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Abstract

Aim
To enable early identification of university students at high risk for suicide, we examined per-
sonality as a predictive factor for major depressive episodes and suicide-related ideation.

Methods

From 2011 to 2013, we administered the Patient Health Questionnaire-9 (PHQ-9) and the
Temperament and Character Inventory (TCI) to 1,997 university students at enroliment
(T1). We previously conducted a study using the same data set; this is a re-analysis of the
dataset. To prevent contamination of data, participants diagnosed with a depressive epi-
sode were excluded at T1. Three years after enroliment (T2), we re-administered the PHQ-
9 to the same students. We statistically compared TCI scores at T1 among depressive epi-
sode groups and suicide-related ideation groups. Two-way ANOVA and Cochran-Armitage
trend tests were used to analyze the relationships between personality traits, depressive
episodes, and suicide-related ideation.

Results

The PHQ-9 summary scores at baseline (T1) were 3.0 (£2.7), with female students scoring
4.6 (2.9) and male students 2.9 (+2.6, p = 0.025). The major depressive episode group at
T2 had lower self-directedness (SD) scores at T1 than the non-depressive episode control
group. The suicide-related ideation (SI) group at T2 also had higher harm avoidance (HA),
lower SD, and lower cooperativeness (C) scores than the non-Sl group at T1. The Cochran-
Armitage trend tests revealed significant associations between character configurations
composed of SD and C, and both depressive episodes at T2 and Sl at T2.
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Conclusion

The temperament feature of high HA at baseline and character configurations of low SD and
low C at baseline are the most contributory predictors for the novel development of depres-
sive episodes and Sl among Japanese university students.

1. Introduction

Suicide is a major public health concern [1] and has been the leading cause of death among
young adults in Japan during the past decade [2]. Among university students worldwide, the
prevalence of depression, a strong risk factor for suicide [3], is reported to be 30.6%-substan-
tially higher than in the general population [4]. However, a recent study revealed that only a
small percentage of suicide completers had previously been diagnosed with psychiatric disor-
ders and received services through a university health center [5]. This suggests that early iden-
tification and intervention could prevent suicides among high-risk students, prompting the
need for studies on the predictors of major depressive episodes (MDEs) and suicide-related
ideation (SI, encompassing ideation of both suicide and self-harm). This study uses the term
SI for two reasons. First, it is difficult to make a strict distinction between clear suicidal intent
and modest suicidal intent in the act of injuring oneself. Second, according to Silverman’s defi-
nition [6], ST has three subcategories—no suicidal intent, an undetermined degree of suicidal
intent, and some suicidal intent—that are almost consistent with the ninth item of Patient
Health Questionnaire-9 (PHQ-9).

Several factors have been reported for MDE vulnerability [7]. Previously, prospective stud-
ies have shown specific personality traits to be a significant predictor of MDE [8, 9] or SI [10].
An increasing number of studies have used the Temperament and Character Inventory (TCI)
to explore personality traits. In cross-sectional studies, patients with MDE showed higher
harm avoidance (HA) and lower self-directedness (SD) than healthy participants [11-13].
However, in longitudinal designs for general populations with follow-up periods of less than 1
year to 15 years [14-19], high HA and low SD were significant predictive factors for future
depressive symptoms.

In our previous studies on university students [20, 21] using the TCI and PHQ-9, we
observed a relationship between MDE and SI, and low SD and low cooperativeness (C). SD
relates to self-determination and an individual’s ability to control a situation in accordance
with their individually chosen goals and values, while C relates to individual differences in
how much people identify with and accept other people [22]. In general, SD and C tend to
increase with age and low scores are assumed to be an index of immature personality [11, 22].
Thus, when participants are young—for example, university students—character configura-
tions can be of particular importance in the context of suicide prevention.

While some character configurations have been assumed to predict the novel onset of MDE
and SI [14-17, 19, 21], causality has yet to be clearly shown, due to heterogeneity at baseline.
Although several longitudinal studies have used the TCI, few have controlled for baseline
depressive symptoms [14-16, 19, 21]. TCI scales are influenced by current depressive state
(known as “state-trait effect”) [12, 23]; therefore, if depressive episodes are present, natural
personality traits may not be evaluated accurately. To address this concern and to more accu-
rately verify whether character configuration can predict the novel onset of MDE and SI, sub-
jects in a depressive state at baseline should be excluded from the sample to prevent data
contamination. This exclusion allows us to focus on the new onset of depressive state.
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Based on the background provided above, we conducted a re-analysis of the dataset from a
prior study [21], with several methodological differences. Our previous study [20] reported
that the prevalence of MDE and SI among university students decreased as the character con-
figuration became more mature. However, because that was a cross-sectional study, the
depressive symptoms—which can affect SD and C in the TCI—were not considered. In
another previous study [21], we adopted a longitudinal design that enabled us to compare the
prevalence of MDE and SI at two timepoints. However, even in this previous report, we did
not control for depressive symptoms at baseline. In the present study, we attempted to control
for bias related to state-effect by excluding depressive subjects at baseline.

To enable early identification of students at high risk for suicide, this study aimed to eluci-
date character configurations as a predictive factor of MDEs and SI among university students.

2. Material and methods
2.1 Participants

Participant flow is shown in Fig 1. As we included the same participants as in our previous
study [21], the same procedure was followed. The PHQ-9 and the TCI were administered to
students who enrolled at the university in 2011, 2012, and 2013. The number of enrolled stu-
dents in 2011, 2012, and 2013 were 2,606, 2,600, and 2,591, respectively. Three years later, we
administered the PHQ-9 to the same students in April 2014, 2015, and 2016 to detect new
onset MDEs and SI. We defined the first year as T1 and the time of retest as T2. We excluded

n=

University students who enrolled

7797

y

Both TCI and PHQ
n=

-9 completers at T1
4474

A 4

Respondents with incomplete
responses excluded at T1
n = 3323

A

4

PHQ-9 respondents at T2

A 4

Non-respondents at T2 excluded
n=2258

n=2216
v
PHQ-9 completers at T2
n=2194

Y

Respondents with incomplete
responses excluded
n=22

A

A

n=

Respondents without depressive
symptoms at T1

2063

A 4

Respondents with depressive episodes
at T1 excluded
n=131

A

y

Total respond
n=1

ents included
997

A 4

Respondents in the middle third of the
distribution for SD, C, and ST excluded
n =66

Fig 1. Participant flow. C, cooperativeness; PHQ-9, Patient Health Questionnaire-9; SD, self-directedness; SI, suicide-related ideation; ST,
self-transcendence; T1, the time students enrolled at university; T2, three years after enrolment; TCI, Temperament and Character

