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Abstract

Background: Transcranial Magnetic Stimulation (TMS) has well-established effects on the hallmark symptoms of depression (e.g., DSM symptom criteria), yet it 
remains unknown whether other clinical phenomena are responsive, such as cognitive distortions and metacognitive disturbances that are central to psychological 
models of depression. 

Methods: The author assessed cognitive distortions and metacognition with two validated self-report measures (Cognitive Distortions Questionnaire, CDQ, and 
Metacognition Questionnaire, MCQ-30, respectively) in the fi rst and fi nal weeks of naturalistic TMS treatment in a continuous series of 20 outpatients with treatment-
resistant major depression, along with two weekly self-report symptom measures (PHQ9 and IDS-30-SR). 

Results: Analysis of covariance (with Age, Gender and pre-treatment PHQ9 scores as covariates) showed signifi cant effects of Time (p < 0.001), Scale (p < 0.001) 
and the Time-by-Scale interaction (p = 0.027). In post-hoc one-tailed paired t tests, each scale showed a signifi cant decrease in mean score from First week to Final 
week. Clinical Responders (n = 10; defi ned as PHQ9 decrease ≥ 50%), compared to others (n = 10), showed numerically greater mean reductions in CDQ (36% vs. 18%; 
Cohen’s d = 0.62) and MCQ-30 (8% vs. 2%; d = 0.65). CDQ reductions were moderately correlated with PHQ9 reductions (r = 0.44) and IDS-30-SR reductions (r = 0.45); 
MCQ-30 reductions were minimally correlated with PHQ9 reductions (r = 0.09) and IDS-30-SR reductions (r = 0.22). Lower baseline CDQ scores were predictive of stronger 
outcomes on the PHQ9 (r = .62). 

Conclusion: TMS may remediate higher-order psychological processes such as cognitive distortions and metacognition in TRD, on a relatively short timescale and 
somewhat independent of symptom relief. The CDQ in particular may have unique, complementary and sensitive utility in monitoring TMS treatment effects in TRD.

Research Article

A Pilot Study of Transcranial 
Magnetic Stimulation Effects 
on Cognitive Distortions and 
Metacognition in Treatment-
resistant Major Depression
Michael J Minzenberg1,2*
1Department of Psychiatry, University of California San Diego School of Medicine, San Diego, CA, USA

2Research Division, Mindful Health Solutions, Oakland, CA, USA

Received: 01 April, 2025
Accepted: 08 April, 2025
Published: 09 April, 2025

*Corresponding author: Michael J Minzenberg, MD, 
Director of Research, Department of Psychiatry, 
University of California San Diego School of Medicine, 
Mindful Health Solutions, 300 Webster Street, Suite 
#402, Oakland, CA 94609 San Diego, USA, 
E-mail: minzenberg@gmail.com

Keywords: TMS; Cognitive distortions; Metacognition; 
Treatment-resistant depression; Outcome

Copyright License: © 2025 Minzenberg MJ. This 
is an open-access article distributed under the 
terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original 
author and source are credited.

https://www.neuroscigroup.us

Introduction

Transcranial Magnetic Stimulation (TMS) has well-
established effi cacy for treatment-resistant major depressive 
disorder (TRD) and shows considerable promise for a range 
of other central nervous system disorders [1-4]. The hallmark 
symptoms of major depression (e.g. those that form the 
DSM criteria set) are consistently responsive to varied TMS 
stimulation protocols and brain targets, as measured by 
diverse structured, validated symptom scales [2,5-7]. However, 
it remains unknown whether TMS can also modify the 
varied clinical phenomena that represent central theoretical 

constructs in infl uential psychological models of depression 
[8,9]. Anecdotal clinical experience suggests that many 
patients report changes in these complex aspects of psychology 
during the course of TMS treatment, often in a timeframe much 
shorter than for similar responses to either antidepressant 
medications or most readily available psychotherapies. More 
generally, while both biomedical and psychotherapeutic 
interventions have demonstrated effi cacy in treatment-
resistant depression (TRD), both families of treatments have 
emphasized measurement of depression symptoms rather than 
higher-order meta-cognitive phenomena in this particular 
clinical population [10]. With these conceptual and empirical 
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issues in mind, the current report describes a pilot study of 
TMS effects on both the characteristic cognitive distortions that 
inform models and strategies in Cognitive Behavioral Therapy 
(CBT) [8] and the metacognitive disturbances that are found 
in a range of psychiatric disorders [11] and serve as targets for 
CBT [12] and the basis for metacognitive psychotherapy [9,13]. 

