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Abstract

Background

The present study aimed to develop a new scale to evaluate the level of difficulty in treating
major depressive disorder with antidepressants based on the lifetime treatment profile.

Methods

In addition to evaluating the difficulty of treatment with antidepressants (A subscale),
the Treatment Resistance to Antidepressants Evaluation Scale (TRADES) is com-
prised of a subscale to account for the attributes that compromise the efficacy of treat-
ment (B subscale). One hundred and six participants aged 18 to 65 years with remitted
major depressive disorder were enrolled. Eligible cases were those with at least 2
years from disease onset until the scoring date of the TRADES (the index date), with a
complete treatment record. Various psychosocial and clinical features, such as neuroti-
cism, harm avoidance, and utilization of psychiatric services, were used to validate the
TRADES.

Results

The mean duration of the course before and after the index date were 5.5+ 3.5and 3.1+ 1.7
years, respectively. In a multiple regression analysis, the final total scores of the TRADES
independently correlated with higher levels of neuroticism and harm avoidance. Total scores
were also associated with a higher utilization of psychiatric outpatient and admission ser-
vices before the index date. Furthermore, it is thought that total scores could predict a higher
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number of visits to psychiatric outpatient, emergency, and admission services following the
index date.

Conclusions

The TRADES has acceptable validity and could help to quantify the level of treatment diffi-
culty with antidepressants in major depressive disorder.

Introduction

Major depressive disorder (MDD) is a prevalent, but heterogeneous disorder [1]. Although the
monoamine deficiency theory initiated the development of antidepressants, it also monopo-
lized antidepressant classes and compounds. According to the Sequenced Treatment Alterna-
tives to Relieve Depression study, the cumulative remission rate after four lines of treatment
over 14 months was only 67% [2]. Thus, the homogeneous nature of antidepressants fails to
provide adequate solutions for the heterogeneity of MDD. To enhance the etiological homoge-
neity of MDD, subtyping the level of treatment difficulty with antidepressants is fundamental.

Previous studies that aimed to subtype antidepressant treatment response in MDD can be
classified into three types: phenotypic, endophenotypic, and genotypic levels [3]. At the pheno-
typic level, several factors have been consistently recognized to be associated with treatment
response, such as disease course, gender, age, and psychiatric comorbidity [4]; however, there
were no robust conclusions at the endophenotypic and genotypic levels [5, 6]. Since endophe-
notypic and genotypic studies require reliable phenotypes, inadequate validity of the pheno-
typing of treatment response to antidepressants may explain the inconsistent findings [7].

Antidepressants remain the treatment of choice for major depressive episodes and any bio-
logical intervention for MDD is often accompanied by at least one main-line antidepressant
treatment; therefore, the construct of "difficult to treat with antidepressants" is similar to treat-
ment resistant depression (TRD). Until 1995, TRD was dichotomously defined as an inade-
quate response that appears after two consecutive antidepressant treatments with adequate
dosage and adequate duration (ADAD), but with antidepressants of different pharmacological
classes [8]. After 1995, similar to the cancer staging system, the first staging model for TRD
was developed [9]. When counting the number of failed trials of antidepressants, the subse-
quent multifaceted staging scales not only introduced various novel parameters to evaluate
treatment response, but also discarded the traditional notion of different classes and hierarchi-
cal efficacy of antidepressants [8, 10]. The most recent staging instrument for the measurement
of treatment resistance in MDD is the Maudsley Staging Model (MSM), which contains classi-
cal domains of treatment failure and is extended by including duration and baseline symptom
severity of the index episode as novel parameters [11].

Although the MSM showed promise in predicting the risk and duration of a depressive epi-
sode during a follow-up period [12], recent literature suggests the inclusion of additional
parameters to enhance the validity of measuring the level of treatment difficulty of MDD [4,
13]. For example, the use of sedatives, psychodynamic psychotherapy, physical and psychiatric
comorbidities, and medication adherence may also influence the evaluation of antidepressant
treatment response. Furthermore, current staging models only quantify the level of difficulty
to treat a single episode, despite MDD being characterized by high recurrence and break-
through rates [14, 15]. The course-dependent features of MDD should be considered as
parameters when conceptualizing the level of treatment difficulty with antidepressants. Thus,
concomitant consideration of the profile of the lifetime pattern of psychotropic use should
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better reflect the bona fides of the level of treatment difficulty, compared to the single episode
approach. To the best of our knowledge, no such staging scale that comprises the entirety of
the new perspectives has been reported in the literature.

Thus, the present study aims to develop a new, multi-dimensional, clinimetric instrument,
the Treatment Resistance to Antidepressants Evaluation Scale (TRADES), to evaluate the level
of treatment difficulty with antidepressants in MDD patients. Individuals in a remitted state
with complete and longitudinal treatment medical records were included in the present study.
By reviewing the lifetime disease course, information on treatment profiles were detailed with
previously used and novel parameters. The performance of the TRADES was also examined
using various psychosocial and clinical validators.

