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Abstract

Introduction Data on the impact of World Health Organization (WHO)'s guideline changes and COVID-19 on ART
initiation in the Asia—Pacific remain scarce. This study described temporal trends from HIV diagnosis to ART initiation
from 2013 to 2023 and its associated factors.

Methods Adults (> 18 years) diagnosed with HIV after 2013 in a regional observational cohort were included. Fine
and Gray competing risk regression examined predictors of ART initiation (> 3 antiretroviral medications), accounting
for those lost to follow-up or deceased before treatment considered as competing risks.

Results Among 14,968 participants, most were male (70.1%), with a median age of 36 years (interquartile range
[IQR]: 28-44). At HIV diagnosis, median CD4 count was 208 cells/uL (IQR: 69-395), and median viral load was 86,296
copies/mL (IQR: 13,186-392,000). Over 85% of participants had initiated ART during the study period. Median time
from HIV diagnosis to ART initiation differed across years of HIV diagnosis: 51 days (2013-2015), 28 days (2016-2019),
and 26 days (> 2020). Factors associated with shorter time to ART initiation were higher country income-level (upper-
middle: sub-distribution hazard ratio [SHR]=1.34, 95% Cl: 1.28, 1.40; high: SHR=1.35, 95% Cl: 1.28, 1.43; vs. lower-
middle); HIV transmission via male-to-male contact (SHR=1.06, 95% Cl: 1.02, 1.11) or injection drug use (SHR=1.23,
95% Cl: 1.09, 1.38; vs. heterosexual contact); and later years of HIV diagnosis (2016-2019: SHR=1.33,95% Cl: 1.28,
1.38;>2020: SHR=1.40, 95% Cl: 1.33, 1.48; vs. 2013-2015). Those with higher CD4 counts had longer time to ART start
(350-499 cells/uL: SHR=0.76, 95% CI: 0.67, 0.86; > 500 cells/uL: SHR=0.55, 95% Cl: 0.49, 0.61; vs. CD4 < 200 cells/puL).

Conclusion Time to ART initiation from HIV diagnosis decreased after 2016, aligning with evolving WHO guidelines,
and did not appear to be impacted by COVID-19. Optimizing treatment initiation during the treat-all era is crucial,
especially among those with higher CD4 counts.
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Introduction

Globally, HIV remains as a public health issue, with
approximately 39.9 million people living with HIV
(PLHIV) in 2023. Among these, the Southeast Asian
region contributed the second highest number of PLHIV,
following Africa [1]. Early initiation of ART demonstra-
bly improves individual, community, programmatic,
social, and economic outcomes [2]. These benefits
include the prevention of onward HIV transmission [3,
4], facilitation of rapid viral suppression [5], reduction in
both serious AIDS-related and non-AIDS-related clini-
cal events [6, 7], and improvement in survival rates [8].
Despite global ART coverage reaching 76% in 2022, it is
noteworthy that the Southeast Asia region lags behind
with only 65% coverage [1]. This gap could be attributed
to several factors, including persistent stigma, concerns
about confidentiality, reluctance to start lifelong medica-
tion, inadequate counseling services, complex diagnos-
tic procedures, and disparities in income and healthcare
infrastructures, all of which hinder the optical care for
PLHIV [9]. Delays in ART initiation lead to early death,
higher healthcare-related costs, poorer retention in care
programs, as well as lower rates of ART uptake and viral
suppression [5, 10]. Therefore, further investigation is
needed to explore the temporal dynamics of ART initia-
tion to strengthen the HIV care cascade [5], especially in
Asia, as it could guide the development of more effective
and broad-scale strategies for addressing HIV.

