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Abstract Background: Whether early HIV diagnosis is beneficial for HIV patients themselves
remains uncertain, given the stigma and social discrimination associated with an HIV diagnosis.
This study aimed to measure the impact of early HIV diagnosis on quality-adjusted life expec-
tancy (QALE) in comparison with late HIV diagnosis, from real-world data in Taiwan under uni-
versal access to antiretroviral therapy (ART).
Methods: This population-based cohort study included 14,570 men who have sex with men
(MSM) in the national HIV registry and a quasi-random sample (n Z 127) of MSM patients to
measure quality of life using the EQ-5D health utility instrument. We integrated quality of life
data into the extrapolated cohort survival curve to estimate the QALE in patients with early
versus late HIV diagnosis (�30 days before AIDS diagnosis). Loss-of-QALE were estimated by
comparing the cohort with age-, sex-, and calendar-year-matched referents simulated from vi-
tal statistics. Difference-in-differences was estimated to quantify the effect of early HIV diag-
nosis.
Epidemiology and Preventive Medicine, College of Public Health, National Taiwan University, 17

ail.com (T. Lo), fangct@ntu.edu.tw (C.-T. Fang), yuyao0307@gmail.com (Y.-Y. Lee), 2irene.s@gmail.
.com (F.-Y. Chu), jdwang121@gmail.com (J.-D. Wang).
hor.

1.004
ociety of Microbiology. Published by Elsevier Taiwan LLC. This is an open access article under the CC
mons.org/licenses/by-nc-nd/4.0/).

mailto:a8617355@hotmail.com
mailto:fangct@ntu.edu.tw
mailto:yuyao0307@gmail.com
mailto:2irene.s@gmail.com
mailto:2irene.s@gmail.com
mailto:fychu276313@gmail.com
mailto:jdwang121@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jmii.2023.11.004&domain=pdf
https://doi.org/10.1016/j.jmii.2023.11.004
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.sciencedirect.com/science/journal/16841182
http://www.e-jmii.com
https://doi.org/10.1016/j.jmii.2023.11.004
https://doi.org/10.1016/j.jmii.2023.11.004


T. Lo, C.-T. Fang, Y.-Y. Lee et al.
Results: Early HIV diagnosis is associated with a loss-of-life expectancy of 3.11 years, with an
average health utility of 0.95, in contrast to those diagnosed late (loss-of-life expectancy 8.47
years, with an average health utility of 0.86). After integration of survival and life quality,
early HIV diagnosis results in a reduction of loss-of-QALE by 8.28 quality-adjusted life years
among MSM living with HIV.
Conclusions: Under universal access to ART, early HIV diagnosis is highly beneficial for people
living with HIV themselves, with a net gain of 8.28 healthy life years compared with those diag-
nosed late.
Copyright ª 2024, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

A prolonged sexually transmitted HIV outbreak, predomi-
nantly affecting men who have sex with men (MSM) and
fueled by non-opioid recreational drug use, has occurred in
Taiwan since 2005.1,2 Despite the continuous decrease in
the number of new HIV diagnoses since 2018,2 a persistently
high proportion (30 %e40 %) of new HIV patients have been
diagnosed late in the course.3,4 This has resulted in missed
opportunities for timely antiretroviral therapy (ART) to
reduce their infectivity, and for behavioral interventions to
promote condom use in order to protect others.5,6

On the other hand, whether early HIV diagnosis is benefi-
cial for individuals living with HIV themselves remains less
clear, given the stigma and social discrimination associated
with an HIV diagnosis.7 Although the Strategic Timing of An-
tiretroviral Therapy (START) trial8 and collaborative HIV
treatment cohorts in Europe and North America9e13 reported
a lower HIV-associated mortality risk with early HIV treat-
ment, previous studies have been limited by relatively short
follow-up times,8 the lack of adjustment for lead-time
bias,9e13 and not taking quality of life into account.8e13 In
particular, quality of life is the key to thriving with HIV.14

Since 1997, Taiwan has provided universal access to
highly active ART for all citizens living with HIV.5 In this
nationwide, population-based cohort study, we assessed
the impact of early HIV diagnosis on the loss-of-quality-
adjusted life expectancy (QALE) in MSM living with HIV,
compared with an age/sex-matched reference population.
This metric is not affected by lead-time bias.15e17 We
measured quality of life using the EuroQol-5D,18 and esti-
mated the loss of QALE by extrapolating 10-year survival
curves to a lifetime, using iSQoL 2.0,19,20 a software pack-
age developed by Academic Sinica to accurately predict
long-term survival.