Inventory.

https://doi.org/10.1371/journal.pone.0251503.g001
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all students with incomplete responses to the TCI at T1, the PHQ-9 at T'1, and/or the PHQ-9
at T2. The self-rating scales were completed by a total of 2,194 students (28.1% of the total
number of students enrolled at Hokkaido University in 2011, 2012, and 2013). The prevalence
of MDE at T1 and T2 was 2.0% and 2.3%, respectively. This is consistent with data collected in
2010 [20], where the prevalence was 2.9% and indicated a low selection bias between T1 and
T2. We excluded 131 participants with other depressive episodes (ODE) and MDE at T1. To
evaluate character configurations, we categorized the non-depressive students who completed
all tests (N = 2,063) as above and below the median for each of the three-character traits—SD,
C, and self-transcendence (ST)—after excluding 67 participants who were in the middle third
of the distribution for all three traits. Ultimately, data from 1,997 students were used in the
analysis.

Written informed consent was obtained from all participants prior to completion of the
TCI and PHQ-9 at T1 and the PHQ-9 at T2. This study was conducted in accordance with the
ethical standards established by the 1964 Declaration of Helsinki (amended in Fortaleza, Octo-
ber 2013) and approved by the Ethical Committee of Hokkaido University Graduate School of
Medicine (approval number: 12-00).

2.2 Measures

In this study, we used the PHQ-9 to assess depressive symptoms and the TCCI to assess person-
ality traits. The tests were administered in a mark-sheet written format. The information
obtained from the questionnaires was not disclosed and was managed appropriately at the
healthcare center of Hokkaido University. If severe depressive state or SI were detected, the
healthcare center contacted the students telephonically or via email and started intervention,
as these students are considered to be at high risk of suicide.

2.2.1 Patient health Questionnaire-9. The PHQ-9 is a self-report questionnaire for the
Primary Care Evaluation of Mental Disorders (PRIME-MD). The validity of the PHQ-9 as a
screening tool for MDE has been confirmed in primary care settings and two meta-analyses
revealed its high sensitivity (0.80; [95% CI: 0.71-0.87] and 0.77 [95% CI: 0.71, 0.84], respec-
tively) and specificity (0.92 [95% CI: 0.88-0.95] and 0.94 [95% CI: 0.90, 0.97], respectively) [24,
25]. We used the Japanese version of the PHQ-9, which has high validity in primary care [26]
and psychiatric settings [27]. The PHQ-9 can diagnose the severity of depression by a sum-
mary score and depressive episodes by a diagnostic algorithm [28] that distinguishes between
MDE and ODE. PHQ-9 summary scores were divided into five categories: 0-4, 5-9, 10-14,
15-19, and > 20 [29], with depressive symptoms defined as a PHQ-9 summary score of > 5. It
should be noted that the term “MDE” should be interpreted with caution, as it is a classifica-
tion based on the PHQ-9 algorithm screening tool, and not a diagnosis that has been deter-
mined through a structured interview. As this study aimed to analyze the relationships in the
data obtained from the screening, we did not conduct structured interviews with a reduced
sample size.

When participants indicated having “thoughts that [they] would be better off dead or of
hurting [themselves] in some way” at least “several days” out of the week, they were regarded
as having “suicide-related ideation,” an encompassing ideation of both suicide and self-harm
and coinciding with the ninth item of the PHQ-9 score > 1.

2.2.2 Temperament and character inventory. The TCI is a self-rating scale of personality
based on the psychological model of personality proposed by Cloninger. [22] The TCI assesses
seven dimensions of personality divided into four temperament and three character dimen-
sions. The four temperament dimensions are novelty seeking (NS), harm avoidance (HA),
reward dependence (RD), and persistence (P), while the three-character dimensions comprise
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SD, C, and ST. Moreover, possible character configurations are defined by high and low scores
on the three-character dimensions of the TCI [11]. In this study, we used the 125-item Japa-
nese version of the TCI with a four-point answer scale. Kijima et al. [30] reported that a four-
point scale was superior to a dichotomous scale in terms of internal consistency, as expressed
by the Cronbach’s o coefficient. The Japanese version of the TCI has been confirmed as a valid
and reliable measure of temperament and character among university students [31].

2.3 Statistical analyses

Demographic data were compared between female and male participants using ¢-tests and chi-
squared tests. A two-way ANOVA was used to compare TCI scores among the non-depressive
control (NC), ODE, and MDE groups. Diagnoses and sex were used as two categorical factors
for the analyses, because sex differences have been reported for the TCI [12]. Tukey’s honestly
significant difference (HSD) test was applied as a post-hoc analysis. Seven independent factors,
namely the NS, HA, RD, P, SD, C, and ST scores from the TCI, were used to assess future risk
of MDE and SI. Next, we analyzed the association between character configurations, depres-
sive episodes, and SI. To confirm the order of character dimensions, a logistic regression analy-
sis was performed. Thereafter, Cochran-Armitage trend tests were conducted to show the
trend between character configurations and the development of depressive episodes and SI at
T2. All tests were two-tailed and differences were considered significant at p < 0.001 to com-
pensate for the effects of the large sample size and multiple comparisons. JMP Pro software
version 14.0 (SAS Institute Inc., Cary, NC, USA) was used for the analyses.

3. Results
3.1 Baseline data

Female participants comprised 723 (36.2%) of the 1,997 participants. The PHQ-9 diagnostic
algorithm was used to divide participants into three groups—NC, ODE, and MDE—based on
their scores at T2. The participants were also divided into two groups according to the pres-
ence or absence of SI at T2. The demographic data of depressive episode groups and SI groups
are shown in Table 1. Sex differences were not observed among NC, ODE, and MDE groups
(x* = 5.51, p = 0.06), or among non-SI and SI groups (x> = 1.50, p = 0.22). The PHQ-9 sum-
mary scores of ODE and MDE were significantly higher than those of NC (ANOVA F = 27.8,
p < 0.001;vs ODE, F = 11.1, p < 0.001; vs MDE, F = 16.5, p < 0.001). The prevalence of SI dif-
fered significantly among NC, ODE, and MDE groups (All, x* = 23.5, p < 0.001; female, > =
9.86, p = 0.007, male, x> = 14.1, p < 0.001), and among non-SI, and SI groups (All, > = 37.3,
p < 0.001; female, y* = 27.1, p < 0.001, male, > = 12.4, p < 0.001).