The World Health Organization (WHO)’s ART ini-
tiation guidelines have steadily shifted towards earlier
treatment [11, 12]. Before 2006, ART initiation was rec-
ommended at CD4 counts below 200 cells/mm?, shifting
to clinical stage consideration in 2006 with a CD4 count
of 201-350 cells/mm?>. By 2010, initiation was advised
for CD4 < 350 cells/mm?, and in 2013, at <500 cells/mm?
[13]. In 2016, WHO introduced the “treat-all” approach,
initiating ART as soon as possible following HIV diagno-
sis and irrespective of CD4 count [14]. The few studies
evaluating time to ART initiation were predominantly
conducted in African countries [5, 12], with only one
investigating the impact of WHO guideline changes on
ART initiation rates [12]. They found that individuals
diagnosed during later WHO treatment guideline eras,
with more advanced WHO clinical stage, and older age
at diagnosis generally started ART sooner. Conversely,
those with a higher nadir CD4 (the lowest CD4 count
ever recorded) tended to delay ART initiation. How-
ever, this study did not account for competing risks and
excluded CD4 counts at HIV diagnosis. Hence, there is
a need for more research to examine these factors which
will allow for a more accurate evaluation of timing to
ART initiation and guide the development of optimized
strategies.
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The COVID-19 pandemic has significantly disrupted
the cascade of HIV care across Asia. A multi-national
cross-sectional study across 10 countries/territories in
the region revealed declines in hospitals or clinic attend-
ance, reduced rates of HIV testing, and diminished uti-
lization of ART medications [15]. However, previous
studies did not assess the impacts of COVID-19 on ART
initiation timing [5, 12]. Understanding ART initiation
trends within the context of WHO treatment guidelines
changes and COVID-19 impacts can offer insights into
the resilience of the healthcare system, patient behaviors,
and adherence to evolving guidelines. Our study aims to
investigate temporal trends in the timing of ART initia-
tion from the date of HIV diagnosis among PLHIV in the
Asia—Pacific region and associated factors in the context
of WHO guideline changes and COVID-19 impacts.

Methodology

Study population

This study utilized data from The TREAT Asia Adult
HIV Observational Database Continuum of Care study
(TAHOD-CC), an observational study encompassing
more than 60,000 adult PLHIV (aged 18 and older) in
20 clinical sites from 12 countries/territories across the
Asia—Pacific (Cambodia, Hong Kong SAR, India, Indo-
nesia, Japan, Malaysia, Philippines, Singapore, South
Korea, Taiwan, Thailand, and Vietnam) [16, 17]. Briefly,
TAHOD-CC collects routine demographic, hepatitis
serology, HIV immunology and virology, ART, physical
findings and laboratory test data, and allows for the eval-
uation of HIV treatment outcomes, co-morbidities, and
co-infections.

Our analyses included nine out of 12 countries/terri-
tories (Hong Kong SAR, India, Indonesia, Japan, Malay-
sia, Philippines, South Korea, Taiwan, Thailand) after
excluding 3712 PLHIV with HIV diagnosis date after
ART initiation. These exclusions were necessary because
they would have introduced irrelevant data points with a
negative time from HIV diagnosis to ART initiation. This
study specifically focused on adult PLHIV enrolled in the
TAHOD-CC cohort who were diagnosed with HIV from
January 1, 2013, onwards, reflecting the constraints of
retrospective data availability.

Data analysis

Time to ART initiation from HIV diagnosis, stratified by
year of HIV diagnosis categorized according to WHO
treatment guideline era and the onset of the COVID-19
pandemic (2013-2015, 2016-2019,>2020) [11, 12], was
visualized using Kaplan—Meier curves. Viral load (log-
transformed) and medium CD4 counts over the year of
HIV diagnosis were plotted using box plots with median
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and interquartile range (IQR), to provide further insights
into the trends.

Fine and Gray competing risk regression with stepwise
backward selection was used to estimate sub-distribution
hazard ratios (SHRs) and 95% confidence intervals (CIs)
for factors associated with time to ART initiation [18].
ART initiation encompassed individuals who received
three or more ARV medications. Risk time began from
the date of the HIV diagnosis and ended on the date of
ART initiation. Those in active follow-up or transferred
out without evidence of ART initiation were censored
on the date of last follow-up. PLHIV were lost to follow-
up (LTFU) or died prior to ART initiation were analyzed
as competing risks. LTFU was defined as not seen at
the clinic for more than 12 months excluding deaths or
transfers.

Demographic covariates included were years of HIV
diagnosis, CD4 at diagnosis, viral load at diagnosis, mode
of HIV transmission, World Bank country income levels,
age at diagnosis, and sex. Clinical and laboratory factors
included a history of HBV or HCV surface antigen test,
CD4 cell counts, and viral load levels measured within
6 months prior to HIV diagnosis.

