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Abstract

Purpose: This exploratory, proof-of-concept study investigated whether prefrontal theta
cordance could serve as a candidate early indicator of response to anodal transcranial direct
current stimulation (atDCS) in treatment-resistant depression (TRD), focusing on a
homogeneous sample of young adult females. All findings are strictly hypothesis-generating

and require external validation.

Method: Thirty female TRD patients were assessed using the Beck Depression Inventory-II
(BDI-1I) and resting-state EEG at baseline, after seven atDCS sessions (week 1), and after 14
sessions (week 2). Early response was defined as a 30% or greater reduction-in BDI-11 scores
at week 1. Theta cordance was computed for the prefrontal (PF), midline.left frontal (MLF),

and midline right frontal (MRF) regions.

Results: Significant reductions in theta cordance were observed in the PF and MLF regions
at week 1, with MLF changes showing a very large effectsize (Cohen’s d = 4.77) and robust
group differentiation. This effect size is likely sample-specific and unstable. Exploratory
logistic models combining week-one symptom improvement (ABDI) with changes in
cordance were significant. The ABDI+AMLF model showed the strongest within-sample
association with the outcome (AUC = .897). However, this estimate is likely inflated due to
the small sample (N = 30) and the.absence of internal validation (e.g., cross-validation); it

should be interpreted as a preliminary; hypothesis-generating finding only.

Conclusion: Preliminary. results suggest that early MLF theta cordance reduction is a
prominent electrophysiological correlate of concurrent clinical improvement in this specific
cohort of young adult-females with TRD. These associative findings are strictly preliminary
and demographic-specific. They underscore a need for validation in larger, sham-controlled

trials with prospective designs before any consideration of clinical translation.

Keywords: Brain Stimulation, Electroencephalography, Theta cordance, Treatment-Resistant

Depression



Introduction

Major Depressive Disorder (MDD) is a common, recurrent, and debilitating psychiatric
condition that imposes a substantial burden on global public health. Its etiology is
multifactorial, stemming from a complex interplay of genetic predispositions, early-life
experiences, and underlying neurobiological disturbances (Leuchter et al., 2021). With a
prevalence of 10.9% in females versus 5.1% in males, MDD accounts for a major proportion
of mental health disorders and frequently serves as a precursor to various psychiatric
comorbidities (Takahashi et al., 2021; Volgsten et al., 2008).

Despite considerable scientific reports, the exact neurobiological mechanisms underlying
major depression are still not fully clarified. Several cortical and sub-cortical structures,
particularly the limbic system, prefrontal, and anterior cingulate cortex, have been identified
as key players in the complex pathophysiology of this disorder (Cui et al., 2020; Ji et al.,
2021; Sheena et al., 2021; Takahashi et al., 2021; Uchida et.al.;*2021; Xiong et al., 2019;
Zhang et al., 2020). Given their essential roles in emotion regulation, cognitive functions
such as decision-making, these regions have become central targets in the ongoing effort to

uncover the neural underpinnings of depression:.

Neurophysiological indicators, including' frontal alpha asymmetry and heightened theta
power, have demonstrated potential wutility in the characterization of MDD (Gollan et al.,
2014; Newson & Thiagarajan, 2019). Alpha asymmetry between the two frontal hemispheres
reflects imbalances in emaotional processing, while increased theta oscillatory activity,
especially in frontal structures; indicates altered neural synchrony and cognitive performance.
These markers contribute-to explaining some of the neurobiological alterations that manifest
clinically in MDD.

Aberrant patterns of cerebral blood flow within the frontal cortex and anterior cingulate
cortex have-repeatedly been documented in MDD (Ho et al., 2013; Ota et al., 2014). A
consistent observation across multiple studies is the presence of reduced metabolic activity in
the left dorsolateral prefrontal cortex (DLPFC) alongside increased activity in the right
frontal hemisphere (Cirillo et al., 2017; Dalby et al., 2021; Davidson, 1998). Such alterations
are thought to underlie cognitive and emotional impairments observed in patients and suggest

potential targets for therapeutic intervention.

Pharmacological treatment with antidepressants (ADs) leads to symptomatic and functional

improvement in only about half of the patients initially. The chance of remission significantly



declines after two unsuccessful AD trials (Rush et al., 2006). Patients exhibit a spectrum of
responses, ranging from partial response depression (PRD) to treatment-resistant depression
(TRD) (Cipriani et al., 2018), with approximately one-third of depressed patients classified as
treatment-resistant due to insufficient response to at least one antidepressant (Fava, 2003).
Transcranial Direct Current Stimulation (tDCS) is a non-invasive neuromodulation technique
that alters brain neuroplasticity and cortical excitability by applying weak direct electrical
currents (Olgiati & Malhotra, 2022). Anodal stimulation is capable of elevating neuronal
excitability in the vicinity of the electrode placement through increased regional perfusion,
thereby inducing metabolic and neurophysiological alterations (Yamada & Sumiyoshi; 2021).
Such modifications within the prefrontal cortex have been associated with symptom
reduction in MDD.

Cordance is a critical neurophysiological marker that uses absolute and.relative EEG power
measurements taken at rest to assess how active different parts of the brain are (Haghighi et
al., 2017). It is thought to reflect integrative neural activity. It has been empirically correlated
with regional cerebral perfusion (Leuchter et al., 1994), suggesting it may serve as a proxy
for cortical metabolic demand. It may also index network-level oscillatory regulation within
prefrontal-limbic circuits implicated in mood disorders. A number of investigations have
employed frontal theta (4-8 Hz) cordance as a predictor of therapeutic outcomes in MDD
patients receiving diverse antidepressant regimens. Early reductions in prefrontal theta
cordance have been reported “following administration of antidepressants such as
escitalopram, bupropion, fluoxetine, and venlafaxine, marking it as a potential early
biomarker of treatment efficacy (Bares et al., 2010, 2015, 2016; Baskaran et al., 2018). These
reductions are hypothesized to reflect a normalization of hyperactive or dysregulated activity
within prefrontal-limbic circuits, a core pathophysiological feature of MDD. However,
findings regarding changes in theta cordance following neuromodulation treatments like
repetitive transcranial magnetic stimulation (rTMS) are mixed (Hunter et al., 2010), with
some- studies reporting decreases (Bares et al., 2016) and others increase (Hunter et al., 2018).
Similarly, increased theta cordance has been observed in early responders after
electroconvulsive therapy (ECT) for late-life depression (Ward et al., 2020), whereas
reductions have correlated with symptom improvement after eye movement desensitization

and reprocessing (EMDR) therapy in unipolar depression (Baptist et al., 2021).

