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Abstract

Background: Guidelines recommend fluoxetine as a first-line medication for youths diagnosed
with major depressive disorder (MDD). However, little is known about the long-term
effectiveness of different antidepressants in juveniles in the real world. This study aimed to
compare the effectiveness of antidepressants in youths with MDD.

Methods: Youths (<20 years old) with a diagnosis of MDD who were new users of
antidepressants were selected from a nationwide population-based cohort in Taiwan between
1997 and 2013. We divided a total of 16,981 users (39.9% male; mean age: 16.6 years] into 10
different antidepressant groups (fluoxetine, sertraline, paroxetine, venlafaxine, citalopram,
escitalopram, bupropion, fluvoxamine, mirtazapine and moclobemide). Regarding treatment
outcomes (hospitalisation and medication discontinuation), Cox proportional hazards
regression models were applied to estimate the hazards of such outcomes.

Results: Compared with the youths treated with fluoxetine, the bupropion-treated group
demonstrated lower rates of hospitalisation and discontinuation. Mirtazapine-treated group
demonstrated a higher hospitalisation risk mainly when administered for single depressive
episodes. Furthermore, patients treated with sertraline and fluvoxamine had higher
discontinuation rates. Among the younger teenage subgroups (< 16 years), significantly
higher rates of discontinuation were observed in those treated with sertraline, escitalopram
and fluvoxamine. Among the older teenage subgroups (= 16 years), bupropion was superior to
fluoxetine in preventing hospitalisation and discontinuation.

Conclusion: We concluded that bupropion might surpass fluoxetine with regard to
hospitalisation prevention and drug therapy maintenance among youths with MDD, while
mirtazapine users demonstrated a higher hospitalisation risk. Our findings might serve as a

reference for clinicians in future studies.
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Introduction

Depression is a significant global mental health
issue and has a high occurrence in adolescence.!
As a consequence of this disorder, depression is
associated with adverse long-term outcomes,
including poor academic performance, interper-
sonal relationship problems, poor employment

accomplishment, psychiatric comorbidities and
suicide, all of which can last into adult life.23 As
shown by one meta-analysis, the worldwide prev-
alence of any depressive disorder among juveniles
was 2.6%.* In a National Survey of Children’s
Health in the United States, 3.2% of children
aged 3-17 years had current depression.> An
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epidemiological study in Taiwan revealed that the
lifetime and six-month prevalence rates of major
depressive disorder (MDD) among school-aged
children were 1.7% and 0.7%, respectively.®

Antidepressant medications are one of the options
for treating youths with moderate-to-severe
depression.”8 A population-based cohort study
demonstrated a continuing rise in antidepressant
prescribing in youths since 2005 in England.®
The efficacy, risks and benefits of antidepressants
in children and youths have been debated for dec-
ades.!® Meta-analyses have revealed that antide-
pressant treatments barely improve the overall
well-being of children and youths with MDD.11:12
A nationwide longitudinal study revealed that
23.3% of youths with MDD respond poorly to
initial antidepressant treatment.!> However, a
recent review article indicated that the NIMH-
funded trials demonstrated good efficacy for
antidepressant medications treating paediatric
depression.!* Both selective serotonin reuptake
inhibitors (SSRIs) and serotonin-norepinephrine
reuptake inhibitors (SNRIs) are more effective
than placebos in children and youths, yet the
improvements are disorder-specific and limited.!>
Finally, antidepressants have been suggested to
serve as an important therapeutic option in treat-
ing moderate-to-severe adolescent depression.!®

Guidelines for Adolescent Depression in Primary
Care (GLAD-PC) recommend fluoxetine as a
first-line medication for depressed juveniles.17:18
Nevertheless, evidence about whether other anti-
depressants exert a similar effectiveness as fluoxe-
tine are inconclusive. One review article indicated
that three SSRI antidepressant medications
(fluoxetine, sertraline and escitalopram) produce
modest improvements in depression without sig-
nificantly increasing the risk of suicide.!’® SSRI
therapy has a preferable efficacy and is better tol-
erated compared with tricyclic antidepressant
therapy in young patients.2? Recent evidence has
supported that fluoxetine and escitalopram dem-
onstrate similar therapeutic effects to prevent
relapses of adolescent depression.2! However, ser-
traline failed to exhibit a clinically meaningful
reduction in depressive symptoms.22 Duloxetine,
an antidepressant classified as an SNRI, has a
potential beneficial effect on depression in young
populations.?3 Juveniles prescribed imipramine,
venlafaxine or duloxetine had more discontinua-
tion due to adverse events than those who were
given a placebo.?*

Determining the most effective treatment option
for youths with MDD is crucial for future clinical
recommendations.?> While previous conventional
meta-analyses and network meta-analyses have
produced important information regarding phar-
macological treatments for depressive juveniles in
the past decades, there are still several unan-
swered questions raised by the accumulated data
of those meta-analyses.2%27 For example, previ-
ous meta-analyses gathered data from clinical tri-
als, which have several limitations, such as highly
selected participants, fixed dosages and treatment
outcomes that were only measured using rating
scales during a limited study period. Studies
exploring the long-term effectiveness of anti-
depressants in youths with MDD, such as the risk
of hospitalisation and medication discontinua-
tion, are still lacking.