All covariates in the bivariate analysis with p<0.10
were fitted in the multivariable model. Covariates with
p<0.05 in the multivariable model were considered sig-
nificant. Data management and statistical analyses were
performed using SAS 9.4 (SAS Institute, Cary, NC) and
STATA software version 18 (STATA Corp., College sta-
tion, TX).

Results
Demographic characteristics, baseline clinical
and laboratory factors
A total of 14,968 PLHIV were included in the analy-
sis. The majority were male (70.1%), with a median age
of 36.0 years (IQR: 28-44), and primarily from lower-
middle and upper-middle income countries (42.5% and
42.8%, respectively). Heterosexual contact was the most
common route of HIV transmission (62.7%). The propor-
tions of HBV and HCV co-infection were 5.2% and 3.1%,
respectively. Nearly half of participants (48.3%) were
diagnosed with HIV between 2016 and 2019, followed by
32.1% during 2013-2015, and 19.6% after 2020 (Table 1).
The median CD4 counts at diagnosis was 208 cells/pL
(IQR: 69-395), and the median viral load at diagnosis
was 86,296 copies/mL (IQR: 13,186-392,000) (Table 1).
Eighty-five percent (12,749/14,968) of the total study
population initiated ART treatment. Of the 12,749
who started ART, the majority were male (71.4%) with
a median age of 35 years (IQR: 28—44). Precisely 49.4%
received their HIV diagnosis between 2016 and 2019,
with 31.6% diagnosed during 2013-2015, and 19%
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diagnosed after 2020. These participants had a median
CD4 cell count of 198.0 cells/uL (IQR: 66.0-372.0), and
a median viral load of 99,150 copies/mL (IQR: 17,510—
421,683.5) at diagnosis. More participants who initi-
ated ART were from upper-middle countries/territories
(45.6%) (Table 1).

When stratified by year of HIV diagnosis, median
CD4 cell count at diagnosis varied from 226 cells/uL
(IQR: 83-430) among participants diagnosed between
2013 and 2015 to 170 cells/pL (IQR: 49-365) after 2020
(Fig. 1a). The median viral load at HIV diagnosis, by year
of HIV diagnosis ranged from 10.9 log copies/mL (IQR:
3.66, 15.16) between 2013 and 2015 to 11.4 log copies/
mL (IQR: 2.94, 16.02) after 2020 (Fig. 1b).

Time to ART initiation from HIV diagnosis

Figure 2 shows Kaplan—Meier curves for time to ART ini-
tiation from HIV diagnosis. The probability of not hav-
ing initiated ART at two years from HIV diagnosis was
16.30% (95% CI: 15.17, 17.47) for those diagnosed in
2013-2015, 8.95% (95% CI: 8.23, 9.69) for 2016-2019,
and 10.11% (95% CI: 8.77, 11.55) after 2020. Median time
to ART initiation varied across years of HIV diagnosis:
51 days (2013-2015), 28 days (2016-2019), and 26 days
(> 2020). There were differences in time to ART initiation
across the three-year groups (log-rank p value <0.001).

Factors associated with time to ART initiation from HIV
diagnosis

In the univariate analysis (Table 2), all demographics
(e.g., age at HIV diagnosis, sex, country income levels,
HIV transmission route, years of HIV diagnosis) and
clinical and laboratory factors (e.g., HBV co-infection,
CD4 and viral load at diagnosis) were significantly asso-
ciated with time to ART initiation from HIV diagnosis
(all global p values<0.1). No significant association was
observed between HCV co-infection and time to ART
initiation (p value=0.587).

