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ARTICLE INFO ABSTRACT

Background: This study estimated the long-term changes of opioid agonist treatment (OAT) in quality of life
(QOL) and quantified the quality-adjusted life years (QALY) from the loss of quality-adjusted life expectancy
(QALE) in heroin users.

Methods: A total of 1283 heroin users stratified by OAT were linked to the National Mortality Registry for 8 years
(2006-2014) to obtain survival functions, which were extrapolated to lifetime by applying a rolling extra-
polation algorithm to survival ratio between the sub-cohorts and age- and sex-matched referents simulated from
vital statistics of Taiwan. We performed cross-sectional measurement of EQ-5D on 349 participants, including
those with a valid state of OAT or non-OAT plus newly recruited consecutive patients, during 2015-2017 for
utility values, while the QOL of referents were abstracted from the 2009 National Health Interview Survey. The
QALE was calculated by summing the products of the mean QOL and survival rate throughout life. The QALE
difference between the cohort and corresponding referents was the loss-of-QALE.

Results: QOL of the OAT group was significantly better than that of the non-OAT group in every domain of the
EQ-5D, which was quantified to be 0.23 for utility after controlling for other variables. After extrapolation to 70
years, the estimated QALE and loss-of-QALE were 17.8 and 18.2 QALY for OAT subjects, respectively, while
those of the non-OAT group were 9.2 and 27.9 QALY.

Conclusions: Receiving OAT could reduce QALE lost by 9.7 QALYs compared with non-OAT after accounting for
QOL differences along time and different age and sex distributions.

Keywords:

Heroin

Opioid agonist treatment
Quality-adjusted life expectancy
Quality-adjusted life year
Quality-of-life

Utility

1. Introduction et al., 2016; Kimber et al., 2015; Krebs et al., 2016; Nosyk et al., 2015;

Sordo et al., 2017; Tran et al., 2012), the long-term impact on quality of

Over the past two decades, mortality attributed to opioid depen-
dence has increased (Degenhardt et al., 2013; Peacock et al., 2018) and
the opioid epidemic is now a priority for public health globally (Imtiaz
et al., 2018; Rehm and Probst, 2018). Although opioid agonist treat-
ment (OAT) with either methadone (MET) or buprenorphine (BUP) has
received wide attention because of its effect on reducing mortality,
decreasing drug addiction, and improving short-term wellbeing (Hser

life (QOL) remains equivocal and seems to be lower than healthy in-
dividuals in studies of Western countries (Krebs et al., 2016; Nosyk
et al.,, 2011, 2015). An Asian cross-sectional study (Tran and Nguyen,
2013) compared health utility measured with EQ-5D between OAT and
non-OAT HIV/AIDS drug users and the difference between these two
groups was similar to the estimated improvement in health utility
within OAT groups over 9-months of follow-up (Tran et al., 2012).
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However, none of the above studies seemed to successfully quantify the
long-term effect of OAT on QOL because of difficulty in keeping such
cohorts for a long time. Thus, this study hypothesizes that OAT has a
positive long-term effect on QOL and tries to tackle the above challenge
through an alternative design of combining the limited number of pa-
tients with persistent adherence to OAT (and non-OAT) after 8 years of
follow-up with newly recruited participants for measurement of QOL.
Although the QOL of participants were measured cross-sectionally, we
applied the kernel-smoothing method in data analysis to show the dy-
namic changes of OAT over time after beginning OAT by assuming that
our sample was quasi-random.

In clinical cost-effectiveness analysis, one of the most common
measures of health benefit is the quality-adjusted life year (QALY),
which takes both survival and quality of life (QOL) into consideration
(Kind et al., 2009; Weinstein et al., 2009). Also, given the chronic and
relapsing nature of opioid dependence, it would be more comprehen-
sive for researchers to consider the health effects of OAT from a lifetime
horizon. The quality-adjusted life expectancy (QALE) for heroin users
can be quantified via adjusting the survival function with the mean
QOL at each time point t, through the following equation (Hwang et al.,
1996; Hwang and Wang, 2004):

QALE = j; “ QoL()xS(t)de

In which, QOL(t) denotes the mean QOL function for opioid de-
pendent individuals at time t and S(t) denotes the survival function of
the cohort at time t. The QALE estimate can be obtained by summing up
the product of the estimates of lifetime survival and mean QOL func-
tions throughout lifetime. This study was conducted to quantify the
number of QALY that could be reduced through OAT by comparing
QALE lost in age- and sex-matched referents based on an 8-year follow-
up cohort. In other words, we attempted to estimate the QOL utility
difference, the QALE and loss-of-QALE for heroin users stratified by
OAT for comparison, which could provide basic evidence for the allo-
cation of health resources for people with opioid use disorder.

