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ABSTRACT

Introduction: Acquired immune deficiency
syndrome (AIDS) events at distinct time points
after human immunodeficiency virus (HIV)
diagnosis require various AIDS prevention
strategies. However, no nationwide epidemio-
logical surveillance studies have been con-
ducted to explore the trends of distinct AIDS
event time points in various at-risk populations.
The aim of this study was to explore the issues
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and characterize the determinants of AIDS sta-
tus after HIV diagnosis.

Methods: This nationwide cohort study enrol-
led HIV-positive Taiwanese during 1984-2016.
AIDS events were classified into three time
points (< 3, 4-12, > 12 months) by their occur-
rence time after HIV diagnosis. The periods of
HIV/AIDS diagnosis were divided into six cate-
gories according to the calendar year of HIV/
AIDS diagnosis: 1984-1991, 1992-1996,
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1997-2001, 2002-2006, 2007-2011, and
2012-2016. HIV-positive Taiwanese during
1984-2011 were then selected to determine the
factors associated with four AIDS statuses
within 5 years after HIV diagnosis (no AIDS,

AIDS < 3 months, within 4-12 months, >
12 months) using multinomial logistic
regression.

Results: Of 33,142 cases, we identified 15,254
(46%) AIDS events. The overall AIDS incidence
(events/100  person-years) peaked during
1992-1996 (20.61), then declined, and finally
stabilized from 2002 (8.96-9.82). The evolution
of the proportion of distinct time points of AIDS
events following HIV diagnosis changed signif-
icantly in heterosexuals and intravenous drug
users (IDUs) during 1984-2016 (decline
at < 3 months in IDUs, decline at 4-12 months
in IDUs, and increase at>12months in
heterosexuals and IDUs) but not among men
who have sex with men (MSM). Time points
at < 3 months remained at > 50% among MSM
and at>55% among heterosexuals. In multi-
nomial logistic regression, IDUs (vs. men who
have sex with men; MSM) had a lower risk of all
AIDS statuses; heterosexuals (vs. MSM) had a
higher risk of AIDS events < 3 months after HIV
diagnosis.

Conclusion: The magnitude of AIDS in Taiwan
has been stable since 2002. Enhancing early
diagnosis among people with sexual contact
and optimizing the HIV care continuum among
heterosexuals and IDUs should be priorities for
further AIDS prevention strategies.

Keywords: Acquired immunodeficiency
syndrome; Drug users; Human
immunodeficiency virus; Time point

AIDS events at distinct time points after
HIV diagnosis require various AIDS
prevention strategies; however, the trends
of distinct AIDS event time points remain
unknown.

This retrospective nationwide cohort
study aimed to explore the trends of
distinct AIDS event time points in various
at-risk populations in Taiwan from 1984
to 2016.

The overall AIDS incidence in Taiwan has
been stable since 2002. The proportion of
AIDS event time points at >12 months
after HIV diagnosis increased in
heterosexuals and IDUs, and the
proportion of AIDS time points at < 3
months after HIV diagnosis remained at
> 50% among MSM and at > 55% among
heterosexuals over the past 3 decades.

Enhancing early diagnosis among people
with sexual contact and optimizing the
HIV care continuum among heterosexuals
and IDUs should be priorities for further
AIDS prevention strategies.

INTRODUCTION

Acquired immune deficiency syndrome (AIDS)
is a chronic, potentially life-threatening,
immunocompromised status caused by human
immunodeficiency virus (HIV) [1]. In addition
to morbidity and mortality [2-7], AIDS events
are associated with negative outcomes, such as
relatively high rates of HIV transmission to
sexual partners [8, 9], relatively high rates of
treatment failure after combination antiretro-
viral therapy (cART) [10], a poor immunological
response to cART [11], and possible neurological
sequelae [12]. Therefore, surveying the trends of
AIDS incidence in persons with HIV (PWH) and
characterizing the determinants of AIDS events
are essential to HIV care.

Since the introduction of cART [13-15],
establishment of prophylactic therapy for
opportunistic infections [16], programs pro-
moting early initiation of cART [17], and
improvements to the HIV care continuum [18],
the incidence of AIDS has drastically declined
[19]. Nevertheless, AIDS remains a threat to
PWH worldwide [13, 20-23]. In Taiwan, several
programs have been implemented to improve
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the HIV care continuum, such as free cART and
anonymous voluntary counseling and testing
(aVCT) for HIV among bisexual and homosex-
ual people since 1997, screening of military
recruits since 2000, and of prisoners since 2001,
harm-reduction programs among intravenous
drug users (IDUs) since 2005, an HIV case
management program since 2007, and home-
based and self-testing Kkits since 2016 [24].
However, our previous nationwide cohort study
conducted in Taiwan for the period 1998-2012
indicated no decrease in the 2-year cumulative
incidence of AIDS events over time. Approxi-
mately 30% of PWH had AIDS events within
2years of HIV diagnosis, with nearly three-
quarters of AIDS events being observed at HIV
diagnosis [25]. Therefore, further interventions
to reduce the AIDS epidemic in Taiwan are
imperative. However, our study was limited by a
short observation period for each newly diag-
nosed PWH (2years of follow-up after HIV
diagnosis). With the prolonged survival of
patients with newly diagnosed HIV infection
under optimal care [26], it is important to
explore the incidence of AIDS events beyond
2 years after HIV diagnosis to be able to imple-
ment relevant interventions.