Methods

Study design

This was a nationwide, population-based cohort study of all
diagnosed MSM living with HIV in Taiwan, based on the na-
tional HIV registry. The primary outcome was the difference
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in loss-of-QALE between early-diagnosed and late-
diagnosed MSM living with HIV. The study consisted of two
parts. First, we extrapolated the 10-year survival curves,
which were followed up and stratified by the timing of
diagnosis, to a lifetime (up to 78 years after diagnosis). This
allowed us to estimate the loss-of-life expectancy
compared with an age- and sex-matched reference popu-
lation (at the time of HIV diagnosis). Second, we measured
the quality of life of people living with HIV using the health
utility EuroQol-5D instrument by interviewing a quasi-
random sample of HIV patients followed up at National
Taiwan University Hospital (Taipei, Taiwan). Finally, we
integrated the quality-of-life data into the extrapolated
survival curve to estimate the loss-of-QALE compared with
an age/sex-matched reference population.

Ethical statement

The study procedure was reviewed a priori and approved by
the Research Ethics Committee of National Taiwan Uni-
versity Hospital (#201410005RIND). All participants in the
quality-of-life survey gave written informed consent.
Informed consent was waived by the Research Ethics
Committee for delinked data from the Taiwan National HIV
registry.

Definition of AIDS

Since January 1, 2005, the definition of acquired immunode-
ficiency syndrome (AIDS) in Taiwan followed the United States
Centers for Disease Control and Prevention (USCDC) 1993
revised case definition.21 Patients were reported as having
AIDS if they were diagnosed to have an AIDS-defining illness or
if their CD4 cell count falls below 200 cells/mm3.21

Definition of early vs. late HIV diagnosis

To simulate the two alternative scenarios for an individual
at risk: screening for HIV (while being asymptomatic)
versus no screening (seeking treatment only after the
onset of AIDS), we defined a late HIV diagnosis (no
screening, having AIDS at the time of HIV diagnosis) as
occurring �30 days before the date of AIDS diagnosis
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(taking the time needed for diagnosing AIDS into ac-
count); and an early HIV diagnosis (by screening, before
the onset of AIDS) as either occurring >30 days before the
date of AIDS diagnosis or remaining AIDS-free by the end
of the follow-up period.22
National HIV registry

The National HIV registry includes all people with HIV
diagnosed since 1986. Variables in the registry include na-
tionality, date of birth, sex, date of HIV diagnosis, risk
group for HIV transmission, date of AIDS diagnosis and date
Figure 1. Flow chart of HIV patients enrollment (A) Delinked Ta
received EQ-5D measurement.

87
of death (if applicable). We used the latest edition publicly
released for academic research, which included all persons
diagnosed before 2016, with validation of survival status up
to December 31, 2015, through linkage to the National
Death Registry by the Taiwan Centers for Disease Control
(CDC). Taiwan CDC categorized HIV transmission into eight
mutually exclusive HIV risk groups: homosexual behaviors,
bisexual behaviors, heterosexual behaviors, injecting drug
use, mother-to-child transmission, hemophilia, blood
transfusion, and the undisclosed. We included all men aged
�13 years, diagnosed since January 1, 2005, and whose HIV
risk group was homosexual or bisexual behavior as MSM in
the present study. Foreigners were excluded.
iwan national HIV registry cohort dataset (B) 128 patients who
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Extrapolation of survival curve

Accurate long-term survival extrapolation is based on the
principle that, when the HIV-associated hazard is stable, the
logit survival ratio between the HIV patient cohort and an
age/sex- and calendar-year-matched reference cohort (the
survival function of which was generated from the life tables
of the Taiwan general population using the Monte Carlo
method)23 will converge to a straight line, allowing linear
extrapolation.22,24 However, with limited follow-up time, the
logit survival ratio curve may not yet converge to a straight
line at the end of follow-up, and simple linear extrapolation
may underestimate long-term survival. iSQoL 2.0 employed a
rolling extrapolation procedure to address this problem.20

First, a restricted cubic spline model was used to fit the
logit survival ratio curve, which becomes approximately a
straight line at the end of follow-up, thus allowing linear
extrapolation for a short time interval beyond the follow-up
Table 1 Characteristics of 14,570 men who have sex with me
Taiwan.