Materials and methods
Participants

The present study used a cohort that had been established by the Research Collaborating
Group for New Insight, Strategy and Evaluation-Treatment-Resistant Depression Program. At
two medical centers and one psychiatric hospital in Taiwan, participants were recruited from
October, 2010 to April, 2016 who were aged 18 to 65 years, diagnosed with MDD based the
Diagnostic and Statistical Manual of Mental Disorders, 4th edition, Text Revision criteria [16],
and in a remitted state. Because MDD is a disease with high recurrence and breakthrough
rates, TRADES was developed to evaluate the "overall" level of difficulty in treating "each"
MDD episode with antidepressants, based on the lifetime treatment profile. Thus, after
patients complete the treatment for each episode, then TRADES is allowed to capture the pic-
ture of overall difficulty of using antidepressants to treat an MDD patient. Furthermore, the
effectiveness of using antidepressants as maintenance therapy is also regarded as a core com-
ponent of "difficulty to treat with antidepressants.” Thus, the duration of stability in remitted
status was included as a parameter in TRADES. Accordingly, only lifetime treatment history
of remitted patients could be used.

To collect detailed information on medication use, number of visits to psychiatric outpa-
tient units, and inpatient and emergency services use, a complete lifetime medical record
throughout the disease course for each participant was required. The minimum duration that
was required for an assessment with the TRADES was 2 years after the first onset of MDD. If
the participants had discontinued treatment due to complete remission before the date of
TRADES assessment (the index date), they were still eligible if the complete remission status
had lasted, after the cessation of clinical interventions, until the index date. To examine the
predictability of the TRADES after the index date, each participant had been followed for an
additional period from their respective index dates to those ranging from November 2016 to
February 2017. Patients with fragmented medical records or with comorbid organic brain syn-
dromes, dementia, substance abuse, psychotic disorder, schizoaffective disorder, or bipolar
affective disorder were excluded. Finally, a total of 106 individuals were enrolled. The present
study was approved by the research ethics committees of the National Taiwan University Hos-
pital, Wan-Fang Hospital and Taipei City Hospital, Songde Branch. Written informed consent
was obtained from each participant and all methods were performed in accordance with the
relevant guidelines and regulations.

Design rationales for the TRADES

The TRADES was expected to provide a valid phenotypic reference that could be used in
research for endophenotypes and genotypes that predict treatment response to antidepres-
sants. The concept of treatment difficulty is broad and should comprise various domains, such
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as long-term stability, short-term severity, medication exposure experience, and non-pharma-
cological interventions (e.g., electroconvulsive therapy [ECT] and psychodynamic psychother-
apy). Behavioral problems and comorbidities that may increase treatment difficulty should
also be considered. Therefore, the TRADES was not established using psychometric methods,
but has been conceptualized as a clinimetric instrument, which aims to integrate various
parameters to capture the full picture of treatment difficulty with antidepressants in MDD
[17]. Thus, two subscales, A and B, were designed to constitute the TRADES.

The A subscale provides a measurement of the difficulty of treating MDD with antidepres-
sants and the B subscale provides a summary of the attributes that may bias the measurements
of the A subscale. Final total scores are obtained by subtracting the scores of the B subscale
from the scores of A subscale. The scoring of each item of the TRADES is based on the per-
sonal life chart of the patient, which is derived from the detailed medical chart review. In the
present study, trained research assistants scored each life chart according to pre-determined
scoring rules, which ensured within- and between-rater reliability. The TRADES and the
details of the scoring rules are provided as S1 Table and S1 Text, respectively. According to the
scoring rules, for eligible patients, the disease course duration between the date of first onset of
MDD and the index date should be at least 2 years. This ensures that each patient has an equal
opportunity to receive various sequential interventions, such as a shift between antidepressants
with ADAD, combination, augmentation (e.g. anticonvulsants, lithium, antipsychotics, meth-
ylphenidate, or thyroxin), ECT, and psychodynamic psychotherapy. The details of the scoring
points for each parameter are provided in S2 Text.

Construct validators for the TRADES

Clinical validators. Because utilization of medical resources and pertinent costs have
been reported to correlate with the treatment resistance of MDD, the use of psychiatric facili-
ties was included as construct validators in the present study [18]. The number of psychiatric
outpatient visits and hospital admissions of the participants, from MDD onset to the index
date, were collected and used as convergent validators. Additionally, the number of psychiatric
outpatient and emergency visits and admissions after the index date until the end of the fol-
low-up period were also collected and used to examine the predictability of the TRADES. The
present study hypothesized that higher TRADES scores would be associated with a higher utili-
zation of various psychiatric facilities.