This study aimed to compare the long-term ther-
apeutic outcomes of different antidepressants in
youths with MDD. We used a claims database
consisting of medication prescriptions of the
nationwide population to compare the effective-
ness of antidepressant treatment in youths with
MDD, using the risks of hospitalisation and med-
ication discontinuation as outcomes.

Methods

Data source

This was a retrospective, cohort study. This
study adhered to the Helsinki Declaration and
was approved by the Institutional Review Board
(IRB) of Chang Gung Memorial Hospital (No.
201900997B0). Because all patient records and
information were de-identified and anonymised
prior to analysis, the requirement for written
informed consent was waived by the IRB.

The Taiwan National Health Insurance (NHI)
programme was established in 1995 and is the
sole provider of healthcare services in Taiwan.
Approximately 23 million individuals (99% of
Taiwan’s population) were enrolled in 2010. In
the current study, we utilised the reimbursement
medical claims records of the NHI programme
and the National Health Insurance Research
Database (NHIRD). The NHIRD supplies com-
prehensive data about the insured subjects,
including demographic characteristics such as
date of birth, sex and residence; premium paid
and claims data, including disease codes; visits to
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medical institutions; outpatient and inpatient
care; and prescription records, including date of
prescription, medication prescribed and dosage,
and duration of medication prescription. We
adopted disease codes from the International
Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) in the current
study. All information acquired from the NHIRD
was de-identified and anonymised to ensure con-
fidentiality and protect individual privacy.

Study subjects

This cohort included all youths (<20 years old)
with a diagnosis of MDD (ICD-9-CM: 296.2 or
296.3; diagnosed at least twice by psychiatrists)
who were prescribed antidepressants (at least one
antidepressant prescription). This diagnosis defi-
nition was adopted from a previous study.2® All
participants were registered in the NHIRD
between 1 January 1997 and 31 December 2013.
To identify antidepressants, we used code NO6A
from the Anatomical Therapeutic Chemical
Classification System of the World Health
Organisation Collaborating Centre (WHOCC)
for Drug Statistic Methodology in 2020 (https://
www.whocc.no/atc_ddd_index/) and assumed
the defined daily dose (DDD) as the average
maintenance dose per day.?® Using the above
code, we identified a total of 21 antidepressants
prescribed in Taiwan. We further excluded any
participants with an uncertain sex or a combined
diagnosis of bipolar disorder (ICD-9-CM: 296,
except 296.2 and 296.3) or schizophrenia spec-
trum disorder (ICD-9-CM: 295). As a result, we
narrowed down the sample to 419,086 antide-
pressant users with MDD.

The index date of this cohort study was deter-
mined to be the first day when antidepressants
were prescribed with a concurrent diagnosis of
MDD. We employed the following exclusion cri-
teria in order to avoid the influence of drug inter-
actions: 1) youths who had been prescribed the
selected antidepressant prior to 1 April 1997 (at
least a 90-day washout period); 2) youths who
had been prescribed another antidepressant
within 90 days before using the selected antide-
pressant (at least a 90-day washout period); 3)
youths who had been prescribed the selected anti-
depressant after 2 October 2013 (at least a 90-day
observation period); 4) youths who had been pre-
scribed multiple antidepressant drugs at the index
date (polypharmacy); and 5) youths who were

over 20 years of age at the index date when the
selected antidepressant was prescribed. The
remaining patients were then grouped according
to the selected antidepressants.

Details of the patients who remained based on the
exclusion criteria are shown in Supplementary
Table 1. Next, users of the antidepressants that
had been prescribed to fewer than 400 patients
were excluded. We ultimately narrowed our study
group down to 10 antidepressants. A flowchart
outlining the selection procedure is shown in
Figure 1.

Demographics and potential confounders

First, we evaluated the demographic characteris-
tics available from the NHIRD, including age,
sex, cohort entry date, medical comorbidities,
psychiatric comorbidities, urbanisation of resi-
dence, socioeconomic status, type of medical
institution where prescriptions were issued, dos-
age of antidepressants and the incidence of aug-
mentation therapy with another drug (another
antipsychotic or mood stabiliser). We employed
the Charlson Comorbidity Index (CCI) as a rep-
resentative of medical comorbidities to determine
general health status,?® which has already been
widely applied in epidemiological research.3! The
CCI scores in the current study were calculated
using diagnostic codes from the outpatient and
inpatient records. Psychiatric comorbidities
included anxiety disorders (ICD-9-CM: 300.X,
except 300.4), attention-deficit/hyperactivity dis-
order (ADHD) (ICD-9-CM: 314.X), autism
spectrum disorder (ASD) (ICD-9-CM: 299.X),
intellectual disabilities (ICD-9-CM: 317.X to
319.X), tic disorder ICD-9-CM: 307.2X), devel-
opmental disorder (ICD-9-CM: 315.X), and con-
duct disorder (CD) or oppositional defiant
disorder (ODD) ICD-9-CM: 312.X and 313.81).

