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ARTICLE INFO ABSTRACT

Keywords: Treatment resistant depression (TRD) is a complex condition associated with a great deal of disability and

Transcrz‘anial magnetic stimulation suffering. The relationship between TRD and psychological well-being (PWB) appears to be more complex than a

;Vell-bel.ng simple antithesis. Transcranial magnetic stimulation (TMS) is a well-tolerated treatment for TRD. However
epression

successful, a drawback for TMS is that it has a lack of predictive biomarkers for treatment response. Our study
focuses on the relationship between PWB and treatment resistant depression, and how PWB relates to TMS
treatment response. We hypothesized that TMS treatment responders would have higher levels of PWB at
baseline. In this study of 21 patients with TRD, we used the Ryff Scales of Psychological Well-Being and Patient
Health Questionnaire-9 (PHQ-9). We found a significant relationship between environmental mastery, purpose in
life, self-acceptance, and total PWB with baseline depression but no significant correlation between autonomy,
personal growth, and positive relations with others and baseline PHQ-9 scores. No Ryff domain of PWB signif-
icantly predicted change in PHQ-9 score. Interestingly, however, we found that TMS responders had higher levels
of autonomy (M(SD) = 62.10(10.46), p = 0.022) and personal growth (M(SD) = 65.00(11.04), p = 0.007) than
non-responders at baseline. These specific aspects of well-being appear to be distinct from depression and
particularly important in treatment response. This discovery suggests that assessing PWB might prove clinically
useful when assessing future candidates for TMS treatment of TRD. Further research is necessary to evaluate the

effects of TMS on PWB since these may be distinct from its effect on depression symptomology.

1. Introduction

Major depressive disorder (MDD) is a common psychiatric condition
affecting 1-in-5 people at some point in their lifetime (Malhi and Mann,
2018). Globally, depressive disorders are one of the top 10 contributors
to disease burden across the lifespan (GBD, 2019). The effects of
long-term depression can be severe and include damaged relationships,
occupational dysfunction, and suicide. Although advances in antide-
pressant medications have led to the development of more tolerable
treatment options, approximately 20-30% of patients suffering from
depression fail to respond to several antidepressant trials and are clas-
sified as “treatment resistant” (Cusin and Dougherty, 2012).

The National Institute of Mental Health defines treatment-resistant
depression (TRD) as depression that does not improve after at least
two antidepressant therapy trials. In the STAR*D trial, a large-scale
multi-site clinical trial examining acute and long-term treatment out-
comes for depression, 50% of patients with depression would meet

criteria for TRD, with 1-in-3 subjects remaining resistant despite four
unique treatment trials (Rush et al., 2006). In such cases, transcranial
magnetic stimulation (TMS) may be used as an alternative treatment
method. TMS is a noninvasive tool that serves to manipulate activity in
specific neural circuits of the human brain (Paus and Barrett, 2004).
TMS is a low risk, highly effective, and well tolerated treatment for
MDD, approved by the FDA for adults who have had unsuccessful trials
with antidepressants or psychotherapy (Cusin and Dougherty, 2012).
Although TMS has proven efficacious for TRD patients, there remains a
significant proportion of patients who fail to respond (Carpenter et al.,
2012).

One drawback with TMS is the lack of predictive biomarkers of
treatment response. Although not unique to TMS amongst the antide-
pressant treatments, this is especially problematic because of the time-
and resource-intensive nature of TMS. The current well-established an-
tidepressant treatment protocol requires patients to receive stimulation
in the hospital five days per week for four to six weeks (Perera et al.,
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2016), necessitating frequent travel that can be logistically challenging
and expensive. Small studies have identified various neurobiological,
imaging-based, or electrophysiologic biomarkers of response, many of
which fail to replicate or are yet to be prospectively validated (Kar,
2019; Cash et al., 2021). Methods or tests capable of identifying patients
with a good chance of response are thus sorely needed. One area of study
involves looking at baseline temperament and personality traits as
predictors of treatment response (Siddiqi et al., 2016). Siddiqi et al.
(2016) showed that patients who responded to TMS treatment had
significantly higher levels of persistence at baseline compared to those
who did not respond to treatment. In contrast, a study that investigated
the Big Five personality traits suggested that none of the psychological
measures they used were clinically meaningful predictors of rTMS
treatment response in patients with MDD (Krepel et al., 2020). A study
by Fitzgerald et al. (2016) found evidence for predictive utilities of
psychological measures; however, they did not find it to be highly
influential on rTMS response rates. Work in this area is nascent and
remains open for exploration. The goal of this study was to investigate
the relationship between psychological well-being (PWB) and
difficult-to-treat depression (McAllister-Williams et al., 2020) in adults
with MDD undergoing TMS.