3.2 Personality traits of depressive episodes groups

The mean TCI scores of depressive episodes groups by sex are shown in Table 2. To determine
interaction effects between sex and depressive episodes, we performed two-way ANOVA tests
(sex x depressive episodes). The two-way ANOVA revealed significant effects of depressive
episode at T2 on SD scores (F[2, 1993] = 20.26, p < 0.001). The Tukey’s HSD tests were then
performed as a post-hoc analysis. The MDE group had significantly lower scores on SD

(p < 0.001) than the NC group. The ODE group had significantly higher scores than the NC
group on SD only. Sex differences were also seen in RD (F[1, 1993] = 77.94, p < 0.001) and SD
(F[1, 1993] = 43.81, p < 0.001). However, no interaction effects were observed between sex
and depressive episode on each TCI score (Table 3).
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Table 1. Baseline data.

Depressive episodes at T2 Suicide-related ideation at T2
NC 'ODE | MDE Non-SI SI
N
All 1900 67 30 1897 100
Female (%) 680 (35.8%) 26 (38.8%) 17 (56.7%) 681 (35.9%) 42 (42.0%)
Male (%) 1220 (64.2%) 41 (61.2%) 13 (43.3%) 1216 (64.1%) 58 (58.0%)
Age*
All 19.2 (0.9) 19.2 (0.8) 19.1 (0.7) 19.2 (0.9) 19.4 (1.8)
Female 19.2 (0.9) 19.3 (0.8) 18.8 (0.8) 19.2 (0.9) 19.1 (0.7)
Male 19.2 (1.0) 19.2 (0.8) 19.3 (0.8) 19.2 (0.8) 19.6 (2.3)
PHQ-9 summary score*
All 2.9 (2.6) 4.6* (2.9) 5.4 (3.9) 2.9 (2.6) 5.3* (3.0)
Female 3.0 (2.6) 4.6* (2.8) 5.3 (3.9) 3.1(2.6) 4.9* (3.1)
Male 2.8 (2.7) 4.5* (3.0) 5.9 (3.9) 2.8(2.7) 56 (2.9)
ST (%)"
All 55 (2.9%) 4 (6.0%) 8" (26.7%) 49 (2.6%) 18* (18.0%)
Female 20 (2.9%) 1(3.9%) 4** (23.5%) 15 (2.2%) 10* (23.8%)
Male 35 (2.9%) 3(7.3%) 4** (30.8%) 34 (2.8%) 8* (13.8%)

T = chi-squared test;

* = ANOVA or Tukey’s HSD test for depressive episode at T2, and ¢-test for suicide-related ideation at T2.* p < 0.001 (compared with NC),

* p < 0.001.

Abbreviations: MDE, Major Depressive Episode; NC, Non-depressive Control; ODE, Other Depressive Episode; PHQ-9, Patient Health Questionnaire-9; SI, suicide-

related ideation.

https:/doi.org/10.1371/journal.pone.0251503.t001

3.3 Personality traits of SI group

The two-way ANOVA scores were adapted for analyzing the TCI score between non-SI and
SI. The mean TCI scores of SI groups by sex are shown in Table 4. To measure the interaction
effects between sex and SI groups, we performed two-way ANOVA tests (sex x SI). The
two-way ANOVA revealed significant effects of depressive episode at T2 on HA scores

Table 2. Baseline TCI scores among NC, ODE, and MDE.

NC ODE MDE

All Female Male All Female Male All Female Male

N=1900 N =680 N=1220 N=67 N=26 N=41 N=30 N=17 N=13
Temperament
NS 28.6 (6.4) 28.5 (6.6) 28.7 (6.3) 29.5(8.0) 30.9 (8.5) 28.7(7.7) 30.4 (7.1) 28.4 (5.4) 33.0 (8.4)
HA 33.9(9.1) 33.2(9.4) 34.3 (9.0) 35.5(10.5) 34.3 (10.7) 36.3 (10.4) 39.1(9.8) 40.8 (8.2) 37.0 (11.7)
RD 26.4 (5.8) 28.0 (5.8) 25.6 (5.8) 24.8 (6.6) 25.8 (5.5) 24.2(7.3) 24.0 (5.8) 24.5 (3.6) 23.2(7.9)
P 8.3(2.7) 8.7 (2.7) 8.1(2.7) 8.3(3.2) 8.4 (3.3) 8.2(3.1) 8.1(3.3) 8.3 (2.8) 7.8 (4.0)
Character
SD 442 (9.1) 46.0 (8.1) 43.3(9.2) 39.5(8.9) 42.5(8.1) 37.5(9.0) 36.9 (8.3) 38.7 (7.2) 34.5(9.3)
C 48.7 (7.9) 50.8 (7.2) 47.5 (8.0) 47.1 (8.6) 48.3 (7.3) 46.3 (9.3) 439 (8.2) 47.8 (6.5) 38.8(7.4)
ST 14.1 (6.8) 14.7 (6.5) 13.8 (7.0) 15.5 (7.4) 17.5(7.5) 14.1 (7.1) 14.5 (8.0) 15.4(7.9) 13.5(8.2)

Abbreviations: C, cooperativeness; HA, harm avoidance; MDE, Major Depressive Episode; NC, Non-depressive Control; NS, novelty seeking; ODE, Other Depressive
Episode; P, persistence; PHQ-9, Patient Health Questionnaire-9; RD, reward dependence; SD, self-directedness; ST, self-transcendence.

https://doi.org/10.1371/journal.pone.0251503.t002
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Table 3. Comparison of TCI scores using a two-way ANOVA among NC, ODE, and MDE.

Source of variations F statistics P Tukey HSD test
NC vs. ODE ODE vs. MDE NC vs. MDE
NS Sex 0.340 0.560
Diagnosis 1.665 0.190
Sex x diagnosis 2.862 0.057
HA Sex 7.044 0.008
Diagnosis 6.104 0.002 0.351 0.169 0.006
Sex x diagnosis 1.129 0.324
RD Sex 77.94 < 0.001 (Female > Male)
Diagnosis 6.419 0.002 0.059 0.075 0.779
Sex x diagnosis 0.315 0.730
P Sex 21.96 < 0.001 (Female > Male)
Diagnosis 0.302 0.740
Sex x diagnosis 0.188 0.828
SD Sex 43.81 < 0.001 (Female > Male)
Diagnosis 20.26 < 0.001 < 0.001 | 0.407 < 0.001 |
Sex x diagnosis 0.607 0.545
C Sex 83.45 < 0.001 (Female > Male)
Diagnosis 8.815 0.002 0.230 0.157 0.003
Sex x diagnosis 2.258 0.105
ST Sex 9.507 0.002
Diagnosis 1.194 0.303
Sex x diagnosis 1.105 0.331

Abbreviations: C, cooperativeness; HA, harm avoidance; MDE, Major Depressive Episode; NC, Non-depressive Control; NS, novelty seeking; ODE, Other Depressive

Episode; P, persistence; RD, reward dependence; SD, self-directedness; ST, self-transcendence.
T, higher in ODE or MDE group than in NC group.
!, lower in ODE or MDE group than in NC group.

https://doi.org/10.1371/journal.pone.0251503.t003

Table 4. Baseline TCI scores among non-SI and SIL.

