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ABSTRACT

Introduction: Late initiation (LI) of combina-
tion antiretroviral therapy (cART)—defined as
having a CD4" count of <200 cells/uL or an
AIDS-defining disease at cART initiation—has
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detrimental outcomes but remains prevalent
worldwide, with LI trends and etiologies fol-
lowing the implementation of various HIV
policies remaining underinvestigated. We
assessed key concerns, characterized the deter-
minants of various statuses at cART initiation,
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and evaluated the effects of those statuses on
all-cause mortality after cART initiation.
Methods: This multicenter retrospective
cohort study enrolled 1198 patients with
newly diagnosed HIV infection during
2009-2019 who were grouped by status at
CART initiation: those without LI (non-LI
group, 56.01%); those with LI but without late
presentation (LP) of HIV (LP: a CD4 + count
of <200 cells/uL at HIV presentation or AIDS
events < 3 months of HIV diagnosis) [LILP(—)
group, 4.51%]; and those with LI and with LP
of HIV [LILP(+) group, 39.48%]. Joinpoint
regression was used to identify changes in LI
proportion.

Results: The median CD4% count at cART
initiation increased significantly between 2009
(98 cells/ul) and 2015 (325 cells/uL) and sta-
bilized thereafter (P for trend <0.001). For LI,
we identified one joinpoint in 2015: a sub-
stantial decrease from 77.14% in 2009 to
34.45% in 2015, followed by a nonsignificant
increase to 39.1% in 2019. Overall, LILP(+)
explained 89.8% of LI, without significant
changes (92.59% in 2009 to 94.23% in 2019).
In addition to HIV diagnosis during
2009-2012, multinomial logistic regression
identified an age over 30 years and acute HIV
infection as risk factors for LILP(+) and
LILP(-), respectively. LILP(—) and LILP(+)
were associated with a higher all-cause mor-
tality risk.

Conclusion: Given the rise in LI from 2015 in
the era of treat-all and rapid cART initiation,
strategic interventions to increase earlier cART
initiation must be intensified in Taiwan, espe-
cially among populations with delayed access to
HIV testing services.

Keywords: Human immunodeficiency virus;
Late initiation; Late presentation; Mortality;
Retroviral therapy

Evolving trends and etiologies of late
initiation (LI) of combination
antiretroviral therapy (cART), despite the
implementation of various HIV policies,
have not been thoroughly examined.

This multicenter retrospective cohort
study investigated the trends, joinpoints,
and etiologies of LI of cART during
2009-2019, explored the determinants of
various statuses at cART initiation, and
evaluated the effects of these statuses on
all-cause mortality among newly
diagnosed patients living with HIV.

Although the LI proportion improved
significantly from 2009 to 2015, we
identified a slow increasing trend between
2015 and 2019. Moreover, we identified
late presentation (LP) of HIV as the
consistent main etiology of LI during the
11-year study period.

In addition to HIV diagnosis during
2009-2012, we identified acute HIV
infection and an age over 30 years as risk
factors for LI without LP and LI with LP,
respectively.

Policymakers should implement strategies
to facilitate earlier HIV diagnosis among
older populations and improve access to
cART among people with newly diagnosed
acute HIV infection.

INTRODUCTION

Potent combination antiretroviral therapy
(cART) can suppress HIV loads to an unde-
tectable level and restore CD4" T-cell counts in
people living with HIV (PLWH). cART has
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considerably decreased AIDS-related morbidity
and mortality in PLWH [1-5]. Several strategies
have been implemented sequentially to upgrade
HIV treatment outcomes (including the fol-
lowing recommended CD4* count thresholds at
cART initiation: < 350 cells/uL in 2008, < 500
cells/uL in 2010 [6], and all patients with HIV
regardless of CD4" count in 2015 [7]) to
increase global cART coverage (48% in 2015,
53% in 2016, and 59% in 2017) [8]. Neverthe-
less, a substantial proportion of patients begin
CcART with an advanced HIV status [9-11].

Among PLWH, late initiation (LI) of cART is
defined as having a CD4" count of < 200 cells/
puL or an AIDS-defining disease at cART initia-
tion [9]. LI has been associated with inflamma-
tion and metabolic abnormalities [12],
increased 48-week mortality [11, 13-15], HIV
transmission to sexual partners [16, 17], viro-
logical failure-induced regimen modification
[11], and decreased life expectancy [18].
Although LI is prevalent in the Asia-Pacific
region [9, 19, 20], Canada [21], South America
[22, 23], and sub-Saharan Africa [10, 14, 24],
how the causes of LI have changed in response
to the implementation of various HIV policies
has not been comprehensively explored
[25-27]. LI may be due to late HIV diagnosis or
late cART initiation [25-27], and an assessment
of LI causes and barriers to early initiation is
necessary. Moreover, the currently reported risk
factors for LI, including socioeconomic
inequalities [22], male sex [9, 28], older age [28],
CART initiation early in the calendar year
[9, 21], and HIV exposure risk [9], have pri-
marily been reported by studies that have ana-
lyzed the risks for all participants with LI rather
than by those that have analyzed the risks for
participants classified by various LI etiologies
[25, 27, 29]. This may explain the limited
applicability of the study findings and the
interventions thereof.