Another unmet need is to survey the evolv-
ing proportion of AIDS events at distinct time
points after HIV diagnosis, which requires vari-
ous AIDS-prevention strategies. The occurrence
of AIDS at HIV diagnosis indicates a late pre-
sentation of HIV [5, 27, 28], whereas that after
HIV diagnosis can be attributed to other issues,
such as inadequate prophylactic therapy for
opportunistic infections [29], late initiation of
cART [30], changes in the timing of cART initi-
ation [31-33], and poor adherence to cART
[34, 35]. Therefore, understanding the different
characteristics associated with AIDS at or after
HIV diagnosis may help to reduce the AIDS
epidemic [25]. Moreover, the trends of observed
AIDS events at diagnosis and during 2 years of
follow-up among newly diagnosed HIV-infected
Taiwanese people have also been shown to dif-
fer among various at-risk populations [25],
which implies that AIDS prevention strategies
should also be tailored to the evolution of dis-
tinct AIDS event time points in various at-risk
populations. However, no nationwide

epidemiological surveillance study has been
conducted to explore the trends of distinct AIDS
event time points in various at-risk populations
in the past 3 decades.

Accordingly, we conducted this retrospective
nationwide cohort study to fill this research
gap. We used a nationwide HIV/AIDS database
first to understand the dynamics of AIDS inci-
dence after HIV diagnosis, then characterized
the trends of AIDS incidence and evolving pro-
portion of distinct AIDS event time points in
various at-risk populations during 1984-2016,
and finally determined the factors influencing
AIDS status within 5 years of HIV diagnosis.

METHODS

Data Source

All data provided by the Health and Welfare
Data Science Center were retrieved from the
HIV/AIDS database of the Taiwan Centers for
Disease Control (CDC)-operated Notifiable Dis-
eases Surveillance System (NDSS), a national
web-based platform for reporting several com-
municable diseases as required by law [25]. Both
HIV infection and AIDS have been classified as
notifiable diseases by law in Taiwan since 1984.
Healthcare providers are required to report
patients’ information (identification number,
sex, date of birth, date of HIV/AIDS diagnosis,
date of death, occupation, specimen source,
route of HIV infection, HIV diagnosis region,
and marital status) within 24 h of detection of
HIV/AIDS. AIDS reporting is based on the CDC'’s
revised 1993 AIDS case definition [36], and an
AIDS event is recorded in the database only
once per patient. The status [survival, death, or
departure (meaning left Taiwan)] of each case is
maintained by public health personnel.

Study Design and Setting

This study was a retrospective, nationwide
cohort study covering the period from January
1984 to December 2016. It was approved by the
Institutional Review Board of Kaohsiung Medi-
cal University Hospital (KMUHIRB-E (II)-
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AIDS incidence during the follow-up of 3-month intervals after HIV diagnosis, all populations
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(B) AIDS incidence during the annual year of follow-up after HIV diagnosis in each at-risk population
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Fig. 1 Dynamics of AIDS incidence during the follow-up
of 3-month intervals after HIV diagnosis in all populations
(A) and the yearly follow-up after HIV diagnosis in each
at-risk population (B). The AIDS incidence was 120.03
events/100 person-years (95% CI 117.38-122.75) within
3 months; this rapidly declined to 857 (95% CI

20200084), who waived the requirement for
informed consent. The study was carried out
according to the principles expressed in the
Declaration of Helsinki of 1964 and its later
amendments.

Population

Data on persons newly diagnosed with HIV
infection from January 1984 to December 2016
were selected from the HIV/AIDS database. Those
who had left Taiwan, had an unknown HIV
transmission route, unknown sex, age < 15 years
[25], incomplete records, or specific HIV trans-
mission route (blood transfusion) were excluded.

8.15-9.01) at 4-12 months, and finally stabilized at 4.69
(95% CI 4.57-4.80) thereafter (A). Therefore, the cut-off
points for the time points of AIDS events were determined
as: < 3, 4-12, and > 12 months after HIV diagnosis; CI
confidence interval

The route of HIV transmission for patients under
15 years may be due to mother-to-child trans-
mission. The natural course for such patients is
different to those who become infected with HIV
through other transmission routes [IDU, men
who have sex with men (MSM), and heterosex-
uals]. Therefore, patients under the age of
15 years were excluded. The enrolled patients
were grouped into three at-risk categories: MSM,
heterosexual people, and IDUs.