Personality disposition has been implicated as a determinant of well-
being levels (Costa Jr. et al., 1987) but, to our knowledge, no work to
date has examined the relationship between PWB and treatment
response in TMS. Like personality, research shows that PWB is an
enduring, trait-like characteristic (Mann et al., 2021). While a singular
definition of PWB remains elusive in the literature, PWB can be broadly
conceptualized as optimal psychological functioning that is in line with
a person’s true potential and values (Ryan and Huta, 2009). The Ryff
scale (Ryff, 1989) and other contemporary investigations of PWB often
operationalize well-being along six domains: autonomy, environmental
mastery, personal growth, positive relations with others, purpose in life,
and self-acceptance. A significant body of work has examined the cor-
relates of PWB, showing that PWB is associated with improved physical
and mental health outcomes (Keyes, 2005; Ryff et al., 2015; Lamers
et al., 2015; Steptoe et al., 2015; Wood and Joseph, 2010).

Research shows an inverse relationship between depression and PWB
(see Ruini and Cesetti, 2019 for review). Various studies support the
dual continuum model of mental health which holds that mental health
(i.e., emotional, psychological, and social well-being) and mental illness
(i.e., major depression, anxiety, and other psychopathology) are two
distinct but correlated unipolar dimensions of health (Keyes, 2005;
Keyes et al., 2010). According to this model, PWB is not merely the
absence of depression but rather a separate indicator of health (Fava
et al., 1998; Keyes et al., 2010; Rafanelli et al., 2000; Ruini et al., 2003).
Evidence suggests that PWB serves as a protective factor for mental
health and that the absence of PWB may be a risk factor for developing
depression (Keyes et al., 2010; Wood and Joseph, 2010).

To further elucidate the relationship between PWB and depression,
in this study we examined how the Ryff scale’s various domains of
psychological well-being — autonomy, environmental mastery, per-
sonal growth, positive relations with others, purpose in life, and self-
acceptance — were associated with depression symptoms at baseline
before treatment. Next, we investigated if baseline levels of well-being
were related to TMS treatment response. We hypothesized that TMS
responders would have higher levels of PWB at baseline, given the
predictive value of PWB evidenced in the literature.

2. Methods

This study included 21 participants treated at the TMS clinic at
University of Iowa Hospitals and Clinics. All subjects were assessed
clinically for appropriateness of repetitive transcranial magnetic stim-
ulation (rTMS) treatment. All subjects signed an informed consent
document to allow for data collection while undergoing rTMS
treatments.
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2.1. Subjects

Subjects were recruited from the University of Iowa Interventional
Psychiatry program. The study was approved by the Institutional Re-
view Board at the university in accordance with the Declaration of
Helsinki and was prospective and observational in nature, with subjects
enrolled for additional testing while undergoing standard-of-care clin-
ical transcranial magnetic stimulation for depressive symptoms (see
Supplementary Fig. 1 for recruitment details). Subjects were eligible for
inclusion if they had a DSM-V diagnosis of MDD, moderate or severe,
without psychotic features, as determined by a clinical diagnostic exam
performed by a psychiatrist specializing in the use of TMS. Treatment
resistance was determined by history and review of medical records. All
patients had at least two antidepressant medication trials with demon-
strated inadequacy or intolerance. Subjects were excluded from partic-
ipation if they had ferromagnetic material in the head or neck, history of
seizure disorder, or depression attributable to a diagnosis other than
MDD, as determined by the evaluating psychiatrist. All TMS treatments
were performed with high frequency stimulation at the left dorsolateral
prefrontal cortex for a six-week course of treatment, with five sessions
per week, followed by a taper phase and thus averaging 34 treatments
per subject. Some responders terminated treatment early if clinically
indicated by the psychiatric treatment team. Treatment was conducted
with a Magventure Figure8 Cool-B65 coil and a MagPro X100 stimulator
(Alpharetta, GA). Treatment sessions consisted of either 10 Hz stimu-
lation (3000 total pulses, 4 s train durations, 26 s intertrain interval) or
intermittent theta burst stimulation (600 total pulses, 50 Hz triplets
nested in 5 Hz carrier frequency, 2 s train duration, 8 s intertrain in-
terval) based on the clinical decision of the psychiatrist and subject,
delivered at 120% motor threshold as per standard treatment protocols.
Twelve subjects received iTBS, eight subjects received 10 Hz, and one
subject received 10 Hz until the 22nd treatment then switched to iTBS.