In Taiwan, cART has been fully covered by
the National Health Insurance program since
1997. Physicians treat PLWH according to the
recommendations of evolving, revised guideli-
nes for HIV/AIDS diagnosis and treatment in

Taiwan [30-32], and the CD4" count threshold
for cART initiation has been increasing (< 200
cells/pL in 2006, < 350 cells/pL in 2010, < 500
cells/uL. in 2013, and all patients with HIV in
2016) [33]. A retrospective study in Taiwan
concluded that the overall proportion of late
cART initiators had decreased significantly,
from 49.1% in 2012 to 29.0% in 2016 [11], but
the study was limited by a short observation
period (2012-2016) and ambiguity about the
extent to which LI was induced by late HIV
diagnosis. The Taiwanese government has
adopted policies promoting the implementa-
tion of a “treat-all” scheme since 2016 [33] and
the rapid initiation of cART (i.e., within 7 days
of HIV diagnosis) since 2018 [34], and, since
2018, the government has made provisions for
HIV at-risk populations to be given free access
to HIV blood test kits from health bureaux or
nongovernmental organizations or to oral fluid
self-test kits from vending machines [34].
However, the treat-all and rapid cART policies
are not mandatory in Taiwan, and some newly
diagnosed PLWH will not receive cART as rec-
ommended due to feeling healthy or fear of
stigma and discrimination [26]. Moreover, pre-
exposure prophylaxis (PrEP) among HIV-nega-
tive at-risk population has been shown to
reduce the risk of HIV infection by 44-86% [35].
In Taiwan, the PrEP project started in 2016, and
36 HIV-designated hospitals and 2 sexual health
clinics provide the service in 2022 [36, 37]. In
2019, 8.9% of men who have sex with men
(MSM) were on the Taiwan PrEP project [38].
Currently, the yearly number of new HIV cases
has decreased substantially since 2018 [39].
Therefore, understanding LI trends and etiolo-
gies after the implementation of HIV preven-
tion policies since 2016 is necessary.

Accordingly, this study investigated the
trends, joinpoints, and etiologies of LI during
2009-2019, explored the determinants of vari-
ous statuses at cART initiation, and evaluated
the effects of these statuses on all-cause mor-
tality after cART initiation among newly diag-
nosed PLWH.
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METHODS

Study Design and Setting

In Taiwan, only hospitals qualified and desig-
nated by Taiwan Centers for Disease Control
can provide care for PLWH. To date, 82 hospi-
tals have been listed as HIV-designated hospi-
tals, and, based on the medical care provision
levels, these hospitals are further classified as
follows: 21 medical centers, 45 regional hospi-
tals, and 16 district hospitals [40]. This multi-
center retrospective cohort included patients
with newly diagnosed HIV at Kaohsiung Medi-
cal University Chung-Ho Memorial Hospital
(the largest referral center for HIV treatment in
southern Taiwan) and at Kaohsiung Municipal
Siaogang Hospital and Kaohsiung Municipal Ta-
Tung Hospital (two regional hospitals in
southern Taiwan) from January 1, 2009, to
December 31, 2019. Health-care staff members
at these hospitals have extensive experience in
treating PLWH. They measure each patient’s
CD4™" count and viral load at baseline and at
0.5-1.5 months after cART initiation, every
3 months for the first year, and every 3—
6 months thereafter. This study was approved
by the Institutional Review Board of Kaohsiung
Medical University Hospital (KMUHIRB-SV(I)-
20210092). The requirement for informed con-
sent was waived. The study was carried out
according to the principles expressed in the
Declaration of Helsinki of 1964 and its later
amendments.

Patients and Study Procedure

A trained research assistant screened the
patients between January 1, 2009, and Decem-
ber 31, 2019, from outpatient and inpatient
departments. All patients were followed up
until death, loss to follow-up, or September 30,
2020, whichever occurred first. Patients without
a CART prescription, CD4% count data within
6 months of HIV presentation, or cART initia-
tion were excluded.

We classified the patients who had a CD4"
count of < 200 cells/uL at cART initiation or an
AIDS-defining opportunistic illness before cART

initiation as the LI group and those who did not
meet either threshold as the non-LI (NLI) group
[11, 28]. The LI group was further categorized
into two subgroups by the late presentation (LP)
of HIV: (1) the LILP(—) group included patients
with LI but without LP of HIV, and (2) the
LILP(+) group included those with LI and with
LP of HIV [25]. LP was defined as having a CD4™"
count of <200 cells/uL at HIV presentation or
AIDS events < 3 months of their HIV diagnosis
[41].

Data Collection

Information on baseline demographic and
clinical characteristics (age, sex, comorbidities,
education level, occupation, marital status, HIV
diagnosis date, and HIV exposure mode),
antiretroviral treatment history, AIDS-defining
opportunistic illness events, and date and cause
of death was collected. Laboratory test results
were collected at baseline [hepatitis A virus
antibody (Ab), hepatitis B virus (HBV) surface
antigen (HBsAg), and hepatitis C virus Ab
levels]. In addition, we collected data on CD4%
counts and plasma viral loads at HIV presenta-
tion, cART initiation, and serial follow-up visits.
The data were anonymized prior to analysis.

