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Abstract
Objective—. The goal of this study was to investigate the utility of the Temperament and
Character Inventory (TCI) in predicting antidepressant response to repetitive transcranial magnetic
stimulation (rTMS).
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Background—Although rTMS of the dorsolateral prefrontal cortex (DLPFC) is an established
antidepressant treatment, little is known about predictors of response. The TCI measures multiple
personality dimensions (harm avoidance, novelty seeking, reward dependence, persistence, selfdirectedness, self-transcendence, and cooperativeness), some of which have predicted response to
pharmacotherapy and cognitive-behavioral therapy. A previous study suggested a possible
association between self-directedness and response to rTMS in melancholic depression, although
this was limited by the fact that melancholic depression is associated with a limited range of TCI
profiles.
Methods—. Nineteen patients with a major depressive episode completed the TCI prior to a
clinical course of rTMS over the DLPFC. Treatment response was defined as ≥50% decrease in
scores on the Hamilton Rating Scale for Depression (HAM-D). Baseline scores on each TCI
dimension were compared between responders and non-responders via analysis of variance.
Pearson correlations were also calculated for temperament/character scores in comparison with
percentage improvement in HAM-D scores.
Results—Eleven of the 19 patients responded to rTMS. T-scores for persistence were
significantly higher in responders than in non-responders (P=0.022). Linear regression revealed a
correlation between persistence scores and percentage improvement in HAM-D scores.
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Conclusions—Higher persistence scores predicted antidepressant response to rTMS. This may
be explained by rTMS-induced enhancement of cortical excitability, which has been found to be
decreased in patients with high persistence. Personality assessment that includes measurement of
TCI persistence may be a useful component of precision medicine initiatives in rTMS for
depression.
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The antidepressant efficacy of repetitive transcranial magnetic stimulation (rTMS) has been
supported by a growing number of clinical trials,1–3 leading to its approval by the U.S. Food
and Drug Administration for the treatment of major depressive disorder in 2008.4 More
recent studies have demonstrated that differential treatment parameters are effective for
patients with varying degrees of treatment-resistant illness.5–7 When rTMS is effective, its
antidepressant effects have been demonstrated to persist well beyond the initial course of
treatment.8 However, the utility of rTMS is somewhat limited by the fact that not all studies
have found positive results, although this has been associated with methodological
variability; as a result, more recent treatment protocols have found better results than older
studies.9
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A major limitation for the widespread use of rTMS is that it is difficult to predict which
patients will improve, thereby necessitating significant financial and/or time investment
despite uncertainty regarding potential efficacy for any given patient. To this effect, some
factors that might predict response to rTMS have been thoroughly investigated. For example,
baseline clinical characteristics that are associated with higher response rates include
concurrent antidepressant pharmacotherapy,10 fewer earlier treatment failures, a shorter
duration of the current mood episode, and absence of a concurrent anxiety disorder.11
Impaired response is associated with the converse of these factors, as well as with
benzodiazepine or anticonvulsant pharmacotherapy.10 Response in older patients is
improved when increased doses are used to overcome the higher coil-to-cortex distance
caused by cerebral atrophy in these populations.12
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Several biomarkers that may predict some degree of treatment response have also been
identified. Studies have reported algorithms involving various electroencephalographic
parameters for this purpose, although these studies have yet to be replicated in a prospective
design.13,14 Anterior cingulate cortex activity and prefrontal cortex activity have shown
predictive capability in various neuroimaging studies, but these findings are not unique to
rTMS and are also found in patients more likely to respond to other treatments.15–20
Electromyography-based motor cortex excitability has also demonstrated some limited
utility in predicting response.21 More recent data have suggested involvement of functional
network connectivity, including activity of frontostriatal networks22,23 and the default mode
network.24 While most of these variables are promising tools, none of them has yet been
validated to the point of routine clinical utility.
In addition to direct biological measures, response to various treatments has also been
predicted by the Temperament and Character Inventory, an objective questionnaire that
assesses a seven-factor psychobiologic model of quantifiable personality traits (Fig 1),
which have been validated on the basis of various genetic and neurobiologic data. Four
temperament dimensions—harm avoidance, novelty seeking, reward dependence, and
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persistence—are rooted primarily in various neurobiologic data. Three character dimensions
—self-directedness, cooperativeness, and self-transcendence—develop based on social
learning.25 Harm avoidance, which tends to be associated with baseline anxiety, has been
correlated with serotonin transporter polymorphisms26 and has repeatedly been shown to
predict response to serotonergic pharmacotherapy.27–30 In addition, self-directedness has
been correlated with response to cognitive-behavioral therapy in major depressive disorder31
and various other illnesses, such as obsessive-compulsive disorder and eating disorders.32,33
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One previous study has also reported improved rTMS response in patients with melancholic
treatment-resistant depression who demonstrated high self-directedness as measured by the
TCI, but this study was limited by the restricted range of temperaments and characters
inherent in patients with melancholic depression.34 The results of other studies that have
investigated a five-factor personality model previously suggested that extraversion may be
associated with improved response to both rTMS35 and deep TMS,7 although the
significance of this finding was somewhat limited by the fact that extraversion is generally
associated with improved outcomes independent of treatment modality.36 To summarize,
further characterization of personality profiles that may predict response to rTMS is
warranted. The goal of this study was to investigate the utility of the TCI in predicting
antidepressant response to rTMS in a general clinical sample of patients receiving rTMS
during a major depressive episode.