Early diagnosed (N Z 11

n %

Risk group of HIV transmission
Homosexual behaviors 9707 (88 %)
Bisexual behaviors 1321 (12 %)

Age at HIV diagnosis (years)
Mean (standard deviation) 28.6 (7.4)
5e14 2 (0 %)
15e24 3760 (34 %)
25e34 5200 (47 %)
35e44 1648 (15 %)
45e54 358 (3 %)
�55 60 (1 %)

Marital status
Married 166 (2 %)
Unmarried 8665 (79 %)
Divorced/separated/widowed 51 (0.5 %)
Undisclosed 2146 (19 %)

Occupation
Unemployed 1372 (12 %)
Student 1714 (16 %)
Housekeeping 8 (0 %)
Sex worker 4 (0 %)
Paid job 7185 (65 %)
Undisclosed 745 (7 %)

HIV screening channel
Criminal justice system 198 (2 %)
Blood donation center 430 (4 %)
Military routine 570 (5 %)
Healthcare services 8323 (75 %)
Miscellaneous 1507 (14 %)

Death 316 (3 %)
Mean follow-up time 51 months
Death rate 2.87 % (316/11,028)

a Having AIDS at the time of HIV diagnosis, operatively defined as r
Data are n (%) or mean (standard deviation).
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limit. Second, a rolling algorithm was utilized, extrapolating
a short time interval at each time step, to fit the converging
curve of the logit survival ratio for long-term extrapolation.20

Using iSQoL 2.0, we extrapolated the 10-year survival curves,
which were followed up and stratified by the timing of diag-
nosis, to a lifetime (up to 78 years after diagnosis).

Enrollment of patients for quality-of-life
measurement

We interviewed a quasi-random sample of HIV patients
receiving follow-up care at National Taiwan University
Hospital (Taipei, Taiwan), referred by their HIV case man-
agers, to obtain quality-of-life measurements. To be
eligible for participation, patients had to be men aged 20
years or older, with registered HIV risk group of homosexual
or bisexual behavior. Informed consent was obtained from
all participants prior to the interviews.
n that were newly diagnosed with HIV during 2005e2015 in

,028) Late diagnoseda (N Z 3542) P value

n %

<0.0001
2953 (83 %)
589 (17 %)

<0.0001
33.5 (9.1)
0 (0 %)
512 (14 %)
1655 (47 %)
948 (27 %)
332 (9 %)
95 (3 %)

<0.0001
132 (4 %)
2658 (75 %)
47 (1 %)
705 (20 %)

<0.0001
619 (17 %)
271 (8 %)
2 (0 %)
1 (0 %)
2337 (66 %)
312 (9 %)

<0.0001
10 (0 %)
32 (1 %)
53 (2 %)
3104 (88 %)
343 (10 %)
395 (11 %) <0.0001
45 months
11.15 % (395/3542)

eceiving AIDS diagnosis within 30 days of HIV diagnosis.



Table 2 Characteristics of 127 men who have sex with men living with HIV participating EQ-5D utility measurement.