We assessed the urbanisation levels of the youths’
residences, which in Taiwan are divided into four
levels; level one is the most urbanised. We also
determined the monthly income of the youths’
families in New Taiwan dollars (NTD) as a way
to reflect socioeconomic status; the monthly
income was calculated according to the premium
paid. In 2021, 28.5 NTD was equivalent to 1
United States dollar (USD) according to current
exchange rates. Medical institutions where medi-
cines were issued were grouped into two catego-
ries, hospitals and clinics, based on Taiwan’s
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Patients diagnosed with major depressive disorder
and use of antidepressants from 1997 to 2013
(N =419 086)

Remaining eligible patients (N = 388 090)

Remaining patients grouped by type of
antidepressant

Fluoxetine users (N = 5697)
Sertraline users (N = 3109)
Paroxetine users (N = 1714)
Venlafaxine users (N = 1609)
Citalopram users (N = 1280)
Escitalopram users (N = 1254)
Bupropion users (N = 736)
Fluvoxamine users (N = 596)
Mirtazapine users (N = 539)
Moclobemide users (N = 447)

Excluded patients: N = 30996

» Sex not documented (n = 300)

« Ahistory of schizophrenia or bipolar disorders
(n =30 696)

Excluded criteria (detail in the Supplemental Table 1)

« Patients were prescribed selected antidepressant
before 1997-04-01

« Patients were prescribed another antidepressant
before using selected antidepressant < 90 days

» Observation period after initial prescription of
selected antidepressant < 90 days

« Patients were prescribed more than one
antidepressant at the index date

* Age at the index date of selected antidepressant
prescription = 20 years old

Figure 1. Flowchart showing the selection procedure of study subjects.

accreditation levels. We defined the antidepres-
sant prescription dose as the dose from the last
prescription prior to discontinuation of antide-
pressant or the end of follow-up; the dose was
then converted into a ratio, defined as the daily
dose (average daily dose/divided daily dose
(ADD/DDD)), for further comparison.

Outcome variables

All youths receiving antidepressant treatment
were observed from the index date to the discon-
tinuation date or 31 December 2013. The treat-
ment effectiveness of each antidepressant was
evaluated by psychiatric hospitalisation before
discontinuation of the selected antidepressant,
discontinuation of an antidepressant without
switching to over medication, or switching to
another antidepressant after discontinuation of
the previous antidepressant (without gaps), using
the fluoxetine group as the reference group. We
defined discontinuation of an antidepressant as
cessation of the prescription of the selected anti-
depressant for 90 days or longer.

Statistical methods
Descriptive statistics were used to analyse the dif-
ferences in juveniles’ demographic characteristics

and ADD/DDD between each antidepressant,
using the fluoxetine group as a reference. We
used the chi-square and independent t-tests to
analyse differences in categorical and continuous
variables between fluoxetine users and users of
other antidepressants. As for the treatment out-
comes of each antidepressant (hospitalisation,
medication discontinuation and switching), Cox
proportional hazards regression models were con-
structed to analyse hazard ratios (HRs) and 95%
confidence intervals (CIs), using the fluoxetine
group as the reference group. To control for
potential confounding effects, the following vari-
ables were adjusted in the Cox proportional haz-
ards regression models: age, sex, cohort entry
date of the selected antidepressant, CCI scores,
psychiatric comorbidities, benzodiazepine use,
income status, prescription medical institution,
ADD/DDD ratio and augmentation. We also
performed two subgroup analyses: one was an
age-stratified analysis whereby patients were
grouped into a younger group (<16 years old)
and an older group (=16 years old), and the other
was an episodic-stratified analysis based on the
diagnosis of a single episode (ICD-9-CM: 296.2)
or recurrent episodes (ICD-9-CM: 296.3). We
further selected only patients hospitalised for
acute depressive episodes and performed sensitiv-
ity analysis. All analyses were conducted using
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the SAS software (version 9.4; SAS Institute,
Cary). We considered a two-tailed p < 0.05 as
statistically significant.

The sample sizes were estimated using the sam-
ple-size formula for the proportional hazards
regression model to assess time to events in a
cohort study based on a power calculation.32 The
probability of the event (hospitalisation) was
assumed to be 1%, with power = 0.8 and
o = 0.05. The overall sample size needed to
detect a hazard ratio of 2 was determined to be
4,902, and the overall sample size needed to
detect a hazard ratio of 1.5 was determined to be
14,324. In the present study, we used a total of
16,981 youths with MDD, which is sufficiently
powerful to detect differences in hazard rates
between different antidepressant users.