2.2. Instruments

2.2.1. PHQ-9

The 9-item Patient Health Questionnaire (PHQ-9) is a self-reported
scale used to assess the presence and severity of depression. All partic-
ipants completed this scale at their initial clinical evaluation and weekly
throughout the duration of their rTMS course. A 50% or greater decrease
in PHQ-9 score from the initial clinical evaluation to the six-week PHQ-9
score was used to indicate treatment response.

2.2.2. Ryff Scale of PWB

The Ryff Scale of Psychological Well-Being is a self-report scale used
to assess six domains of PWB: autonomy, environmental mastery, per-
sonal growth, positive relations with others, purpose in life, and self-
acceptance. Participants completed the 84-item Ryff scale at their
initial visit. Each domain of the scale consists of 14 items and partici-
pants provide responses using a 6-point Likert-type scale with scores
ranging from 14 to 84. Individual domain scores and a cumulative total
well-being score were assessed and utilized in this analysis.

2.3. Statistical analyses

First, Pearson correlation coefficients were calculated to examine the
relationship between the Ryff scale domains and baseline levels of
depression. Then, participants were categorized into treatment re-
sponders or non-responders based on their change in score from the
initial PHQ-9 total score to the final PHQ-9 total score in the acute
treatment series. Percent change from PHQ-9 baseline score to PHQ-9
six-week score was calculated to determine treatment response. A 50%
or greater decrease in PHQ-9 score defined treatment response, as per
prior literature (Coley et al., 2019). Due to a small sample size, Welch
Two Sample t-tests were performed to assess differences in de-
mographics and baseline scores on Ryff scale domains between
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treatment responders and non-responders. A hierarchical regression
analysis was performed to explore the relationship between each Ryff
domain and percent change of the PHQ-9 score. No covariates were
added to this analysis due to sample size and adjustments were made for
multiple comparisons. A significance level of p < 0.05 was used for all
two-sample t-test analyses and a significance level of p < 0.007 was used
for the hierarchical regression analysis to correct for multiple compar-
isons. Statistical analyses were completed using RStudio Version 3.6.1.

3. Results

21 participants were eligible for inclusion in this analysis. Analyses
showed that self-acceptance, environmental mastery, purpose in life,
and total PWB were negatively correlated with baseline PHQ-9 score,
illustrating an inverse relationship between well-being and depression
(Fig. 1). Interestingly, autonomy, personal growth, and positive re-
lations with others were not significantly related to baseline PHQ-9
score, indicating that these domains of well-being may be separate
from depression.

Table 1 describes baseline characteristics for each treatment group.
No significant differences in age, sex, or initial PHQ-9 score were found
between groups (see Supplementary Table 2 for group medication). A
significant difference was observed between mean percent change in
PHQ-9 score between groups, which was expected.

Baseline scores on each Ryff scale domain and on total PWB were
compared in responders (n = 10) vs. non-responders (n = 11) (Table 2).
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Table 1
Sample characteristics by treatment response.
Characteristic Non-Responder (n Responder (n = p
=11) 10)
Mean (SD) Mean (SD)
Age (y) 42.4 (16.6) 52.6 (12.6) 0.131
Sex (%F) 63.6% 60.0% 0.620
Mean Initial PHQ-9 Score 17.4 (6.4) 18.2 (5.3) 0.750
Mean Percent Change in 13.7% (21.1) 73.4% (12.6) <0.001
PHQ-9 Score
Table 2
Differences in baseline Ryff well-being domains by treatment response.
Non-Responder (n = Responder (n = p
11) 10)
Mean (SD) Mean (SD)
Autonomy 51.0 (9.7) 62.1 (10.5) 0.022
Environmental Mastery 38.6 (14.6) 42.2(12.2) 0.550
Personal Growth 50.7 (10.6) 65.0 (11.0) 0.007
Positive Relations with 50.6 (10.3) 57.7 (15.5) 0.242
Others
Purpose in Life 38.6 (11.8) 49.5 (16.9) 0.107
Self-Acceptance 35.8 (12.1) 42.5 (18.3) 0.343
Total Score 265.4 (55.2) 319.0 (62.9) 0.051
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Fig. 1. Correlations between Ryff domain and baseline PHQ-9 score.
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Significant differences between groups were found on measures of au-
tonomy (p = 0.022) and personal growth (p = 0.007). Treatment re-
sponders were found to have higher baseline levels of autonomy and
personal growth when compared to treatment non-responders.