Non-SI SI

All Female Male All Female Male

N=1897 N =681 N=1216 N=100 N=42 N=58
Temperament
NS 28.6 (6.5) 28.5(6.7) 28.6 (6.4) 30.6 (6.9) 29.9 (6.6) 31.1(7.0)
HA 33.9(9.1) 33.2(94) 34.3 (8.9) 37.0 (10.8) 36.2 (10.7) 37.5(10.9)
RD 26.4 (5.9) 27.8 (5.8) 25.6 (5.7) 25.0 (6.3) 27.5 (5.5) 23.2(6.3)
P 8.3(2.7) 8.7 (2.7) 8.1(2.7) 7.8 (3.1) 8.5(2.9) 7.3(3.2)
Character
SD 442 (9.1) 46.0 (8.7) 43.2(9.2) 39.4 (9.5) 41.3(8.7) 37.9(9.9)
C 487 (7.8) 50.7 (7.1) 47.6 (8.0) 453 (8.6) 49.1 (8.4) 42.5(7.7)
ST 14.2 (6.8) 14.7 (6.4) 13.9 (7.0) 14.6 (7.7) 17.0 (8.0) 12.7 (7.1)

Abbreviations: C, cooperativeness; HA, harm avoidance; NS, novelty seeking; P, persistence; RD, reward dependence; SD, self-directedness; S, suicide-related ideation;

ST, self-transcendence.

https:/doi.org/10.1371/journal.pone.0251503.t004
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Table 5. Comparison of TCI scores using a two-way ANOVA among non-SI and SI.

Source of variations F statistics P
NS Sex 0.335 0.563
ST 8.933 0.003
Sex x SI 0.547 0.460
HA Sex 6.578 0.010
SI 11.08 <0.0011
Sex x SI 0.01 0.917
RD Sex 76.20 < 0.001 (Female > Male)
SI 6.761 0.009
Sex x SI 2.929 0.087
P Sex 22.19 < 0.001 (Female > Male)
SI 4.091 0.043
Sex x SI 1.524 0.217
SD Sex 41.80 < 0.001 (Female > Male)
ST 29.33 < 0.001 |
Sex x SI 0.152 0.697
C Sex 82.14 < 0.001 (Female > Male)
SI 21.44 <0.001 |
Sex x SI 4.791 0.029
ST Sex 9.589 0.002
SI 0.226 0.635
Sex x SI 6.089 0.014

Abbreviations: C, cooperativeness; HA, harm avoidance; MDE, Major Depressive Episode; NC, Non-depressive
Control; NS, novelty seeking; ODE, Other Depressive Episode; P, persistence; RD, reward dependence; SD, self-
directedness; SI, suicide-related ideation; ST, self-transcendence.

1, higher in SI group than in non-SI group.

L, lower in SI group than in non-SI group.

https://doi.org/10.1371/journal.pone.0251503.t005

(F[1, 1994] = 11.08, p < 0.001), SD scores (F[1, 1994] = 29.33, p < 0.001), and C scores (F[1,
1994] = 21.44, p < 0.001). Sex differences were also seen in RD (F[1, 1993] = 76.20, p < 0.001),
P (F[1,1993] = 22.19, p < 0.001), SD (F[1, 1993] = 41.80, p < 0.001) and C (F[1, 1993] = 82.14,
p < 0.001). However, no interaction effects were observed between sex and SI group on each
TCI score (Table 5).

3.4 Character configurations and vulnerability

To confirm the contributions of personality traits to the development of both depressive epi-
sodes (ODE and MDE) and SI, we performed a logistic regression analysis with SD, C, and ST
as independent variables. Results of this analysis indicated that SD was the most contributory
factor (for depressive episode, x2 =33.1,O0R =0.94, p < 0.001; for SI, X2 =26.1, OR = 0.94,

p < 0.001) followed by C (for depressive episode, x> = 9.86, OR = 0.96, p = 0.002; for SI, 3* =
18.1, OR = 0.95, p < 0.001), however ST did not significantly contribute (for depressive epi-
sode, x* = 2.17, OR = 1.02, p = 0.141; for SI, x> = 0.31, OR = 1.01, p = 0.575) to the development
of both depressive episode and SI.

Based on this tendency, we compared the prevalence of depressive episodes at T2 among
four categories of possible combinations: low SD/low C (sc), low SD/high C (sC), high SD/low
C (Sc), and high SD/high C (SC). The number of sc, sC, Sc, and SC were 594, 350, 385, and
668, respectively. The prevalence of depressive episodes in sc, sC, Sc, and SC were 7.91%,
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Fig 2. Cochran-Armitage trend test of four character configurations. Cochran-Armitage trend test: Depressive
EpiSOde) thrend = 207>P < 0.001, leiniariry = 087»? =0.83; 8L, thrend = 199»? < 0.001, leiniarity = 111»P =0.77.C,
cooperativeness score higher than median; ¢, cooperativeness score lower than median; S, self-directedness score
higher than median; s, self-directedness score lower than median; S, suicide-related ideation; T2, three years after
enrolment.

https://doi.org/10.1371/journal.pone.0251503.g002

5.71%, 3.12%, and 2.69%, while that of SI in sc, sC, Sc, and SC were 7.91%, 5.43%, 4.68%, and
2.40%, respectively. The prevalence of depressive episodes and SI among the four types of
character configurations are shown in Fig 2. The Cochran-Armitage trend tests revealed that
the prevalence of depressive episodes at T2 decreased when SD and/or C were high at T1; that
is, character profiles became mature (*trend = 20.7, p < 0.001); the same tendency was
observed in subjects with SI (%ena = 19.9, p < 0.001).

Lastly, the sensitivity, specificity, and positive predictive value for depressive episode when
using the data of SC and sc groups were 0.723, 0.543, and 0.079 respectively. Similarly, the sen-
sitivity, specificity, and positive predictive value for SI when using the data of SC and sc groups
were 0.746, 0.544, and 0.079 respectively.