Operational Definition of Variables

The periods of HIV/AIDS diagnosis were divided
into six categories according to the calendar
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Cumulative percentage of AIDS events among all patients

Percentage of cumulated AIDS events (%)
\

Duration after HIV diagnosis, at interval of '3 months

Fig. 2 Cumulative percentage of AIDS events among all patients. For 50.54% of patients who experienced an AIDS event,
the event occurred within 3 months of HIV diagnosis; the rate then declined, with 80.5% developing AIDS within 5 years

after HIV diagnosis

year of HIV/AIDS diagnosis [37]: 1984-1991
(pre-antiretroviral therapy), 1992-1996 (pre-
cART), 1997-2001 (early cART), 2002-2006
(mid-cART), 2007-2011 (late cART), and
2012-2016 (contemporary cART). Moreover,
the HIV diagnosis regions were categorized into
six administrative areas according to the Taiwan
CDC NDSS: Taipei area, Northern Taiwan,
Central Taiwan, Southern Taiwan, Kaoping
area, and Eastern Taiwan [25].

The time points of AIDS events were divided
into three categories according to the timing of
their occurrence after HIV diagnosis: < 3, 4-12,
and > 12 months (the determination of the cut-
off points for these three AIDS event time points
is described below).

Statistical Analysis

Clinicodemographic characteristics are reported
as frequencies (%), and comparisons between
the three at-risk populations have been per-
formed using the chi-square test for categorical
variables.

First, to explore the dynamics of AIDS inci-
dence after HIV diagnosis in the various at-risk
populations, AIDS incidence was calculated by
dividing the total number of AIDS events
observed by the total person-years of observa-
tion constituting the risk period. The observa-
tion of each patient started from the date of HIV
diagnosis and continued until death, the
occurrence of an AIDS event, or 31 December
2016, whichever occurred first. The cut-off
points for the three AIDS event time points were
then determined using the incidence of AIDS
events during postdiagnosis follow-up sessions
conducted at 3-month intervals (Fig. 1A).

Second, the trends of AIDS incidence and
evolving proportion of the three AIDS event
time points in the various at-risk populations
were evaluated across the six periods. In this
part, the whole observation period of each
patient also started from the date of HIV diag-
nosis and continued until death, the occurrence
of an AIDS event, or 31 December 2016,
whichever occurred first. We calculated the
incidence of AIDS events in each period by
dividing the total number of AIDS events
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HIV/AIDS database
(Health-074)
N =34,474

Exclusion:
* Departure (N = 834)
» Unknown HIV risk (N = 382)

Enrolled patients + Unknown gender (N = 0)

N = 33,142 * Age <15 years old (N = 50)

* Incomplete recording (N = 2)
« Risk factor: blood
« Transfusion (N = 64)

l l

MSM Heterosexuals IDU
N =20,301 N =5,857 N = 6,984

Fig. 3 Study flowchart

observed in each period by the total person-
years of observation in each period. For each
period, the observation started from 1 January
of the first year of this period (if the patient was
already enrolled in a previous period) or on the
date of HIV diagnosis (if the patient was not
enrolled in a previous period) and continued
until 31 December of the final year of that
period, the date at which an AIDS event occur-
red, or the date of death, whichever occurred
first. We then presented the evolving propor-
tion of three AIDS event time points among the
patients who had AIDS events across the six
periods. The Cochran-Armitage trend test was
used to conduct trend analyses of the three
dichotomized classes of AIDS event time points
across the six periods.

Finally, to identify the determinants of the
four AIDS statuses within 5 years after HIV
diagnosis, the data of patients diagnosed with
HIV from 1984 to 2011 were selected. In this
part, each patient was observed until death, the
occurrence of an AIDS event, or the 5-year mark
after HIV diagnosis, whichever occurred first. A
S-year observation period was applied because
80% of AIDS events occurred within 5 years of
HIV diagnosis (Fig. 2). The patients’ AIDS status
was classified into four categories according to
their AIDS status within 5 years after HIV diag-

nosis: no AIDS occurrence, AIDS occur-
rence < 3 months, AIDS occurrence within
4-12 months, and AIDS occur-
rence > 12 months. Multinomial logistic

regression was used to identify determinants of
the four AIDS statuses (with”"no AIDS

occurrence” being the reference). All covariates
used in the univariable analysis were selected
for subsequent multivariable logistic regression.

Odds ratios along with 95% confidence
intervals (CIs) were calculated to estimate the
effects of each variable and directions of all
associations. All tests were two-tailed, and
P <0.05 was considered to be statistically sig-
nificant. All data management and analyses
were performed using SAS 9.4 (SAS Institute,
Cary, NC, USA).

RESULTS

Patient Characteristics

A total of 33,142 patients were enrolled [MSM:
20,301 (61.25%); heterosexual people: 5,857
(17.67%); and IDUs: 6984 (21.07%)] (Fig. 3).
Most patients were men (94.4%), unmarried
(78.6%), and employed (61.1%); received a
diagnosis at designated HIV hospitals (62.7%);
and were aged < 30 years (48.1%).

The three at-risk populations differed signif-
icantly in terms of clinicodemographic charac-
teristics (Table 1).