Given the heterogeneity of these findings and the lack of research on tDCS, the present study

aims to conduct an initial investigation into these neural predictors. To reduce biological



heterogeneity and increase the internal validity of our findings for this proof-of-concept
study, we focused on a single-sex cohort. We chose to recruit only female participants due to
the well-documented approximately 2:1 sex difference in the prevalence of MDD, making
TRD in women a highly prevalent and clinically significant public health issue. Furthermore,
sex differences in the neurophysiology and anatomy of the brain, as well as treatment
response, are well-established and could confound the identification of reliable biomarkers if
not controlled. Therefore, this initial, proof-of-concept study aims to explore preliminary
associations and assess the within-sample predictive potential of theta cordance measures
from different prefrontal regions (frontal, midline left, and midline right cortex), as-candidate
early indicators of response to anodal tDCS in a specific, homogeneous population of female
patients with TRD. It offers initial insights that are strictly specific to this.demographic and
are intended to inform the design of future, larger-scale studies capable.of testing predictive

models.

Materials and Methods

Participants

The present study utilized a quasi-experimental framework featuring three assessment time
points: baseline (prior to treatment initiation), week 1 (following seven tDCS sessions), and
week 2 (after 14 tDCS sessions). A-total,of thirty female patients diagnosed with MDD were
intentionally selected through purposive sampling from outpatient psychiatric clinics located
in Tehran province, Iran. Participants were selected based on purposive sampling to ensure
that all individuals met the specific inclusion criteria for the study. Diagnosis was confirmed
using the Structured Clinical Interview for DSM-5 — Clinical Version (SCID-5-CV). Prior to
the tDCS intervention, all participants underwent a six-week course of citalopram at a fixed

daily dose(of 20'mg.

Participants were required to be female, of Iranian nationality, literate in Persian, right-
handed, and aged between 18 and 40 years. As previously mentioned in the introduction, only
females were selected so that we could control for known gender-based variations in the
prevalence, neurobiology, and response to treatment of major depressive disorder.
Participants had to score 29 or higher on the Beck Depression Inventory-Il1 (BDI-11), which
indicates severe depression. After six weeks of pharmacotherapy, all patients were evaluated

and diagnosed with treatment-resistant depression by two experienced psychiatrists.



Participants were excluded if they presented with any of the following: a history of bipolar
disorder, major neurocognitive impairment, substance use disorders, epilepsy or seizure
episodes, cerebrovascular accident, head injury, learning disabilities, ongoing psychotherapy,
or substance abuse (including alcohol) within the preceding six months. Additional exclusion
criteria comprised prior exposure to tDCS, cranial bone abnormalities, presence of
intracranial electrodes, vascular clips or shunts, cardiac pacemakers or other implanted

biomedical devices, as well as pregnancy.

Ethical Considerations

Ethical approval for this study was granted by the Research Ethics Committee of-Ferdowsi
University of Mashhad (Approval Code: IR.UM.REC.1404.384). The research was carried
out in compliance with the ethical standards set forth in the .Declaration of Helsinki.
Comprehensive details concerning the study protocol, possible risks, and anticipated benefits
were furnished to all participants. Written informed consent-was secured from every
individual prior to their enrollment in the study. To protect participant privacy, all collected

data were anonymized.
Measures

The Structured Clinical Interview for DSM-5-Clinician Version (SCID-5-CV)

The SCID-5-CV is a widely utilized diagnostic instrument aligned with DSM-5 criteria for
the assessment of severe psychiatric disorders (Shabani et al., 2021). In the present study, it
was employed to evaluate current depressive episodes and to conduct screening for
psychosis, mania, and substance-related disorders. Previous research conducted in Iran has
reported Kappa coefficients of approximately .6 for the reliability of these diagnoses
(Shabani et al., 2021).

Beck’s Depression Inventory II (BDI-II)

This.scale consists of 21 items, each scored from 0 to 3, with total scores ranging from 0 to
63—higher scores indicating more severe depression. Its three-factor structure (cognitive,
affective, and somatic) has been well-documented (Beck et al., 1996). In Iranian samples, the
scale has shown strong reliability, with Cronbach's alpha between .87—91 and test-retest
Kappa of .74 (Ghassemzadeh et al., 2005; Mohammadkhani et al., 2020). In the current

study, internal consistency was excellent (o = .85).



EEG recording and pre-processing

Prior to each EEG recording, the distance from the nasion to the inion was measured to select
the correct cap size. Head dimensions were carefully assessed before every session to
guarantee uniformity across recordings. Mild abrasive alcohol was applied to the forehead
and ears to cleanse the skin of oils and impurities. Each electrode location was injected with
electro gel, resulting in prepared impedances of less than 5 kQ between each electrode and
the ear. 19 electrodes from the standard international 10-20 system were used for the EEG
recording. These electrodes were Fpl, Fp2, F3, F4, Fz, F7, F8, C3, C4, Cz, T3, T4, T5, T6,
P3, P4, Pz, O1, and O2. The earlobes were used as the reference electrodes; and-a ground
electrode was placed on a neutral area of the body to reduce electrical noise and ensure stable
EEG recordings. EEG data were acquired through a Mitsar-201.amplifier system, with a
sampling frequency of 250 Hz, while participants remained in_an eyes-closed resting state.
Standard tin cup electrodes, measuring 9 mm in diameter, were-utilized for the recordings.
Participants were asked to remain still and regulate the action of their tongues and the
muscles in their foreheads, necks, and mouths during-the recording sessions to reduce the
generation of extracranial artifacts. The EEGLAB toolbox was employed to filter the
recorded row EEG using a linear Finite Impulse Response (FIR) bandpass filter (1-80 Hz)
and a notch filter at 50 Hz. Muscular activity and auditory disturbances were manually
removed from the recordings, after which independent component analysis (ICA) was applied
to improve the signal-to-noise ratio. On average, 2.4 = .8 (Mean £ SD) ICA components per
participant were identified and.removed, corresponding to typical artifacts from eye blinks,
eye movements, and cardiac activity. A minimum of 100 seconds of artifact-free recording

was required from-each participant for inclusion in the analysis (Taremian et al., 2023).