4. Discussion

The main finding of this study is that the character configurations of low SD and low C at uni-
versity enrollment (T1) could be a predictive factor for the novel development of depressive
episodes and SI, three years later (T2). In the temperament dimension, a high HA score could
be a predictive factor for the novel development of depressive episodes and SI. In this study,
we were able to accurately measure the TCI score at baseline, because we controlled for bias of
state effects by excluding subjects with other depressive episodes and major depressive episode
at T1 (i.e., baseline). It should be noted that the present study is a re-analysis study that uses
part of a dataset from our previous our study [21]; however, the analysis method is completely
different and we use a method in this study that could not be applied in our previous study
[21]. Suicide is the leading cause of death in Japan among young people (from adolescence to
people in their 30s, including university students). This high occurrence makes it an extremely
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important issue, compared with other regions. Moreover, the issue of suicide among young
people is becoming increasingly important, especially during the current COVID-19 pan-
demic. Therefore, it is meaningful to conduct a re-analysis from a different perspective.

The present results coincide with those of previous reports. In previous cross-sectional and
longitudinal studies in Japan, high SD and high C scores were substantial protective factors
against future depressive episodes [17, 18, 20, 21]. In longitudinal studies in particular, low SD
scores were reported to predict depressive symptoms among Japanese college students [2, 17,
18]. Furthermore, previous longitudinal studies conducted in the United States and in Europe
[13, 14, 16, 19] suggest that the association between low SD and major depressive episode or SI
was non-specific in a Japanese population. In light of these reports, low SD is considered to be
a significant predictor of future depressive episodes and SI among newly-enrolled university
students. Conversely, high SD is considered to be a protective factor against the future devel-
opment of depressive episodes. The same holds relatively true for C. Hence, the character con-
figurations of low SD and low C indicate vulnerability to MDEs and SI among university
students.

Regarding the temperament dimension, this study observed higher HA score in MDE and
SI groups. As reported by several previous studies [11-13], high HA has been thought to be
another predictive factor for future depressive episodes and SI among university students. HA
features tendencies such as inhibiting one’s behavior, which is related to anticipatory worry,
fear of uncertainty, shyness, and rapid fatigability [22]; this makes HA one of the most impor-
tant factors for vulnerability to MDE and SI. The other temperament dimensions (i.e., NS, RD,
and P) did not have a clear relationship with future depressive episodes or SI.

Cloninger [11] distinguished character types in terms of their character dimension combi-
nations and reported the association between those types and depression and suicide attempts.
In the current study, the combination of low SD and low C was the most significant predictor
of both future depressive episodes and SI. Cloninger and Zohar [32] and Josefsson [33]
reported that SD and C were associated with various aspects of well-being in non-clinical adult
samples [32, 33]. Garcia et al. [34] reported that SD was related to subjective well-being in ado-
lescents and young adults. These findings imply that high SD and high C are associated with
resilience in dealing with certain types of stress and can be a protective factor for stress-related
mental disorders. By its nature, high SD and high C may contribute as protective factors for
suicide by facilitating transformation to more adaptive behaviors and formation of a social
network.

In general, SD and C tend to increase with age and low scores are assumed to be an index of
immature personality [11, 22, 35]. SD measures self-determination and an individual’s ability
to control a situation in accordance with their individually chosen goals and values [22]. Coop-
erativeness measures an individual’s social tolerance, empathy, helpfulness, and compassion
[22]. These character dimensions could vary among young people such as university students,
and low scores on both SD and C could affect their social adaptation. The assumption that
character configurations may change over time is worth considering in the context of suicide
prevention. Interventions to enhance students’ SD and C at university enrollment may prevent
depressive episodes and suicide attempts and increase their resilience and well-being; such
interventions have not yet been implemented.

It is worth noting that our study included a three-year follow-up, adopted non-clinical
adult participants, and had a big sample size, with close to two thousand participants. Clini-
cally, we observed no meaningful difference between NC, ODE, and MDE on the PHQ-9 sum-
mary scores at T1 because of the low scores in all groups, even though those in MDE and ODE
were statistically significantly higher than those in NC. By adopting a longitudinal design and
preventing contamination of data related to depressive symptoms at T1, we were able to
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evaluate the association between character configurations and the new onset of depressive epi-
sodes or SI.

Several limitations similar to those noted in our previous report [21] need to be considered
when interpreting our results. First, we used a self-report questionnaire, the PHQ-9, to assess
depressive episodes and SI. Structured diagnostic interviews with each participating student
would improve diagnostic accuracy; however, it is difficult to use interviews in a large-scale
study such as ours. Second, each participant was assessed at only two points in time, and we
could not evaluate whether depressive symptoms persisted between those time points [36].
Because the PHQ-9 considers the last two weeks, we should especially note the possibility that
depressive symptoms and SI might have waxed and waned over the course of three years, lead-
ing to the absence of symptoms at the time of evaluation. However, additional points of assess-
ment would likely be troublesome for participants and increase the dropout rate. Indeed, the
present study, which assessed participants at only two points, had an overall low participation
rate, considering the number at enrollment. Third, there are sampling issues that may have
affected our results. Only 28% of the university enrollments participated in this study. Further,
as we did not use random or systematic sampling, there could possibly be sampling biases.
However, the main purpose of administering the PHQ-9 and TCI was to screen for mental
health. After explaining the structure and purpose of the research before the tests were con-
ducted, we asked as many students as possible to participate voluntarily. Even though it is
desirable to have as many participants as possible, the number of respondents decreased to
28%, due to the research design that required multiple questionnaires and the time interval
between the tests being as long as three years. Continuous efforts should be made in future to
increase the response rate. Finally, this study did not distinguish between suicide ideation and
self-harm. We evaluated suicide and self-harm ideation using Item 9 of the PHQ-9; however,
the relationship between suicide and self-harm behavior in the university population is
unclear, as more than half of the students who had engaged in self-harm behavior reported
never having considered or attempted suicide [37]. Therefore, ideas of self-harm are not
always related to SI.

In conclusion, the character configuration of low SD and low cooperativeness is one of the
most contributory predictive factors for novel development of depressive episodes and SI
among Japanese university students. In the temperament dimension, high HA is also one of
the most important predictive factors for depressive episode and SI. Character profiles will
have a strong impact on future development of major depressive episodes and SI among Japa-
nese university students.