Methods 

Subjects

Twenty outpatients were studied during naturalistic 
treatment in a private practice setting. This sample size was 
chosen as it provided more than suffi cient power to detect 
a signifi cant change in a previously reported response of 
subgroups to a short course of CBT treatment [12]. All provided 
informed consent for treatment and outcome measures, the 
study received IRB exemption, and the investigator completed 
recurring certifi cations in research ethics and maintained 
compliance with ethical standards of clinical research. Each 
patient had a DSM5 diagnosis of major depressive disorder, 
recurrent, severe without psychotic features (established by 
the Mini-International Neuropsychiatric Interview with screen 
(MINI) [14], administered by the author within the month 
before treatment initiation), and lacked standard clinical 
contraindications for TMS treatment. Each patient had failed 
to respond to (and/or tolerate) ≥ 3 adequate antidepressant 
trials in the current depressive episode. The demographic 
characteristics included the following: 65% female, 26% 
male, 9% non-binary; mean age 49.1 ± 16.2 years (range 20 
to 75 years); race/ethnicity: 87% White, and 4% each Black, 
Hispanic, and Asian. All were clinically stable (e.g. no inpatient 
hospitalizations for at least 12 months at study, nor during 
the course of TMS treatment and no elevated acute suicide 
risk). Seventeen patients (87%) were taking antidepressant 
medications at study, none of which were altered for at least 
2 months prior to nor during TMS treatment. 12 patients 
(60%) were in active, weekly psychotherapy, with diverse 
psychotherapy modalities. None were in brief, time-limited or 
Metacognition-directed psychotherapy. 

TMS treatment. All were subject to a standard course of 
TMS treatment, i.e. 35-37 sessions, each session delivering ≥ 
3,000 pulses at 10 Hz in 40-pulse trains to left DLPFC target 
(targeting F3, determined using the Beam F3 method) at 120% 
of resting motor threshold, determined in the standard manner 
with single pulses directed to the scalp over M1 to elicit overt 
movement in the abductor pollicis brevis muscle of the right 
hand. A Magventure MagPro R30 with Cool-B65 coil was used 
for stimulation. All subjects were treated with a naturalistic 
course of TMS, with mid-course adjustments as needed to 
optimize clinical outcomes. The mean total 10 Hz pulse count 
for the full treatment course was 119,606 ± 15,203 pulses 
(range 99,360 to 145,280). Ten patients also had stimulation 
at 1 Hz to right DLPFC (1800 pulses per session at 120% of 
resting motor threshold) initiated between session 10-15, with 
total pulse counts for the full 1 Hz treatment course among the 
10 patients with mean 28,600 ± 17,222 pulses (range 5,000 to 
68,000). Seven patients also received intermittent theta burst 
stimulation (600 pulses per session to left DLPFC at 90% of 

resting motor threshold), with total pulse counts for the full 
iTBS treatment course among the 7 patients with mean 12,231 ± 
5,334 pulses (range 6,600 to 19,800). All stimulation protocols 
were well-tolerated, with no persisting side effects or reasons 
for discontinuation, except in one iTBS case in one patient 
associated with worsening of chronic non-migraine headache, 
resulting in discontinuation of iTBS after several sessions, 
while 10 Hz stimulation was continued. 

Clinical measures

Cognitive Distortions Questionnaire (CDQ) [15,16]. 