After being adjusted (Table 2), participants from
upper-middle (SHR=1.34, 95% CI: 1.28, 1.43) and high-
income countries (SHR=1.35, 95% CI: 1.28, 1.43) were
more likely to initiate ART faster than those from lower-
middle income countries. Other factors associated with
shorter time to ART initiation were male-to-male con-
tact as mode of HIV transmission (SHR=1.06, 95% CI:
1.02, 1.11) and injection drug use (SHR=1.23, 95% CI:
1.09, 1.38) compared to heterosexual mode of exposure;
and later year of HIV diagnosis (2016-2019: SHR=1.33,
95% CI: 1.28, 1.38; after 2020: SHR=1.40, 95% CI: 1.33,
1.48) compared to 2013-2015. Compared to CD4 cell
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Table 1 Demographic and clinical characteristics at HIV diagnosis among people living with HIV enrolled in TAHOD-CC

Total
(N=14,968)

n (%)

PLHIV who initiated ART
(N=12,749)

n (%)

Age at diagnosis (years)
Median (IQR)
<30
30-39
40-49
>50
Sex
Male
Female
Country income level
Lower-middle
Upper-middle
High
Modes of HIV transmission
Heterosexual contact
Male-to-male sex
Injection drug use
Other (e.g., blood products, bisexual/unknown)
CD4 at diagnosis (cells/uL)
Median (IQR)
<200
200-349
350-499
>500
Not reported
Viral load at diagnosis (copies/mL)
Median (IQR)
<1000
>1000
Not reported
Hepatitis C infection (HCV)
Negative
Positive
Not reported
Hepatitis B infection (HBV)
Negative
Positive
Not reported
Year of HIV diagnosis
2013-2015
2016-2019
>2020

36.0 (28.0-44.0)
4165 (27.8)
4843 (32.4)
3674 (24.5)
2286 (15.3)

10,497 (70.1)
4471 (29.9)

6364 (42.5)
6407 (42.8)
2197 (14.7)

9386 (62.7)
4240 (28.3)
172(1.2)
1170 (7.8)

208.0 (69.0-395.0)
1893 (12.6)

824 (5.5)

526 (3.5)

641 (4.3)

11,084 (74.1)

86,296.0 (13,186.0-392000.0)
145 (1.0)

972 (6.5)

13,851 (92.5)

9143 (61.1)
460 (3.1)
5365 (35.8)

10,045 (67.1)
772(5.2)
4151 (27.7)

4811 (32.1)
7223 (48.3)
2934 (19.6)

35.0 (28.0-44.0)
3741 (29.3)
4116 (32.3)
3024 (23.7)
1868 (14.7)

9100 (71.4)
3649 (28.6)

4852 (38.1)
5814 (45.6)
2083 (16.3)

7733 (60.6)
3926 (30.8)
164 (1.3)
926 (7.3)

198.0 (66.0-372.0)
1589 (12.5)

693 (5.4)

418(3.3)

460 (3.6)

9589 (75.2)

99,150.0 (17,510.0-421683.5)
107 (0.8)

865 (6.8)

11,777 (924)

8105 (63.6)
422 (3.3)
4222 (33.1)

8782 (68.9)
696 (5.5)
3271(25.6)

4027 (31.6)
6305 (49.4)
2417 (19.0)
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Fig. 2 Time to ART initiation from HIV diagnosis among people living
with HIV enrolled in TAHOD-CC

counts <200 cell/pL at diagnosis, those with CD4 cell
counts of 350-499 cell/pL (SHR=0.76, 95% CI: 0.67,
0.86) and>500 cell/uL (SHR=0.55, 95% CI: 0.49, 0.61)
had longer time to ART initiation. These findings are also
visualized in the Forest Plot in Fig. 3.

Discussion

Our study revealed factors associated with a shorter time
to ART initiation included later years of HIV diagno-
sis, higher World Bank country income level, acquiring
HIV through male-to-male sex and injection drug use.
Compared to those diagnosed with HIV before 2016, all
subsequent periods exhibited significantly faster median
time to ART initiation. Interestingly, higher CD4 counts
were associated with a longer time to ART initiation.

Our finding of faster time to ART initiation in later
years is similar with previous studies including those
from the Asia—Pacific region. A prior study conducted in
four African countries indicating that the hazard ratio for
ART initiation among those diagnosed after 2016 were
18.86 times higher than those diagnosed before 2006
[12]. Likewise, these findings align with previous studies
in Spain, Iran, and China showing a rising trend in early
ART initiation following the WHO’s updated treatment
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guideline in 2016 [12, 19-21]. The observed decrease in
rates of time to ART initiation across various eras can be
attributed to factors other than changing WHO treat-
ment guidelines, including increased HIV awareness and
testing, reduced stigma, and the promotion of Treatment
as Prevention (TasP) strategies (e.g., Undetectable=Un-
transmittable) [22]. These findings underscore the critical
importance of ongoing efforts to bolster and streamline
early ART initiation protocols, emphasizing the need
for continued investment in strategies aimed at facilitat-
ing prompt access to treatment for individuals diagnosed
with HIV.