Working Definitions

We defined the HIV infection stage at presen-
tation on a 0-3 scale according to the US CDC
2014 case definition of HIV infection, with stage
0 representing acute HIV infection [42].
Baseline laboratory tests were conducted as
soon as possible or within 6 months of HIV
diagnosis [43]. Initiation of first-line cART was
defined as the first recorded instance of con-
current use of the standard three antiretrovirals
for 7 days [44]. The pre-cART CD4" count and
HIV viral load before and nearest to the cART
initiation date were considered [41].
Calendar-year periods were classified
according to major changes in HIV treatment
management guidelines (CD4"% count of < 350
cells/uL in 2010, CD4" count of < 500 cells/uL
in 2013, and all patients in 2016) into periods 1
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(2009-2012), 2  (2013-2015), and 3
(2016-2019), respectively.

LI etiologies were dichotomized as follows:
LILP(—) and LILP(+).

Statistical Analysis

First, characteristics of patients stratified by
their status at cART initiation [NLI, LILP(—), and
LILP(+)] were tabulated. We used the x> or
Fisher’s exact test for categorical variables and
the Kruskal-Wallis test followed by Dunn’s post
hoc test for continuous variables that did not
follow a normal distribution.

The trends of various CD4* count thresholds
at cART initiation, LI, LILP(-), and LILP(+)
during 2009-2019 were evaluated using the
Cochran-Armitage trend test with modified
ridit scores. The trend of the median CD4*
count at cART initiation was analyzed using a
generalized linear model.

Joinpoint regression has been used in
numerous domains to identify the best-fitting
points if a statistically significant change occurs
in time series data [45]. Therefore, to identify
changes in the proportion of CD4" count
thresholds at cART initiation and LI, joinpoint
regression analysis was performed using the
Joinpoint Regression Program (v.4.9.0.0; Statis-
tical Research and Applications Branch,
National Cancer Institute, Bethesda, MD, USA).
In brief, by using the proportion of patients
with various CD4% count thresholds at cART
initiation and LI as input in the analysis, we
identified the calendar year associated with
changes in the threshold trends at cART initia-
tion and LI. We also calculated the annual
percentage change (APC) between trend change
points.

To identify NLI, LILP(—), and LILP(+) deter-
minants at CART initiation, multinomial logistic
regression (reference: NLI) was used. All covari-
ates of sociodemographic characteristics and
laboratory data were selected for the subsequent
multivariable logistic regression.

Finally, the probability of survival after cART
initiation stratified by various statuses of cART

initiation was estimated using the Kaplan-Me-
ier survival curves and log-rank testing. We used
Cox proportional hazard models to evaluate the
determinants of all-cause mortality after cART
initiation. In this model, all variables (sociode-
mographic characteristics, laboratory data, pro-
phylaxis with trimethoprim/sulfamethoxazole,
status at cART initiation, days from HIV diag-
nosis to cART initiation, and classification of
the antiretroviral agent) used in the bivariable
analysis were selected for the subsequent Cox
regression analysis.

All tests were two-tailed, and statistical sig-
nificance was set at P<0.05. All statistical
analyses were performed using SAS (v.9.4; SAS
Institute, Cary, NC, USA).

RESULTS

Patient Characteristics at HIV Diagnosis

Of the 1198 patients enrolled, 671 (56.01%), 54
(4.51%), and 473 (39.48%) were assigned to the
NLI, LILP(—), and LILP(+) groups, respectively
(Fig. 1; Table 1). Most patients were men
(98.25%), MSM (88.06%), employed (75.21%),
and unmarried (93.91%). The median baseline
CD4" count (interquartile range, IQR) was
267.37 (86.51-404.57). The median duration
from HIV diagnosis to the first CD4" count
examination and that from the first CD4* count
examination to cART initiation was 6 (1-11)
and 14 (6-28) days, respectively. Regarding
cART prescription components, zidovudine was
most commonly used as the backbone drug
(35.06%), and nonnucleoside reverse-transcrip-
tase inhibitors were most commonly used as the
third drug (60.08%).

The three groups differed significantly in
sociodemographic characteristics and labora-
tory examination results, except for sex, edu-
cation level, occupation, marital status,
comorbidities, and mean duration from HIV
diagnosis to the first CD4*" count examination
(Table 1).
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Newly diagnosed PLWH, 2009 to 2019

(n=1,205)

No cART initiation during the study period due to loss of
follow-up, n=2

Newly diagnosed PLWH and initiate cART, 2009 to 2019

(n=1,203)

—»‘ No baseline CD4 cell countat presentation, n=5 |

—-| No baseline CD4 cell count at cART, n=0 |

/\

\ Late initiation of CART (n=527) \

‘ Late presentation of HIV ‘

/\

‘ Non-late initiation of cART (NLI, n=671) ‘

Late presentation (+)
[LILP(+), n=473]

Late presentation (-)
[LILP(-), n=54]

Fig. 1 Study flowchart. ¢4RT combination antiretroviral
therapy, HIV human immunodeficiency virus, LI late
initiation, LP late presentation, LILP(+) patients with LI

Trends of Median CD4* Counts at cART
Initiation and Proportions of Various
CD4™" Count Thresholds at cART Initiation

Overall, 42.24%, 71.12%, and 88.65% of the
enrolled  patients had CD4"  counts
of <200, <350, and <500 cells/uL, respec-
tively, at cART initiation.