Overall AIDS Events During 1984-2016

Of the 33,142 patients, 15,254 (46.0%) had
incident AIDS events during 150,309 person-
years of observation, with the incidence being
10.15 events/100 person-years (95% CI
10.00-10.30; Table 1). The proportion and
incidence of AIDS were 44.9% and 11.52 events/
100 person-years (95% CI 11.30-11.75) in MSM,
61.7% and 14.86 events/100 person-years (95%
CI 14.42-15.32) in heterosexual people, and
36.3% and 4.95 events/100 person-years (95%
CI 4.76-5.14) in IDUs, respectively, and there
was a significant difference between the three
at-risk populations (P <0.001; Table 1).

Dynamics of AIDS Incidence over Time
After HIV Diagnosis

Overall, we observed a drastic decrease in AIDS
incidence over time during the first 12 months
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Table 1 Clinicodemographic characteristics of 33,142 patients stratified into three at-risk populations
Total MSM Heterosexuals IDU P value
n = 33,142 n = 20,301 n = 5857 n = 6984
Median follow-up, person-year (IQR)  3.25 (7.67) 2.42 (5.75) 1.49 (6.83) 8.33 (6.67) <0.001
Age group at HIV presentation, 7 (%) < 0.001
<30 15954 (48.1) 11,895 (58.6) 1,655 (28.3) 2404 (34.4)
>30 to < 50 15,036 (45.4) 7869 (38.8) 2929 (50) 4238 (60.7)
> 50 2154 (6.5) 537 (2.7) 1273 (21.7) 342 (4.9)
Male sex, 7 (%) 31,137 (944) 20301 (100) 4763 (81.3) 6,073 (87) <0.001
Period of HIV diagnosis, 7 (%) <0.001
1984-1991 159 (0.48) 101 (0.50) 46 (0.79) 12 (0.17)
1992-1996 887 (2.68) 432 (2.13) 420 (7.17) 35 (0.5)
1997-2001 2359 (7.12) 1364 (672) 965 (16.48) 30 (0.43)
2002-2006 9380 (28.30) 2892 (14.25) 1475 (25.18) 5013 (71.78)
2007-2011 9026 (27.23) 5893 (9.03) 1576 (2691) 1557 (22.29)
2012-2016 11,331 (34.19) 9619 (47.38) 1375 (2348) 337 (4.83)
Marriage, 7 (%) <0.001
Unknown 82 (0.2) 53 (0.2) 12 (0.2) 17 (0.2)
No 26,040 (78.6) 19,304 (95.1) 2825 (48.2) 3911 (56)
Yes 7.020 (21.2) 944 (4.7) 3020 (51.6) 3056 (43.8)
Occupation, 7 (%) < 0.001
Unknown 1690 (5.1) 1284 (6.3) 288 (4.9) 118 (1.7)
Student 2740 (8.3) 2534 (12.5) 198 (3.4) 8 (0.1)
Unemployment 8457 (25.5) 2897 (143) 1387 (23.7) 4173 (59.8)
Employment 20,255 (61.1) 13,586 (66.9) 3984 (68) 2685 (38.5)
Specimen source <0.001
Designated HIV hospital 20,785 (62.7) 15,882 (78.2) 3932 (67.1) 971 (13.9)
Military screening 965 (2.9) 839 (4.1) 108 (1.8) 18 (0.3)
Blood donation 5342 (16.1) 828 (4.1) 469 (8) 28 (0.4)
Jail screening 1325 (4.0) 286 (1.4) 237 (4.1) 4220 (60.4)
Others 4743 (14.3) 2466 (122) 1111 (19) 1747 (25)
HIV diagnosis region, 7 (%) < 0.001
Taipei area 13,209 (39.9) 9717 (47.9) 2074 (35.4) 1418 (20.3)
Northern Taiwan 4551 (13.7) 2564 (12.6) 786 (13.4) 1201 (17.2)
Central Taiwan 5613 (16.9) 3141 (15.5) 1093 (18.7) 1379 (19.8)
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Table 1 continued

Total MSM Heterosexuals IDU P value
n = 33,142 n = 20,301 n = 5857 n = 6984
Southern Taiwan 3403 (10.3) 1441 (7.1) 726 (12.4) 1236 (17.7)
Kaoping area 5780 (17.4) 3080 (15.2) 1018 (17.4) 1682 (24.1)
Eastern Taiwan 586 (1.8) 358 (1.8) 160 (2.7) 68 (1)
AIDS incidence, event/100 person-years 10.15 11.52 14.86 495 <0.001
(95% CI) (10.00-10.30)  (11.30-11.75)  (1442-15.32)  (4.76-5.14)
AIDS event from 1984 to 2016, 7 (%)
All AIDS events 15,254 (46.0) 9106 (44.9) 3616 (61.7) 2532 (363) < 0.001
Three time points of AIDS events® < 0.001
< 3 months 7637 (50.1) 5189 (57.0) 2254 (62.3) 194 (7.7)
4-12 months 1485 (9.7) 995 (10.9) 285 (7.9) 205 (8.1)
> 12 months 6132 (40.2) 2922 (32.1) 1077 (29.8) 2133 (84.2)

AIDS acquired immunodeficiency syndrome; CI confidence interval; HI7 human immunodeficiency virus; /DU intravenous
drug user; JQR interquartile range; MSM men who have sex with men
* Indicates the proportion of the three time points of AIDS events among persons with HIV who experienced AIDS events

during the observation period

after HIV diagnosis (Fig. 1A). However, the
declining trends observed in the MSM and
heterosexual people differed significantly from
those observed in the IDUs (Fig. 1B).