Psychosocial validators. At the index date, the Eysenck Personality Questionnaire-
Revised (EPQ-R), the Tridimensional Personality Questionnaire (TPQ), and the Multidimen-
sional Scale of Perceived Social Support (MSPSS) were administrated to evaluate the psychoso-
cial characteristics of the participants. These psychosocial features were also used as
convergent validators for the TRADES.

Individuals with specific personality traits are known to be vulnerable to MDD [19]. To
assess the association between personality traits and the TRADES, we used two self-reported
questionnaires, the EPQ-R [20] and TPQ [21]. We used the short-scale EPQ-R to measure
neuroticism and extraversion (six items each). We also assessed novelty seeking and harm
avoidance subscales using the short-form TPQ (12 items each), which showed good reliability
and validity in previous studies [22]. We hypothesized that the TRADES score would be posi-
tively correlated with neuroticism and harm avoidance, but not related to extraversion or nov-
elty seeking. Moreover, to assess the association between social support and the TRADES, the
MSPSS (12 items) was used [23, 24]. High total scores indicate better subjective social support.
The present study hypothesized that the TRADES score would be inversely related to the level
of perceived social support.
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Statistical methods

The data were analyzed with SPSS version 12.0 (IBM; Armonk, NY, USA) and SAS version 9.4
(SAS Institute; Cary, NC, USA). In addition to descriptive analyses, an exploratory factor anal-
ysis was used to evaluate the internal consistency of the A subscale of the TRADES, which con-
sisted of seven categorical variables. As no responses were recorded for the parameter "use of
ECT", it was removed from the internal consistency analysis. An exploratory factor analysis
was conducted using the principal factor estimation method “PROC FACTOR?” in SAS with a
polychoric correlation matrix among six variables. Eigenvalues greater than 1 were extracted
[25]. The Kaiser-Meyer-Olkin measure for sampling adequacy was used to determine the
appropriate sample size for conducting the factor analysis [26]. Finally, multiple linear regres-
sion analyses were conducted to examine the independent association between the parameters
of the TRADES with the psychosocial and clinical validators. Stepwise linear regression analy-
ses were also performed to select the most explanatory parameter of the A subscale that corre-
sponded to each validator. The statistical significance level was set at p < 0.05.

Results

Demographic and clinical characteristics of the participants are summarized in Table 1. A total
of 106 individuals with MDD were enrolled (75.5% women). The mean age of the participants

Table 1. Demographic and clinical characteristics of participants (n = 106).

Mean +SD

Age (years) 51.5+13.2
Age of first onset (years) 44.5+ 13.6
Sex (n, %)

Female 80 (75.5%)
Eysenck Personality Questionnaire

Extraversion 3.7£2.8

Neuroticism 7.1£3.6
Tridimensional Personality Questionnaire

Harm avoidance 10.3+3.4

Novelty-seeking 6.9%3.1
Multidimensional Scale of Perceived Social Support 54.1+12.5

Meanz SD, range

Treatment Resistance to Antidepressants Evaluation Scale (TRADES)

Total scores of the A subscale 5.3+2.9,0-13
Total scores of the B subscale 0.6+0.7, 0-3
Total scores of the TRADES 4.6+2.0,0-13

Follow-up duration (years)

Overall duration

9.8+4.9, 2.6-22.3

Before the index date 5.5+3.5,2.0-18.4

After the index date 3.1+1.7,0.6-6.1
Clinical feature before the index date

Frequencies of psychiatric admission 0.3+0.7, 0-4

Visits to psychiatric outpatient service

Clinical feature after the index date

48.4+73.1,7-529

Frequencies of psychiatric admission 0.1+0.5, 0-4
Visits to psychiatric outpatient service 15.2+18.5,0-128
Visits to psychiatric emergency service 0.04+0.19, 0-1