The median CD4"% count at cART initiation
increased significantly from 98 (23-211) cells/uL
in 2009 to 325 (127-406) cells/uL in 2015 and
stabilized thereafter at 272-304 cells/uL (P for
trend < 0.001; Fig. 2). The proportion of patients
with CD4" counts of <200, < 350, and < 500
cellsymm?® at cART initiation decreased signifi-
cantly from 2009 (74.29%, 94.29%, and 100%,
respectively) to 2019 (36.8%, 62.41%, and 84.21%,
respectively; all P for trend < 0.001; Fig. 2).

Changes in the Trends of the Proportions
of Various CD4* Count Thresholds
at cART Initiation

For the CD4™" count threshold of < 200 cells/uL
at cART initiation, one joinpoint was identified

and with LP, LILP(—) patients with LI but without LP,
NLI non-late initiation, PLWH patients living with HIV

in 2016 (Fig. 3B), leading to two periods with
distinct trends: a decreasing trend between 2009
and 2016 [— 11.46% annual percentage change
(APC), P<0.05], where the proportion of
patients with this CD4" count decreased from
74.29% in 2009 to 35% in 2016 (Fig. 2), and an
increasing trend between 2016 and 2019 (6.28%
APC, nonsignificant), where the proportion of
patients with this CD4" count increased from
35% in 2016 to 36.84% in 2019.

For the CD4™" count threshold of < 350 cells/
uL at cART initiation, no joinpoint was identi-
fied (Fig. 3C), leading to a decreasing trend
between 2009 and 2019 (—5.75% APC,
P <0.05), accompanied by a decrease in the
proportion of those with a CD4" count of < 350
cells/mm® from 94.29% in 2009 to 62.41% in
2019.

For the CD4™ count threshold of < 500 cells/
puL at cART initiation, one joinpoint was iden-
tified in 2012 (Fig. 3D), leading to two periods
with dissimilar trends: a slow decreasing trend
between 2009 and 2012 (— 0.45% APC, non-
significant) and a rapid decreasing trend
between 2012 and 2019 (—3.14% APC,
P <0.05).
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Fig. 2 Distribution and median CD4™" counts at cART initiation in Taiwan from 2009-2019. Abbreviation: cART,

combination antiretroviral therapy

Trends in LI, Identified Joinpoints,
and Dichotomous Etiologies of LI

Overall, the proportion of patients in the LI
group decreased from 77.14% in 2009 to 39.1%
in 2019 (P for trend < 0.001; Fig. 4). One join-
point was identified in 20135, leading to two
periods with unique trends: a decreasing trend
between 2009 and 2015 (—12.73% APC,
P <0.05; Fig.3A), where the proportion of
patients decreased from 77.14% in 2009 to
34.45% in 2015, and a slow increasing trend
between 2015 and 2019 (2.49% APC, non-
significant), where the proportion of patients
increased from 34.45% in 2015 to 39.1% in
2019.

Overall, 89.8% of the patients in the LI group
were assigned to the LILP(+) subgroup. During
the study period, LILP(4) remained the main
etiology of LI (92.59% in 2009 to 94.23% in
2019, P for trend = 0.649), whereas LILP(-)
remained the minor etiology (7.41% in 2009 to
5.77% in 2019) (Fig. 4).

Determinants of Various Status Groups
at cART Initiation

With the NLI group as the control group, we
observed that LILP(—)and LILP(+) determinants
differed. Positive LILP(—) determinants were
acute HIV at presentation [adjusted odds ratio
(aOR), 18.00; 95% confidence interval (CI),
8.33-38.89; P <0.001] and HIV diagnosis dur-
ing the first calendar-year period (period 1 vs.
period 3; 2009-2012: aOR, 11.51; 95% (I,
4.66-28.46; P <0.001; Table 2).

Positive LILP(4+) determinants were age
(31-40 and > 41 years vs.<30years; 31--
40 years: aOR, 1.53; 95% CI, 1.12-2.08;
P=0.007; > 41 years: aOR, 2.49; 95% (I,
1.53-4.03; P <0.001) and HIV diagnosis during
the first calendar-year period (period 1 vs. per-
iod 3; 2009-2012: aOR, 1.39; 95% CI, 1.02-1.91;
P =0.037), whereas its negative determinant
was a Venereal Disease Research Laboratory
(VDRL) titer of > 1:8 (aOR, 0.68; 95% CI,
0.50-0.92; P = 0.013; Table 2).
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(A). Late initiation
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Fig. 3 A Joinpoint models for late initiation, B for CD4™"
count <200, C <350, and D <500 cells/uL. One
joinpoint was identified in 2015 for the late initiation
(A). One joinpoint was identified in 2016 and 2012 for

Determinants of All-Cause Mortality After
cART Initiation

The probability of survival after cART initiation
differed significantly throughout the three sta-
tuses of CcART initiation (log-rank test,
P <0.001) (Fig. 5).

