CD4+ T cell count from baseline in late-presenting PLWH within five years of ART. 
(A3) Changes in CD4/CD8 ratio in late-presenting PLWH within five years of ART. (B1) CD4+ T cell recovery in late-presenting HIV patients in 
the rapid start and delayed treatment groups within five years of treatment. (B2) Increase in CD4+ T cells in late-presenting HIV patients in the 
rapid start and delayed treatment groups within five years of treatment. (B3) CD4/CD8 ratio recovery in late-presenting HIV patients in the rapid 
start and delayed treatment groups within five years of treatment. (C1) CD4+ T cell recovery in late-presenting HIV patients with different CD4+ 
T cell stratifications in the rapid start and delayed treatment groups within five years of treatment. (C2) Increase in CD4+ T cells in late-presenting 
HIV patients with different CD4+ T cell stratifications in the rapid start and delayed treatment groups within five years of treatment. (C3) CD4/
CD8 ratio recovery in late-presenting HIV patients with different CD4+ T cell stratifications in the rapid start and delayed treatment groups after 
five years of treatment.
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suppression rates at both 6 months and 1 year compared 
to the delayed initiation group. This supports previous 
findings. For instance, Serena P Koenig et al. in Haiti 
reported that among individuals aged 18 and older, 
those who started ART on the same day of diagnosis 
had a 1-year virological suppression rate (HIV-1 RNA 
< 50 copies/mL) of 53%, while those starting ART 3 
weeks after diagnosis had a rate of 44% (13). In our 
study, despite a rapid initiation period within 14 days, 
the 1-year virological suppression rate was 81.6% for 
the rapid initiation group, compared to 72.1% for the 
delayed initiation group. Although both rates exceeded 
those reported in Haiti, they underscore that rapid ART 
initiation can achieve higher 1-year suppression rates. 
Similarly, a study in Lesotho found that initiating ART 
on the same day of an HIV-positive diagnosis resulted 
in a 1-year virological suppression rate of 50.4%, 
compared to 34.3% for standard ART (31). Additional 
studies support these findings, such as a multicenter 
retrospective study in Taiwan showing that 88% of late-
presenting HIV patients (with a baseline CD4 count 
< 200 cells/μL) who started ART within 14 days had 
a 48-week virological suppression rate of 84% (32). 
The Rainbow study in Italy, which included 30 late-
presenting HIV patients (with a baseline CD4 count < 
200 cells/μL) who began ART within 7 days, reported a 
48-week virological suppression rate of 90% (33). Rapid 
ART initiation not only accelerates HIV suppression but 
also enhances virological suppression rates. Compared 
to standard ART, same-day initiation can increase the 
virological suppression rate by 9.2-16% by months 10-
12 (13,17,34,35).
 Al though our  s tudy d id  not  examine  HIV 
transmission risks at different time points for the rapid 
and delayed initiation groups, existing research indicates 
that lower HIV viral loads correlate with reduced 
transmission risk. Therefore, rapid ART initiation, 
by shortening the time to virological suppression and 
achieving higher suppression rates, likely reduces the 
risk of HIV transmission to others.
 Treatment adherence is crucial for achieving 
sustained virological suppression and immune recovery 
in HIV-infected individuals. Our study found that the 
1-year treatment adherence rate was 96.8% in the rapid 
initiation group, compared to 93.6% in the delayed 
initiation group. Although this difference was not 
statistically significant, subgroup analysis based on 
baseline CD4+ T cell counts revealed that for individuals 
with a baseline CD4+ count < 200 cells/μL, the rapid 
initiation group had a significantly higher treatment 
adherence rate at 6 months (97.3% vs. 92.4%). For 
individuals with a baseline CD4+ count between 200 
and 350 cells/μL, the 1-year treatment adherence rate 
was 96.2% in the rapid initiation group, compared to 
95.1% in the delayed initiation group. A retrospective 
study in Taiwan also analyzed treatment adherence, 
finding that the 7-day rapid ART group had an adherence 

rate of 88.3%, significantly higher than the 79.0% for 
the standard initiation group (30). Jason Halperin's 
prospective study in the United States found that patients 
who initiated ART within 3 days of diagnosis had a 
12-month adherence rate of 92%, compared to 80% 
for those starting ART after 3 days (36). Although the 
grouping methods differed, these studies suggest that 
earlier ART initiation may be associated with higher 
adherence rates, potentially due to improved patient 
compliance. At Nanjing Second Hospital, both rapid and 
delayed initiation groups had high treatment adherence 
rates, likely attributable to both patient compliance and 
high-quality HIV chronic disease management.
 Theoretically, rapid ART initiation should facilitate 
faster and better immune recovery, given its ability 
to shorten the time to virological suppression and 
achieve higher suppression rates. We assessed immune 
recovery using changes in CD4+ T cell counts and CD4/
CD8 ratio. Our results show that while CD4+ T cell 
counts increased over time with ART, there were no 
statistically significant differences in absolute CD4+ 
T cell counts between the rapid and delayed initiation 
groups at various follow-up points. This suggests that 
late-presenting PLWH, particularly those receiving long-
term treatment, experience the most rapid recovery of 
CD4+ T cell counts and CD4/CD8 ratio within the first 
or second year of treatment, with stabilization occurring 
after more than four years. Recent research indicates that 
from baseline to week 48, the average CD4+ T cell count 
increased from 133 to 309 cells/μL, and the average 
CD4/CD8 ratio increased from 0.18 to 0.44 (P < 0.001) 
(33). Previous studies have reported that 28% of patients 
achieved normalization of the CD4/CD8 ratio during a 
median follow-up of 2.6 years, with a 5-year probability 
of normalization at 0.44 (37). The lack of significant 
differences in CD4+ T cell counts and CD4/CD8 ratio 
between the rapid and delayed initiation groups may be 
attributed to various influencing factors, such as thymic 
regeneration, microbiome shifts, cellular apoptosis, age, 
and comorbidities, which were not examined in our 
study. However, rapid ART initiation at least mitigates 
the impact of HIV infection, a key factor influencing 
immune recovery. Our study also found that the rapid 
initiation group had lower CD4+ T cell counts compared 
to the delayed initiation group over the 5-year follow-
up period, possibly due to higher baseline CD4+ T cell 
counts in the delayed initiation group.
 In summary, our study confirms that rapid ART 
initiation can shorten the time to virological suppression 
and achieve higher suppression and adherence rates. 
These outcomes are critical for evaluating ART efficacy, 
benefiting HIV-infected individuals, and reducing the 
risk of HIV transmission in the population. Although 
rapid ART did not show clear advantages in immune 
recovery metrics such as CD4+ T cell counts and CD4/
CD8 ratio, the numerous influencing factors warrant 
further investigation into additional factors affecting 

(121)



Drug Discoveries & Therapeutics. 2025; 19(2):112-123.                                  www.ddtjournal.comDrug Discoveries & Therapeutics. 2025; 19(2):112-123.                                  www.ddtjournal.com

immune recovery in both groups.

Limitations and future directions

As a single-center study, our results may not be 
generalizable to other settings with different HIV care 
practices and ART regimens. The retrospective nature 
of this study and missing follow-up data limit the 
sample size. Future studies with larger sample sizes are 
needed. The study did not analyze comorbidities in late-
presenting PLWH. This single-center study did not track 
HIV transmission rates, so the benefits of rapid ART 
initiation in reducing population-level HIV transmission 
cannot be directly confirmed.
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