METHODS
Subjects
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We used a convenience sample of outpatients treated in the Transcranial Magnetic
Stimulation Program at Washington University in St. Louis. Patients’ diagnoses and
appropriateness for treatment were assessed by the senior author (P.C.). All patients were
determined to be in a major depressive episode as defined by DSM-IV-TR criteria and had
no absolute contraindications to rTMS. All patients agreed to serial assessments during
clinical treatment with rTMS and signed informed consent to allow naturalistic data
collection as they were undergoing rTMS treatments. This protocol was approved by the
Washington University School of Medicine Institutional Review Board. Patients bore the
treatment costs.
Instruments
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Subjects completed a baseline written version of the TCI, the TCI-R 140, which was scored
by the Center for Well-Being at Washington Univerity in St. Louis. The instrument contains
140 questions about personality traits that patients rate on a 5-point scale. Scoring of these
responses is based on statistical norms of the 4 temperament dimensions (harm avoidance,
novelty seeking, reward dependence, and persistence) and the 3 character dimensions (selfdirectedness, cooperativeness, self-transcendence). (Figure 1).37 Investigators were blinded
to the results of the TCI until after completion of the treatment course.
Severity of depression and improvement in depression symptoms were assessed by the
senior author using the 16-item Hamilton Rating Scale for Depression (Ham-D).38 The
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Ham-D was completed at the initial visit, after 2 weeks (after 10 rTMS sessions), and at the
end of treatment. Treatment response was defined as ≥50% decrease in Ham-D scores.
rTMS Treatment
All subjects received a clinical protocol with high frequency (10Hz) rTMS over the left
dorsolateral prefrontal cortex (DLPFC) at 4000 pulses on consecutive weekdays for up to 20
treatments using a Magpro R30 device (MagVenture, Tonica Elektronik, Denmark).
Additional slow (1Hz) rTMS at 600 to 1200 pulses over the right DLPFC was used for
augmentation in subjects who had not achieved at least 25% improvement in Ham-D scores
after 10 high frequency unilateral treatments, to complete 20 treatments. Some subjects
received a longer treatment course for up to 30 rTMS sessions.
Statistical Analyses
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Baseline scores on each TCI dimension and baseline clinical characteristics were compared
between responders and nonresponders via single-measure analysis of variance (ANOVA)
with significance at P<0.05. The relationship between temperament/character scores and
percentage improvement in Ham-D scores was also analyzed using linear regression
analysis. Pearson correlation coefficients were compared for each temperament/character
score against baseline Ham-D score and percentage improvement in Ham-D. Statistical
analysis was completed using SPSS version 23 (IBM Corp, Armonk, NY).