In Cox regression analyses spanning the
entire study period, all-cause mortality after
cART initiation was positively associated with
age (vs.<30years) at HIV diagnosis [31—
40 years: adjusted hazard ratio (aHR), 5.79; 95%
Cl, 1.63-20.58; > 41 years: aHR, 9.24; 95% CI;
2.21-38.67), HBsAg seropositivity (aHR, 3.99;
95% CI, 1.48-10.73), and status (vs. NLI) at
CART initiation [LILP(+): aHR, 17.46; 95% CI,
3.46-88.05; LILP(—): aHR, 9.38; 95% CI,
1.44-60.93; Table 3].

(C). CD4™ cell count £350 cells/mm3

% i ] Observed

o . e L . s 20092019 APC=-5.75%

Percent

0 09 00 om o o3 04 005 016 07 018 2019 2020
Calendar year of cART initiation

(D). CD4" cell count <500 cells/mm3

10 | Observed
—_— 2009-2012 APC=-0.45

% e m— 20122019 APC=-3.14°

Percent

08 2009 2010 201 20012 2013 2014 2005 201 007 2008 2019

Calendar year of CART initiation

the CD4" count threshold of <200 cells/pL
(B) and <500 cells/pL (D) at cART initiation, respec-
tively. No joinpoint was identified for the CD4" count
threshold of < 350 cells/pL at cART initiation (C)

DISCUSSION

Our data revealed a shift toward a higher CD4"
count at initiation from 2009 to 2015, as
demonstrated by a 228% increase in the median
pre-cART CD4" count from 99 cells/uL in 2009
to 325 cells/uL in 2015. Unexpectedly, this
increase stabilized thereafter. Overall,
33.61% — 36.84% of the patients from 2015 to
2019 had a CD4"% count of <200 cells/uL at
cART initiation. These findings indicated that
patients in our cohorts continued receiving
cART late, even after the implementation of the
PrEP project in 2016 and the policies to promote
treatment of PLWH with increased CD4" count
thresholds in 2016 [33] and rapid cART initia-
tion in 2018 [34] in Taiwan. We also determined
that LP was the consistent driver of LI
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Fig. 4 Trend of late initiation and the associated
dichotomized etiologies from 2009 to 2019. ¢ART
combination antiretroviral therapy, LI late initiation, LP

throughout the study period (89%), with a
higher percentage (70%) than that reported by a
Canadian study conducted in 2003-2012 [25].
Accordingly, our findings indicate the necessity
of intensifying early HIV diagnosis to further
improve pre-cART CD4" in the era of treat-all
and rapid cART initiation.

Although the proportion of patients with a
CD4* count of < 350 or < 500 cells/uL at cART
initiation decreased from 2009 to 2019, a rising
trend was observed in the proportion of patients
with a count of <200 cells/uL since 2016,
reflecting a rising trend in the proportion of late
initiators since 2015. Notably, a Brazilian study
reported a similar trend: the proportion of
patients with LI decreased from > 50% in 2004
to nearly 25% in 2014 and then increased until
2018 [22]. In the present study, although the
reason for the increase in LI was unclear, it
might be due to the nonsignificant increase in
the proportion of late presenters from 33.03%
in 2015 to 37.80% in 2019 (P for trend = 0.267;
data not shown). Accordingly, additional clini-
cal observations and further studies are required
to characterize the recent changes in the char-
acteristics of late initiators and inform the
adoption of relevant interventions.

late presentation, LILP(+) patients with LI and with LP,
LILP(—) patients with LI but without LP

This study also identified various determi-
nants of the dichotomized LI etiologies. These
findings can provide information useful for
tailoring interventions to specific etiologies to
optimize cART initiation. Above all, exploring
the factors associated with the increased risk of
LP should be prioritized in Taiwan, where LP
remains the main cause of LI, as shown in this
study, and the proportion of late presenters
among newly diagnosed PLWH has remained
stable despite the nationwide expansion of HIV
programs over the past decade [46, 47].

Three factors were found to be associated
with LP; earlier year of cART initiation, an age
of > 30 years, and VDRL titers of > 1:8. In the
years leading up to the intensified HIV screen-
ing of gay, bisexual, and homosexual (§bMSM)
individuals [48], anonymous voluntary coun-
seling and testing (aVCT) for HIV among
gbMSM individuals, the establishment of
gbMSM community health centers, and the
advocacy of online opinion leaders have
reduced LP over time, but these interventions
have not consistently reached the nontradi-
tional at-risk population. Therefore, imple-
menting measures to further expand targeted
HIV testing is critical not only for typical
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Table 2 Multinomial logistic regression modeling results of 1,198 PLWH stratified by status at cART initiation