2. Methods

This study commenced after approval from the Institutional Review
Boards of the Jianan Psychiatric Center (JMH08033, JPC14-022 and
JMH12050) and the Chi Mei Medical Center, Tainan, Taiwan (10403-
004). Every interviewed heroin user provided written, informed con-
sent. The establishment of OAT and non-OAT cohorts and the recruit-
ment of subsamples of participants for QOL measurements are sum-
marized in Fig. 1.

2.1. Establishment of the 8-year follow-up cohort for estimation of survival

The Taiwan/OAT study (survival cohort) (see Chang et al., 2015,
2017 for details) was a pilot OAT program started in 2006 by the
Taiwan Center for Disease Control (CDC), and Jianan Psychiatric Center
was the only hospital with both methadone and buprenorphine treat-
ments during this time frame. Also, the National OAT registry was first
established in 2006 by the Taiwan CDC and has been under careful
management ever since. The inclusion criteria for this study were aged
20 or older and meeting the DSM-IV (Fourth edition of Diagnostic and
Statistical Manual of Mental Disorders) criteria for opioid dependence.
Participants in this study were recruited according to the following
procedures: We contacted amnestied prisoners who were imprisoned
for crimes related to illegal drug use before the enactment of the “2007
Sentence Commutation Bill” (Huang et al., 2011) after they were re-
leased and provided face-to-face interviews; we also encouraged all
patients who were once treated in our hospital to refer more subjects to
join through snowball sampling. From March 2006 to July 2008, there
were 983 patients who received OAT (OAT group) and 626 subjects in
the untreated (non-OAT) group, of which 326 subjects later received
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OAT and were excluded after verification with the national OAT reg-
istry during 2006-2014. We also documented that the OAT group had a
substantial period of OAT treatment during follow-up (see Chen et al.,
2017 for details). Linkages with the Taiwan National Mortality Registry
(2006-2014) were performed to ascertain if a person was deceased.
Subjects who were incarcerated were still recorded and not censored.

2.2. Rolling extrapolation of survival function to lifetime

Life expectancy (LE) and expected years of life lost (EYLL) were
estimated using a rolling extrapolation algorithm to extrapolate sur-
vival for up to 70 years to derive the lifetime survival function after
diagnosis for each individual with opioid dependence in these two co-
horts (namely, OAT and non-OAT groups). Details of the method are
summarized in the Supplementary Material.

For every subject in the index cohort, we simulated age-, sex-, and
calendar year-matched referents from the vital statistics of Taiwan and
estimated their lifetime survival function by the Kaplan-Meier method.
The area between the lifetime survival curve of the index cohort and the
age- and sex-matched referents is the estimate of EYLL, or, loss of life
expectancy (loss-of-LE). The standard errors of these estimates were
obtained using bootstrap methods, which we performed 100 times for
each estimate. The extrapolation method applied in this study for
opioid dependence was validated in a similar way using the same da-
taset in a previous study (Chang et al., 2017), that is, extrapolating the
first 4 years of data to 8 years and comparing it with actual Kaplan-
Meier’s estimate, to obtain the relative bias, which was only —0.5%.
Detailed methods and data have been described in previous studies
(Chang et al., 2015; Fang et al., 2007; Hwang et al., 2017) and the R
package, iSQoL2, was used to compute these estimates (Hu, 2018).