Early diagnosed (N Z 80) Late diagnoseda (N Z 47) P-value

n % n %

Male Sex 80 (100 %) 47 (100 %) <0.0001
Age at HIV diagnosis (years) <0.0001
Mean (SD) 29.8 (8.6) 32.1 (10.4)
0e14 0 (0 %) 0 (0 %)
15e24 25 (31 %) 8 (17 %)
25e34 45 (56 %) 24 (51 %)
35e44 6 (8 %) 12 (26 %)
45e54 4 (5 %) 2 (4 %)
�55 0 (0 %) 1 (2 %)

Education
Illiterate 0 (0 %) 0 (0 %) <0.0001
Junior high school 2 (3 %) 2 (4 %)
High school 13 (16 %) 15 (32 %)
University or above 65 (81 %) 30 (64 %)

Duration from HIV diagnosis to enrollment (Years) 5.56 7.35 0.0036
0e2 28 (35 %) 10 (21 %)
3e4 13 (16 %) 11 (23 %)
5e6 19 (24 %) 2 (4 %)
7e8 8 (10 %) 8 (17 %)
9e10 4 (5 %) 5 (11 %)
�11 8 (10 %) 11 (23 %)

Screening or diagnosis channels <0.0001
Health care visits 22 (28 %) 32 (68 %)
Screening in hospital (Anonymous) 22 (28 %) 6 (13 %)
Screening in hospital (Named) 20 (25 %) 4 (9 %)
Screening in non-governmental organization 7 (9 %) 1 (2 %)
Military physical examination 5 (6 %) 2 (4 %)
Blood donation screening 2 (3 %) 1 (2 %)
Routine screening in prison 1 (1 %) 1 (2 %)
Home testing 1 (1 %) 0 (0 %)
Screening in harm reduction program services 0 (0 %) 0 (0 %)

CD4 count of first time diagnosed <0.0001
<200 0 (0 %) 47 (100 %)
200e349 18 (23 %) 0 (0 %)
350e299 31 (37 %) 0 (0 %)
�500 28 (36 %) 0 (0 %)
Unknown 3 (4 %) 0 (0 %)

Utility measurement score
EQ-5D 0.95 � 0.09 0.86 � 0.19 <0.0001
EQ-5D VAS score 73.1 70 0.025

Today’s health status comparing with the past year 0.158
Better 27 (34 %) 21 (45 %)
Similar 44 (55 %) 18 (38 %)
Worse 9 (11 %) 8 (17 %)

Barthel index 99.7 � 13.1 95.67 � 2.3 0.036
Employment status <0.0001
Employed 58 (72 %) 28 (60 %)
Jobless 7 (9 %) 9 (19 %)
Part time job 4 (5 %) 4 (9 %)
Students 3 (4 %) 2 (4 %)
Sex workers 0 (0 %) 0 (0 %)
Others 8 (10 %) 4 (9 %)

Marital status
Unmarried 77 (96 %) 43 (91 %)
Married 1 (1 %) 3 (6 %)
Divorce 1 (1 %) 1 (2 %)

(continued on next page)
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Table 2 (continued )

Early diagnosed (N Z 80) Late diagnoseda (N Z 47) P-value

n % n %

Separated 0 (0 %) 0 (0 %)
Widowed 0 (0 %) 0 (0 %)
Others 1 (1 %) 0 (0 %)

Self-reported sexual experience
Homosexual sex 77 (99 %) 47 (100 %) 0.001
One-night stand 37 (46 %) 14 (30 %)
Heterosexual sex 10 (13 %) 11 (23 %)
Prostitution 1 (1 %) 2 (4 %)
Never 1 (1 %) 0 (0 %)

Comorbidity
Yes 32 (40 %) 26 (55 %) 0.059
No 48 (60 %) 21 (45 %)

Experience of using drugs, alcohol and tobacco
Cigarettes 41 (53 %) 22 (47 %) <0.0001
Alcohol 36 (46 %) 19 (40 %)
Sedative-hypnotics 24 (31 %) 10 (21 %)
Recreational drugs 21 (27 %) 10 (21 %)
Anti-depressants 11 (14 %) 5 (11 %)
Marijuana 5 (6 %) 4 (9 %)
Cocaine 2 (3 %) 0 (0 %)
Opioid 0 (0 %) 0 (0 %)
a Having AIDS at the time of HIV diagnosis, operatively defined as receiving AIDS diagnosis within 30 days of HIV diagnosis.
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Measurement of quality of life