https://doi.org/10.1371/journal.pone.0227614.t001
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Table 2. Scores distribution of the Treatment Resistance to Antidepressants Evaluation Scale (TRADES).
Dimension/ Parameter Score n (%) Dimension/ Parameter Score n (%)
A subscale A3-4. Sedatives
Al: Duration of stability Not used 0 4(3.8)
Long (> 18 months) 0 50 (47.2) Used <1/2 course 1 23 (21.7)
Mid-term (6-18 months) 1 24 (22.6) Used >1/2 course 2 79 (74.5)
Short (< 6 months) 2 32(30.2) A3-5. Psychotherapy
A2: Symptom severity at index date Not used 0 95 (89.6)
Euthymic (BDI-II*: 0-16) 0 53 (50.0) Used 1 11 (10.4)
Mild (BDI-II: 17-22) 1 11 (10.4) B subscale
Moderate (BDI-I1:23-30) 2 20 (18.9) B1: Compliance
Severe (BDI-II:31-63) 3 22 (20.8) Excellent 0 93 (87.7)
A3: Treatment loads Good (more than 80% documented compliance) 1 13 (12.3)
A3-1. Antidepressants Poor (fewer than 80% documented compliance) 2 0 (0.0)
Level 1: 1 medication 0 41 (38.7) B2: Psychiatric comorbidity
Level 2: 2 medications 1 43 (40.6) Nil 0 64 (60.4)
Level 3: 3-4 medications 2 16 (15.1) Axis I disorders 1 42 (39.6)
Level 4: >5 medications 3 6 (5.7) Axis II disorders 2 0(0.0)
A3-2. Augmentation B3: Chronic medical condition
Level 1: No augmentation 0 59 (55.7) Nil 0 96 (90.6)
Level 2: 1 medication 1 30 (28.3) 1-2 1 10 (9.4)
Level 3: 2 medications 2 14 (13.2) >3 2 0 (0.0)
Level 4: > 3 medications 3 3(2.8)
A3-3. Electroconvulsive therapy
Not used 0 106 (100.0)
Used 1 0(0.0)

*: BDI-II: Beck Depression Inventory-II

https://doi.org/10.1371/journal.pone.0227614.t002

was 51.5 + 13.2 years and the average age of MDD onset was 44.5 + 13.6 years. The average
scores of the A and B subscales of the TRADES were 5.3 + 2.9 and 0.6 + 0.7, respectively, and
the average total score (subscale A-subscale B) was 4.6 + 2.0. The average overall duration of
follow-up was 9.8 + 4.9 years. The average duration of follow-up before scoring the TRADES
(the index date) was 5.5 + 3.5 years, with a minimum of 2 years. The average duration of fol-
low-up after the index date was 3.1 + 1.7 years, with a minimum of 0.6 years. Table 2 depicts
the distribution of the TRADES scores.

The internal consistency of the A subscale was examined using an exploratory factor analy-
sis. The Kaiser-Meyer-Olkin value was 0.64, which indicated an acceptable sample size. Based
on the scree plot and eigenvalue, a one-factor solution was selected. This factor had an eigen-
value of 1.94 and included six parameters in the A subscale, except for the use of ECT (ques-
tion A3-3). This single factor model explained 91.6% of the variance. The factor loading of
each parameter was delineated as follows: duration of stability (A1), 0.55; symptom severity
(A2), 0.48; use of antidepressants with ADAD (A3-1), 0.76; use of augmentation agents (A3-2),
0.71; use of sedatives (A3-3), 0.54; and psychodynamic psychotherapy (A3-5), 0.19. Use of psy-
chodynamic psychotherapy (A3-5) had the lowest factor loading.

The relationship between the TRADES and psychosocial validators is summarized in
Table 3. In summary, the total scores of the A subscale were positively associated with neuroti-
cism [b (se [standard error]) = 0.50 (0.12), p < 0.001] and harm avoidance [b (se) = 0.33
(0.13), p = 0.01], but negatively correlated with perceived social support [b (se) = —0.96 (0.45),
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Table 3. Multiple regression analyses for the relationship between dimensions of TRADES and various psychosocial features®.

Neuroticism Extraversion Harm-avoidance Novelty-seeking Perceived social support
TRADES parameters# b(se) P b(se) P b(se) P b(se) P b(se) P
A subscale
Al: Duration of stability 0.84 (0.44) 0.06 20.12(0.36) | 0.75 | 0.76 (0.43) 0.08 | -0.16(0.39) | 0.68 | 0.66(1.51) 0.66

A2: Symptom severity at index date 1.13 (0.27) <0.001 -0.01 (0.25) 0.99 0.87 (0.28) 0.003 0.02 (0.26) 0.94 -3.99 (0.93) <0.001
A3: Treatment loads