The incidence of AIDS events after HIV
diagnosis exhibited similar trends over time
after HIV diagnosis among MSM and hetero-
sexual populations. During the first 3 months
after HIV diagnosis, the incidence was 137.25
events/100 person-years (95% CI
133.57-141.02) for MSM and 246.62 events/100
person-years (95% CI 236.68-256.98) for
heterosexual people; at 4-12 months, the inci-
dence declined steeply [9.88 events/100 person-
years (95% CI 9.29-10.52) for MSM and 11.77
events/100 person-years (95% CI 10.48-13.21)
for heterosexual people] and remained stable at
low levels thereafter [4.48 events/100 person-
years (95% CI 4.32-4.64) for MSM and 5.13
events/100 person-years (95% CI 4.83-5.45) for
heterosexual people]. Among IDUs, the AIDS
incidence after HIV diagnosis showed different
patterns over time: during the first 3 months
after HIV diagnosis, the incidence was 11.63

events/100 person-years (95% CI 10.11-13.39);
this decreased gradually to 4.23 events/100
person-years (95% CI 3.69-4.85) at 4—
12 months and then stabilized thereafter [4.77
events/100 person-years (95% CI 4.57-4.98)]
(Fig. 1B).

Overall, 50.1%, 9.7%, and 40.2% of the AIDS
events occurred <3, 4-12, and> 12 months
after HIV diagnosis, respectively. The distribu-
tion of AIDS event time points differed signifi-
cantly between the three at-risk populations
(P <0.001; Table 1). MSM and heterosexual
people showed similar distribution of AIDS
event time points: 57.0% versus 62.3 at the < 3-
month time point, 10.9% versus 7.9% at the
4-12-month time point, and 32% versus 29.8%
at the > 12-month time point. However, only
7.7% of the AIDS events occurred at the < 3-
month time point, and 84.2% occurred at
the > 12-month time point in the IDUs.
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Table 2 Multinomial logistic regression modeling results of patients stratified by AIDS status within 5 years after HIV
diagnosis

AIDS P value AIDS P value AIDS P value
occurrence < 3 months occurrence occurrence > 12 months
vs. no AIDS occurrence within vs. no AIDS occurrence
[Adjusted OR (95% 4-12 months vs. [Adjusted OR (95% CI)]
CI)] no AIDS
occurrence
[Adjusted OR
(95% CI)]
Age group
< 30 Reference Reference Reference
>30-t0 < 2.87 (2.60-3.13) <0001 156 (1.32-1.85) <0001 1.14 (1.04-125) 0.007
50
> 50 473 (401-5.57) <0001 265 (1.95-361) <0001 152 (1.25-1.84) <0.001
Gender
Female Reference Reference Reference
Male 1.60 (1.34-1.91) <0001 1.09 (090-149) 0573 121 (1.01-143) 0.034
At-risk population
MSM Reference Reference Reference
Heterosexual  1.70 (1.53-1.89) <0.001 1.09 (0.88-1.35) 0.427 1.05 (0.92-1.19) 0.457
contact
IDU 0.12 (0.10-0.14) <0001 033 (025-044) <0.001 0.53 (0.45-0.61) <0.001
Period of HIV diagnosis
1984-1991 Reference Reference Reference
1992-1996 1.64 (0.96-2.79) 0.07 4.17 0.051 0.90 (0.56-1.46) 0.678
(0.99-17.52)
1997-2001  1.22 (0.73-2.04) 0458 122 (029-5.10) 0790 0.46 (0.29-0.73) <0.001
2002-2006 1.45 (0.88—2.43) 0.148 3.14 0.112 1.21 (0.78—1.88) 0.387
(0.77-12.84)
2007-2011 2.41 (1.45—4.00) <0.001 4.79 0.029 1.05 (0.68—1.63) 0.824
(1.18-19.58)
Marriage
No Reference Reference Reference
Unknown 238 (0.76-7.42) 0.137 1.93 0.546 0.54 (0.07-4.38) 0.561
(0.23-16.15)
Yes 1.04 (0.93-1.17) 0472 105 (0.85-1.30)  0.664 101 (0.90-1.13) 0.847
Employment
No Reference Reference Reference
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Table 2 continued