Computation.of Theta Cordance

Cordance values were derived following the procedure developed by the Laboratory of Brain,
Behavior, and Pharmacology at UCLA (Leuchter et al., 2017). Theta cordance was obtained
via a three-stage normalization procedure that combines both absolute and relative power
measurements across electrode positions and frequency ranges. The procedure begins with
calculating absolute power for each bipolar electrode pair. Subsequently, these values are
allocated to each electrode by computing the mean power across all neighboring pairs that
share that particular electrode. Next, relative power is computed for each frequency band by
expressing its power as a percentage of the total power spectrum (.5-30 Hz). In the second



step, both absolute (A (s, ) and relative (R (s, f)) power values are normalized by dividing them
by their respective means across all 19 electrodes, converting them into z-scored values (A
norm (S, T) and R norm (S, T)). In the final step, cordance (Z s, ) is calculated for each electrode
(s) and frequency band (f) by summing these normalized values:

Z (s, T) =A norm (S, T) + R norm (S, f)
The absolute and relative normalized results were aggregated across each individual electrode
site (Fp1, Fp2, Fz, F3, F4, F7, and F8) within the theta frequency band [4-8 Hz]. For the next
set of statistical tests, we used the average concordance values from the two (prefrontal
electrodes (Fpl, Fp2), the Midline Left Frontal (MLF) region (Fz, Fpl, F3; F7), and the
Midline Right Frontal (MRF) region (Fz, Fp2, F4, F8) in the theta frequency band.

Transcranial direct current stimulation (tDCS)

The Segal Stim tES device was used to administer transcranial direct current stimulation
(tDCS). All participants received an identical stimulation protocol. The anode was positioned
over the left dorsolateral prefrontal cortex (F3), while the cathode was placed over the right
dorsolateral prefrontal cortex (F4). The dimensions of.the conducting electrodes were 35 cm?
(7 x 5 cm). Each session delivered stimulation.at an intensity of 2 mA over a 20-minute
period, beginning with a 30-second gradual increase and ending with a 30-second gradual
decrease. Participants received 14 daily ‘sessions over 14 consecutive days to ensure

consistent treatment delivery.

Procedure

All participants completed the BDI-II at three time points: baseline (pre-treatment), week 1
(following 7 tDCS.sessions), and week 2 (following 14 tDCS sessions). EEG recordings were
likewise obtained at baseline, week 1, and week 2 for every patient. At the conclusion of
week 1, patients were divided into two categories—early responders and non-responders—
according-to the magnitude of BDI score reduction, with early response defined as a decline

of 30% or more from the baseline value.

Statistical Assessment

Statistical analyses were conducted using the Statistical Package for the Social Sciences
(SPSS, version 26) and MedCalc Software (version 14.8.1, Ostend, Belgium). To compare
demographic characteristics between early responders and non-responders, independent

samples t-tests were used (two-sided, p < .05), and Cohen's d was calculated as a measure of



effect size. To analyze the longitudinal changes in theta cordance values (PF, MLF, MRF)
and BDI-1lI scores, we conducted separate 2 x 3 mixed-model Analyses of Variance
(ANOVAS) for each measure. Each model included Time (Baseline, Week 1, Week 2) as a
within-subjects factor and Group (Responder, Non-responder) as a between-subjects factor.
The primary effect of interest was the Group X Time interaction. Mauchly's test was
employed to evaluate the sphericity assumption, and the Greenhouse-Geisser adjustment was
applied whenever the assumption was violated. When a significant interaction._effect
emerged, post-hoc independent-samples t-tests were performed at each time point, with
Bonferroni adjustment applied to maintain an overall alpha level of .025. The resulting p-
values from these post-hoc tests, which have been evaluated against_this_corrected alpha
level, are reported as p-corr in the results to distinguish them from uncerrected p-values.
Partial Eta-Squared (np?) was reported as the effect size for ANOVA results, and Cohen's d
was reported for post-hoc t-tests. Readers are cautioned that effect sizes, particularly in this
modest-sized, homogenous sample, should be interpreted as preliminary estimates of the

observed associations rather than as stable population parameters.

To examine the predictive value of these variables, multiple logistic regression models were
constructed by combining ABDI with each ‘cordance index (ABDI + APF, ABDI + AMLF,
ABDI + AMRF). Multicollinearity among.predictors within each combined model was
assessed using the Variance Inflation _Factor (VIF). All VIF values were below 2.0, well
under the common threshold of '5-10, indicating that multicollinearity was not a significant
concern in our models. These-models served to evaluate the role of each combined predictor
in classifying treatment-response status. Receiver Operating Characteristic (ROC) curve
analyses were carried out to determine the Area Under the Curve (AUC) for each individual
predictor as well as for combined models, with exact binomial 95% confidence intervals
(Cls) computed-for each estimate. Given the sample size (N = 30), we were acutely aware of
the substantial risks of overfitting in the logistic regression and ROC analyses. Therefore, we
restricted our models to a maximum of two predictors (e.g., ABDI + AMLF) to maintain a
favorable events-per-variable ratio and to conduct an exploratory proof-of-concept analysis.
No internal validation (e.g., cross-validation, bootstrapping) was performed, which means the
reported predictive accuracy metrics (AUC, sensitivity, specificity) are likely optimistic and
subject to inflation. Consequently, all cut-off values and model coefficients should be
considered unstable and illustrative rather than clinically prescriptive. A post-hoc power

analysis for the key ROC analysis indicated a power of .91. While this suggests sufficient
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power for the primary AUC finding, the precision of the estimates and the generalizability of
the specific cut-off values are necessarily limited by the sample size, and the results should be
considered preliminary until validated in a larger, independent cohort. No missing data were
present, as all 30 participants completed the full protocol. Due to the exploratory nature and
small sample size, adjustment for multiple confounders was not feasible; instead,
demographic homogeneity was enforced by design (all female, age-restricted, right-handed,

same antidepressant background).

To assess the performance of the classification models, we calculated sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV), and overallaccuracy. The
Clopper—Pearson method was used to compute exact 95% Cls for sensitivity, specificity, and
accuracy, while the logit transformation was applied to calculate 95%. confidence intervals
(Cls) for Positive Predictive Value and Negative Predictive Value (Mercaldo et al., 2007).
Finally, pairwise comparisons of AUCs were performed using the z statistic to determine

whether the predictive performance of the models differed significantly.