Results

This study consisted of a total of 16,981 youths
with MDD who received one of the following
antidepressants: fluoxetine, sertraline, paroxe-
tine, venlafaxine, citalopram, escitalopram,
bupropion, fluvoxamine, mirtazapine or moclobe-
mide. Table 1 summarises the demographic data,
comorbidities and medication utility of the youths
in each antidepressant group. Among the youths
treated with fluoxetine (the reference group), the
mean age was 16.3 years and 38.4% were male.
The mean age was lowest in the sertraline group
(16.2 years) and highest in the mirtazapine group
(17.7 years). The proportion of males was lowest
in the moclobemide group (34.5%) and highest
in the escitalopram group (49.9%).

Table 2 shows the adjusted HR (aHR) of psychi-
atric hospitalisation, antidepressant discontinua-
tion, and switching of the 10 antidepressants.
During the study period, 1.4%, 99.96% and
11.6% of the patients were hospitalised, discon-
tinued and switched to another antidepressant
treatment, respectively. Compared with the risk
of hospitalisation of those treated with fluoxetine,
those receiving bupropion demonstrated a signifi-
cantly lower aHR of psychiatric admission (aHR
range: 0.12 to 0.85); those receiving mirtazapine
demonstrated a significantly higher aHR of psy-
chiatric admission (aHR range: 1.10 to 3.15). A
similar risk of admission was observed for youths
treated with other antidepressants compared to
those treated with fluoxetine. Compared with the
probability of antidepressant discontinuation in

the fluoxetine group (Table 2), youths treated
with bupropion demonstrated a significantly
lower aHR of antidepressant discontinuation
(aHR range: 0.84 to 0.995). In contrast, youths
treated with sertraline (aHR range: 1.01 to 1.10)
and fluvoxamine (aHR range: 1.03 to 1.23) dem-
onstrated a higher probability of antidepressant
discontinuation, while the other antidepressants
indicated a similar probability of antidepressant
discontinuation. In terms of the probability of
antidepressant switching (Table 2), bupropion
showed the lowest risk of the 10 antidepressants,
although this was not statistically significant
(aHR: 0.82; aHR range: 0.62 to 1.06).

Table 3 shows the outcomes stratified by age sub-
groups among the 10 antidepressants in youths
with MDD. In the younger subgroup (<16 years
old), no hospitalisation events occurred in the
bupropion or moclobemide groups. Similar hos-
pitalisation rates were noted in patients treated
with fluoxetine and other antidepressants.
Compared with fluoxetine users, significantly
higher rates of discontinuation were observed in
those treated with sertraline (aHR range: 1.04 to
1.22), escitalopram (aHR range: 1.05 to 1.43)
and fluvoxamine (aHR range: 1.05 to 1.47).
There were no significant differences in switching
rates among the 10 antidepressants. In the older
subgroup (=16 years old), bupropion users had a
lower risk (aHR range: 0.22 to 0.51) of hospitali-
sation than fluoxetine users, while mirtazapine
users were at a higher risk (aHR range: 1.01 to
3.01) (Table 3). Compared with fluoxetine users,
significantly lower rates of discontinuation were
noted in older patients treated with bupropion
(aHR range: 0.81 to 0.99) and escitalopram (aHR
range: 0.80 to 0.95). Moreover, these 10 antide-
pressants did not differ significantly in terms of
medication switching.

Table 4 shows the comparison of each anti-
depressant with fluoxetine wusers stratified
according to single or recurrent episodes. For
single-episode MDD, mirtazapine users had sig-
nificantly higher rates of psychiatric hospitalisa-
tion (aHR range: 1.15 to 3.83) and moclobemide
users had no hospitalisation events; citalopram
users (aHR range: 1.06 to 1.63) and moclobe-
mide users (aHR range: 1.02 to 1.96) had signi-
ficantly higher rates of switching. Other
antidepressants showed no differences in terms
of hospitalisation, discontinuation or switching.
For recurrent-episode MDD, no hospitalisation
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Table 2. Comparison of psychiatric hospitalisation, discontinuation and switching in youths with major

depressive disorder treated with ten antidepressants.

Medication Case Number Psychiatric Hospitalisation Discontinuation Switching
aHR (95% Cl)? aHR (95% Cl)2 aHR (95% Cl)2

Fluoxetine 5697 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Sertraline 3109 0.91(0.59-1.41) 1.05 (1.01-1.10)* 1.02 (0.89-1.17)
Paroxetine 1714 1.09 (0.68-1.75) 1.02 (0.96-1.07) 1.04 (0.89-1.21)
Venlafaxine 1609 1.23(0.78-1.92) 1.06 (1.00-1.12) 0.93 (0.79-1.10)
Citalopram 1280 1.47 (0.86-2.51) 1.05(0.99-1.12) 1.18 (0.98-1.41)
Escitalopram 1254 0.98 (0.60-1.61) 0.93 (0.87-1.00) 1.14 (0.93-1.41)
Bupropion 736 0.32(0.12-0.85)* 0.91 (0.84-0.995)*  0.82(0.62-1.06)
Fluvoxamine 596 1.11 (0.45-2.69) 1.12 (1.03-1.23)* 1.09 (0.85-1.39)
Mirtazapine 539 1.86 (1.10-3.15)* 1.04 (0.95-1.14) 1.22(0.93-1.61)
Moclobemide 447 0.00 (0.00-NA) 1.08 (0.98-1.19) 1.11 (0.85-1.45)

aHR, adjusted hazard ratio; Cl: confidence interval.