AIDS P value AIDS occurrence P value AIDS P value
occurrence < 3 months within occurrence > 12 months
vs. no AIDS occurrence 4—-12 months vs. no vs. no AIDS occurrence
[Adjusted OR (95% AIDS occurrence [Adjusted OR (95% CI)]
CI)] [Adjusted OR (95%
CI)]
Student  0.57 (0.47-0.69) <0001 1.19 (0.88-1.60) 0250  0.74 (0.62-0.90) 0.003
Unknown  0.95 (0.77-1.19) 0.673 091 (0.59-1.41) 0673 1.03 (0.79-1.35) 0.822
Yes 0.72 (0.65-0.79) <0.001 0.86 (0.72-1.03) 0.107  0.93 (0.84-1.03) 0.147
Specimen source
HIV Reference Reference Reference
referral
center
Military  0.27 (0.19-0.40) <0001 0.89 (0.41-1.16) 0.164 139 (1.10-1.77) 0.007
screening
Blood 0.11 (0.08-0.15) <0001 0.85 (0.61-1.18) 0323 1.07 (0.89-1.28) 0.377
donation
center
Jail 0.11 (0.08-0.15) <0.001 095 (0.71-1.27) 0716 092 (0.79-1.07) 0.261
screening
Others  0.53 (0.47-0.60) <0001 1.14 (0.93-1.40) 0202 111 (0.98-1.25) 0.105
HIV diagnosis region
Kaoping  Reference Reference Reference
area
Taipei 0.67 (0.60-0.75) <0.001 090 (0.73-1.12) 0336 1.03 (0.91-1.17) 0.642
area
Northern 1.0 (0.87-1.16) 0971 130 (101-1.67) 0042 130 (1.01-1.67) <0.001
Taiwan
Central 1.02 (0.889—1.16) 0.828 1.02 (0.80—1.31) 0.863 1.06 (0.92—1.22) 0.392
Taiwan
Southern  1.31 (1.12-1.53) 0.004 1.19 (0.90-1.58) 0229 131 (1.12-1.53) <0.001
Taiwan
Eastern 161 (121-2.14) 0.001 147 (0.84-2.57) 0178  1.64 (121-2.24) 0.002
Taiwan

AIDS acquired immunodeficiency syndrome; CI confidence interval; I/ human immunodeficiency virus; /DU intravenous
drug user; MSM men who have sex with men; OR odds ratio
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C heterosexual people, and D IDUs

Trends of AIDS Incidence and Evolution
of the Proportion of the Three AIDS Event
Time Points During 1984-2016

The overall AIDS incidence fluctuated during
1984-2016. The incidence peaked during
1992-1996 (20.61 events/100 person-years),
after which it declined until 2002-2006 and
then finally stabilized during 2002-2016
(8.96-9.82 events/100 person-years). The pro-
portion of AIDS events at the < 3-month time
point peaked during 1984-1991 (80.77%), then
declined, and finally remained stable during
2002-2016 (43.87%~-55.37%) (P for
trend < 0.001). The proportion of AIDS events
at the > 12-month time point increased from

11.54% during 1984-1991 to 43.11% during
2012-2016 (P for trend < 0.001; Fig. 4A).

The incidence and event trends observed in
MSM and heterosexual people differed from
those observed in IDUs (Fig. 4B-D). Among
MSM and heterosexual people, the AIDS inci-
dence peaked during 1992-1996 (17.19 and
24.06 events/100 person-years, respectively)
and then declined thereafter, with a small peak
during 2007-2011 (13.31 and 16.56 events/100
person-years, respectively). The proportion of
AIDS events at the < 3-month time point fluc-
tuated but remained at>50% among MSM
(P for trend =0.968) and at>55% among
heterosexual people (P for trend = 0.985) dur-
ing 1984-2016. The proportion of AIDS events
at the>12-month time point increased
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significantly (0%-34.08%, P for trend < 0.001;
Fig. 4C) among heterosexual people, but the
increase was not significant among MSM
(14.29-31.96%, P for trend =0.985) during
1984-2016.

However, the trends were considerably dif-
ferent among IDUs. The AIDS incidence
declined from 1984-1996 (12.21 events/100
person-years) to 2002-2006 (3.40 events/100
person-years) and  increased  thereafter
(4.42-6.07 events/100 person-years). The pro-
portions of AIDS events at the < 3-month time
point (42.86%-3.54%; P for trend < 0.001) and
4-12-month time point (35.71%-1.52%; P for
trend <0.001) decreased during 1984-2016.
The proportion of AIDS events at the>12-
month time point increased during 1984-2016
(21.43%-94.95%, P for trend < 0.001; Fig. 4D).

Determinants of AIDS Status Within
5 years of HIV Diagnosis

Finally, 21,811 patients who were diagnosed
with HIV from 1984 to 2011 were selected for
analysis of determinants of AIDS status within
5 years of HIV diagnosis. For AIDS < 3 months
(vs. no AIDS), positive determinants were older
age (vs. age < 30years), male sex, heterosexu-
ality (vs. MSM), the period 2007-2011 (vs.
1984-1991), and the Southern/Eastern regions
of Taiwan (vs. the Kaoping area). Negative
determinants were IDUs (vs. MSM), student/
employed status (vs. unemployed status), mili-
tary screening/blood donation center/jail
screening/others (vs. HIV referral center), and
the Taipei area (vs. Kaoping area) (Table 2).
For AIDS within 4-12 months (vs. no AIDS),
positive determinants were older age, the period
2007-2011, and the Northern region of Taiwan.
Negative determinants were IDUs (Table 2).
For AIDS > 12 months (vs. no AIDS), positive
determinants were older age, male sex, military
screening (vs. HIV referral center), and the
Northern/Southern/Eastern regions of Taiwan.
Negative determinants were IDUs, the period
1997-2001, and student status (Table 2).