Quality of life was measured using the EuroQol-5D (EQ-5D-
3L) questionnaire.18 EuroQol-5D is a well-validated,
preference-based measure of health, widely used in
cost-utility analysis.25 It is now available in 158 lan-
guages, including traditional Chinese. The preference
weights were generated using time trade-off methods to
allow integration with the survival curve to compute
quality-adjusted life-years (QALYs); these reflect the so-
cial value of health and are country-specific.25 Each
participant self-completed 5 questions, which encom-
passed mobility, self-care, usual activities, pain/discom-
fort, and anxiety/depression, with three levels of severity
(no problems, moderate problems, and severe prob-
lems).18 The health state vector derived from the five
dimensions was transformed into a utility value using the
scoring functions from Taiwan.26
Loss-of-quality-adjusted life expectancy

We integrated the quality-of-life data into the extrapolated
survival curve to estimate the loss-of-QALE compared with
an age/sex-matched reference population. To obtain the
QALE of the reference population, we considered three
scenarios for the health utility value of the reference
population: (1) 1.0 (main analysis); (2) age- and sex-
matched health utility values from the 2009 Taiwan Na-
tional Health Interview Survey for the general population in
Taiwan (sensitivity analyses to consider the effect of
aging); (3) age- and sex-matched health utility values from
the 2009 Taiwan National Health Interview Survey for the
general population in Taiwan, but excluding those aged 80
90
years or more, to avoid potential bias due to sparse data in
this age group (sensitivity analyses).

Data analysis

We conducted a logical check of the national HIV registry data
to correct administrative delay. We considered the date of
AIDS diagnosis or the date of death as the date ofHIV diagnosis
if the date of AIDS diagnosis or date of death preceded the
notification date of HIV diagnosis. We also considered the
date of death as the date of AIDS diagnosis if the date of death
preceded the notification date of AIDS diagnosis. Survival
extrapolation and loss-of-QALE computation were performed
using iSQoL 2.0 (Integration of Survival with Quality of Life)
software,19 which was developed by Professor Jing-Shiang
Hwang at Academia Sinica (Taipei, Taiwan).

Results

Patient enrollment

The CDC nationwide HIV/AIDS dataset (1986e2015) from
the Taiwan national HIV registry included 32,045 individuals
with HIV, of whom 14,570 MSM (diagnosed during
2005e2015) met the inclusion criteria for this study (11,028
individuals in the early diagnosis group and 3542 individuals
in the late diagnosis group) (Fig. 1A). A total of 128 MSM
patients living with HIV participated in the quality of life
study (80 participants in the early diagnosis group and 47
participants in the late diagnosis group. Timing of HIV
diagnosis could not be obtained for one of the participants)
(Fig. 1B). All participants in the quality of life study pro-
vided written informed consent.
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Characteristics of patients

Table 1 shows characteristics of the 14,570 MSM included in
this nationwide, population-based study. Most were diag-
nosed in the age range of 25e34 years. The mean age of HIV
diagnosis in the early HIV diagnosis group is 4.9 years
younger than that in the late HIV diagnosis group (28.6 vs.
33.5 years, p < 0.001), consistent with the presence of
lead-time bias. Table 2 shows the characteristics of the 127
participants in the quality-of-life measurement. The dura-
tion from HIV diagnosis to enrollment ranged from less than
1 year to more than 10 years (Table 2). Table 3 shows that
the 127 patients and the national cohort (N Z 14,570) were
similar in all socio-demographic variables, including risk
groups (homosexual vs. bisexual), age at HIV diagnosis,
marital status, occupation, and HIV screening channels
(Table 3), and that the former can serve as a quasi-random
sample for the latter.
Loss-of-Life expectancy

Figs. 2 and 3 show the observed 10-year survival curve and
extrapolated survival curve to a lifetime for the early
Table 3 Comparison of characteristics of the quasi-random
population-based cohort (N Z 14,570).