A hierarchical regression analysis assessing Ryff domains on PHQ-9
score showed no significant results, although trends were identified as
presented in the supplement (Supplementary Table 3). Please see sup-
plementary material (Supplementary Tables 4 and 5) for additional
analyses.

4. Discussion

In line with previous work, analyses showed that self-acceptance,
environmental mastery, purpose in life, and total PWB were nega-
tively correlated with baseline PHQ-9 score, illustrating an inverse
relationship between well-being and depression. Interestingly, auton-
omy, personal growth, and positive relations with others were not
significantly related to baseline PHQ-9 score, indicating that these do-
mains of well-being may be separate from depression. Taken together,
these initial results provide evidence in support of the dual-continuum
hypothesis (Keyes, 2005; Trompetter et al., 2017; Westerhof and
Keyes, 2010), illustrating the complex relationship between well-being
and depression as overlapping and distinct constructs. PWB cannot
simply be equated to lack of distress (Rafanelli et al., 2000) or absence of
symptoms (Ruini et al., 2003) in mood and anxiety disorders and should
be appropriately assessed in treatment protocols.

In comparisons of baseline well-being in responders vs. non-
responders, significant differences emerged in the domains of auton-
omy and personal growth, such that autonomy and personal growth
were higher in responders than in non-responders. Of note, autonomy
and personal growth comprise two of the three aspects of well-being that
were not correlated with baseline depression. This may indicate that
these aspects of well-being, which are liksely distinct from depression,
are particularly important in treatment response. This suggests that
assessing PWB might provide added value to a psychiatric assessment
when evaluating possible candidates for rTMS. Other studies have found
that assessing positive PWB is crucial in contextualizing one’s depressive
symptoms during a thorough psychiatric evaluation. Ruini et al. (2015)
found that mood and anxiety disorders were associated with high levels
of psychological distress and low levels of PWB, and evaluating these
factors could assist with prognostication.

Furthermore, autonomy and personal growth might serve as useful
behavioral treatment targets prior to and during an rTMS course.
Although PWB therapy has not been combined with TMS to date,
research on other forms of psychotherapy demonstrates a strong syn-
ergistic effect in combination with TMS and pharmacologic treatment
for depression (Fava et al., 2004). For example, one study showed that
response and remission rates in a patient population receiving rTMS and
psychotherapy were higher than those published in other rTMS-only
studies (Donse et al., 2018). Targeted PWB therapy may have similar
positive effects for patients undergoing rTMS. Indeed, clinical inter-
vention for depression is more effective when PWB is targeted along
with targeting symptoms of depression (Moeenizadeh and Salagame,
2010), and identifying those patients with “deficiencies” in their PWB
can allow providers to develop personalized treatment approaches to
address them.

Evidence suggests that bolstering well-being metrics, such as au-
tonomy and personal growth, may be an achievable goal. In a study that
researched residual symptoms of affective disorders, researchers found
that well-being therapy had a significant advantage in the reduction of
residual symptoms (Fava et al., 1998). Positive psychology interventions
can effectively increase PWB and aide in reducing depressive symptoms
(Bolier et al., 2013). In a difficult-to-treat depression study, researchers
claim that timely consideration of psychotherapy helps optimize results
(McAllister-Williams et al., 2020). Thus, by coupling rTMS with
well-being therapy, it may be possible to improve response to rTMS
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treatment, which could be an avenue for future research.

Our work suggests that knowledge about one’s PWB can inform
thinking about likelihood of treatment response, and further exploration
of this relationship is warranted. At a minimum, this argues for the in-
clusion of an assessment of PWB in standard psychiatric evaluations - a
focus on illness and associated mood symptoms ignores important well-
being aspects of a patient’s psychology and thus overall illness experi-
ence, such as behavioral strengths and mitigators of psychiatric illness.
Despite these intriguing findings, our research found no Ryff domain of
PWB significantly predictive of change in PHQ-9 score. Limitations of
this study include a modest sample size. Future TMS studies with larger
sample sizes, longitudinal follow-up to evaluate relapse rates, and
measurement of post-treatment well-being scores could expand upon
these findings.

5. Conclusion

Traits of autonomy and personal growth, two components of PWB,
could play a significant role in antidepressant response to TMS treat-
ment. Some components of well-being appear to be distinct from and
unrelated to depression symptoms, suggesting the relationship between
PWB and depression is more complex than purely being opposites along
a continuum. Further research is needed to evaluate the effects of TMS
on PWB, as these may be distinct from its effect on depression
symptomology.
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