Results

Demographic and clinical characteristics of.the female participants, classified as either early
responders or non-responders, are summarized-in Table 1. No significant group differences
were found between early responders-and non-responders with respect to age (t(28) = 1.21, p
=.23), years of education (t(28) =..96, p = .34), or age at MDD onset (t(28) = 1.31, p = .19).
Baseline BDI scores did not differ significantly between early responders and non-responders
(t(28) = .75, p = .46). However, at week 1, early responders showed substantially lower BDI

scores (reflecting greater improvement) relative to non-responders.
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Table 1 Demographic and clinical profile of early responders versus non-responders (Mean + SD)

Total Sample Early Non- Statistical Effect Size
(N =30) responders responders Analysis, p (Cohen's d)
(N=16) (N=14)
Age 34.77(11.93) 32.31(12.09) 37.57(11.52) t(28)=1.21,p= -.45
.23
Education (years) 12.7(2.97) 13.18(3.29) 12.14(2.56) t(28) =.96,p = .35
.34
Onset MDD 27.43(8.74) 29.37(10.23) 25.21(6.29) t(28)=1.31,p= 48
.19
BDI Baseline 47.16(7.10) 46.25(6.14) 48.21(8.16) t(28) =.75,p = -28
.46
BDI Week 1 42.73(7.71) 38.93(5.24) 47.07(7.94) t(28) =3.34,p< -1.22
.01
BDI Change from Baseline to  -4.43(-9.39 -7.32(-15.82  -1.14(-2.36 %) t(28)=11.23,P< -1.27
Week 1 (%) %) %) .001

Note. Values are presented as Mean (SD) for all rows except the last row. The last row presents Absolute Change in BDI-II
points, with Percentage Change shown in parentheses. Negative percentage indicates improvement (reduction in BDI-II

scores).

Cordance (PF, MLF, and MRF) measures

The mixed-model ANOVA for MLF cordance revealed a significant main effect of Time (F
(2,56) = 11.23, p < .001, 5p? = .29), a significant.main.effect of Group (F (1,28) = 4.72,p =
.039, np? = .14), and a significant Group x Time interaction (F (2,56) = 10.18, p <.001, np? =
.27). Post-hoc analyses with Bonferroni correction confirmed that while groups did not differ
at baseline (t(28) = 1.32, p-corr = .396, ‘Cohen's d = .49), early responders showed a
significantly greater decrease in MLF cordance at Week 1 compared to non-responders (t(28)
= 12.86, p-corr < .001, Cohen's.d = 4.77). This effect size is likely sample-specific and
unstable. So, this extraordinarily-large effect size should be interpreted with extreme caution.
It is likely influenced by-the small, homogeneous sample and the concurrent assessment of
Week 1 cordance.change and Week 1 responder status, which may introduce overlap in the

measurements, rather than representing a stable, population-level effect.

A similar pattern was observed for PF cordance, which showed a significant main effect of
Time. (F(1.5, 41.5) = 9.65, p = .001, np? = .26) and a significant Group x Time interaction
(F(1.5, 41.5) = 4.35, p = .023, np? = .13). Post-hoc tests indicated a significant difference
between groups at Week 1 (t (28) = 9.07, p-corr < .001, Cohen's d = 3.20, a large effect), but
not at baseline (t(28) = 2.08, p-corr = .094, Cohen's d =.75).

In contrast, the ANOVA for MRF cordance showed a significant main effect of Time
(F(2,56) = 5.62, p = .009, np? = .17) but no significant Group x Time interaction (F(2,56) =
1.12, p = .339, np? = .04), indicating that longitudinal changes in this region did not robustly
differentiate the groups (Table 2).
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Table 2 Results of mixed-model ANOVA and post-hoc tests for theta cordance across
measurement time points (Baseline, Week 1, Week 2)

Brain ANOVA F-value (df) p-value Partial Eta-  Post-Hoc t-statistic Cohen's d
Region Effect Squared Comparison (df =28)
(1p?) (Week 1)
PF Group F(1,28)=221 A5 .073 Responder vs. p <.001 3.20
non-responder
Time F(1.5,415)=9.65 .001 .26
Group x F(1.5,415)=435 .02 A3
Time
MLF Group F(1,28) =4.72 .04 14 Responder vs. p <.001 4.77
non-responder
Time F(2,56) =11.23 <.001 .29
Group x F(2,56) =10.18 <.001 27
Time
MRF Group F(1,28) = .47 .51 .02
Time F(2,56) =5.62 .009 A7
Group x F(2,56) =1.12 .34 .04
Time

Note. PF = Prefrontal; MLF = Midline Left Frontal; MRF = Midline Right Frontal.

Development of Combined Predictor Models (ABDI+APF, ABDI+AMLF, and
ABDI+AMREF) for tDCS Treatment Outcome

To examine the relationships within this sample, we performed exploratory logistic
regression analyses incorporating changes in.cordance and BDI scores from baseline to week
1 (ABDI+APF, ABDI+AMRF, ABDI+AMLF) to predict the concurrently determined
responder versus non-responder. classification. All combined predictor models reached
statistical significance: ABDI.+*APF (¥?[2] = 10.33, p < .001, Nagelkerke Rz = .39), ABDI +
AMREF (x¥[2] = 9.68, p <01, Nagelkerke R? = .37), and ABDI + AMLF (x3[2] = 16.41, p <
.001, Nagelkerke R? =.57). Overall, these findings indicate that the combination of BDI
change with decreasing cordance values in the MLF region (ABDI + AMLF) outperformed
both ABDI +"AMRF and ABDI + APF in predicting treatment outcome. It should be noted
that all predictive analyses remain exploratory, and the reported performance metrics are

likely inflated due to the modest sample size and absence of independent validation.