2.3. Estimation of mean QOL functions for OAT and non-OAT groups

Longitudinal studies have characterized heroin users as following a
recurrent pattern of frequent use, treatment, abstinence and relapse
that are of varying durations and acuity (Boeri et al., 2011; Hser et al.,
2015). We recruited subjects who met the criteria for QOL measure-
ment, as summarized in Fig. 1. We excluded all non-OAT subjects who
later shifted to OAT (N = 326) in our cohort of non-OAT by cross-
checking each of the 626 subjects originally recruited in 2006-8 with
the National OAT registry. After excluding 51 patients who became
deceased during the follow-up period and 10 patients who did not use
heroin daily at the time of interview, we successfully measured the QOL
of 47 heroin users from our original non-OAT cohort (response rate
20%). Eleven cases refused to be interviewed, while most other non-
respondents were those that could not be reached after 3 phone calls.
To enrich our sample, we recruited additional non-OAT heroin users
who relapsed to opioid dependence without any addiction treatment for
at least 6 months from the Jianan Psychiatric Center, Chi Mei Medical
Center and Changhua Hospital. Thus, all participants of the non-OAT
group for QOL measurements fulfilled the criteria. One hundred and
thirty-eight subjects from the original OAT cohort recruited in 2006-8
who maintained regular treatment as validated by the National OAT
registry, received QOL measurements. Then, we applied the same cri-
teria to recruit new OAT cases from Chi Mei Medical Center and
Changhua Hospital (Fig. 1).

We measured the QOL of heroin users by using the Taiwanese
version of the Euroqol questionnaire (EQ-5D), which has been validated
in previous works (Chang et al., 2007; Cheng et al., 2017; Lee et al.,
2013). The EQ-5D is a self-reporting questionnaire measuring five do-
mains: mobility, self-care, usual activities, pain/discomfort, and an-
xiety/depression; each of which has three levels of severity (no pro-
blems, some/moderate problems, and severe/extreme problems). The
measurements were transformed into a utility value according to the
population norm in Taiwan (Lee et al., 2013) that ranges from 0 to 1
based on the five-dimensional health-state classification, with 0
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Survival extrapolated to lifetime (n=983)

Cross-sectional QOL (EQ-5D) measured during
2015-2017(n=255): Originally recruited cases
with good adherence (n=138) plus new subjects
collected from CMMC(n=49) and CH (n=68) to
represent those receiving OAT with shorter
durations of follow-up

Survival extrapolated to lifetime (n=300)

Cross-sectional QOL (EQ-5D) measured during
2015-2017(n=94): Inclusion criteria of non-OAT:
Daily heroin use without any additional treatment
for at least 6 months. Originally recruited cases
(n=47) plus new subjects collected from JPC (n=
21),CH (n = 18) and CMMC (n = 8) to represent
non-OAT with shorter durations of follow-up

A4

Analysis
(Lifetime survival function and QOL by
kernel smoothing mean)

\4

QALE: survival rate multiplied with QOL and
sum up for life for OAT subcohort
Loss-of-QALE: Difference of QALE between
OAT participants and age-, sex-, and year-
matched referents simulated from vital statistics

QALE: survival rate multiplied with QOL and
sum up for life for non-OAT subcohort
Loss-of-QALE: Difference of QALE between
non-OAT participants and age-, sex-, and year-
matched referents simulated from vital statistics

A\ 4

QALE lost reduced by OAT: The difference of loss-of-
QALE between OAT and non-OAT subcohorts

Fig. 1. Flow diagram of the inclusion of study participants for estimations of QOL (quality of life), lifetime survival function, QALE (quality-adjusted life expectancy)
and loss-of-QALE. (Abbreviations: OAT = opioid agonist treatment; JPC = Jianan Psychiatric Center; CMMC = Chi Mei Medical Center; CH = Changhua Hospital;
EQ-5D = Euroqol 5-dimension questionnaire; QALE = quality-adjusted life expectancy).

representing the worst health status and 1 indicating perfect health. In
general, each heroin user was measured once using the EQ-5D. For each
interview, we recorded the utility value of the subject and the duration-
to-date for the measurement which was the period between the date of
opioid dependence diagnosis (or OAT) and the date of interview.