The 15 items of the CDQ assesses the frequency and 
intensity of a specifi c cognitive distortion, e.g. dichotomous 
thinking, emotional reasoning, magnifi cation/minimization, 
overgeneralization, and other characteristic targets of 
cognitive behavioral therapy. The measurement properties of 
the initial Brazilian Portuguese version in a sample of Brazilian 
undergraduate students show good internal consistency 
(Cronbach’s  = .85), convergent validity with self-report 
measures of depression and anxiety (r = .65, and r = .52, 
respectively), and discriminate between those endorsing high 
depression and anxiety and those lacking these symptoms 
[15,16]. Principal components analysis revealed a single 
component factor structure [16]. Similar results have been 
reported in an Anglophone Australian sample [17]. The CDQ 
was administered twice, within the fi rst two and fi nal two 
sessions of treatment (mean interval 80 ± 28.5 days for both 
CDQ and MCQ-30). 

Metacognition Questionnaire - 30 item (MCQ-30) [18].

The 30-item MCQ is a short version of the original 65-item 
scale, and assesses varied metacognitive phenomena related to 
mood and anxiety syndromes, e.g. “Worrying helps me to avoid 
problems in the future,” “I should be in control of my thoughts 
all of the time,” “I constantly examine my thoughts.” Items are 
scored on a 4-point Likert scale from “Do not agree” to “Agree 
very much.” It has good internal consistency, convergent 
validity with obsessive and compulsive symptoms, pathological 
worry and trait anxiety, and good test-retest reliability [18]. A 
large meta-analytic study has found widespread disturbances 
in metacognition using the MCQ-30 across diverse psychiatric 
diagnoses, including major depressive disorder [11]. The 
MCQ-30 is sensitive to CBT treatment for depression [12] and 
Generalized Anxiety Disorder [19] and psychotherapy explicitly 
targeting metacognition has effi cacy in depression [13]. The 
MCQ-30 was administered twice, within the fi rst two and fi nal 
two sessions of treatment, on the same days as the CDQ. 

Personal Health Questionnaire – 9 item version (PHQ9) 
[20].

The Patient Health Questionnaire (PHQ) 9-item scale is 
the self-administered depression module from the PRIME-
MD diagnostic instrument for common mental disorders. Each 
of the nine DSM-IV criteria is scored from “0” (not at all) to 
“3” (nearly every day). The PHQ9 shows good performance 
in detection of major depressive disorder and compares 
favorably with major depressive disorder diagnosis derived 
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from validated, structured diagnostic interviews [21]. It is 
also sensitive to TMS treatment effects [7]. The PHQ9 was 
administered prior to (within one week of) TMS treatment 
initiation and then weekly through the fi nal week of treatment. 

Inventory of Depressive Symptoms 30 Item Self-Report 
(IDS-30-SR). 

The IDS-30-SR is a 30 item self-report measure of 
depressive symptom severity [22,23]. It includes all 9 DSM-
IV and DSM5 criterion symptoms, as well as commonly 
associated symptoms (e.g. anxiety, irritability) and items 
relevant to melancholic, or atypical symptom features. The 
IDS-30-SR is sensitive to TMS treatment [1]. The IDS-30-SR 
was administered prior to (within one week of) TMS treatment 
initiation and then weekly through the fi nal week of treatment. 

Results 

Analysis of covariance (ANCOVA) was conducted with Time 
(First Week, Final Week) and Scale (CDQ, MCQ, PHQ9, IDS-
30-SR) entered as within-subject variables, and Age, Gender 
and pre-treatment PHQ9 scores as covariates. This analysis 
revealed a statistically signifi cant effects of Time F (1,16) = 
28.0, p < 0.001, Scale F(3,14) = 287.9, p<0.001, and the Time-
by-Scale interaction F(3,14) = 3.93, p = 0.027. 

All 4 clinical scales showed decreases from fi rst scores to 
fi nal scores, which were each statistically signifi cant in one-
tailed paired T tests after correction using the False Discovery 
Rate (FDR) method (p < 0.0327; see also Figure 1 and Table 1). 
Mean total scale scores decreased from fi rst week to fi nal week 
on the CDQ (24%, Cohen’s d = 1.09; t = 4.89, df = 19, p<0.0005), 
MCQ-30 (5%, d = 0.53; t = 2.37, df = 19, p = 0.014), PHQ9 (29%, 
d = 0.83; t = 3.72, df = 19, p = 0.0005) and IDS-30-SR (23%, d = 
0.85; t = 3.40, df = 19, p = 0.0013).