Predictive Performance Metrics for Individual Variables (APF, AMRF, AMLF, and
ABDI) and Combined Predictor Models (ABDI+APF, ABDI+AMRF, and ABDI+AMLF)

Figures 1 and 2 present the ROC curves for both individual predictors (changes in PF
cordance [APF], MRF cordance [AMRF], MLF cordance [AMLF], and BDI scores [ABDI])
as well as for the combined predictor-variable models. Table 3 summarizes the corresponding

AUC values (with exact binomial 95% CIs) and predictive accuracy metrics, including
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sensitivity, specificity, positive predictive value, and negative predictive value. The following
ROC analyses are exploratory and are presented to describe initial predictive signals within
this specific sample. The associated accuracy metrics are likely inflated due to overfitting and
the absence of internal validation. As presented in Table 3, the lowest AUC value belonged to
AMREF (.509), while the highest was observed for ABDI+AMLF (.897). Consistent with its
exploratory aim, this analysis indicated that the ABDI+AMLF combination showed the
strongest within-sample association with treatment outcome. In contrast, changes in.AMRF

were not meaningfully associated with response.

Table 3 Predictive accuracy metrics for week 1 treatment response (95% CI)

Variable Threshold Cut- AUC Sensitivity Specificity PPV NPV
off
ABDI <43 79 87.50 71.43 7.8 83.3
.611-921 61.7-984  419-91.6 ~ 60.0-89.1 56.7 - 95.0
APF <-.0403 .768 93.75 78.57 83.3 91.7
578 -.901 69.8-99.8  49.2-953 , 64.5-93.2 61.8 - 98.7
AMRF >-.2702 509 62.50 57.14 62.5 57.1
.321- .695 35.4-84.8 _289-823 449-773 38.0-744
AMLF <-.2823 799 62.50 92.86 90.9 68.4
.613-.922 35.4-84.8. .66.1-99.8 59.3-98.6 53.1-80.6
ABDI+APF >.40126 .830 93.75 64.29 75.0 90.0
.649 -.942 69.8-99.8 351-87.2 59.5-86.0 56.5 - 98.4
ABDI+AMRF >.47805 795 87.50 71.43 77.8 83.3
.608- .919 61.7-984 419-916 60.0-89.1 56.7 - 95.0
ABDI+AMLF >.60720 .897 75.00 92.86 92.3 76.5

.731-.978 47.6-92.7 66.1- 99.8 64.0- 98.8 57.9-88.5

Note. ABDI = change in Beck Depression.Inventory (BDI) score from baseline to week 1; APF = change in prefrontal
cordance (PF) from baseline to week 1; AMRF = change in midline right frontal (MRF) cordance from baseline to week 1;
AMLF = change in midline left.frontal (MLF) cordance from baseline to week 1. Combined predictors are denoted as
follows: ABDI+APF (combination' of BDI and PF changes), ABDI+AMRF (combination of BDI and MRF changes), and
ABDI+AMLF (combination of BDI and MLF changes)
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Figure 1 Receiver operating characteristic (ROC) curves for individual predictors (ABDI, APF,
AMRF, and AMLF)
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Note. ABDI = change in Beck Depression Inventory (BDI) score from baseline to week 1; APF = change in
prefrontal cordance (PF) from baseline to week 1; AMRF = change. in \midline right frontal (MRF) cordance
from baseline to week 1; AMLF = change in midline left frontal (MLF) cordance from baseline to week 1.

Figure 2 Receiver operating characteristic (ROC) curves” for combined predictor models (ABDI+APF,
ABDI+AMRF, and ABDI+AMLF) predicting response status
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Note. Combined predictors are denoted as follows: ABDI+APF (combination of BDI and PF changes),
ABDI+AMRF (combination of BDI and MRF changes), and ABDI+AMLF (combination of BDI and MLF
changes), all measured from baseline to week 1.
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Pairwise Comparison of AUC Values Between Individual and Combined Predictor
Models

Pairwise comparisons of AUCs for response revealed that combined models of ABDI+APF,
ABDI+AMLF, and ABDI+AMRF performed better than ABDI alone (Table 4). Table 4
shows that in comparing individual predictors in predicting response to tDCS, ABDI, AMLF,
and APF have no significant difference. These three predictors all differed significantly from
AMREF, indicating that AMRF lacks sufficient predictive accuracy for tDCS response in
patients with MDD. As shown in Table 4, pairwise comparisons of AUCs revealed that-none
of the combined models (ABDI+APF, ABDI+AMRF, ABDI+AMLF) achieved statistically
significantly higher AUC values than ABDI alone (all 95% confidence intervals for the
difference included zero; ABDI+APF: p = .490; ABDI+AMRF: p = .789;*ABDI+AMLF: p =
.093). The comparison for ABDI+AMLF approached but did net reach conventional
statistical significance (p = .093). These results indicate that, in_this sample, adding EEG-
derived theta cordance measures to symptom change alone did not provide statistically
significant incremental predictive value, although the.trend for ABDI+AMLF suggests this
combination may merit further investigation in-larger samples. No significant differences

were observed among the remaining combined models.

Table 4 Pairwise comparisons of AUC values.for week 1 predictors of response status

Comparison Difference between areas (95% CI) Z statistic p-value (Sig)
Individual Predictors
ABDI vs. AMLF -.219t0 .224 .019 p=.98
ABDI vs. AMRF .018 to .558 2.090 p=.04
ABDI vs. APF -.217t0 .275 .230 p=.82
AMLF vs. AMRF .045to .535 2.321 p =.020
AMLF vs. APF -.2151t0 .277 .248 p=.80
AMREF vs. APF .047 to 471 2.406 p=.02
Combined vs. Simple
ABDI vs. ABDI+AMLF -.024 to .224 1.683 p=.09
ABDI vs. ABDI+AMRF -.014 t0 .018 267 p=.79
ABDI vs. ABDI+APE -.062 t0 .129 .689 p=.49
ABDI+AMREF vs. ABDI+AMLF -.023t0 .229 1.602 p=.11
ABDI+AMLF vs. ABDI+APF -.060 to .194 1.031 p=.30
ABDI+AMREF vs. ABDI+APF -.058 to .130 742 p=.46

Note. ABDI.= change in Beck Depression Inventory (BDI) score from baseline to week 1; APF = change in
prefrontal-cordance (PF) from baseline to week 1; AMRF = change in midline right frontal (MRF) cordance
from baseline to week 1; AMLF = change in midline left frontal (MLF) cordance from baseline to week 1.
Combined predictors are denoted as follows: ABDI+APF (combination of BDI and PF changes), ABDI+AMRF
(combination of BDI and MRF changes), and ABDI+AMLF (combination of BDI and MLF changes). A 95%
confidence interval containing zero signifies no statistically significant difference between the two AUCs at « =
.05.