Early diagnosed

Quasi-random
sample
(n Z 80)

Cohort
(N Z 11,02

Risk group of HIV transmission
Homosexual behaviors 70 (87 %) 9707 (88 %)
Bisexual behaviors 10 (13 %) 1321 (12 %)
Age at HIV diagnosis (years)
Mean (standard deviation) 29.8 (8.6) 28.6 (7.4)
5e14 0 (0 %) 2 (0 %)
15e24 25 (31 %) 3760 (34 %)
25e34 45 (56 %) 5200 (47 %)
35e44 6 (8 %) 1648 (15 %)
45e54 4 (5 %) 358 (3 %)
�55 0 (0 %) 60 (1 %)

Marital status
Married 1 (1 %) 166 (2 %)
Unmarried/Undisclosed 78 (98 %) 10,811 (98
Divorced/separated/widowed 1 (1 %) 51 (0.5 %)

Occupation
Unemployed/Undisclosed 15 (19 %) 2125 (19 %)
Employed/Student 65 (81 %) 8899 (81 %)
Sex worker 0 (0 %) 4 (0 %)

HIV screening channel
Criminal justice system 1 (1 %) 198 (2 %)
Blood donation center 2 (3 %) 430 (4 %)
Military routine 5 (6 %) 570 (5 %)
Healthcare services 64 (80 %) 8323 (75 %)
Miscellaneous 8 (10 %) 1507 (14 %)
a Having AIDS at the time of HIV diagnosis, operatively defined as r

Data are n (%) or mean (SD).
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diagnosis group and late diagnosis group. Early versus late-
diagnosed MSM living with HIV had a mean life expectancy
of 46.5 years (35.9e48.4 years) versus 36.7 years
(32.1e40.0 years) after HIV diagnosis, with a loss-of-life
expectancy (compared with age/sex-matched reference
population) of 3.11 years (1.37e13.74 years) and 8.47 years
(5.10e12.98 years), respectively (Fig. 4 and Table 4). Thus,
early HIV diagnosis reduces loss-of-life expectancy by 5.36
years (Table 4).

Loss-of-QALE

The quality of life in the early HIV diagnosis group is
significantly superior to that in the late HIV diagnosis group
(mean: 0.95 vs. 0.86, p < 0.001) (Table 2). There was no
significant trend of increase or decrease over 10 years after
HIV diagnosis in both early diagnosis group and late diag-
nosis group (Fig. 5). After integrating the quality of life data
for MSM living with HIV into their projected lifetime survival
function, early and late-diagnosed MSM living with HIV had
a loss-of-QALE of 5.52 (2.73e15.6) QALY and 13.80
(9.37e19.43) QALY, respectively. Early HIV diagnosis re-
duces the loss-of-QALE by 8.28 QALY (Fig. 6; Table 4).
Sensitivity analysis using health utility values from the 2009
sample for EQ-5D utility measurement (n Z 127) and the

P value Late diagnoseda P value

8)
Quasi-random
Sample (n Z 47)

Cohort
(N Z 3542)

0.89 0.22
36 (77 %) 2953 (83 %)
11 (23 %) 589 (17 %)

0.33 0.88
32.1 (10.4) 33.5 (9.1)
0 (0 %) 0 (0 %)
8 (17 %) 512 (14 %)
24 (51 %) 1655 (47 %)
12 (26 %) 948 (27 %)
2 (4 %) 332 (9 %)
1 (2 %) 95 (3 %)

0.58 0.56
3 (6 %) 132 (4 %)

%) 43 (91 %) 3363 (95 %)
1 (2 %) 47 (1 %)

0.98 0.97
13 (28 %) 933 (26 %)
34 (72 %) 2608 (74 %)
0 (0 %) 1 (0 %)

0.79 0.03
1 (2 %) 10 (0 %)
1 (2 %) 32 (1 %)
2 (4 %) 53 (2 %)
42 (89 %) 3104 (88 %)
1 (2 %) 343 (10 %)

eceiving AIDS diagnosis within 30 days of HIV diagnosis.



Figure 2. Early HIV diagnosis group (A) Survival curve (B) Logit W curve (C) Extrapolated Logit survival ratio curve and (D)
Extrapolated survival curve.

Figure 3. Late HIV diagnosis group (A) Survival curve (B) Logit W curve (C) Extrapolated Logit survival ratio curve (D) Extrapo-
lated survival curve.