DISCUSSION

This study is the first to explore the trends of
different AIDS event time points after HIV
diagnosis in various at-risk populations in the
past 3 decades. The HIV epidemic in Taiwan is
similar to that in other Asian-Pacific countries,
North  America, and Western Europe
[27, 28, 38, 39], where MSM form the predom-
inant HIV transmission group; thus, our find-
ings have global interest. Because our study had
a longer follow-up duration than that of a pre-
vious study (2 years) [25], we observed more
patients (46% vs. 27.4%, respectively) reporting
an AIDS event, with 50.1% of the patients
developing AIDS within 3 months of HIV diag-
nosis and 40.2% developing AIDS 1 year after
diagnosis. These findings indicate a high bur-
den of AIDS events in Taiwan and, thus, to
reduce the AIDS epidemic in Taiwan, AIDS
prevention strategies that are tailored to the
distinct evolution of the time points of AIDS
events in various at-risk populations are
required.

An AIDS event occurring within 3 months of
HIV diagnosis is consistent with the definition
of late presentation of HIV (late presenter)
[5, 27, 28]. The etiologies of AIDS at 4--
12 months and > 12 months after HIV diagnosis
may overlap but may not be identical due to the
differences in the AIDS incidence and factors
influencing AIDS status within 5 years of HIV
diagnosis. AIDS events occurring 4-12 months
after HIV diagnosis suggest late cART initiation
[30, 40] or reflect an advanced immunocom-
promised status, and such patients may develop
immune reconstitution inflammatory syn-
drome after cART treatment [41-43]. However,
AIDS events at > 12 months after HIV diagnosis
are likely to be related to poor linkage to HIV
care or poor adherence to cART [34, 35].

Although the observed AIDS incidence
declined abruptly during 1997-2001 after the
introduction of cART, the trend stabilized
thereafter. These findings are consistent with
previous studies, which reported a drastic
decline in the incidence of AIDS-defining
opportunistic diseases in HIV-infected patients
in 1992-1997, a more gradual decline in
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1998-2002, and then a stabilization at a low
level of incidence in 2003-2007 [37, 40, 44, 45].
Considering the lack of considerable change
during 2002-2016, further interventions to
reduce the AIDS burden are imperative.
Throughout the six periods, the proportion of
AIDS events occurring < 3 months after HIV
diagnosis declined but remained at>50%
among MSM and > 55% among heterosexual
people, but those occurring > 12 months after
HIV diagnosis emerged as a new threat in
heterosexual people [0%-34.08% (P for
trend < 0.001), and >30% since 2002-2006]
and IDUs [21.439%-94.95% (P for trend < 0.001),
and >80% since 2007-2011]. This finding
implies that enhancing early diagnosis among
people with sexual contact and optimizing
adherence to the HIV care continuum among
heterosexual people and IDUs should be prior-
ities for further AIDS prevention strategies.
Although the proportion of AIDS events occur-
ring within 4-12 months after HIV diagnosis
did not change among the people with sexual
contact, they constituted 5%-10% of AIDS
events; however, in IDUs, these events
decreased throughout the study period.

Since 1997, aVCT has been prioritized in HIV
testing to improve early HIV diagnosis in Tai-
wan, and regular linkage to aVCT has been
shown to effectively enhance the early diagno-
sis of HIV [46]. In our recent investigation of
compliance to aVCT cascade among 572
patients with HIV infection in Taiwan (homo-
sexual: 79.6%; bisexual: 13.6%; heterosexual:
6.1%), only 60.5% had ever received aVCT
before HIV diagnosis, and 30.8% regularly
received aVCT. Barriers to aVCT cascade include
a low perceived risk of HIV infection and the
fear of discrimination or stigma [46]. Consistent
with other studies [5, 47], late presenters are
even more common among heterosexual pop-
ulations than among MSM; this is
attributable to the lower HIV testing rates
among heterosexual people because of the low
perceived risk [48, 49]. More alarming, however,
is the high proportion of AIDS events in MSM
due to late presentation. MSM are the predom-
inant HIV risk group and the main target of
aVCT strategies. Therefore, reducing the preva-
lence of late presenters among people with

sexual contact requires expanded HIV screening
strategies as part of routine care or opt-out
testing (as opposed to opt-in testing) in
healthcare and non-healthcare settings, and it is
important that these strategies reach key pop-
ulations [50, 51]. By contrast, late presentation
was not prevalent among IDUs, possibly due to
the predominance of the indolent HIV
CRFO7_BC strain among IDUs in Taiwan
[52, 53] and the active surveillance of HIV
among prison inmates since 1991 [54, 55]. Our
findings also support the importance of routine
HIV testing (i.e., military screening, blood
donation centers, and jail screening) in early
HIV detection [51, 56].