16



Discussion
Summary of Main Findings

This proof-of-concept study aimed to explore whether early alterations in prefrontal theta
cordance are linked to early clinical improvement observed during tDCS in a homogeneous
cohort of female patients with TRD. The goal was to identify potential electrophysiological
correlates, not to establish validated predictors. The study found that reductions in theta
cordance, particularly in the MLF region, were strongly associated with the classification, of
early response defined at the same time point. This suggests theta cordance may be a
correlative electrophysiological marker that is worth further investigation. However, as
shown in Table 4, pairwise comparisons revealed that none of the combined models
(including ABDI+AMLF) achieved statistically significantly higher AUC values than ABDI
alone (all p > .05). The comparison for ABDI+AMLF approached statistical significance but
ultimately fell short of the conventional threshold (p = .093). Therefore, while the numerical
AUC for the combined model was higher, this study did-not find statistically significant
incremental predictive value from adding theta cordance measures to symptom change alone
in this sample. The area under the curve, an_essential metric for assessing predictive
measurements, demonstrated consistent-values across the three brain regions and BDI scores,
indicating the potential reliability of theta cordance measurements for predicting treatment
response. This exploratory integration of clinical features and prefrontal neural markers
highlights a potential pathway. for future research aimed at predicting treatment response in
depression (Brunoni et.al., 2016). If validated, such an approach could eventually be suitable

for patients with TRD, but substantial further research is required.
Neurophysiological Interpretation

The theta cordance changes observed in this study may be interpreted within complementary
neurophysiological frameworks. Theta cordance has been associated with regional cerebral
perfusion and metabolic activity (Leuchter et al., 2009, 2017) and may function as an indirect
index of cortical physiological state. The reductions in prefrontal theta cordance following
the electrical intervention are consistent with the neuromodulatory aftereffects of stimulation
in a region commonly targeted to enhance cortical excitability in depression (Boggio et al.,
2008; Shiozawa et al., 2014). Modulation of cortical excitability may influence regional
oscillatory dynamics and metabolic demand, as reflected in cordance measures. From a

network perspective to the brain function, decreased theta cordance may also indicate a
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reduction in maladaptive theta synchrony within prefrontal-limbic circuits, potentially
reflecting improved regulatory control (Bares et al., 2009; Krepel et al., 2018; Leuchter et al.,
2009; Mulert et al., 2007).

Comparable patterns of theta cordance change have been linked to treatment response across
various therapeutic modalities, including rTMS, ECT, and pharmacological interventions
(Bares et al., 2010, 2015; Leuchter et al., 2021). Although experimental and preclinical
models suggest that tDCS can induce changes in cortical excitability and synaptic plasticity,
including long-term potentiation (Cooke, 2006; Korai et al., 2021), the present study did not
directly assess these mechanisms. Therefore, the observed cordance reductions in-our study
should be interpreted as electrophysiological correlates of clinical improvement, rather than
as direct indicators of the mechanisms of tDCS.

The observed changes of theta cordance in the left prefrontal cortex.following tDCS are
consistent with the targeted engagement of the DLPFC, which plays an important role in
mood regulation. These electrophysiological changes align with the premise that tDCS
influences cortical excitability, though our study cannet confirm a direct causal or

neuroplastic mechanism.

The alterations in theta cordance likely represent the changes in functional brain connectivity
and neural oscillatory dynamics that underpin emotional and cognitive processes affected in
depression. Such changes may facilitate the restoration of dysfunctional neural circuits
implicated in TRD, thereby correlating with the observed clinical improvements measured by
reductions in depressive symptom severity. This coupling of neurophysiological and clinical
data supports the potential construct validity of theta cordance as a biomarker that may index
treatment-related neural activity changes.

The observed pattern of theta cordance change across frontal regions suggests it may be a
coherent electrophysiological signal related to treatment outcome, potentially offering
information distinct from clinical scales alone. While this pattern is consistent with
mechanisms of tDCS effects involving synaptic plasticity, our data do not directly test these

mechanisms.
Comparison with Prior Literature

The pattern of theta cordance reduction in responders is consistent with some prior studies of
antidepressants and neuromodulation (Bares et al., 2015; Bares et al., 2010), but contrasts
with findings of increased cordance following ECT in late-life depression (Ward et al., 2020).
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To our knowledge, this is one of the first studies to examine theta cordance as a correlate of
tDCS response in TRD. The results of this preliminary investigation add to our understanding
of the possible electrophysiological markers associated with the antidepressant mechanisms
of tDCS in treatment-resistant depression. Specifically, the observed changes in theta
cordance provide preliminary objective evidence of altered cortical functioning within
prefrontal circuits implicated in mood regulation. Future research integrating such
electrophysiological markers with clinical measures in larger, controlled trials could, upon
validation, contribute to a more detailed understanding of treatment response. This line, of
investigation may eventually inform the development of more targeted neuromodulation
strategies, but it is currently at an early, proof-of-concept stage and is not yet ready to guide
clinical practice. Thus, within the constraints of this exploratory study, theta cordance
measures provide an early electrophysiological correlate of clinical change in a specific TRD

population.
Limitations

Several noteworthy limitations must be taken inte. account when interpreting the results of
this study. (1) Lake of Sham control. The lack of a-placebo or control condition restricts our
capacity to draw causal inferences and.compromises the internal validity of the study.
Without appropriate controls, it is difficult to determine whether the observed effects are
attributable solely to the intervention-or-are confounded by other variables. Therefore, sham-
controlled randomized trials area necessary next step to establish efficacy and isolate tDCS-
specific effects. (2) Small sample size and overfitting risk. The relatively small sample size,
while comparable ‘to other initial proof-of-concept neurophysiological studies, is a key
limitation that elevates the risk of statistical overfitting and optimistic bias in our predictive
models. Importantly, no independent validation sample was used, and no cross-validation or
bootstrapping:procedures were applied. Therefore, the reported AUCs and accuracy metrics
are-almost certainly inflated due to overfitting and the circularity of using Week 1 data to
classify Week 1 outcome; they do not represent generalizable predictive performance. Our
sample, with 16 responders, is below common recommendations for developing stable
multivariate predictive models. Although we employed simple two-predictor models to
mitigate overfitting, the lack of internal validation means the high AUC values should be
interpreted as demonstrating a strong initial predictive model, not as a finished, clinically
usable algorithm. Consequently, the specific coefficients, cut-off values, and AUCs from our