RESULTS
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Twenty patients were enrolled and received a course of rTMS, 1 of whom did not complete
the treatment course and was excluded from analysis due to missing data. Baseline clinical
characteristics of this sample are summarized in Table 1. The response rate to rTMS was
58% (11/19). A subgroup of 8 patients received augmentation with right-sided rTMS
treatment. The mean improvement in scores on the Ham-D was 46% (95% CI 26%–67%) in
the overall group, 1% in non-responders (95% CI 19%–22%), and 79% in responders (95%
CI 71%–87%). No significant differences in clinical characteristics were found between
responders (subjects with ≥50% decrease in Ham-D scores) and nonresponders, although the
number of features indicating treatment-resistant illness, such as previous trials of
electroconvulsive therapy and antidepressant resistance, were higher in the nonresponders
group. (Table 1). Treatments were well-tolerated with no serious side effects or seizures.
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Pearson correlations of baseline personality characteristics with baseline Ham-D scores and
improvement in Ham-D scores are summarized in Table 2. Persistence was directly
correlated with improvement in Ham-D scores (R=0.55, P=0.015), while self-directedness
was inversely correlated with baseline Ham-D scores (R=−0.65, P=0.0025).
Mean T-scores for comparisons of individual personality characteristics between responders
and nonresponders are presented in Table 3 Persistence scores were significantly higher in
responders (T-score 47, 95% CI 40–54) than in non-responders (T-score 34, 95% CI 22–45),
F(1,17) = 6.3, P=0.022. Of note, 1 subject who demonstrated response despite a low
persistence score had a rapid response, demonstrating remission (improvement in Ham-D
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score from 18 to 6) within 2 weeks of starting treatment. None of the other personality traits
predicted rTMS response.
The only personality characteristic that was associated with a significant improvement in
Ham-D scores was persistence. A comparison of linear regression of T-scores for persistence
with percentage improvement in Ham-D scores is shown in Figure 2; the associated Pearson
correlation coefficients for all temperament/character traits are summarized in Table 2.

DISCUSSION

Author Manuscript

On the basis of analysis of baseline TCI personality traits before a course of rTMS,
persistence was the only trait found to be correlated with rTMS response. Of note,
persistence was not correlated with severity of depressive symptoms at baseline, suggesting
that this effect is independent of illness severity. In contrast, self-directedness was correlated
with depression severity at baseline, which is consistent with earlier literature demonstrating
that major depression is associated with lower self-directedness.39–41 Patient characteristics
that were examined, which included age, history of electroconvulsive therapy (ECT), suicide
attempts, and inpatient hospitalizations, treatment-resistant illness (defined by failure to
respond adequately to 3 previous antidepressant trials); and baseline Ham-D scores, were
not associated with treatment response in this sample. Although this result contrasts with
existing literature indicating that treatment resistance is a predictor of response to TMS,11
we suspect that the effect of treatment resistance was not significant in this study due to the
small sample size.
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While response to rTMS has previously been reported to be correlated with TCI selfdirectedness,34 the study in which this was found investigated only patients with
melancholic depression, which tends to be associated with decreased persistence (Fig 1).
Therefore, that study did not investigate general major depression with a full distribution of
persistence scores. The authors of that study also postulated that the improvement may have
been related to the fact that low self-directedness is associated with personality disorders,
which were not specifically excluded in the study.34 In contrast, our study investigated a
convenience sample of patients referred for rTMS treatment, which may have led to
selection bias introduced by the possibility that a patient’s primary psychiatrist may be less
likely to refer a patient for a brain stimulation treatment such as rTMS when symptoms
appear to be attributable to a personality disorder. Of note, prior literature has also suggested
a lower probability of ECT response in patients with melancholic features in the absence of
psychosis (contrary to the popular conception that melancholic features are a predictor of
ECT response, which was found to be true only when considering presence of psychosis),42
suggesting that a similar phenomenon may be at play in the role of melancholia in ECT
response.
As noted earlier in the article, an earlier study investigated the utility of personality traits as
measured using the Big Five Questionnaire (BFQ) for predicting response to rTMS,35 and a
subsequent study by the same group used the same methodology to analyze BFQ traits as
predictors of response to deep TMS.43 However, these studies found that multiple
personality traits rather than any single specific trait were somewhat predictive of response.
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The only trait that was found to be somewhat predictive of response in both studies was
extraversion, which has also been shown to be correlated with improved prognosis for major
depressive disorder in general, without consideration of treatment modality.36 This
variability may be related to the fact that the BFQ is not based on a specific theoretical
model,44 suggesting that individual traits may not be associated with specific neurbiological
changes45 that are being targeted by rTMS. To our knowledge, our study is the first to
demonstrate the predictive capability of a psychobiologic personality model such as the TCI
in predicting response to rTMS in a broad range of patients with MDD.
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The association of persistence with response to rTMS may be explained by the fact that
persistence has been found to be inversely proportional to baseline left hemispheric motor
cortical reactivity, as measured by optical neuroimaging.46 Because rTMS enhances
ipsilateral cortical excitability47 in a manner that is subject to interindividual variation,48
patients with lower baseline excitability and/or interhemispheric differences in activity may
be more likely to respond to rTMS.49,50
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rTMS responders have also been shown to have greater fluctuations in resting motor
threshold, lending further credence to the notion that the degree of modulation of motor
cortical excitability is related to response to rTMS.51 This finding may also provide some
explanation for the effect of age on probability of response to rTMS,52 since interindividual
and interhemispheric variation in cortical excitability has been attributed in part to agerelated changes.53 In combination with this earlier research, our study suggests that
persistence may be used as a proxy marker for cortical reactivity, particularly in the
dominant hemisphere, thus being a potential predictor of rTMS response. However, this
speculative hypothesis is limited by the fact that there was no relationship between rTMS
response and novelty seeking, which was shown to be directly correlated with cortical
reactivity in the study mentioned above that showed an inverse correlation between
persistence and cortical reactivity.46
An alternate explanation for the effect observed in our study is that higher persistence is
associated with increased functional connectivity between the prefrontal cortex and the
ventral striatum.54 A recent study found that successful rTMS for major depressive disorder
decreases connectivity in affective divisions of frontostriatal loops,23 suggesting that
depressed patients with higher baseline connectivity may be more likely to respond to rTMS.
This effect was attributed to a earlier finding by the same group showing that rTMS
attenuated baseline hyperactivity in the default mode network,24 which is thought to be
modulated via dopamine release from the striatum.55
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Our findings are distinct from the TCI profiles associated with antidepressant response to
other treatments. For instance, response to selective serotonin reuptake inhibitors has been
found to be correlated with high levels of harm avoidance,27–30 whereas response to
cognitive behavioral therapy has been found to be correlated with high levels of selfdirectedness.31 These findings suggest that a identifying a high level of persistence may be a
useful tool for determining which patients are likely to respond to rTMS despite having
failed other treatments.
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Our study is limited by the small sample size, the use of a convenience sample, and the lack
of biomarkers other than personality traits. Future research should include baseline optical
neuroimaging to prospectively investigate the relationship between rTMS response,
persistence, and cortical excitability. In the meantime, we plan to use this paradigm
involving the TCI to predict response to ECT to elucidate whether it may be possible to
determine the appropriateness of different neuromodulatory therapies based on a patient’s
TCI profile.