A3-1. Antidepressants 1.01 (0.44) 0.02 0.83 (0.36) 0.02 0.15 (0.45) 0.74 0.63 (0.39) 0.11 -0.29 (1.54) 0.85
A3-2. Augmentation 0.55 (0.49) 0.26 0.20 (0.40) 0.61 0.27 (0.48) 0.58 0.82 (0.42) 0.05 -0.71 (1.66) 0.67
A3-3. Electroconvulsive therapy NA NA NA NA NA NA NA NA NA NA
A3-4. Sedatives 1.33 (0.72) 0.07 0.31 (0.59) 0.60 0.70 (0.71) 0.33 1.01 (0.62) 0.08 -5.03 (2.52) 0.05
A3-5. Psychotherapy 2.19 (1.19) 0.07 -0.53 (0.98) 0.59 0.99 (1.18) 0.40 0.02 (1.04) 0.98 2.11 (4.07) 0.61
Total scores of A subscale 0.50 (0.12) | <0.001 | 0.08(0.11) | 047 | 0.33(0.13) 0.01 0.13(0.11) | 027 | -0.96(0.45) 0.03
B subscale
B1: Compliance -0.08 (1.16) 0.95 20.01(025) | 099 | -021(1.14) | 0.86 0.02(0.26) | 094 | -5.16(3.87) 0.19
B2: Psychiatric comorbidity -0.09 (0.76) 0.91 0.94(0.62) | 0.13 | -0.68(0.76) | 0.37 1.13(0.65) | 0.09 | -3.99 (2.56) 0.12
B3: Chronic medical condition -1.00 (1.67) 0.55 -1.02 (1.36) 0.45 1.42 (1.63) 0.38 -0.90 (1.44) 0.53 -1.40 (0.10) 0.56
Total scores of B subscale -0.27 (0.61) 0.65 0.10 (0.50) | 0.83 | -0.27(0.60) | 0.65 121(0.51) | 0.02 | -4.00 (2.00) 0.05
Total (A-B) scores 0.49 (0.12) <0.001 0.04 (0.11) 0.71 0.32 (0.13) 0.01 0.02 (0.11) 0.83 -0.67 (0.44) 0.13

*All models were controlled for sex, age of onset and duration of follow-up before the index date
* TRADES: the Treatment Resistance to Antidepressants Evaluation Scale

https://doi.org/10.1371/journal.pone.0227614.1003

p = 0.03]. In the B subscale, no single parameter was associated with psychosocial features;
however, the total scores of the B subscale showed a positive correlation with novelty seeking [b
(se) = 1.21 (0.51), p = 0.02] and a negative correlation with perceived social support [b (se) =
—4.00 (2.00), p = 0.05]. Finally, the total scores of the TRADES were positively associated with
the levels of neuroticism [b (se) = 0.49 (0.12), p < 0.001] and harm avoidance [b (se) = 0.32
(0.13), p = 0.01].

Table 4 illustrates the relationship between the TRADES and various clinical features. The
total scores of both the A subscale [b (se) = 5.22 (2.23), p = 0.02] and the TRADES [b (se) =
5.41 (2.16), p = 0.01] showed positive correlations with the number of visits to outpatient ser-
vices. Additionally, the total scores of the A subscale [b (se) = 0.07 (0.02), p = 0.004] and the
TRADES [b (se) = 0.07 (0.02), p = 0.002] showed positive correlations with the number of psy-
chiatric admissions before the index date. The B subscale individual parameter or total scores
did not correlate with the number of psychiatric outpatient visits or admission.

The predictability of the TRADES, with respect to the utilization of psychiatric facilities
after the index date, was also examined (Table 4). Higher total scores on the A subscale [b (se) =
1.65 (0.59), p = 0.01] and the TRADES [b (se) = 1.93 (0.56), p = 0.001] predicted more frequent
visits to outpatient units. Overall, the total scores of the A subscale [b (se) = 0.04 (0.02),

p =0.01] and the TRADES [b(se) = 0.04 (0.02), p = 0.02] also predicted increased numbers of
psychiatric admissions. Similar to the earlier observation, the total scores of the A subscale [b
(se) =0.02 (0.01), p = 0.001] and the TRADES [b (se) = 0.02 (0.01), p = 0.001] also predicted
increased number of visits to psychiatric emergency units.

Table 5 illustrates the most explanatory parameters in the A subscale for each validator
obtained using stepwise multiple linear regression analyses. Except for the number of antide-
pressants with ADAD used (A3-1), symptom severity at index date (A2) was the most explana-
tory parameter of all the psychosocial validators. With respect to the clinical validators before
the index date, symptom severity (A2) and the number of augmentation agents used (A3-2)
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Table 4. Multiple regression analyses for the relationship between TRADES and lifetime clinical features by the index date*.