This study also found that throughout the follow-up
periods, participants typically presented with HIV at a
later stage of the disease, characterized by low median
CD4 count and high viral load. This finding may imply
that PLHIV may have delayed seeking medical care or
testing, leading to a diagnosis occurring at a point where
the disease has progressed further. In Asia, a signifi-
cant proportion—ranging from 34 to 72%—of individu-
als diagnosed with HIV presented late, characterized by
a CD4 count below 350 cells/mm3 upon diagnosis [23].
This trend might be influenced by persistent stigmatiza-
tion and discrimination associated with HIV testing and
treatment, insufficient awareness of personal HIV risk,
and limited access to HIV services or referrals [23]. We
observed that the median CD4 count at HIV diagnosis
was lowest during the COVID-19 (>2020) period, likely
due to disruptions in the HIV prevention-to-care contin-
uum [15]. HIV late presentation not only strains health-
care systems and increases costs but also elevates the risk
of opportunistic infections and community transmission
of HIV, ART drug resistance, and mortality [23, 24]. The
delayed presentation of HIV cases, especially during peri-
ods of societal stress like the COVID-19 pandemic, high-
lights the importance of preparing healthcare systems to
maintain continuity of HIV services.
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Sub-distribution

hazard ratio

(95% CI) p-value
Country income level
Lower-middle Ref.
Upper-middle - 1.34 (1.28, 1.40) <0.001
High - 1.35(1.28, 1.43) <0.001
Modes of HIV infection
Heterosexual contact Ref.
Male-to-male sex *> 1.06 (1.02, 1.11) 0.005
Injection drug use — 1.23(1.09, 1.38) 0.001
Others -+ 0.99 (0.91, 1.06) 0724
CD4 at diagnosis (cells/pL)
<200 Ref.
200-349 —— 1.02 (0.92, 1.15) 0.687
350-499 - 0.76 (0.67, 0.86) <0.001
=500 - 0.55 (0.49, 0.61) <0.001
Year of HIV diagnosis
2013-2015 Ref.
2016-2019 + 1.33(1.28,1.38) <0.001
22020 - 1.40(1.33, 1.48) <0.001

I I
5 1 15

Fig. 3 Factors associated with time to ART initiation from HIV diagnosis among people living with HIV enrolled in TAHOD-CC

It was seen that individuals with higher baseline CD4
counts exhibited lower rates of ART initiation. These
findings are supported by a systematic review that
patients with higher CD4 counts, such as 201-500 cells/
mm? and >500 cell/mm? were more inclined to delay
ART initiation compared to those with <200 cells/mm?
(33.4%, 40.3% vs. 25.3%, respectively) [22]. Many asymp-
tomatic PLHIV perceived themselves as healthy [22, 25,
26], particularly when they have high CD4 counts [22].
Additionally, factors such as initial denial of their HIV-
positive status, doubts regarding the accuracy of HIV
diagnosis, and concerns about the potential side-effects
[26] can contribute to the delays in ART initiation until
HIV-related symptoms become apparent. Public health
efforts should focus on raising awareness about the ben-
efits of initiating ART early, especially among those with
high CD4 counts.

Upon closer inspection of the ART initiation by income
countries, we found that lower-income countries have
earlier up-front initiation of ART before two months
after diagnosis. However, high-income and upper-
income countries tended to have earlier ART initiation
for PLHIV overall compared to lower-middle income
countries. Limited access to antiretroviral medications
and linkage to ART programs in low-income settings
likely contribute to this disparity [27]. However, a pre-
vious systematic review found the opposite trend, with
more delays in ART initiation for PLHIV observed in

high-income countries compared to upper- and lower-
middle income settings, potentially due to the expanded
implementation of “treat-all” strategies in these regions
[22]. Further investigation is warranted to elucidate the
complex relationship between national income levels and
time to ART initiation.