logistic regression and ROC analyses must be interpreted with caution and are presented as
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preliminary, exploratory findings. (3) Limited generalizability. The study included only
young adult female participants (aged 18-40). While this was a deliberate choice to control
for sex-based and developmental heterogeneity and focus on a population with a high
prevalence of TRD, it severely limits the generalizability of our findings. The predictive
performance of theta cordance may differ in males, older adults, individuals outside the
studied age range, or those with non-TRD forms of depression. Therefore, prospective
external validation in a larger, independent mixed-sex cohort is an essential next.step to
confirm the reliability and generalizability of these predictive models before any: clinical
application can be considered (Metz, 1978). Consequently, the results should be interpreted
as applicable only to the specific demographic studied. (4) Measurement. tool. limitations.
Regarding measurement tools, the use of cordance as a neurophysiological indicator carries
inherent limitations. The physiological basis of cordance is not fully elucidated, and there
remains debate about its specificity and sensitivity in predicting-antidepressant treatment
response (Baskaran et al., 2018). Some studies have failed.to replicate early reductions in
theta cordance among responders, necessitating cautious- interpretation of these results.
Therefore, the findings are not generalizable to young adult females with TRD, and caution is
warranted when extrapolating them to broader clinical populations. (5) Exploratory design.
Most importantly, the exploratory design,-lack of a control group, and unvalidated predictive
models mean this study cannot support any current clinical application or change in practice.
The findings are strictly preliminary and hypothesis-generating.

Conclusions and Future Directions

This proof-of-concept.study provides preliminary evidence that in young adult females with
TRD, early alterations in theta cordance within the prefrontal, midline left, and midline right
frontal regions, combined with initial improvements in depressive symptomatology, are
associated with and may hold promise as candidate early indicators of antidepressant
treatment response within the first week of therapy. Our exploratory integrative predictive
models demonstrated encouraging within-sample accuracy compared to models based solely
on early symptom changes, suggesting the potential future incremental value of EEG-derived
biomarkers, though this requires rigorous external validation. These findings offer a
preliminary contribution to the existing literature by elucidating the role of theta cordance
reduction as a neurophysiological correlate of treatment response in a specific demographic

of patients with treatment-resistant depression. This study represents an initial exploratory
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step in the long-term pursuit of personalized medicine in psychiatry, highlighting a potential
pathway for future EEG-informed therapeutic strategies that would require extensive
validation. The results have no immediate clinical implications. They offer promising
hypotheses and avenues for future research aimed at refining predictive algorithms and
testing their utility across diverse clinical settings and populations. Critical next steps include
sham-controlled RCTs to establish causality, followed by validation of predictive models in
larger, independent, and mixed-sex cohorts. The associations presented here are preliminary
and do not support any current clinical application.

Acknowledgments

The authors sincerely thank all individuals who took part in this study.

21



References

Baptist, J., Thompson, D. E., Spencer, C., Mowla, Md. R., Love, H. A., & Su, Y. (2021).
Clinical efficacy of EMDR in unipolar depression: Changes in theta cordance. Psychiatry
Research, 296, 113696. https://doi.org/10.1016/j.psychres.2020.113696

Bares, M., Brunovsky, M., Novak, T., Kopecek, M., Stopkova, P., Sos, P., & Hdschl, C.
(2015). QEEG Theta Cordance in the Prediction of Treatment Outcome to Prefrontal
Repetitive Transcranial Magnetic Stimulation or Venlafaxine ER in Patients With Major
Depressive  Disorder.  Clinical EEG and  Neuroscience, 46(2), 73-80.
https://doi.org/10.1177/1550059413520442

Bares, M., Brunovsky, M., Novak, T., Kopecek, M., Stopkova, P., Sos, P., Krajca, V:, &
Hoschl, C. (2010). The change of prefrontal QEEG theta cordance as a predictor.of.response
to bupropion treatment in patients who had failed to respond to previous-antidepressant
treatments. European Neuropsychopharmacology, 20(7), 459-466.
https://doi.org/10.1016/j.euroneuro.2010.03.007

Bares, M., Kopecek, M., Novak, T., Stopkova, P., Sos, P., Kozeny,J.; Brunovsky, M., &
Hoschl, C. (2009). Low frequency (1-Hz), right prefrontal repetitive-transcranial magnetic
stimulation (rTMS) compared with venlafaxine ER in the treatment, of resistant depression: A
double-blind, single-centre, randomized study. Journal of Affective Disorders, 118(1-3), 94—
100. https://doi.org/10.1016/j.jad.2009.01.032

Bares, M., Novak, T., & Brunovsky, M. (2016). The"effectiveness of various potential
predictors of response to treatment with SSRIs in'patients with depressive disorder. European
Psychiatry, 33(S1), S406-S406. https://doi.org/10.1016/j.eurpsy.2016.01.1466

Baskaran, A., Farzan, F., Milev, R., Brenner;C. A., Alturi, S., Pat McAndrews, M., Blier,
P., Evans, K., Foster, J. A., Frey, B. N., Giacobbe, P., Lam, R. W., Leri, F., MacQueen, G.
M., Miiller, D. J., Parikh, S. V., Rotzinget, S., Soares, C. N., Strother, S. C., ... Kennedy, S.
H. (2018). The comparative effectiveness of electroencephalographic indices in predicting
response to escitalopram therapy in depression: A pilot study. Journal of Affective Disorders,
227, 542-549. https://doi.org/10.1016/j.jad.2017.10.028

Beck, A. T., Steer,.R. A., Ball, R., & Ranieri, W. F. (1996). Comparison of Beck
Depression Inventories-IA and-11 in Psychiatric Outpatients. Journal of Personality
Assessment, 67(3),/588-597. https://doi.org/10.1207/s15327752jpa6703_13

Boggio, P."S.;»Rigonatti, S. P., Ribeiro, R. B., Myczkowski, M. L., Nitsche, M. A,
Pascual-Leone,"A., & Fregni, F. (2008). A randomized, double-blind clinical trial on the
efficacy “of cortical direct current stimulation for the treatment of major depression.
International Journal of Neuropsychopharmacology, 11(2), 249-254.
https://doi.org/10.1017/S1461145707007833

Brunoni, A., Moffa, A., Fregni, F., Palm, U., Padberg, F., Blumberger, D., Daskalakis, Z.,
Bennabi, D., Alonzo, A., & Loo, C. K. (2016). Transcranial direct current stimulation for
acute major depressive episodes: Meta-analysis of individual patient data. British Journal of
Psychiatry, 208(6), 522—-531. https://doi.org/10.1192/bjp.bp.115.164715

Cipriani, A., Furukawa, T. A., Salanti, G., Chaimani, A., Atkinson, L. Z., Ogawa, Y.,
Leucht, S., Ruhe, H. G., Turner, E. H., & Higgins, J. P. T. (2018). Comparative efficacy and
acceptability of 21 antidepressant drugs for the acute treatment of adults with major
depressive disorder: A systematic review and network meta-analysis. Focus, 16(4), 420-429.