Before the index date” After the index date®
Number of visits to Number of psychiatric | Number of visits to Number of Number of visits to
outpatient service admission outpatient service psychiatric psychiatric
admission emergency
b(se) P b(se) P b(se) P b(se) P b(se) P
A subscale
Al: Duration of stability 9.84 (7.30) 0.18 0.09 (0.08) 0.28 3.43 (1.96) 0.08 0.14 (0.05) 0.01 0.04 (0.02) 0.09
A2: Symptom severity at the index date 14.74 (4.94) 0.004 0.06 (0.06) 0.30 4.04 (1.33) 0.003 0.07 (0.04) 0.06 0.03 (0.02) 0.04
A3: Treatment loads
A3-1. Antidepressants -0.61 (7.51) 0.94 0.20 (0.08) 0.01 0.83 (2.00) 0.68 0.03 (0.06) 0.59 0.05 (0.02) 0.03
A3-2. Augmentation 14.21 (7.98) 0.08 0.32 (0.08) <0.001 1.47 (2.17) 0.50 0.13 (0.06) 0.03 0.06 (0.02) 0.02
A3-3. Electroconvulsive therapy NA NA NA NA NA NA NA NA NA NA
A3-4. Sedatives 6.35 (12.88) 0.62 | 0.01(0.14) 0.95 6.19(3.38) | 007 | 0.07(0.09) | 049 | 0.05(0.04) | 021
A3-5. Psychotherapy 19.84(21.37) | 036 | 0.46(0.23) 0.05 12.45(5.58) | 0.03 | -0.11(0.16) | 0.50 | 0.16(0.06) | 0.01
Total scores of A subscale 5.22(2.23) 0.02 0.07 (0.02) 0.004 1.65 (0.59) 0.01 0.04 (0.02) 0.01 0.02 (0.01) 0.001
B subscale
B1: Compliance -16.63 (18.99) 0.38 0.05 (0.20) 0.81 -2.67 (5.08) 0.60 -0.02 (0.14) 0.89 0.14 (0.06) 0.02
B2: Psychiatric comorbidity -13.69 (12.62) 0.28 -0.17 (0.14) 0.22 -6.8 (0.33) 0.04 -0.10 (0.09) | 0.30 | -0.02(0.04) 0.57
B3: Chronic medical condition 40.14 (21.96) 0.07 0.06 (0.24) 0.79 1.90 (5.99) 0.75 0.36 (0.16) 0.03 | -0.04(0.07) 0.61
Total scores of B subscale -4.28 (9.06) 0.64 -0.06 (0.10) 0.54 -3.78 (2.39) 0.12 0.004 (0.07) | 0.06 0.01 (0.03) 0.63
Total (A-B) scores 5.41 (2.16) 0.01 0.07 (0.02) 0.002 1.93 (0.56) 0.001 0.04 (0.02) 0.02 0.02 (0.01) 0.002
*TRADES: the Treatment Resistance to Antidepressants Evaluation Scale
* Sex, age of onset and duration of follow-up before the index date were included as covariates
¥ Sex, age of onset, duration of follow-up before the index date and duration of follow-up after the index date were included as covariates, respectively
https://doi.org/10.1371/journal.pone.0227614.1004
Table 5. Stepwise multiple regression analyses for most explanatory parameters for psychosocial and clinical features*.
Al: A2: A3: Treatment loads
duration of Symptom severity at A3-1: A3-2: A3-4: A3-5:
stability the index date Antidepressants Augmentation Sedatives | Psychotherapy
b(se) P b(se) P b(se) P b(se) P b(se) | p b(se) P
Psychosocial features*
Neuroticism - - 1.13 (0.27) | <0.001 - - - - - - - -
Extraversion - - - - 0.83 (0.36) | 0.02 - - - - - -
Harm-avoidance - - 0.87 (0.28) 0.003 - - - - - -
Novelty-seeking - - - - - - - - - -
Perceived social support - - -4.00 (0.93) | <0.001 - - - - - - - -
Clinical feature before the index date*
Number of visits to outpatient service - - 14.74 (4.94) | 0.004 - - - - - - - -
Number of psychiatric admission - - - - - - ]0.32(0.08) | <0.001 - - - -
Clinical feature after the index date”
Number of visits to outpatient service - - 3.94 (1.30) 0.003 - - - - - - | 11.89(5.37) | 0.03
Number of psychiatric admission 0.14 (0.05) | 0.01 - - - - - - - - - -
Number of visits to psychiatric emergency - - - - - - 10.05(0.02) | 0.04 - - | 0.14(0.06) | 0.03
* In each model, sex, age of onset and duration of follow-up before the index date were forcedly entered as covariates
* In each model, sex, age of onset, duration of follow-up before and after the index date were forcedly entered as covariates, respectively
https://doi.org/10.1371/journal.pone.0227614.t005
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were the most explanatory parameters for the number of psychiatric outpatient and admission
unit utilizations, respectively. However, when combined, symptom severity (A2) and psycho-
dynamic psychotherapy use (A3-5) demonstrated the best predictability for the number of vis-
its to outpatient service units after the index date. Duration of stability (A1) alone was most
relevant to the number of psychiatric admissions after the index date. Finally, the number of
augmentation agents used (A3-2) and the use of psychodynamic psychotherapy (A3-5) inde-
pendently predicted the number of uses of psychiatric emergency services.