Acknowledgments

We are grateful to Dr. Satoshi Hashino, director of the Health Care Center of Hokkaido Uni-
versity, for supporting this study; Dr. Takeshi Inoue, Professor at the Department of Psychia-
try, Tokyo Medical University, for providing valuable suggestions and comments to improve
the study; and Hiroko Takeda, Choichiro Saito, Rui Kawashima, and Kaai Ishihara, staff mem-
bers at the Health Care Center of Hokkaido University, for the assistance with data collection.
We would like to thank Editage (www.editage.com) for English language editing.

Author Contributions
Conceptualization: Keisuke Takanobu, Nobuyuki Mitsui.
Data curation: Keisuke Takanobu, Nobuyuki Mitsui, Satoshi Asakura.

Formal analysis: Keisuke Takanobu, Nobuyuki Mitsui.

PLOS ONE | https://doi.org/10.1371/journal.pone.0251503 May 12, 2021 11/14


http://www.editage.com
https://doi.org/10.1371/journal.pone.0251503

PLOS ONE

Character configuration and suicide

Funding acquisition: Satoshi Asakura.

Investigation: Keisuke Takanobu, Nobuyuki Mitsui.

Methodology: Keisuke Takanobu, Nobuyuki Mitsui, Satoshi Asakura.
Project administration: Nobuyuki Mitsui.

Resources: Nobuyuki Mitsui.

Software: Nobuyuki Mitsui.

Supervision: Shinya Watanabe, Kuniyoshi Toyoshima, Yutaka Fujii, Yuki Kako, Satoshi Asa-
kura, Ichiro Kusumi.

Validation: Nobuyuki Mitsui.
Visualization: Keisuke Takanobu.
Writing - original draft: Keisuke Takanobu.

Writing - review & editing: Shinya Watanabe, Kuniyoshi Toyoshima, Yutaka Fujii, Yuki
Kako, Satoshi Asakura, Ichiro Kusumi.

References

1. World Health Organization. Preventing suicide: A global imperative [Internet]. 2014 [cited 20 July 2020]
https://apps.who.int/iris/bitstream/handle/10665/131056/9789241564779_eng.pdf?sequence=1.

2. Ministry of Health, Labour and Welfare (Japan). Jisatsu-taisaku hakusho [The annual report of suicide
in 2019]. Ministry of Health, Labour and Welfare; 2019 [cited 20 July 2020; in Japanese]. https://www.
mhlw.go.jp/wp/hakusyol/jisatsu/19-2/index.html.

3. Bertolote JM, Fleischmann A, De Leo D. Psychiatric diagnoses and suicide: Revisiting the evidence.
Crisis 2004; 25(4):147-55. https://doi.org/10.1027/0227-5910.25.4.147 PMID: 15580849

4. Ibrahim AK, Kelly SJ, Adams CE, Glazebrook C. A systematic review of studies of depression preva-
lence in university students. J Psychiatr Res 2013; 47(3):391—400. https://doi.org/10.1016/j.jpsychires.
2012.11.015 PMID: 23260171

5. Uchida C, Uchida M. Characteristics and risk factors for suicide and deaths among college students: A
23-year serial prevalence study of data from 8.2 million Japanese college students. J Clin Psychiatry
2017; 78(4):e404—12. https://doi.org/10.4088/JCP.16m 10807 PMID: 28448698

6. Silverman MM, Berman AL, Sanddal ND, O’Carroll PW, Joiner TE Jr. Rebuilding the tower of Babel: A
revised nomenclature for the study of suicide and suicidal behaviors. Part 2: Suicide-related ideations,
communications, and behaviors. Suicide Life Threat Behav 2007; 37(3):264—277. https://doi.org/10.
1521/suli.2007.37.3.264 PMID: 17579539

7. Bellon JA, de Dios Luna J, King M, Moreno-Kstner B, Nazareth |, Montén-Franco C, et al. Predicting
the onset of major depression in primary care: International validation of a risk prediction algorithm from
Spain. Psychol Med 2011; 41(10):2075-2088. https://doi.org/10.1017/S0033291711000468 PMID:
21466749

8. Kendler KS, Gatz M, Gardner CO, Pedersen NL. Personality and major depression: A Swedish longitu-
dinal, population-based twin study. Arch Gen Psych 2006; 63(10):1113-1120. https://doi.org/10.1001/
archpsyc.63.10.1113 PMID: 17015813

9. Kendler KS, Neale MC, Kessler RC, Heath AC, Eaves LJ. A longitudinal twin study of personality and
major depression in women. Arch Gen Psych 1993; 50(11):853-862. https://doi.org/10.1001/archpsyc.
1993.01820230023002 PMID: 8215811

10. Brezo J, Paris J, Turecki G. Personality traits as correlates of suicidal ideation, suicide attempts, and
suicide completions: A systematic review. Acta Psych Scand 2006; 113(3):180—206. https://doi.org/10.
1111/j.1600-0447.2005.00702.x PMID: 16466403

11. Cloninger CR, Bayon C, Svrakic DM. Measurement of temperament and character in mood disorders:
A model of fundamental states as personality types. J Affect Disord 1998; 51(1):21-32. https://doi.org/
10.1016/s0165-0327(98)00153-0 PMID: 9879800

12. Farmer A, Mahmood A, Redman K, Harris T, Sadler S, McGuffin P. A sib-pair study of the Tempera-
ment and Character Inventory scales in major depression. Arch Gen Psych 2003; 60(5): 490—496.
https://doi.org/10.1001/archpsyc.60.5.490 PMID: 12742870