We applied a simple kernel smoothing method with a bandwidth of
0.1 to the survey data to estimate the mean QOL function (Hwang and
Wang, 1999, 2004). Specifically, for each time point, we first identified
10% of the duration-to-dates nearest to the time point from the inter-
view data. We then estimated the mean QOL at the time point by
averaging the utility values measured in those identified duration-to-
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dates. It has been suggested that a random sample size of 50 is the
minimal requirement to estimate the mean QOL function (Hwang et al.,
1996). The mean QOL values beyond the follow-up period were as-
sumed constant and deemed by the average of utility values measured
at the longest 10% near the end of follow-up. We also constructed a
multiple linear regression model to determine the important demo-
graphic and clinical variables of QOL utility and tested several asso-
ciated interaction terms.
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2.4. Estimation of QALE and Loss-of-QALE

The product of lifetime survival function and mean QOL function of
an index cohort (OAT or non-OAT group) is called the quality-adjusted
survival curve and the area under this curve is the QALE of the cohort
(Hwang et al., 1996). The loss-of-QALE of the index cohort can be es-
timated by the difference between the QALEs of the age-, and sex-
matched referents and the cohort. We generated the lifetime survival
function of the reference population from the rolling survival extra-
polation of the index cohort. The mean QOL function of the referents
were estimated using QOL measurements of a representative sample
from the general population according to the following steps. First, we
used the QOL measurements sampled from the general population to
calculate the mean QOL for each age group and sex, denoted as
Q(age, sex). Second, for the ith generated referent with survival time T;,
age a;, and sex s;, we calculated the referent’s QOL utility function by
q;(ta;, s;) = Q(a; + t, 5;) where t=0,1, ..,T. Finally, the mean QOL
function value at time t was obtained by averaging the utility values at
time t of those referents whose survival times were beyond that time
point. We abstracted the EQ-5D utility values of the age- and sex-
matched general population from the 2009 National Health Interview
Survey in Taiwan for this analysis (Yu et al., 2015). The computation of
loss-of-QALE was also conducted using the R package iSQoL2.

The loss-of-QALE was the expected lifetime utility lost due to opioid
dependence because the referents were age- and sex-matched with
every heroin user. The difference-in-differences between the OAT and
non-OAT subjects (namely, the difference in loss-of-QALE between the
two groups), was the expected lifetime utility saved by OAT, which had
already been adjusted for different age distributions between the two
cohorts. Detailed methods and mathematical proofs have been de-
scribed in previous studies (Chang et al., 2016; Hung et al., 2015; Lee
et al., 2016; Yang et al., 2017).

3. Results
3.1. Characteristics of the original (Survival) cohorts and QOL subsamples

The Taiwan OAT cohort for estimation of survival consisted of 983
patients who were registered for OAT (the OAT group), and 300 who
were not (the non-OAT group, had never registered for OAT during the
8 years of follow-ups). Simultaneously, we cross-sectionally collected
subsamples for measuring QOL: 255 from the OAT group and 94 from
the non-OAT group (Fig. 1). Table 1 compares the demographic and
clinical characteristics of the OAT and non-OAT groups. Most of the
participants in our cohorts and subsamples were in their mid-thirty’s;
most were males and about half of them were employed except for 73%
of the OAT subsample for QOL measurements who were employed.
About 70% of our cohort and subsample were also amphetamine users
and one-fifth reported amphetamine use in the previous 30 days. Only
5% of our subsample received psychiatric medication for mood dis-
orders in the previous 30 days. The OAT group had significantly higher
proportions of HIV and HCV infections.

3.2. Mortality of the 8-year follow-up cohort

The total sum of follow-up was 8128 person-years. Overall, the re-
sults of mortality of our OAT versus non-OAT cohorts were similar to
the findings of our previous 6-year study (Chang et al., 2015). The
crude mortality rate among OAT patients was lower than that of the
non-OAT group (17.3 versus 24.2 per 1000 person-year). Among the
107 (10.9%) OAT subjects who died during the observation period,
48.6% (N = 52) were unnatural deaths and nearly half of the deaths
were due to suicide (N = 27). In the non-OAT cohort, there were 47
deceased cases (15.7%), and 44.5% (N = 21) of them died due to un-
natural deaths; 16 of these 21 were due to overdose. The cause-specific
mortality among both groups were similar to the results of our previous
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Table 1
Clinical characteristics of opioid dependent participants with agonist therapy
(OAT) and non-OAT (untreated) heroin users for outcome research.