To determine an independent relationship between the TRADES and clinical validators,
psychosocial validators that had been found to correlate with the TRADES (such as neuroti-
cism, harm avoidance, and perceived social support), were included as covariates to remove
potential confounding effects. In the analyses of clinical validators before the index date, after
adding psychosocial factors into the previous models, the total scores of the TRADES contin-
ued to independently correlate with the number of psychiatric admissions [b (se) = 0.10 (0.03),
p =0.001]. However, the correlation with number of visits to outpatient services was brought
down to a level of borderline significance [b (se) = 5.30 (2.79), p = 0.06]. After the index date,
the total scores of the TRADES still independently predicted the number of visits to psychiatric
outpatient [b (se) = 1.74 (0.72), p = 0.02], admission [b (se) = 0.04 (0.02), p = 0.05], and emer-
gency [b (se) = 0.02 (0.01), p = 0.003] services.

Discussion

Currently, the majority of the tools used to evaluate the level of treatment resistance in MDD
are based on a single episode. In clinical practice, a patient demonstrating a good response to
antidepressant treatment during a single episode may still experience relapse during the sub-
acute or treatment maintenance phase. Similar to the strategy applied for a severe major
depressive episode, therapists use combination or use augmentation agents upon failure of the
intuitive intervention dose (i.e., escalate the dosage of the pre-existing antidepressant) [27].
However, a poor response to antidepressants within a single episode should promote the
administration of various types of psychotropic agents. Although upon complete remission
after a series of biological interventions and the completion of the course of maintenance ther-
apy and a subsequently normal lifestyle without any medications, the patient is considered to
be treatment resistant within the context of the single episode. Moreover, assuming that
response to antidepressants is equal between each episode is speculative. Since MDD is charac-
terized by recurrent and breakthrough episodes, measurement of the difficulty to treat with
antidepressants based on only one episode appears inadequate to gauge the difficulty in a real-
world setting. Compared to previous instruments, profiling treatment information throughout
the lifetime disease course confers the advantages of the TRADES.

The present study used psychosocial and clinical features as convergent validators to deter-
mine the construct validity of the TRADES. As anticipated, the present study found that psy-
chosocial features, namely neuroticism, harm avoidance, and perceived social support, were
positively associated with the total scores of the A subscale; neuroticism and harm avoidance
were also related to the final scores of the TRADES. Simultaneously, the present study used
psychiatric outpatient, admission, and emergency services as clinical validators; higher final
TRADES scores were associated with a higher frequency of use of psychiatric outpatient and
admission services before the index date. The final TRADES scores also predicted higher use
of the psychiatric outpatient, emergency, and admission services after the index date. These
findings were also consistent with the expected results of our a priori hypothesis and further
confirmed the construct validity of the TRADES.
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In the present study, acute psychiatric admissions represent major depressive episodes with
severe functional impairment; psychiatric emergencies may relate to an index major depressive
episode or an acute unstable status. These two clinical validators reflect that an acute unstable
status that warrants a higher intensity of care throughout life. In contrast, the frequency of use
of outpatient services reflects the requirement of re-evaluation or stabilization of symptoms
and is an indicator of long-term stability. This suggests that the TRADES comprises a full-
spectrum relationship with symptomatic manifestations across the lifespan of patients with
MDD.

The psychosocial validators adopted by the present study are risk factors for MDD [19];
therefore, individuals with these psychosocial features may be vulnerable to MDD because of
their chronic reactive depressed mood, poor impulse control, and personality deviances.
Under these circumstances, the TRADES scores may reflect emotional disturbances originat-
ing from maladaptive coping styles instead of a poor response to antidepressant treatment. It
has been suggested that failure to remove the confounding effects from psychosocial character-
istics would overestimate the magnitude of treatment difficulty [11]. In the present study, after
controlling for neuroticism, harm avoidance, and perceived social support, the TRADES
retained its association with clinical validators, which suggests the independent role of the
TRADES in estimating the difficulty in treating MDD patients with antidepressants.

Using stepwise regression modeling, the present study examined the competitive capacity
of the parameters of the A subscale to explain the variance of the validators. Firstly, for the
duration of stability (A1), the trend of medication adjustment to estimate the duration of stable
symptoms before the index date is used. This parameter reflects the confidence of the thera-
pists on the overall stability of the patients. Our findings suggest that the duration of stability
(A1), compared to the other parameters within treatment loads (A3), is the best predictor of
future psychiatric admissions. Regardless of the severity of the previous episode, if the patient
has been considerably stable, clinicians often lower the dosage and simplify the medication
regimen. Thus, in continuing with the lifetime course evaluation, A1 balances the impact of a
single or a severe episode in assessing treatment difficulty with antidepressants.