T. Lo, C.-T. Fang, Y.-Y. Lee et al.
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Figure 4. Loss of life expectancy (marked with diagonal
lines) compared with age/sex-matched reference populations.
(A) Early HIV diagnosis group. (B) Late HIV diagnosis group.
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Taiwan National Health Interview Survey as the quality of
life for the age/sex-matched reference population,
whether or not excluding those aged 80 years or more, did
not significantly alter the primary outcome (Table 5).

Discussion

Our results show that early HIV diagnosis before the onset
of AIDS is associated with a loss-of-life expectancy of
Table 4 Comparison of life expectancy (LE) and quality-adjuste
living with HIV diagnosed early vs. late.

Early diagnose
(Mean, 2.5 %e

LE after HIV diagnosis (Years) 46.5 (35.9e48
LE of age- and sex-matched reference

population (Years)
49.7 (49.5e49

Loss-of-LE (Years) 3.11 (1.37e13

QALE after HIV diagnosis (QALYs) 44.1 (34.1e46
QALE of age- and sex-matched reference

population (QALYs)
49.7 (49.5e49

Loss-of-QALE (QALYs) 5.52 (2.73e15
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merely 3.11 years compared with the age/sex-matched
reference population as well as a nearly normal quality of
life (health utility 0.95). This is in sharp contrast to late HIV
diagnosis-associated loss-of-life expectancy (8.47 years)
and negative impact on quality of life (health utility 0.86).
Overall, early HIV diagnosis results in a reduction of loss-of-
QALE by 8.28 QALYs among MSM living with HIV. Therefore,
early-diagnosed MSM living with HIV experience a net gain
of 8.28 healthy life-years compared with those diagnosed
late, after adjusting for lead-time bias and age at HIV
diagnosis.

To our knowledge, the present study is the first real
world study to incorporate quality of life into life expec-
tancy estimates when evaluating the impact of early HIV
diagnosis on the outcomes of people living with HIV. Using
the Taiwan national HIV registry dataset, which includes all
patients diagnosed with HIV in Taiwan, this study provides a
real-world estimate of the impact of early HIV diagnosis on
the quality-adjusted life expectancy of MSM living with HIV.
We found that in the setting of universal access to ART in
Taiwan, early HIV diagnosis before the onset of AIDS helps
MSM living with HIV gain more than eight healthy life years.

The strength of this study is the use of an age/sex- and
calendar-year-matched reference population to estimate
the reduction of loss-of-LE, providing an unbiased estimate
for the net survival gain after adjusting for the effects of
both age at HIV diagnosis and lead-time bias. Unlike the
START trial8 and HIV treatment cohorts in Europe and North
America,9e13 which included only those patients who star-
ted ART, our study included all HIV-diagnosed MSM cases
reported to Taiwan CDC, with follow-up starting from the
day of HIV diagnosis. Therefore, our results answer the
important question of whether early HIV diagnosis through
screening is beneficial for the patients living with HIV
themselves.

Our study may underestimate the benefit of early HIV
diagnosis. First, the timing of HIV diagnosis in the present
study was categorized into early HIV diagnosis (>30 days
before the AIDS diagnosis) versus late HIV diagnosis (�30
days before the AIDS diagnosis), because the Taiwan na-
tional HIV registry dataset did not contain information on
the CD4 count at the time of HIV diagnosis. It is probable
that an early HIV diagnosis at the time point when the CD4
count is greater than 500 cells/mm3 may confer more sur-
vival benefit than an HIV diagnosis at the time point when
the CD4 count is 350 cells/mm3 (that would be classified as
d life expectancy (QALE) between men who have sex with men

d group
97.5 %)

Late diagnosed group
(Mean, 2.5 %e97.5 %)

Difference in
differences

.4) 36.7 (32.1e40.0)

.9) 45.1 (44.8e45.4)

.74) 8.47 (5.10e12.98) 5.36

.7) 31.3 (25.8e35.7)

.9) 45.1 (44.8e45.4)

.6) 13.80 (9.37e19.43) 8.28



Figure 5. EQ-5D scores after HIV diagnosis with kernel smoothing (A) Early HIV diagnosis group (B) Late HIV diagnosis group.