LILP(+) vs. NLI, adjusted OR P value LILP(—) vs. NLI, adjusted OR P value
(95% CI) (95% CI)
Gender
Female Reference Reference
Male 0.84 (0.28-2.48) 0.748 67.46 (0.01-999.99) 0.811
Subgroup of age at HIV diagnosis (years)
<30 Reference Reference
31-40 1.53 (1.12-2.08) 0.007 1.79 (0.80-4.04) 0.158
> 41 2.49 (1.53-4.03) <0.001 1.68 (0.39-7.21) 0.488
Period of HIV diagnosis
2016-2019 Reference Reference
2013-2015 0.90 (0.66-1.24) 0.511 2.15 (0.75-6.18) 0.155
2009-2012 1.39 (1.02-1.91) 0.037 1151 (4.66-28.46) <0.001
HIV transmission route
MSM Reference Reference
Heterosexual 1.30 (0.79-2.14) 0.301 1.42 (0.40-5.12) 0.589
contact
IDU 0.48 (0.13-1.70) 0.255 0.04 (0.01-999.99) 0.743
Acute HIV
No Reference Reference
Yes 0.01 (0.01-999.99) 0.955 18.00 (8.33-38.89) < 0.001
Educational level above college
No Reference Reference
Yes 1.09 (0.83-1.43) 0.553 1.19 (0.58-2.45) 0.628
Occupation
Unemployed Reference Reference
Employed 0.80 (0.55-1.16) 0.228 2.17 (0.69-6.81) 0.187
Student 0.73 (0.42-1.28) 0.276 1.08 (0.20-5.83) 0.926
Marital status
Unmarried Reference Reference
Married 0.78 (0.36-1.67) 0.51  0.76 (0.09-6.65) 0.804
Divorced 0.54 (0.19-1.52) 0.24  0.01 (0.01-999.99) 0.636

Diabetes mellitus

No

Reference

Reference
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Table 2 continued

LILP(+) vs. NLI, adjusted OR P value LILP(—) vs. NLI, adjusted OR P value

(95% CI) (95% CI)

Yes 147 (0.32-6.88) 0.621 80.51 (0.01-999.99) 00
Hypertension

No Reference Reference

Yes 0.83 (0.32-2.17) 0.709 5641 (0.01-999.99) 0.647
Chronic kidney disease

No Reference Reference

Yes 127 (0.26-621) 0.764 0.20 (0.01-5.10) 70.32
Dyslipidemia 5

No Reference Reference

Yes 145 (0.53-3.96) 0472 0.80 (0.06-10.70) 0.686
Cerebral vascular accident

No Reference Reference

Yes 0.14 (0.02-1.31) 0.08  40.91 (0.01-999.99) 0913
VDRL > 1:8

No Reference Reference

Yes 0.68 (0.50-0.92) 0.013 0.96 (0.44-2.13) 0.926
HAYV antibody

No Reference Reference

Yes 1.41 (0.97-2.05) 0.070 2.03 (0.80-5.18) 0.137
HBsAg

No Reference Reference

Yes 1.34 (0.87-2.05) 0.180 0.52 (0.14-1.97) 0.337
HCV antibody

No Reference Reference

Yes 0.90 (0.45-1.76) 0.748 0.01 (0.01-999.99) 0.515

¢ART combination antiretroviral therapy, CDC Centers for Disease Control and Prevention, CI confidence interval, CMV
cytomegalovirus, HCV hepatitis C virus, HAV hepatitis A virus, HBsAg hepatitis B surface antigen, HI/ human
immunodeficiency virus, IDU injecting drug use, NLI nonlate initiators of cART, LILP(—) late initiators of cART without
late presentation, LILP(+) late initiators of cART with late presentation, MSM men who have sex with men, N/A4 not
available, OR odds ratio, VDRL Venereal Disease Research Laboratory
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Time to all-cause mortality by various statuses at cART initiation
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Fig. S Analysis of survival after cART initiation stratified by the various statuses of cART initiation

sexually at-risk populations but also for neglec-
ted at-risk populations, such as older individu-
als. Older populations have been associated
with LP [47, 49, 50], probably due to changes in
risk-related behaviors (i.e., decreased condom
use), a lower perception of HIV risk [51, 52], the
presence of multiple comorbidities [53], and an
underestimation of the risk of HIV transmission
behavior [53]. Additional strategies to mitigate
the fear of the negative social consequences of
HIV infection, such as discrimination and
stigmatization, can also help increase people’s
engagement in aVCT [43].

Indicator condition (IC)-guided HIV testing
refers to HIV tests conducted under AIDS-
defining conditions, as well as under conditions
where the prevalence of undiagnosed HIV
is>0.1% or conditions where not identifying
the presence of HIV infection may be detri-
mental for the individual’s clinical manage-
ment [54]. Sexually transmitted infections
(STIs) were listed as ICs associated with an HIV
prevalence of > 0.1% [54]. Since 2008, Taiwan's
Ministry of Health has recommended HIV test-
ing for patients with STIs. Our finding that
VDRL titers of > 1:8 constitute a protective

factor for LILP(+) supports this recommenda-
tion [55]. Currently, IC-guided HIV testing is
recommended for patients with a new diagnosis
of STIs or patients aged 15-49 years with a
diagnosis of Mycobacterium tuberculosis complex
in Taiwan. Further expanding IC-guided HIV
testing for other ICs, as recommended in Euro-
pean guidelines [54], may improve the rates of
early HIV diagnosis in Taiwan [56].