OAT Non-OAT
Cohort for Subsample Cohort for Subsample
survival for QOL survival for QOL
(n = 983) (n = 255) (n = 300) (n =94
% % % %
Demographics
Age at diagnosis, 37.8(7.7) 38.4(5.9) 36.6(11.7) 36.6(8.5)
mean(SD)
year
Sex
Male 88.3 88.2 86.3 84.0
Female 11.7 11.8 13.7 16.0
Education
7-9 years" 54.3 48.6 28.0 27.7
210 years 33.6 38.0 47.3 45.7
Marital status
Single 48.2 47.1 53.6 48.9
Married 28.0 22.7 27.6 26.6
Living with 66.7 75.7 90.8 78.7
family®
Employed®© 54.8 73.3 60.5 48.9
Drug use
Heroin use
Age of first use, 25.9(6.5) 25.5(6.9) 26.2(6.8) 26.0(5.9)
Mean(SD)
Amphetamine use  70.3 67.8 67.3 66.0
history
Amphetamine use 19.5 18.8 20.3 21.3
(past 30 days)
Medical co-
morbidity
HIV positive® 18.1 15.3 6.3 8.5
HCV positive 91.4 87.8 86.4 84.0
Medication for NA 5.5 NA 5.3
mood
problems

(past 30 days)

QOL, quality-of-life; NA: not available.

@ Had significant difference between the OAT and non-OAT group (survival
cohort) (p < .01).

® Had significant difference within OAT group (p < .01).

¢ Had significant difference between OAT and non-OAT group (QOL
Subsample) (p < .01).

six-year follow-up study (Chang et al., 2015).

3.3. Estimation of mean QOL functions, QALE and loss-Of-QALE for OAT
and non-OAT groups

The characteristics of QOL measurements and dynamic changes are
illustrated in Fig. 2. Overall, the chi-square tests for the trends of all five
dimensions were significant (p < 0.001) and the biggest difference
was in the dimension of “pain/discomfort”. Moreover, more than half of
the patients in both groups reported some problems for anxiety/de-
pression. The utility values of QOL for OAT participants were sig-
nificantly higher than non-OAT heroin users (0.83 vs. 0.63, p < 0.05).
Table 2 summarizes the estimated regression coefficients (3) for sig-
nificant variables after controlling potential confounders. In addition to
OAT, the QOL utility values of participants were affected by current
psychiatric medications, age, amphetamine use in the previous 30 days
and being infected with HIV. Interestingly, the interaction term of OAT
and current psychiatric prescriptions was also significantly associated
with poor QOL (p = .015) (Table 2). After multiplying the survival
probability by the mean QOL at each time (duration-to-date), we ob-
tained the quality-adjusted survival curve, as shown in Fig. 3 (upper
panels). Based on the utility function of the age- and sex-matched re-
ferents from the 2009 National Health Interview Survey in Taiwan, the
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Fig. 2. The upper panel shows the dynamic changes of utility values after diagnosis or beginning treatment along follow-up time. The reddish line represents the
kernel smoothing mean of patients receiving OAT (opioid agonist treatment)(x, n = 255), while the blue line represents that of non-OAT participants (o, n = 94). The
lower panel indicates score distributions of EQ-5D of heroin users receiving OAT vs. non-OAT (For interpretation of the references to colour in this figure legend, the

reader is referred to the web version of this article).

Table 2

Regression coefficients with 95% CI (confidence interval) of demographic and
clinical variables in fitted multiple linear regression models for utility value
measured with EQ-5D in heroin users (n = 349).