Clinical Responders (n = 10; defi ned as a PHQ-9 decrease ≥ 
50%), compared to Others (n = 10), demonstrated greater mean 
reductions in CDQ scores (36% vs. 18%; d = 0.62; t = -1.39, df = 
18, p = 0.090) and MCQ-30 (8% vs. 2%; d = 0.65; t = -1.41, df = 
15, p = 0.090); These subgroup differences were not statistically 
signifi cant, likely due to prohibitively small sample sizes in 
each subgroup. CDQ reductions were moderately correlated 

with reductions in PHQ9 (Pearson’s r = 0.44) and IDS-30-SR 
(r = 0.45); in contrast, MCQ-30 reductions were minimally 
correlated with reductions in PHQ9 (r = 0.09) and IDS-30-SR 
(r = 0.22). Finally, baseline (i.e., fi rst-week) CDQ scores were 
strongly inversely correlated with decreases in PHQ9 scores 
at treatment end (r = –0.615), i.e. lower baseline CDQ scores 
predicted greater treatment benefi ts measured by PHQ9.

Discussion

As noted above, empirical evaluation of clinical constructs 
that are fundamental to cognitive models of depression has 
been largely neglected in studies of biomedical treatments 
such as TMS, and similarly in the study of any intervention 
modality in treatment-resistant clinical populations. The 
present pilot study evaluated changes in cognitive distortions 
and metacognitive phenomena (with validated, quantitative 
self-report scales) during a course of TMS treatment in 
patients with TRD, fi nding signifi cant improvements in these 
psychological phenomena with an average treatment interval 
of less than 3 months of treatment. The measure of cognitive 
distortions in particular showed a magnitude of improvement 
that was quite similar in magnitude to (and correlated with) 
contemporaneous changes in 2 standard depression symptom 
scales, and was stronger in those who met standard criteria 
for clinical responder status in TMS. While this study was 
not a randomized controlled clinical trial, and therefore the 
possible infl uence of patient expectancies cannot be ruled out, 
these two fi ndings both suggest that the apparent benefi ts for 
cognitive distortions was unrelated to factors other than the 
intervention itself. The observation that neither the CDQ nor 
MCQ changes were strongly correlated with changes in the 2 
standard depression symptom scales nevertheless suggests 
that improvements in cognitive distortions and metacognition 
may occur somewhat independently of DSM symptom 
change. Taken together, these novel fi ndings suggest that 
even in patients with TRD, TMS may improve core higher-
order cognitive phenomena that have been an integral part 
of cognitive models of depression, and within a timeframe 
comparable to other biomedical treatment approaches and 
with CBT itself. It remains unknown how the magnitude of 
these improvements compare between these diverse types of 
treatments for depression. 

Study limitations include the lack of blinded clinical 
assessments, or clinician-administered severity ratings. 
In addition, the sample is relatively small and potentially 
underpowered, e.g. to detect differences between subgroups 
of patients. Finally, the potential infl uence of ongoing 
antidepressant therapy and external variables (e.g., social 
support) were not assessed here.Figure 1: Mean scores on four clinical questionnaires across the TMS treatment 

course.

Table 1: Mean total scores on four clinical scales before and after TMS treatment.

Scale First Week Final Week p value Cohen’s d

CDQ 40.6 ± 15.6 30.7 ± 16.7 < 0.001 1.09

MCQ 71.7 ± 11.1 68.0 ± 11.5 0.014 0.53

PHQ9 16.2 ± 4.1 11.5 ± 5.0 < 0.001 0.83

IDS-30-SR 42.7 ± 8.9 32.9 ± 11.4 < 0.001 0.85
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Further study should aim for larger and more diverse 
patient samples, and randomized controlled, double-blind 
trials; monitor these changes with higher temporal resolution 
(i.e. more frequent sampling) to ascertain the temporal 
development and durability of these effects during treatment; 
disambiguate the direct effects of TMS, and which of the varied 
TMS protocols exert the strongest effects; compare TMS effects 
directly with other treatment modalities (e.g., antidepressant 
medications, CBT), and determine whether pre-treatment 
clinical factors may serve as effective predictors of treatment 
response. These advances may help optimize treatment 
strategies for a clinically signifi cant population with global 
health implications.
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