Background colour: red means the selected antidepressant data are significantly higher than fluoxetine data; blue means
fluoxetine data are significantly higher than the selected antidepressant data; white means there are not significantly different.
aAdjusted for gender, age, entry year, Charlson Comorbidity Index, psychiatric comorbidities, urbanisation of residence,
monthly income, medical institution, ratio of average daily dose to defined daily dose and augmentation.

*p < .05; **p < .001; ***p < .0001.

events were observed in bupropion users and
moclobemide users; discontinuation rates were
significantly lower in escitalopram users (aHR
range: 0.76 to 0.997) and bupropion users (aHR
range: 0.73 to 0.97). There were no differences
in hospitalisation, discontinuation or switching
among other antidepressant users.

Supplementary Tables 2—4 show the risk of hos-
pitalisation for acute depressive episodes, total-
ling 94% of the hospitalised patients. Mirtazapine
users had higher rates of hospitalisation than
fluoxetine users, consistent with the primary anal-
ysis (overall aHR range: 1.23 to 3.61; age = 16
years subgroup aHR range: 1.13 to 3.48; single-
episode subgroup aHR range: 1.26 to 4.28).

Discussion

To the best of our knowledge, our study is the
first to comprehensively determine the effective-
ness of different antidepressants among MDD
youths using real-world evidence from Taiwan.
Compared with the youths treated with fluo-
xetine, those who received sertraline and fluvo-
xamine exhibited higher discontinuation rates.

Furthermore, the bupropion-treated group
demonstrated lower rates of hospitalisation and
discontinuation than the fluoxetine group.
However, the mirtazapine-treated group demon-
strated a higher hospitalisation risk than the
fluoxetine-treated group, mainly when adminis-
tered for those with single depressive episodes.
In the younger subgroup, significantly high rates
of discontinuation were observed in those treated
with sertraline, escitalopram and fluvoxamine.
In the older subgroup, compared with fluoxetine
users, the risk of hospitalisation in bupropion
users was lower, and the risk in mirtazapine users
was higher. Bupropion and escitalopram users
also demonstrated lower discontinuation rates
than fluoxetine users did, especially in patients
with recurrent depressive disorder. Interestingly,
discontinuation rate of escitalopram is higher
in the younger subgroup but lower in the older
subgroup.

The risk of hospitalisation is an important meas-
ure when evaluating the effectiveness of medica-
tion or interventions in psychiatric research using
a database. We showed that bupropion was
more effective in preventing hospitalisation than
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Table 3. Age stratified comparison of psychiatric hospitalisation, discontinuation and switching in youths with

major depressive disorder treated with ten antidepressants.

Medication Case Number

Psychiatric Hospitalisation

aHR (95% Cl)2

Discontinuation
aHR (95% Cl)?

Switching
aHR (95% Cl)?

Young teenage (Age < 16]
Fluoxetine 1747
Sertraline 1026
Paroxetine 363
Venlafaxine 262
Citalopram 326
Escitalopram 228
Bupropion 157
Fluvoxamine 163
Mirtazapine 64
Moclobemide 94

Older teenage (Age = 16)

1.00 [Referencel]
1.13(0.40-3.17)
2.59 (0.70-9.60)
1.61(0.33-8.00)
0.47 (0.04-5.49)
1.56 (0.28-8.65)
0.00 (0.00-N/A)
2.90 (0.45-18.57)
1.04 (0.09-12.72)
0.00 (0.00-N/A)

1.00 [Referencel

1.00 (0.89-1.13)
1.12 (0.98-1.28)
1.12 (0.99-1.27)

0.94 (0.79-1.12)

1.21 (0.94-1.56)
1.11(0.90-1.37)

1.00 [Referencel]
1.02 (0.97-1.08)
1.02 (0.96-1.08)
1.05(0.98-1.12)
1.04 (0.96-1.12)

1.00 [Referencel]
1.02 (0.78-1.32)
0.89 (0.62-1.26)
1.15(0.74-1.81)
1.18 (0.78-1.78)
0.94 (0.57-1.56)
0.67(0.33-1.36)
1.00 (0.62-1.61)
1.07 (0.52-2.17)
0.97 (0.54-1.76)

1.00 [Referencel]
1.03(0.88-1.21)
1.08 (0.90-1.29)
0.90 (0.75-1.08)
1.16 (0.95-1.43)