EQ-5D Utility Adjusted R? = .443

B (95% CI) p
Constant 0.96(0.8471.06) <.001
OAT (yes) 0.23(0.1970.27) < .001
Age —0.01(-0.017-0.01) <.001
Amphetamine (the past 30 days) —0.10(-0.147-0.07) <.001
HIV positive —0.09(-0.137-0.06) <.001
Medication for mood disorders (the past —0.15(-0.297-0.01) .039
30 days)
Interactions
OAT x Medication for mood disorders (the —0.21(-0.377-0.04) .015

past 30 days)

OAT: opioid agonist treatment; EQ-5D: EuroQol 5-dimension questionnaire.
* Interaction terms between several variables were considered, but only the
significant term is reported here to save space.

difference between the areas under the quality-adjusted survival curve
of the OAT cohort (or non-OAT cohort) and that of the referents was the
loss-of-QALE (lower panels of Fig. 3). The QALE for OAT participants

differed significantly from the QALE for non-OAT heroin users (17.8 vs.
9.2 QALY, p < 0.01), as did the loss-of-QALE for the two groups (18.2
vs. 27.9 QALY, p < 0.01).

4. Discussion

Because our participants may have cycled in and out of OAT during
the follow-up period, we must first justify the representativeness of both
subsamples before making any further inference. We propose the fol-
lowing arguments to support the above assumption: First, all our OAT
participants who received QOL measurements from 2015 to 2017 were
those who regularly received OAT. The cross-sectional subsample of
OAT participants is composed of those who were originally recruited
during 2006-8 and have been under regular treatment for a long period
of time (n = 138) plus those who were consecutively recruited from the
two hospitals (n = 117), representing subjects who were followed for a
shorter period of time. Second, we assured a valid subsample of non-
OAT participants by excluding 326 who received OAT at least once and
51 who became deceased during the follow-up period. We successfully
measured 47 of those with a longer period of follow-up. Then, we
consecutively recruited new participants for the non-OAT group from
all 3 hospitals (N = 47) with shorter periods of follow-up. Table 1
provides evidence to show that our final subsamples for QOL
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measurements seemed to be similar to the original cohort both clini-
cally and demographically, and relatively homogeneously distributed
along the 8 year follow-up period. Namely, they could be considered as
quasi-random samples from those who were willing to be measured on
QOL. The results from the kernel-smoothing mean were close to long
term follow-up observations (Hwang et al., 1996; Hwang and Wang,
2004). The fact that more than half of the non-OAT subjects recruited
during 2006-2008 shifted to receiving OAT at least once before the end
of 2014 implies that a poorer QOL may have lead them to try new
solutions.

To the best of our knowledge, we are the first to estimate the dif-
ference in lifetime utility loss between OAT participants and non-OAT
heroin users through integration of survival and mean QOL functions
measured from actual cohorts and controlled for different age and sex
distributions. The contributions of this research were as follows: First,
although the survival functions of the two groups after the 8-year
follow-up appeared similar to our previous 6-year study (Chang et al.,
2015), extending the follow-up by two more years would be more
comprehensive for lifetime extrapolation. Second, the revised rolling
extrapolation method has the advantage of loosening the assumption of
constant excess hazard by repeatedly constructing a restricted cubic
splines model after extrapolating the survival function for each month
(Hwang et al., 2017 and Supplementary Material). Namely, we applied
a new algorithm each time, which corroborates the assumption of
constant excess hazard and accuracy of the estimated lifetime survival
function. Third, since our subsamples for QOL utility measurements
were quasi-random, as mentioned in the previous paragraph, the kernel
smoothing mean would be able to estimate the dynamic changes of
longitudinal follow-up (upper panel of Fig. 2). Fourth, we multiplied
the survival functions of our cohorts with the QOL mean at each time t
and summed them up throughout life, which estimated the QALE for
the two sub-cohorts. Then, they were subtracted from the corre-
sponding age-, sex-, and calendar year-matched referents to obtain the
loss-of-QALE; the difference-in-differences of them would indicate the
adjustment for different distributions of age, sex, and calendar year
between the OAT and non-OAT groups. Finally, the basic health unit of
this study is QALY, which would facilitate direct comparison across
different health technologies (e.g., extended-release naltrexone) (Lee
et al., 2018; Solli et al., 2018) and incorporate opioid use disorder into
routine decisions on health policies. Thus, we tentatively conclude that
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providing OAT for heroin users would reduce losses in both QOL and
survival with a lifetime total of 9.7 QALYs.