PLOS ONE | https://doi.org/10.1371/journal.pone.0251503 May 12, 2021 12/14


https://apps.who.int/iris/bitstream/handle/10665/131056/9789241564779_eng.pdf?sequence=1
https://www.mhlw.go.jp/wp/hakusyo/jisatsu/19-2/index.html
https://www.mhlw.go.jp/wp/hakusyo/jisatsu/19-2/index.html
https://doi.org/10.1027/0227-5910.25.4.147
http://www.ncbi.nlm.nih.gov/pubmed/15580849
https://doi.org/10.1016/j.jpsychires.2012.11.015
https://doi.org/10.1016/j.jpsychires.2012.11.015
http://www.ncbi.nlm.nih.gov/pubmed/23260171
https://doi.org/10.4088/JCP.16m10807
http://www.ncbi.nlm.nih.gov/pubmed/28448698
https://doi.org/10.1521/suli.2007.37.3.264
https://doi.org/10.1521/suli.2007.37.3.264
http://www.ncbi.nlm.nih.gov/pubmed/17579539
https://doi.org/10.1017/S0033291711000468
http://www.ncbi.nlm.nih.gov/pubmed/21466749
https://doi.org/10.1001/archpsyc.63.10.1113
https://doi.org/10.1001/archpsyc.63.10.1113
http://www.ncbi.nlm.nih.gov/pubmed/17015813
https://doi.org/10.1001/archpsyc.1993.01820230023002
https://doi.org/10.1001/archpsyc.1993.01820230023002
http://www.ncbi.nlm.nih.gov/pubmed/8215811
https://doi.org/10.1111/j.1600-0447.2005.00702.x
https://doi.org/10.1111/j.1600-0447.2005.00702.x
http://www.ncbi.nlm.nih.gov/pubmed/16466403
https://doi.org/10.1016/s0165-0327%2898%2900153-0
https://doi.org/10.1016/s0165-0327%2898%2900153-0
http://www.ncbi.nlm.nih.gov/pubmed/9879800
https://doi.org/10.1001/archpsyc.60.5.490
http://www.ncbi.nlm.nih.gov/pubmed/12742870
https://doi.org/10.1371/journal.pone.0251503

PLOS ONE

Character configuration and suicide

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

Zaninotto L, Solmi M, Toffanin T, Veronese N, Cloninger CR, Correll CU. A meta-analysis of tempera-
ment and character dimensions in patients with mood disorders: Comparison to healthy controls and
unaffected siblings. J Affect Disord 2016; 94: 84-97. https://doi.org/10.1016/j.jad.2015.12.077 PMID:
26803780

Cloninger CR, Svrakic DM, Przybeck TR. Can personality assessment predict future depression? A
twelve-month follow-up of 631 subjects. J Affect Disord 2006; 92(1):35—44. https://doi.org/10.1016/j.
jad.2005.12.034 PMID: 16442638

Elovainio M, Kivimaki M, Puttonen S, Heponiemi T, Pulkki L, Keltikangas-Jarvinen L. Temperament and
depressive symptoms: A population-based longitudinal study on Cloninger’s psychobiological tempera-
ment model. J Affect Disord 2004; 83(2—-3):227-232. https://doi.org/10.1016/j.jad.2004.06.005 PMID:
15555718

Farmer RF, Seeley JR. Temperament and character predictors of depressed mood over a 4-year inter-
val. Depress. Anxiety 2009; 26(4):371-381. https://doi.org/10.1002/da.20459 PMID: 19123455

Lu X, Chen Z, Cui X, Uji M, Miyazaki W, Oda M, et al. Effects of temperament and character profiles on
state and trait depression and anxiety: A prospective study of a Japanese youth population. Depress
Res Treat 2012; 2012:604—684. https://doi.org/10.1155/2012/604684 PMID: 22957225

Naito M, Kijima N, Kitamura T. Temperament and Character Inventory (TCI) as predictors of depression
among Japanese college students. J Clin Psychol 2000; 56(12):1579—-1585. https://doi.org/10.1002/
1097-4679(200012)56:12<1579::AlD-8>3.0.CO;2-K PMID: 11132572

Rosenstrom T, Jylha P, Cloninger RC, Hintsanen M, Elovainio M, Mantere O, et al. Temperament and
character traits predict future burden of depression. J Affect Disord 2014; 158:139-147. https://doi.org/
10.1016/j.jad.2014.01.017 PMID: 24655778

Mitsui N, Asakura S, Shimizu Y, Fujii Y, Kako Y, Tanaka T, et al. Temperament and character profiles of
Japanese university students with depressive episodes and ideas of suicide or self-harm: A PHQ-9
screening study. Compr Psychiatry 2013; 54(8):1215-1221. https://doi.org/10.1016/j.comppsych.2013.
05.014 PMID: 23849616

Mitsui N, Asakura S, Takanobu K, Watanabe S, Toyoshima K, Kako Y, et al. Prediction of major depres-
sive episodes and suicide-related ideation over a 3-year interval among Japanese undergraduates.
PLOS One 2018; 13(7):0201047. https://doi.org/10.1371/journal.pone.0201047 PMID: 30024966

Cloninger CR, Svrakic DM, Przybeck TR. A psychobiological model of temperament and character.
Arch Gen Psych 1993; 50(12):975-990. https://doi.org/10.1001/archpsyc.1993.01820240059008
PMID: 8250684

Hirano S, Sato T, Narita T, Kusunoki K, Ozaki N, Kimura S, et al. Evaluating the state dependency of
the Temperament and Character Inventory dimensions in patients with major depression: A methodo-
logical contribution. J Affect Disord 2002; 69(1-3):31-38. https://doi.org/10.1016/s0165-0327(00)
00329-3 PMID: 12103449

Gilbody S, Richards D, Brealey S, Hewitt C. Screening for depression in medical settings with the
Patient Health Questionnaire (PHQ): A diagnostic meta-analysis. J Gen Intern Med 2007; 22(11):1596—
1602. https://doi.org/10.1007/s11606-007-0333-y PMID: 17874169

Wittkampf KA, Naeije L, Schene AH, Huyser J, van Weert HC. Diagnostic accuracy of the mood module
of the Patient Health Questionnaire: A systematic review. Gen Hosp Psych 2007; 29(5):388—-395.
https://doi.org/10.1016/j.genhosppsych.2007.06.004 PMID: 17888804

Muramatsu K, Miyaoka H, Kamijima K, Otsubo T, Miyaoka H, Muramatsu Y, et al. The Patient Health
Questionnaire, Japanese version: Validity according to the mini-international neuropsychiatric inter-
view-plus. Psychol Rep 2007; 101(3):952—960. https://doi.org/10.2466/pr0.101.3.952-960 PMID:
18232454

Inoue T, Tanaka T, Nakagawa S, Nakato Y, Kameyama R, Boku S, et al. Utility and limitations of PHQ-
9in a clinic specializing in psychiatric care. BMC Psych 2012; 12:73. https://doi.org/10.1186/1471-
244x-12-73 PMID: 22759625

Spitzer RL, Kroenke K, Williams JB. Validation and utility of a self-report version of PRIME-MD: The
PHQ primary care study. JAMA 1999; 282(18):1737—-1744. https://doi.org/10.1001/jama.282.18.1737
PMID: 10568646

Kroenke K, Spitzer R L, Williams JB. The PHQ-9: Validity of a brief depression severity measure. J Gen
Intern Med 2001; 16(9):606—613. https://doi.org/10.1046/j.1525-1497.2001.016009606.x PMID:
11556941

Kijima N, Tanaka E, Suzuki N, Higuchi H, Kitamura T. Reliability and validity of the Japanese version of
the Temperament and Character Inventory. Psychol Rep 2000; 86:1050—1058. https://doi.org/10.2466/
pr0.2000.86.3.1050 PMID: 10876363

Takeuchi M, Miyaoka H, Tomoda A, Suzuki M, Lu X, Kitamura T. Validity and reliability of the Japanese
version of the Temperament and Character Inventory: A study of university and college students.