Fluoxetine 3950 1.00 [Referencel]
Sertraline 2083 0.83(0.51-1.36)
Paroxetine 1351 0.91 (0.55-1.52)
Venlafaxine 1347 1.20 (0.75-1.91)
Citalopram 954 1.46 (0.84-2.55)
Escitalopram 1026 0.91(0.55-1.53)

Bupropion 579 0.35(0.13-0.96)*

Fluvoxamine 433 0.83(0.28-2.41)
Mirtazapine 475

Moclobemide 353 0.00 (0.00-N/A)

0.87 (0.80-0.95)* 1.23(0.97-1.56)

0.90 (0.81-0.99)* 0.85(0.64-1.15)
1.08 (0.98-1.20) 1.17 (0.87-1.57)
1.28 (0.94-1.74)

1.07 (0.96-1.20) 1.10 (0.82-1.49)

aHR, adjusted hazard ratio; Cl: confidence interval.

Background colour: red means the selected antidepressant data are significantly higher than fluoxetine data; blue means
fluoxetine data are significantly higher than the selected antidepressant data; white means there are not significantly different.
aAdjusted for gender, age, entry year, Charlson Comorbidity Index, psychiatric comorbidities, urbanisation of residence,
monthly income, medical institution, ratio of average daily dose to defined daily dose and augmentation.

*p < .05; **p < .001; ***p < .0001.

fluoxetine, whereas mirtazapine demonstrated a
worse psychiatric admission prevention effect
than fluoxetine. A previous population-based
cohort study that investigated the risk of self-
harm hospitalisation in adults with depression
using different antidepressants in Taiwan reported

a similar finding.?>*> Compared with fluoxetine, the
chances of self-harm hospitalisation were higher
for mirtazapine, lower for bupropion and similar
for other SSRIs (citalopram, escitalopram, flu-
voxamine, paroxetine and sertraline). Bupropion,
which blocks the reuptake of dopamine and
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Table 4. Episodic stratified comparison of psychiatric hospitalisation, discontinuation and switching in youths
with major depressive disorder treated with ten antidepressants.

Medication Case Number Psychiatric Hospitalisation Discontinuation Switch
aHR (95% Cl)2 aHR (95% Cl)2 aHR (95% Cl)2
Single episode
Fluoxetine 3750 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Sertraline 2036 0.98 (0.60-1.59) 1.05(0.997-1.11) 1.08 (0.92-1.28)
Paroxetine 1193 0.91 (0.52-1.60) 0.99 (0.92-1.06) 1.13(0.95-1.36)
Venlafaxine 1046 1.35(0.81-2.24) 1.05(0.98-1.13) 0.96 (0.79-1.18)
Citalopram 924 1.26 (0.68-2.36) 1.07 (0.99-1.15) _
Escitalopram 932 1.20 (0.70-2.03) 0.95 (0.87-1.03) 1.10 (0.86-1.40)
Bupropion 459 0.55 (0.21-1.48) 0.95 (0.85-1.06) 0.84 (0.59-1.19)
Fluvoxamine 380 0.86(0.26-2.88) 1.11 (0.99-1.24) 1.16 (0.84-1.62)
Mirtazapine 341 _ 1.09 (0.97-1.22) 1.26 (0.89-1.78)
Moclobemide 284 0.00 (0.00-N/A) 1.06 (0.94-1.20) _

Recurrent episode

Fluoxetine 1947 1.00 [Referencel
Sertraline 1073 0.72(0.26-1.99)
Paroxetine 521 1.95 (0.78-4.86)
Venlafaxine 563 0.79 (0.28-2.25)
Citalopram 356 2.40(0.80-7.16)
Escitalopram 322 0.21(0.02-1.84)
Bupropion 277 0.00 (0.00-N/A)
Fluvoxamine 216 1.82(0.43-7.79)
Mirtazapine 198 1.66 (0.52-5.35)
Moclobemide 163 0.00 (0.00-N/A)

1.00 [Referencel
1.05(0.97-1.13)
1.06 (0.96-1.17)
1.07 (0.96-1.18)
0.98(0.87-1.10)

0.87 (0.76-0.997)*

0.85(0.73-0.97)*
1.13(0.97-1.31)

0.96(0.82-1.12)
1.11(0.94-1.30)

1.00 [Reference]
0.95(0.75-1.20)
0.84(0.61-1.14)
0.86 (0.63-1.18)
0.91(0.64-1.32)
1.24.(0.81-1.88)
0.73(0.47-1.14)
0.97 (0.65-1.45)

1.17 (0.73-1.88)
0.83(0.52-1.32)

aHR, adjusted hazard ratio; Cl: confidence interval.
Background colour: red means the selected antidepressant data are significantly higher than fluoxetine data; blue means
fluoxetine data are significantly higher than the selected antidepressant data; white means there are not significantly different.
aAdjusted for gender, age, entry year, Charlson Comorbidity Index, psychiatric comorbidities, urbanisation of residence,
monthly income, medical institution, ratio of average daily dose to defined daily dose and augmentation.