Given the higher prevalence rates of chronic medical comorbidities
(e.g., HIV or HCV infection) of the OAT group, the non-OAT group
showed significantly lower utility values (0.63) along the 8 years of
follow-up, and the OAT effect on QOL was even larger after adjustment
for confounders. Our findings of QOL corroborate the results of other
studies (Larson et al., 2007; Rosenblum et al., 2003; van der Zanden
et al., 2006; Volkow and McLellan, 2016). Moreover, we found the
difference between the loss-of-LE and loss-of-QALE from improving
QOL was 1.9 [ =9.7-(26.6-18.8)] QALY, which could be directly
compared with other clinical conditions, in contrast to estimations
using disability-adjusted life year (DALY) (Degenhardt et al., 2013;
Peacock et al., 2018). However, the significant negative interaction
term of OAT with current psychiatric medications implies that OAT
participants with psychiatric prescriptions are more likely to have poor
QOL. Because there is only about 5% of OAT subjects receiving psy-
chiatric medication in Taiwan in contrast to 27% in the U.S., together
with a higher suicide mortality rate in the former subjects (Chang et al.,
2017), we suspect that over-conservative psychiatric treatments for
patients receiving OAT in Taiwan probably delay the timely help for
mental health problems in such patients.

This study has the following limitations: First, since we applied the
age- and sex-matched reference populations for both cohorts without
taking other chronic conditions (e.g., HIV or HCV infection) and mental
disorders into account, the QOL and survival of both cohorts might be
affected. For example, approximately more than two-thirds of our
subjects were also amphetamine users and one-fifth of them actually
used it in the last 30 days, while current use of amphetamine was as-
sociated with lower QOL utility. More than 15% of our OAT partici-
pants were co-infected with HIV and 87% were co-infected with HCV,
which were higher than those of non-OAT heroin users. Reasons for this
phenomenon might be that our OAT program was initiated to control
the HIV epidemic among IDUs, and treatment was free for patients with
HIV infection (Lin et al., 2016). Therefore, our results cannot be directly
generalizable to other populations with opioid use disorder in Western
countries, for which the effects of OAT on reducing the loss-of-QALE
might be higher. Second, because all subjects received QOL measure-
ments when they were out of prison, our estimates of QOL utility would
generally be higher or over-estimated than those who were
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incarcerated. Moreover, while extrapolating the QOL function to life-
time, it was assumed that heroin users remained at the same level of
QOL near the end of the follow-up period. Although Krebs et al. (2016)
found the longitudinal trajectories of EQ-5D remained stable regardless
of OAT, our assumption could result in overestimated or higher QOL
because the actual utility value might gradually decline with age
(Fryback et al., 2007). Hence, the QALE would be overestimated while
the loss-of-QALE would be underestimated. Third, the estimation of
QOL would have been more accurate if we had actually measured every
subject repeatedly in our original (survival) cohort during the follow-up
period. Unfortunately, conducting such a study was not possible be-
cause heroin users may shift in and out of OAT and the duration of OAT
in an individual participant was variable. We recruited OAT and non-
OAT participants from our original cohort plus an additional con-
secutive, cross-sectional subsample of heroin users from two more
hospitals (Table 1 indicates the relative representativeness). The dy-
namic changes of QOL in the upper panel of Fig. 2 would be more in-
formative than simply providing overall means and variances. How-
ever, unmeasured differences could still exist between our original non-
OAT cohort and new subsample collected later on and the QOL status of
untreated heroin users should be interpreted with caution, as we have
not performed repeated measurements of QOL for every participant
during longitudinal follow-up. Lastly, since the sample size of the EQ-
5D survey in the current study was relatively limited, future studies
with larger sample sizes and longer periods of follow-up would allow
for stratification to further identify high risk groups to improve deci-
sion-making for related policies.

5. Conclusions

This study successfully estimated the QOL, QALE and loss-of-QALE
of heroin users stratified by OAT for comparison. The lifetime utility
lost reduced by OAT would be 9.7 QALY after adjustment for age, sex
and QOL. Future research on cost-effectiveness (Byford et al., 2013;
Dijkgraaf et al., 2005; Krebs et al., 2018; Nosyk et al., 2012; Stephen
et al., 2012; Tran and Nguyen, 2013) is warranted to estimate the in-
cremental cost-effectiveness ratios and potential social impacts for the
implementation of OAT.
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