Secondly, considering a snapshot of symptom severity in the evaluation of the treatment
response of antidepressants is a novel approach. In the MSM, the severity level of the initial
depressive symptoms in the index episode is categorized as per the diagnostic criteria of the
International Statistical Classification of Diseases and Related Health Problems, 10™ revision
[11]. In contrast, for the A2 of the TRADES, the Beck Depression Inventory-1I (BDI-II) is used
to randomly sample the severity of depressive symptoms in the disease course of a remitted
patient with MDD. Our findings demonstrate that symptom severity (A2) is most sensitive to
the vulnerable psychosocial indicators (e.g., neuroticism, harm avoidance, and poor perceived
social support) of the parameters of the A subscale. Interestingly, compared to the other
parameters, A2 was most closely related to the frequency of use of outpatient services before
and after the index date. Contrarily, A2 was not associated with psychiatric admissions when
competing with other parameters. As the BDI-II, EPQ, TPQ, and perceived social support
were collected at the index date, the overlap of underlying constructs among these psychomet-
ric instruments may explain the unique performance of A2 in the TRADES. In the present
study, the psychosocial validators that showed an association with A2 reflect the vulnerability
of the individuals to stress. Therefore, the reactive mood to stress may be transient and subsyn-
dromal in severity and require intense outpatient care rather than an acute intervention with
psychiatric admission.

In the stepwise regression model, of the various components of treatment loads (A3), the
use of antidepressants with ADAD (A3-1) failed in effectively explaining any of the clinical
validators. In the multiple linear regression analysis with the forced entry method, A3-1 was
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correlated with the number of psychiatric admissions before the index date and the number of
emergency services used after the index date; however, these associations were undermined by
those obtained in the stepwise regression analysis, namely, the use of augmentation agents
(A3-2) and psychodynamic psychotherapy (A3-5). This finding is understandable and simply
indicates the priority or choice of treatment in MDD. In clinical settings, augmentation or psy-
chodynamic psychotherapy is not regarded as the first-line choice of treatment for a major
depressive episode. For statistical considerations such as in our study, the use of augmentation
agents and psychodynamic psychotherapy assume superiority over the use of antidepressants
with ADAD in the stepwise regression analysis, because they are usually the consequence of
failure of monotherapy, attempted with a series of antidepressants. As two failures with antide-
pressants with ADAD is the typically accepted cutoff indicating significant difficulty of treat-
ment, which is generally followed by second-line interventions, our findings suggest that the
scoring levels in A3-1 may be collapsed in future versions of the TRADES.

Lastly, psychotherapy (A3-5) was able to predict the number of visits to outpatient and
emergency services after the index date but failed to predict psychiatric admissions after the
index date. This finding suggests that A3-5 captures a subacute or chronic clinical scenario
indicating that intensive outpatient care is sufficient to serve the clinical demand.

To summarize, the items selected for the A subscale were relevant as they appropriately
constituted an individual construct for assessing the treatment difficulty with antidepressants.
The parameters of the A subscale are unique with respect to their specific relationships with
the various validators, which indicate the comprehension of item selection. These findings col-
lectively support the content validity of the A subscale.

The method of deducting points from the core scale to correct for the impact of factors that
may bias the measurement of treatment response has been reported in literature [28]. Our
results illustrated that the total scores of the B subscale related to some of the validators, such
as a higher level of novelty seeking, poorer perceived social support, and the number of psychi-
atric admissions after the index date, although with borderline statistical significance. This
finding justified the introduction of the B subscale.

There are several limitations to the present study. Firstly, only 20.8% of the participants
used more than two antidepressants with ADAD. It has been previously reported that 50% of
MDD patients used two antidepressants with ADAD but failed to achieve remission [29]. It
appears that the present study cohort included a group of patients with better treatment
response. Similarly, none of the participants in the present study had been administered ECT.
Although all the study sites conducted ECT in MDD patients, most patients requiring ECT
had severe symptoms and were referred from regional hospitals to these study sites. This typi-
cally resulted in incomplete medical records of treatment experience, therefore, the inclusion
criteria of the present study may result in the exclusion of patients with severe episodes. Due to
these limitations, the generalizability of the TRADES should be exercised with caution. How-
ever, because ECT is a well-established indicator for TRD in the literature, it is retained in the
current form of the TRADES to comprehensively conceptualize the construct of “difficulty to
treat with antidepressants.” In the future, a more flexible use of the TRADES in big-data
research may allow us to examine the contribution of ECT for the construct that the TRADES
intends to describe. Secondly, in evaluating symptom stability, the trend of medication adjust-
ment was used as a proxy for the long-term stability of depressive symptoms. However, it is
uncertain whether changes in medication types or dosage are secondary to depressive symp-
toms or adverse side effects of medications. Thirdly, the TRADES assumed that all parameters
had the same degree of impact on the evaluation of the treatment difficulty to antidepressants.
Further study is required to evaluate the relative weights of each of the parameters.
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Conclusions

The present study developed a novel clinimetric instrument, the TRADES, to quantify the level
of difficulty to treat MDD with antidepressants. In the future, the TRADES should be used in
endophenotypic or genotypic research to examine its performance in serving as a reference for
phenotypic classifications.
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