*p < .05; **p < .001; ***p < .0001.

noradrenaline and antagonises nicotinic acetyl-
choline receptors, is also used as a smoking cessa-
tion aid and to help treat obesity.3* It has also
been shown to significantly increase blood oxy-
genation level-dependent (BOLD) responses in
the nucleus accumbens during monetary reward

anticipation among healthy participants.3> This
finding suggests a possible mechanism underlying
the therapeutic effects of bupropion for patients
with motivational deficit and loss of interest.3>
Recent reviews reported that mirtazapine-treated
patients had a similar or lower likelihood of
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achieving remission during comparable therapy
with patients treated with SSRIs.3%37 However,
mirtazapine demonstrated a worse psychiatric
admission prevention effect than fluoxetine. It is
worth noting that the participants in this study
were not randomly assigned, and the question of
whether mirtazapine exhibits varying preventive
effects should be further investigated.

In the current study, we found the mean duration
from initial prescription to discontinuation to be
68.7 days among youths with depression. The
treatment durations observed in our study were
much shorter than those recommended in clinical
care guidelines, which are at least 6 months to
avoid the risk of relapse or recurrence.3® Therefore,
discontinuation in the current study may be
regarded as premature discontinuation. Our find-
ing of a high discontinuation rate is in accordance
with a previous study in Taiwan using the
NHIRD, which showed that only 7.6% of adults
with MDD persisted throughout 180 days of anti-
depressant monotherapy.3® However, differences
in discontinuation rates between individual SSRIs
were not compared. Emslie er al 40 found that
maintaining fluoxetine treatment can significantly
delay relapse of depression in children and youths.
One study has also reported that maintenance
treatment with sertraline may have benefits over a
placebo.! A recent meta-analysis indicated that
imipramine, venlafaxine and duloxetine were less
well tolerated in children and youths with MDD.42
The most common reasons for premature dis-
continuation included non-responsiveness and
intolerance of side effects.#?> Another study sug-
gested that younger age, being male, diagnosis of
ADHD, history of substance abuse and self-harm
attempt are associated with increased risk of anti-
depressant discontinuation.** We found that ser-
traline and fluvoxamine users exhibited higher
discontinuation rates compared with fluoxetine
users. This may be related to the following differ-
ences in clinical characteristics, agreeing with
Lampela ez al.**: compared with fluoxetine users,
sertraline users were younger, while fluvoxamine
users had a higher ratio of comorbid ADHD.
Although the underlying reasons for drug discon-
tinuation are unknown, this finding may imply
that adolescent sertraline and fluvoxamine users
have poorer response rates or tolerance to side
effects than similar fluoxetine users. In contrast,
bupropion might outperform fluoxetine in terms
of better treatment response or minor adverse
effects; as a result, bupropion users had a lower

discontinuation rate. As premature discontinua-
tion may increase the risk of relapse or recurrence,
our study results may serve as an important refer-
ence for clinicians.

Our results suggest that bupropion may surpass
fluoxetine in terms of hospitalisation prevention
and maintenance of drug therapy among youths
with MDD. In the current study, several differ-
ences were observed in the clinical characteristics
of fluoxetine and bupropion users. A significantly
lower ratio of ADD to DDD was noted in the
bupropion group than in the fluoxetine group,
indicating that the bupropion group was adminis-
tered at a lower dosage than suggested. On the
contrary, patients taking bupropion had signifi-
cantly higher CCI scores than fluoxetine users,
suggesting that the bupropion group suffered
more from medical comorbidities. We propose
that bupropion exerts a better antidepressant
effect than fluoxetine, even when underdose is
used and in patients with more medical comor-
bidities. Regarding monthly income, the bupro-
pion group had the lowest household income.
We do not know the reason for this correlation
between medicine choice and household income,
because clinicians in Taiwan are usually unaware
of household income and insurance premiums. A
Swedish study showed that early discontinuation
of antidepressant treatment in young adults
occurred more commonly in recipients of social
assistance.*> Another Bangladeshi study sug-
gested that family income is negatively correlated
with the severity of depression.4® Because this was
a database study and we were unable to observe
the severity of depressive symptoms, we were
unable to provide evidence to support the hypoth-
esis that lower family income is correlated with
higher severity of depression; however, bupropion
seems to be more effective in preventing discon-
tinuation in this population than fluoxetine.