PLOS ONE | https://doi.org/10.1371/journal.pone.0251503 May 12, 2021 13/14


https://doi.org/10.1016/j.jad.2015.12.077
http://www.ncbi.nlm.nih.gov/pubmed/26803780
https://doi.org/10.1016/j.jad.2005.12.034
https://doi.org/10.1016/j.jad.2005.12.034
http://www.ncbi.nlm.nih.gov/pubmed/16442638
https://doi.org/10.1016/j.jad.2004.06.005
http://www.ncbi.nlm.nih.gov/pubmed/15555718
https://doi.org/10.1002/da.20459
http://www.ncbi.nlm.nih.gov/pubmed/19123455
https://doi.org/10.1155/2012/604684
http://www.ncbi.nlm.nih.gov/pubmed/22957225
https://doi.org/10.1002/1097-4679%28200012%2956%3A12%26lt%3B1579%3A%3AAID-8%26gt%3B3.0.CO%3B2-K
https://doi.org/10.1002/1097-4679%28200012%2956%3A12%26lt%3B1579%3A%3AAID-8%26gt%3B3.0.CO%3B2-K
http://www.ncbi.nlm.nih.gov/pubmed/11132572
https://doi.org/10.1016/j.jad.2014.01.017
https://doi.org/10.1016/j.jad.2014.01.017
http://www.ncbi.nlm.nih.gov/pubmed/24655778
https://doi.org/10.1016/j.comppsych.2013.05.014
https://doi.org/10.1016/j.comppsych.2013.05.014
http://www.ncbi.nlm.nih.gov/pubmed/23849616
https://doi.org/10.1371/journal.pone.0201047
http://www.ncbi.nlm.nih.gov/pubmed/30024966
https://doi.org/10.1001/archpsyc.1993.01820240059008
http://www.ncbi.nlm.nih.gov/pubmed/8250684
https://doi.org/10.1016/s0165-0327%2800%2900329-3
https://doi.org/10.1016/s0165-0327%2800%2900329-3
http://www.ncbi.nlm.nih.gov/pubmed/12103449
https://doi.org/10.1007/s11606-007-0333-y
http://www.ncbi.nlm.nih.gov/pubmed/17874169
https://doi.org/10.1016/j.genhosppsych.2007.06.004
http://www.ncbi.nlm.nih.gov/pubmed/17888804
https://doi.org/10.2466/pr0.101.3.952-960
http://www.ncbi.nlm.nih.gov/pubmed/18232454
https://doi.org/10.1186/1471-244x-12-73
https://doi.org/10.1186/1471-244x-12-73
http://www.ncbi.nlm.nih.gov/pubmed/22759625
https://doi.org/10.1001/jama.282.18.1737
http://www.ncbi.nlm.nih.gov/pubmed/10568646
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
http://www.ncbi.nlm.nih.gov/pubmed/11556941
https://doi.org/10.2466/pr0.2000.86.3.1050
https://doi.org/10.2466/pr0.2000.86.3.1050
http://www.ncbi.nlm.nih.gov/pubmed/10876363
https://doi.org/10.1371/journal.pone.0251503

PLOS ONE

Character configuration and suicide

32.

33.

34.

35.

36.

37.

Compr Psychiatry 2011; 52(1):109-117. https://doi.org/10.1016/j.comppsych.2010.04.002 PMID:
21220072

Cloninger CR, Zohar AH. Personality and the perception of health and happiness. J Affect Disord 2011;
128(1-2):24-32. https://doi.org/10.1016/j.jad.2010.06.012 PMID: 20580435

Josefsson K, Cloninger CR, Hintsanen M, Jokela M, Pulkki-Raback L, Keltikangas-Jarvinen L. Associa-
tions of personality profiles with various aspects of well-being: A population-based study. J Affect Disord
2011; 133(1-2):265-273. https://doi.org/10.1016/j.jad.2011.03.023 PMID: 21463898

Garcia D, Nima AA, Archer T. International note: Temperament and character’s relationship to subjec-
tive well-being in Salvadorian adolescents and young adults. J Adolesc 2013; 36(6):1115—-1119. https://
doi.org/10.1016/j.adolescence.2013.08.018 PMID: 24215958

Josefsson K, Jokela M, Cloninger CR, Hintsanen M, Salo J, Hintsa T, et al. Maturity and change in per-
sonality: Developmental trends of temperament and character in adulthood. Dev Psychopathol 2013;
25(83):713-727. https://doi.org/10.1017/S0954579413000126 PMID: 23880387

Hill RM, Yaroslavsky I, Pettit JW. Enhancing depression screening to identify college students at risk for
persistent depressive symptoms. J Affect Disord 2015; 174:1-6. https://doi.org/10.1016/j.jad.2014.11.
025 PMID: 25437632

Whitlock J, Eckenrode J, Silverman D. Self-injurious behaviors in a college population. Pediatrics 2006;
117(6):1939-1948. https://doi.org/10.1542/peds.2005-2543 PMID: 16740834

PLOS ONE | https://doi.org/10.1371/journal.pone.0251503 May 12, 2021 14/14


https://doi.org/10.1016/j.comppsych.2010.04.002
http://www.ncbi.nlm.nih.gov/pubmed/21220072
https://doi.org/10.1016/j.jad.2010.06.012
http://www.ncbi.nlm.nih.gov/pubmed/20580435
https://doi.org/10.1016/j.jad.2011.03.023
http://www.ncbi.nlm.nih.gov/pubmed/21463898
https://doi.org/10.1016/j.adolescence.2013.08.018
https://doi.org/10.1016/j.adolescence.2013.08.018
http://www.ncbi.nlm.nih.gov/pubmed/24215958
https://doi.org/10.1017/S0954579413000126
http://www.ncbi.nlm.nih.gov/pubmed/23880387
https://doi.org/10.1016/j.jad.2014.11.025
https://doi.org/10.1016/j.jad.2014.11.025
http://www.ncbi.nlm.nih.gov/pubmed/25437632
https://doi.org/10.1542/peds.2005-2543
http://www.ncbi.nlm.nih.gov/pubmed/16740834
https://doi.org/10.1371/journal.pone.0251503