CONCLUSIONS
Higher levels of persistence predicted antidepressant response to rTMS. Personality
assessment that includes measurement of persistence may be a useful component of future
precision medicine initiatives in rTMS for depression.
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Figure 1. Temperament and Character Cubes (Reproduced with permission of the Center for
Well-Being, Washington University in St. Louis)

Summary of specific personality traits and psychopathology associated with variability in
each temperament and character score as measured by the Temperament and Character
Inventory (TCI). Individual TCI traits have been validated on the basis of various genetic
and neurobiological data.
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Figure 2. Temperament and character scores vs. percent improvement in Ham-D scores

Ham-D: Hamilton Rating Scale for Depression
Persistence demonstrated a significant correlation with percentage improvement in Ham-D
scores on the basis of linear regression (R=0.55).
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Pearson coefficients indicating correlation between baseline TCI personality characteristics and baseline
depression severity and between baseline TCI personality characteristics and improvement in depression
Correlation with baseline Ham-D score

p

Correlation with percentage improvement in HamD scores

p

Harm avoidance

−0.24

0.32

0.11

0.66

Novelty seeking

0.24

0.32

−0.22

0.37

Reward dependence

0.10

0.68

−0.32

0.19

Persistence

0.03

0.89

0.55

0.015

Self-directedness

−0.65

0.0025

0.08

0.74

Cooperativeness

−0.06

0.82

−0.11

0.66

Self-transcendence

−0.07

0.77

0.40

0.093

Author Manuscript

TCI: Temperament and Character Inventory; Ham-D: Hamilton Rating Scale for Depression
Self-directedness was correlated with severity of baseline depression. Persistence demonstrated significant correlation with percentage
improvement in Ham-D scores.
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Significant differences in TCI scores on persistence were found between responders and nonresponders. No other traits demonstrated a statistically significant difference.
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