Nearly one-third of AIDS events among MSM
and heterosexual populations since 2002
and > 80% of AIDS events among IDUs since
2007 occurred > 12 months after HIV diagnosis,
despite the availability of universal access to
care and cART therapy since the mid-1990s.
Several barriers may hinder successful engage-
ment and retention in the HIV care continuum,
such as late cART initiation [30, 40], changing
thresholds of cART initiation [31, 32], and sub-
optimal adherence to cART [34, 35, 57]. The
problem may worsen after rapid cART initiation
[17] or even same-day cART [58], considering
the increased rate of loss to follow-up and
reduced rate of retention among same-day ini-
tiators [59, 60].

Although HIV-positive IDUs had a lower risk
for each AIDS status than the MSM, they had a
rapid increase in the proportion of AIDS events
occurring > 12 months after HIV diagnosis
(33.3% in 2002-2006 to 86.4% in 2007-2011).
This may largely be due to the decrease in the
number of newly diagnosed HIV-positive IDUs
after the implementation of harm reduction
therapy in Taiwan in 2005 [61], resulting in a
decrease in the proportion of AIDS events
occurring < 12 months after HIV diagnosis.
Therefore, to further prevent AIDS events
among HIV-positive IDUs diagnosed since 2007,
the government should focus on AIDS
events > 12 months after HIV diagnosis. IDUs
have been shown to have poor adherence to
cART [62, 63], a high rate of HIV care disconti-
nuity [64-66], a high rate of physician deferral
of cART prescriptions [67], and delayed cART
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initiation independently of clinical eligibility
[68] due to criminalization and socioeconomic
marginalization. Accordingly, measures should
be taken to reduce the criminalization and
mitigate the socioeconomic marginalization of
IDUs to improve their access to and continuity
of the HIV care continuum.

The present findings also confirm that older
age was a risk factor for each AIDS status
[28, 69, 70]. Older PWH have a higher risk of
being late presenters due to the lower percep-
tion of HIV risk [71], lack of physician aware-
ness regarding HIV infection [72], and
underestimation of HIV risk behaviors [73];
moreover, they have a higher risk of AIDS
events during follow-up, which is likely due to
missed clinic visits [70].

Notably, PWH diagnosed through military
screening were more likely to have
AIDS > 12 months after HIV diagnosis than
those diagnosed at HIV referral centers. This
may be due to a passive attitude towards the
perceived risk of HIV and engagement in HIV
care among PWH diagnosed through military
screening in contrast to those who took the
initiative to visit an HIV referral center for HIV
diagnosis and medical care. Additional studies
are required to investigate the influence of
specimen sources on other clinical outcomes,
such as virological and immunological respon-
ses, retention rate in HIV care, and mortality.
Disparities in sociodemographic characteristics
(gender, employment, and region of HIV diag-
nosis) with regards to the progression to various
AIDS statuses within 5 years of HIV diagnosis
also indicate the necessity of reallocating
resources and redoubling efforts to implement
appropriate and effective interventions.

The major strength of this study is its
nationwide scope and population-based design
along with the extended and nearly complete
follow-up over the past 3 decades, which mini-
mized selection and referral biases. However,
this study has several limitations. First, several
variables, such as cART prescription, different
CcART combinations, comorbidities, CD4" cell
count, viral load, and compliance to the HIV
care continuum, could not be analyzed because
the relevant data were not included in the HIV/
AIDS dataset. Therefore, further studies are

warranted to investigate the influence of these
variables on AIDS status within 5 years of HIV
diagnosis. Second, only the first AIDS event was
recorded, which precluded any analysis of sub-
sequent AIDS events after recovery from the first
event. This may have led to an underestimation
of the incidence of AIDS events. Third, in the
HIV/AIDS dataset, the classification of at-risk
population (MSM, heterosexuals, IDUs) depend
on the responses from the patients. However,
some heterosexual patients may be reluctant to
disclose MSM behaviors due to stigma at
enrollment, leading to misclassification of at-
risk populations. Finally, clinical AIDS diagnosis
reporting may not have been complete, leading
to a potential underestimation of AIDS events.

CONCLUSIONS

We have demonstrated a significant burden of
AIDS events in Taiwan. Although the incidence
decreased significantly after the introduction of
cART, the epidemic has been stable since 2002.
Considering the disparity in the trends of the
incidence and evolution of the AIDS event time
points in various at-risk populations, as well as
the relatively clear understanding of the factors
associated with different AIDS statuses within
Syears of HIV diagnosis, additional active
strategies tailored to different AIDS event time
points are imperative to control the AIDS epi-
demic in at-risk populations in Taiwan.
Enhancing early diagnosis among people with
sexual contact and optimizing adherence to the
HIV care continuum among heterosexual peo-
ple and IDUs should be priorities of further
AIDS prevention strategies.
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