Regarding HIV transmission modes, individuals who
reported male-to-male contact exhibited shorter time
to ART initiation compared to heterosexual individu-
als. This observation is consistent with a previous study,
which demonstrated a decrease in the mean duration to
ART initiation by 123.01 days among men who have sex
with men compared to those who do not [20]. However,
our findings contrast with this prior study, as we found
that people who self-reported injecting drugs had higher
rates of initiating ART compared to the heterosexual
group. This difference could be attributed to the fact
that they applied multivariable linear regression model
without controlling for competing risks and used non-
injecting group as the reference. Additionally, accord-
ing to UNAIDS 2023 report, HIV infection was seen in
high proportion among people who identified as men
who have sex with men and engaged in drug injection
in the Asia—Pacific [28], therefore, HIV prevention and
treatment program often prioritize these demographics,
resulting in shorter time to ART initiation.

A prior study indicated that older age at diagnosis was
positively associated with shorter time to ART initiation
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[12]. After controlling for other covariates in our study,
age at diagnosis did not show a significant associa-
tion with time to ART initiation and was consequently
excluded from the final model. Moreover, a systematic
review of 46 studies showed patients ‘characteristics
(e.g., education, marital status, WHO clinical stages)
and healthcare access (e.g., travel time to clinic) were
associated with ART initiation [29]. While our cohort
did not collect data on these variables, our findings are
generally consistent with previously reported associa-
tions. Future research incorporating these factors could
further strengthen our understanding of the observed
relationships.

This study possesses notable strengths. Firstly, we
included a substantial sample size drawn from nine
countries/territories in the Asia region, encompass-
ing diverse income levels. This geographically diverse
sample enhances the robustness and generalizability of
our findings by reducing the potential for selection bias
and increasing the external validity of our results. Addi-
tionally, we incorporated data on competing risks, such
as loss to follow-up or death, which were missing in a
prior research conducted in four African countries that
assessed temporal trend from HIV diagnosis to ART ini-
tiation [12]. This data collection enabled us to estimate
the SHRs while accounting for the presence of competing
events. Importantly, by addressing these competing risks,
we could reduce the likelihood of biased estimations,
thereby strengthening the internal validity of our results.

However, our findings should be interpreted in the light
of study limitations. Firstly, the dataset lacked informa-
tion on the specific timing of the implementation of the
treat-all strategies as well as the onset of the COVID-19
pandemic in each TAHOD-CC country. This gap affects
the accuracy of our analysis regarding the time from HIV
diagnosis to ART initiation. Further investigation into the
impact of treat-all strategies on HIV management across
diverse settings is needed. Additionally, while TAHOD-
CC sites offer valuable insights, they may not entirely
reflect the full spectrum of HIV management practices
within individual countries, given potential variations
in healthcare infrastructure and cultural factors. Lastly,
our sample was predominantly male (70.1%), reflecting
the sex distribution of PLHIV in the Asia—Pacific [30].
However, we did not capture data on the specific barri-
ers to accessing ART, which may differ between males
and females. Research focusing on females in the region
is currently underway, and these analyses are expected
to highlight the unique challenges women with HIV face,
ensuring more inclusive and comprehensive strategies for
improving ART access within this group.
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Conclusion

This study demonstrates progress in timely ART initia-
tion across this Asia—Pacific regional cohort, with the
median time to treatment initiation becoming shorter,
particularly after 2016, coinciding with evolving WHO
guidelines. Despite these advances, there is a contin-
ued need to strengthen and refine protocols for initi-
ating ART early, emphasizing sustained investment in
strategies to enable swift access to treatment for those
diagnosed with HIV. Our findings also found that par-
ticipants often present with HIV at an advanced stage.
This delayed diagnosis of HIV cases, especially during
societal stressors like the COVID-19 pandemic, under-
scores the significance of healthcare systems being
prepared to uphold the continuity of HIV services.
Socioeconomic factors, mode of HIV transmission,
and guideline updates all play a role in ART initiation
practices. Further investigation is warranted to eluci-
date the relationship between national income levels
and time to ART initiation, which could inform tailored
interventions to optimize HIV care and treatment out-
comes in the region. Additionally, public health efforts
should focus on raising awareness about the benefits of
initiating ART early, especially among those with high
CD4 counts.
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