Figure 6. Loss of quality-adjusted life expectancy (marked
with diagonal lines) compared with age/sex-matched refer-
ence populations with health utility of 1.0. (A) Early HIV
diagnosis group. (B) Late HIV diagnosis group.
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early HIV diagnosis under the less precise categorization
used in our study), especially if ART is started immedi-
ately.8 Second, after the onset of symptomatic AIDS, there
might be a period of low quality of life under an unstable
medical condition in the late diagnosis group. However,
because we can only enroll stable patients, the quality of
life of late presenters in the acute stage will be over-
estimated, resulting in an underestimated loss-of-QALE.
Therefore, the actual reduction in loss-of-QALE due to
early HIV diagnosis may be greater than the estimate in our
studies.

Our study is subject to several important limitations.
First, selection bias may exist, because we measured health
utility of patients at a single medical center and integrated
the quality-of-life data into national HIV cohort survival
curve. However, previous studies27,28 showed that patients
treated at National Taiwan University Hospital had clinical
characteristics similar to that of patients treated at other
designated hospitals. Moreover, this quasi-random sample
of 127 patients and the national cohort (N Z 14,570) seems
to be similar in all socio-demographic variables, including
HIV risk groups (homosexual vs. bisexual), age at HIV diag-
nosis, marital status, occupation, and HIV screening chan-
nels (Table 3). The national HIV treatment guidelines and
the HIV case management system ensure all patients
receive the same high-quality medical care. Second, the
life expectancy estimate is an extrapolation of the
currently observed survival curves of HIV patients, under
the assumption that HIV will remain an incurable disease
for the next 78 years. However, even if a breakthrough
occurs in HIV cure research,29 early-diagnosed HIV patients
would still likely benefit from curative treatment more than
late-diagnosed HIV patients. Third, during the lifetime



Table 5 Sensitivity analysis of loss-of-QALE, by different assumption on quality of life of reference population.

Health utility value of reference
population

Loss-of-QALE in
Early diagnosed
group (QALYs)

Loss-of-QALE in
Late diagnosed
group (QALYs)

Reduction in loss-of-QALE by
early HIV diagnosis (QALYs)

Health utility Z 1.0 5.52 13.80 8.28
Taiwan 2009 Health Interview Survey 2.33 10.66 8.33
Taiwan 2009 Health Interview Survey

(excluding those aged 80 years or more)
2.66 10.87 8.21
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extrapolation of quality of life, we assumed that the quality
of life for patients living with HIV will continue to stay at
the level of health utility as measured in the quality-of-life
survey in this study, without considering the effect of aging
in this population. Such an assumption could result in an
overestimation of QALE after HIV diagnosis in both early-
diagnosed and late-diagnosed groups, but it might not
significantly affect the accuracy of the estimated impact of
early HIV diagnosis on reducing the loss-of-QALE, as illus-
trated by the sensitivity analysis that takes the aging of the
reference population into account.

Our study was conducted in Taiwan, an economically
prosperous country that provides universal access to highly
active ART for all citizens living with HIV.5,24 The benefit of
early HIV diagnosis, with a gain of 8.28 healthy life years,
should be interpreted in this context of universal access to
ART. Therefore, our results cannot be generalized to
resource-limited regions where coverage of ART is low. In
such settings, the priority should be expanding the
coverage of ART to all patients living with HIV.30e32

One of the seven goals for public health training in the
21st century highlighted by Prof. Martin McKee is to “ensure
that our students’ approaches to public health are firmly
grounded in human rights.”33 Whether expanding HIV
testing to achieve early HIV diagnosis is actually beneficial
to MSM living with HIV is a major concern for both individual
patients and society as a whole. Our results show that, in
the setting of universal access to ART, early HIV diagnosis
before the onset of AIDS helps MSM living with HIV gain 8.28
healthy life years. Therefore, early HIV diagnosis is highly
beneficial for people living with HIV themselves.

The findings of this study resolve the potential human
rights concerns associated with screening for HIV among
vulnerable populations and may serve as the ethical basis
for the expansion of HIV testing and counseling services
among MSM.
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