Although the LILP(—) group constituted a
relatively small proportion of late initiators
during 2009-2019, it had a higher all-cause
mortality risk, similar to the LILP(+) group.
Therefore, identifying patients who start cART
late because of delayed HIV care is also crucial.
We identified acute HIV at HIV diagnosis as a
risk factor for LILP(—), suggesting that PLWH
with newly diagnosed acute HIV may not seek
treatment in time because of reluctance and
denial, perceived health status, fear of stigma
and discrimination, or avoidance of linkage to
care [26, 57]. This is a critical finding because
acute HIV infection is characterized by an
extremely high HIV viral load, which is associ-
ated with a high risk of onward transmission to
uninfected partners in the absence of early cART
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Table 3 Cox regression analysis of all-cause mortality after cART initiation among 1198 PLWH

Number of Number of
deaths, 2 (%)

patients, z

P value

Bivariable analysis,

crude HR (95% CI)

Multivariable analysis,
adjusted HR (95% CI)

Gender
Female
Male

Subgroup of age at HIV

diagnosis (years)
<30
31-40
> 41
Period of HIV diagnosis
2009-2012
2013-2015
2016-2019
HIV transmission route
MSM
Heterosexual contact
IDU
Acute HIV
No
Yes

Educational level above

college

No

Yes
Occupation

Unemployed

Employed

Student
Marital status

Unmarried

Married

Divorced

Diabetes mellitus

20
1177

711
321
166

365
342
491

1055
125
18

1101
97

515
683

183
901
114

1125
49
24

1(2.13)
46 (3.91)

15 (2.11)
17 (5.30)
15 (9.04)

23 (6.30)
12 (3.51)
12 (2.44)

34 (3.22)
12 (9.60)
1 (5.56)

44 (4.00)
3 (3.09)

17 (9.29)
29 (3.22)
1 (0.88)

41 (3.64)
4 (8.16)
2 (8.33)

0.842

< 0.001

0.014

0.002

0.660

0.019

< 0.001

0.149

0.482

Reference

N/A

Reference
6.00 (1.91-18.84)™
12.31 (3.92-38.68)***

Reference
0.49 (0.17-1.39)
0.66 (0.26-1.68)

Reference
1.18 (0.35-3.93)
3.11 (0.42-23.07)

Reference

1.022 (0.24-4.33)

Reference

0.63 (0.29-1.37)

Reference
0.38 (0.17-0.89)*
0.19 (0.02-1.53)

Reference
3.96 (1.36-11.50)*
N/A

Reference

N/A

Reference
579 (1.63-20.58)*
9.24 (2.21-38.67)*

Reference
0.69 (0.20-2.43)
0.86 (0.16-4.70)

Reference
0.85 (0.18-3.98)
9.26 (0.76-113.47)

Reference

5.62 (0.75-42.01)

Reference

0.90 (0.37-2.18)

Reference
0.40 (0.15-1.05)
1.03 (0.10-10.19)

Reference
2.37 (0.55-10.29)
N/A
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Table 3 continued

Number of Number of P value Bivariable analysis, Multivariable analysis,
patients, z  deaths, # (%) crude HR (95% CI)  adjusted HR (95% CI)

No 1186 47 (3.96) Reference Reference

Yes 12 0 (0.00) N/A N/A
Hypertension 0.839

No 1,167 46 (3.94) Reference Reference

Yes 31 1 (3.23) 0.64 (0.09-4.71) 2.12 (0.23-19.12)
Chronic kidney disease 0.543

No 1189 47 (3.95) Reference Reference

Yes 9 0 (0.00) N/A N/A
Dyslipidemia 0.350

No 1177 47 (3.99) Reference Reference
Yes 21 0 (0.00) N/A N/A
Cerebral vascular 0.566

accident

No 1190 47 (3.95) Reference Reference

Yes 8 0 (0.00) N/A N/A
Baseline VL > 100,000 0.039

copies/mL

No 709 21 (2.96) Reference Reference

Yes 489 26 (5.32) 1.55 (0.72-3.34) 0.61 (0.25-1.54)
VDRL > 1:8 < 0.001

No 885 36 (4.07) Reference Reference

Yes 305 7 (2.30) 0.55 (0.19-1.59) 0.57 (0.19-1.76)
HBsAg <0.001

No 1056 28 (2.65) Reference Reference

Yes 126 13 (10.32) 525 (2.38-11.59)"* 3.9 (1.48-10.73)*
HCYV antibody <0.001

No 1127 39 (3.46) Reference Reference

Yes 52 3(5.77) 2.00 (0.47-8.47) 130 (0.24-6.89)
Prophylaxis with TMP/ 0.018

SMX

No 1032 35 (3.39) Reference Reference

Yes 166 12 (7.23) 1.85 (0.74-4.60) 0.62 (0.23-1.69)
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Table 3 continued

Number of Number of P value Bivariable analysis, Multivariable analysis,
patients, z  deaths, # (%) crude HR (95% CI)  adjusted HR (95% CI)
Status at cART initiation < 0.001
NLI 671 4 (0.60) Reference Reference
LILP(+) 473 39 (8.25) 9.86 (2.93-33.19)*** 17.46 (3.46-88.05)***
LILP(-) 54 4 (741) 1140 (2.29-56.70)*  9.38 (1.44-60.93)*
Days from HIV diagnosis 1.00 (0.99-1.00) 1.00 (0.99-1.00)

to cART initiation]