Previous evidence has revealed that symptoma-
tology and treatment responses in adult patients
with MDD change with age.*” The age range of
our current study population was wide (5-20
years); therefore, we performed age-stratified
analyses. We found similar hospitalisation rates in
the younger subgroup (<16 years old) of those
treated with fluoxetine and with other antidepres-
sants. Notably, no hospitalisation events occurred
in the bupropion or moclobemide groups, which
may be attributed to any of the following reasons.
The number of cases in the younger subgroup
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was relatively small, and the likelihood of psychi-
atric admission was relatively low for young chil-
dren and youths. Another explanation is that
bupropion and moclobemide exerted substantial
protective effects on hospitalisation in the younger
group. In the older subgroup (=16 years old),
bupropion users were at a lower risk of hospitali-
sation, whereas mirtazapine users were at a higher
risk than fluoxetine users. Hospitalisation was
consistent in the overall sample, which indicates
that the effects on hospitalisation were seen
mainly in the older subgroup, since the outcome
(psychiatric admission) occurred more commonly
in subadults. Interestingly, escitalopram users
had a lower discontinuation rate in the older sub-
group but a higher discontinuation rate in the
younger subgroup. This finding implies that
escitalopram may exhibit differential responses
or tolerance to adverse effects between different
age groups.

Some methodological issues should, however,
be noted. First, fluoxetine is recommended as a
first-line medication according to guideline rec-
ommendations,!” and evidence regarding the
effectiveness of fluoxetine for adolescent depres-
sion is the most abundant.18:21:2¢ Therefore, we
used fluoxetine as the reference group to under-
stand whether other antidepressants exhibited
similar effectiveness as fluoxetine. However,
patients who receive other antidepressants may
be non-responders to fluoxetine treatment, and
other antidepressants may be disadvantaged in
outcome assessment. Second, bupropion users
had the highest proportion of ADHD comorbidi-
ties. Bupropion, a dopamine and norepinephrine
reuptake inhibitor, is a promising non-stimulant
alternative, which has been reported to exert
a positive effect on ADHD management.48
Therefore, bupropion users may have different
characteristics than other patients and thus may
have exhibited a different outcome profile.

This study had some limitations. First, patients
were allocated to antidepressant treatment based
on clinical judgement in real-world settings but
not through random assignment. Although we
attempted to control for potential confounding
factors and adjust for observable baseline charac-
teristics, unobserved confounders, such as severity
of depressive symptoms, preference of clinicians
or patients, residential area, support system or
drug compliance, could not be controlled for in

the current study. Second, both psychological
therapies and antidepressant medications, alone
and in combination, are effective for treating
MDD in children and youths. Antidepressants
were often prescribed in combination with psy-
chotherapy.#® However, psychosocial therapies
were not identified in this study. In addition,
cognitive behavioural therapy (CBT) is a non-
pharmacological approach which can augment
antidepressant therapy for better outcomes.?
CBT, exercise and lifestyle modifications are also
important nonpharmacological approaches for
MDD which significantly influence treatment
outcomes. However, we failed to include these
factors in the current study because the database
we used contained only information regarding
medication. Future cohort studies that include
these nonpharmacological approaches are war-
ranted. Third, the major outcome of this study
was hospitalisation; however, suicide attempts,
which were unavailable in the claims data, are
also crucial indicators of the effectiveness of anti-
depressants. Fourth, genetic variations (i.e.
cytochrome P450 2C19 metaboliser status) may
predict the risk of adverse events associated with
antidepressants.’! Antidepressants might alter
peripheral levels of serum brain-derived neuro-
trophic factor (BDNF), which might be involved
in the pathophysiology of MDD.52 However, these
biological markers were not available for this
study. Some studies have identified nutritional
alterations, such as several decreased serum amino
acids, in depression and suggested that trace
elements, such as zinc supplementation, might
improve treatment outcomes in patients with
MDD.53:5¢ However, we did not perform correla-
tion analysis between treatment outcome and the
patients’ nutritional status, because the database
used in the current study only contained informa-
tion regarding medication. Diet supplementation
is an important topic in the treatment of MDD
and should be further investigated. Finally, this
study was only able to evaluate the effectiveness of
10 antidepressants. However, some novel anti-
depressants (e.g. agomelatine) or antidepressants
with a small number of users (e.g. duloxetine)
were not included in the analyses. Furthermore,
only fluoxetine and escitalopram have been
approved by the Taiwan Food and Drug
Administration (FDA) for use as antidepressants
in adolescent MDD. All other antidepressants
were used off-label in children; therefore, the
ADD/DDD in the current study might be lower
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compared to the guideline-recommended WHO.
It is important to closely monitor adverse and
switchover events during antidepressant treat-
ment. In addition, future study exploring the
effectiveness of these antidepressants adminis-
tered at higher ADD/DDD is warranted.

Conclusion

Using Taiwan’s nationwide reimbursement data,
we found that fluoxetine, which is a first-line medi-
cation recommended by the relevant guidelines for
youths with depression, demonstrated superior
effectiveness in hospitalisation prevention than
mirtazapine and had better medication discontin-
uation rates than sertraline and fluvoxamine.
However, bupropion may surpass fluoxetine in
terms of both prevention of hospitalisation and
maintenance of drug therapy. These findings could
serve as a useful reference for clinical practices
with respect to the treatment of youths with MDD.
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