Classification of antiretroviral agent

Zidovudine 0.085

No 778 25 (3.21) Reference Reference

Yes 420 22 (1.84) 0.84 (0.37-191) N/A
Abcavir 0.817

No 797 32 (4.02) Reference

Yes 401 15 (3.74) 1.09 (0.49-2.45) N/A
TDF/TAF 0.067

No 819 39 (4.76) Reference

Yes 379 8 (2.11) 0.91 (0.38-2.18) N/A
II-based regimen 0.028

No 819 39 (4.76) Reference

Yes 379 8 (2.11) 0.66 (0.25-1.80) 1.12 (0.15-8.06)
nNRTI-based regimen 0.095

No 471 13 (2.76) Reference

Yes 727 34 (4.68) 1.02 (0.45-2.30) 125 (0.31-5.06)
Pl-based regimen 0.437

No 1106 42 (3.8) Reference

Yes 92 5 (5.43) 1.87 (0.64-5.49) N/A

¢ART combination antiretroviral therapy, CDC Centers for Disease Control and Prevention, CI confidence interval, CM}V
cytomegalovirus, HCV hepatitis C virus, HAV hepatitis A virus, HBsAg hepatitis B surface antigen, HIV human
immunodeficiency virus, HR hazard ratio, IDU injecting drug use, II integrase inhibitors, JQR interquartile range, LILP(—)
late initiators of cART without late presentation, LILP(+) late initiators of cART with late presentation, MSM, men who
have sex with men, N/A4 not available, NLI nonlate initiators of cART, »NRTI nonnucleoside reverse transcriptase
inhibitors, PI protease inhibitor, SD standard deviation, TAF tenofovir alafenamide, TDF tenofovir disoproxil fumarate,
TMP/SMX trimethoprim/sulfamethoxazole, VDRL Venereal Disease Research Laboratory, VL viral load

*P < 0.05, *P < 0.01, P < 0.001
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initiation [58]. Therefore, interventions to
improve access to cART should be implemented
among PLWH with acute HIV diagnosis. The
rapid cART initiation strategy may help over-
come these barriers of delayed linkage [59]. This
strategy was launched in 2018 in Taiwan [34].
However, the policy is not mandatory, and its
influence on the adherence to HIV care con-
tinuum among PLWH with acute HIV diagnosis
needs further follow-up.

LI of cART is a risk factor for all-cause mor-
tality [9, 11, 13, 14]. In the present study, both
etiologies of LI of cART were associated with a
high all-cause mortality rate, and this effect was
not related to the antiretroviral agent class at
initiation. The association between LI of cART
and all-cause mortality may be attributed to
poor immune recovery after cART in patients
with advanced HIV [1, 60, 61], resulting in a
higher rate of AIDS-defining illnesses [1] or
clinical progression (AIDS events and death)
[62].

Other predictors for all-cause mortality after
cART initiation were older age at baseline and
HBsAg seropositivity. Older age at baseline was
associated with less robust CD4" response to
cART [63, 64]. Compared with HBV monoin-
fection, HBS and HIV coinfection is associated
with faster progression of HBV-related liver
disease, including cirrhosis, end-stage liver dis-
ease, hepatocellular carcinoma, and fatal hep-
atic failure [65].

Our study has several strengths. We provide
direct evidence that LP is the main driver of LI
Additionally, our analyses included data cover-
ing the lengthy period between 2009 and
2019—a period during which the eligibility
criteria for cART initiation in Taiwan substan-
tially changed and the era when treat-all and
rapid cART initiation began—thus providing a
clearer delineation of the LI trend and poten-
tially guiding future treatment decisions
regarding the prioritization of interventions.

Our study also has some limitations. First,
the enrolled participants, accounting for 5.23%
(1198/22,921) of newly diagnosed PLWH from
2009 to 2019 in Taiwan [39], were predomi-
nantly from southern Taiwan. To generalize our
findings, we enrolled three HIV-designated
hospitals from different medical care provision

levels (one medical center and two regional
hospitals) to represent the entire HIV-positive
population in Taiwan. However, geographic
differences in accessibility to medical resources,
educational status, country income, and cul-
tural grounds may prevent the direct general-
ization of the HIV care continuum in the
present study to other countries [9, 22, 27, 66].
Second, we analyzed neither the effect of fear of
negative consequences (discrimination or
stigmatization) [43] from a positive HIV diag-
nosis nor the effect of a history of aVCT [43] on
LI because of the unavailability of relevant data.
This may have affected the analysis of LI
determinants.

CONCLUSIONS

Although the median CD4" count at cART ini-
tiation increased after the implementation of
HIV prevention strategies in Taiwan, initiation
at higher CD4" cell counts remains a challenge.
Considering the rising LI trend from 2015 in the
era of treat-all and rapid cART initiation,
strategic interventions for increasing earlier
cART initiation must be intensified, particularly
prioritizing strategies to expand HIV testing to
target the population at risk of LP
(age > 30 years) and other ICs, as recommended
in European guidelines. Although the propor-
tion of the LILP(—) group was relatively small,
intensified interventions to improve access to
cART should be implemented among PLWH
with acute HIV diagnosis to prevent the onward
HIV transmission to uninfected partners.
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