22



Cirillo, G., Di Pino, G., Capone, F., Ranieri, F., Florio, L., Todisco, V., Tedeschi, G.,
Funke, K., & Di Lazzaro, V. (2017). Neurobiological after-effects of non-invasive brain
stimulation. Brain Stimulation, 10(1), 1-18. https://doi.org/10.1016/j.brs.2016.11.009

Cooke, S. F. (2006). Plasticity in the human central nervous system. Brain, 129(7), 1659—
1673. https://doi.org/10.1093/brain/awl082

Cui, G., Wang, Y., Wang, X., Zheng, L., Li, L., Li, P., Zhang, L., Guo, Y., Chen, Y., Sun,
Z., & Meng, X. (2020). Static and dynamic functional connectivity of the prefrontal cortex
during resting-state predicts self-serving bias in depression. Behavioural Brain Research,
379, 112335. https://doi.org/10.1016/j.bbr.2019.112335

Dalby, R. B., Eskildsen, S. F., Videbech, P., Rosenberg, R., & @stergaard, L. (2021).
Cerebral hemodynamics and capillary dysfunction in late-onset major depressive disorder.
Psychiatry Research: Neuroimaging, 317, 111383.
https://doi.org/10.1016/j.pscychresns.2021.111383

Davidson, R. J. (1998). Affective Style and Affective Disorders: Perspectives from
Affective Neuroscience. Cognition & Emotion, 12(3), 307-330.
https://doi.org/10.1080/026999398379628

Fava, M. (2003). Diagnosis and definition of treatment-resistant depression. Biological
Psychiatry, 53(8), 649-659.

Ghassemzadeh, H., Mojtabai, R., Karamghadiri,~N., & Ebrahimkhani, N. (2005).
Psychometric properties of a Persian-language version. of the Beck Depression Inventory -
Second edition: BDI-lI-Persian.  Depression’, ‘and  Anxiety, 21(4), 185-192.
https://doi.org/10.1002/da.20070

Gollan, J. K., Hoxha, D., Chihade,.D.; Pflieger, M. E., Rosebrock, L., & Cacioppo, J.
(2014). Frontal alpha EEG asymmetry: before and after behavioral activation treatment for
depression. Biological Psychology, 99, 198-208.
https://doi.org/10.1016/j.biopsycho:2014.03.003

Haghighi, M., Ludyga, S.; Rahimi, B., Jahangard, L., Ahmadpanah, M., Torabian, S.,
Esnaashari, F., Nazaribadie, M., Bajoghli, H., Sadeghi Bahmani, D., Holsboer-Trachsler, E.,
& Brand, S. (2017). In patients suffering from major depressive disorders, quantitative EEG
showed favorable changes in left and right prefrontal cortex. Psychiatry Research, 251, 137—
141. https://doi.org/10.1016/j.psychres.2017.02.012

Ho, T. C.,/Wu;d., Shin, D. D., Liu, T. T., Tapert, S. F., Yang, G., Connolly, C. G., Frank,
G. K. W.; Max, J. E., Wolkowitz, O., Eisendrath, S., Hoeft, F., Banerjee, D., Hood, K.,
Hendren, R. L., Paulus, M. P., Simmons, A. N., & Yang, T. T. (2013). Altered Cerebral
Perfusion in Executive, Affective, and Motor Networks During Adolescent Depression.
Journal of the American Academy of Child & Adolescent Psychiatry, 52(10), 1076-1091.e2.
https://doi.org/10.1016/j.jaac.2013.07.008

Hunter, A. M., Muthén, B. O., Cook, I. A., & Leuchter, A. F. (2010). Antidepressant
response trajectories and quantitative electroencephalography (QEEG) biomarkers in major
depressive  disorder.  Journal  of  Psychiatric = Research,  44(2), 90-98.
https://doi.org/10.1016/j.jpsychires.2009.06.006

Hunter, A. M., Nghiem, T. X., Cook, I. A., Krantz, D. E., Minzenberg, M. J., & Leuchter,
A. F. (2018). Change in Quantitative EEG Theta Cordance as a Potential Predictor of
Repetitive Transcranial Magnetic Stimulation Clinical Outcome in Major Depressive

23



Disorder. Clinical EEG and Neuroscience, 49(5), 306-315.
https://doi.org/10.1177/1550059417746212

Ji, S., Liu, B., Li, Y., Chen, N., Fu, Y., Shi, J., Zhao, Z., Yao, Z., & Hu, B. (2021). Trait
and state alterations in excitatory connectivity between subgenual anterior cingulate cortex
and cerebellum in patients with current and remitted depression. Psychiatry Research:
Neuroimaging, 317, 111356. https://doi.org/10.1016/j.pscychresns.2021.111356

Korai, S. A., Ranieri, F., Di Lazzaro, V., Papa, M., & Cirillo, G. (2021). Neurobiological
After-Effects of Low Intensity Transcranial Electric Stimulation of the Human Nervous
System: From Basic Mechanisms to Metaplasticity. Frontiers in Neurology, 12, 587771.
https://doi.org/10.3389/fneur.2021.587771

Krepel, N., Sack, A. T., Kenemans, J. L., Fitzgerald, P. B., Drinkenburg, W. H., & Arns,
M. (2018). Non-replication of neurophysiological predictors of non-response to.rTMS in
depression and neurophysiological data-sharing proposal. Brain Stimulation,11(3), 639-641.
https://doi.org/10.1016/j.brs.2018.01.032

Leuchter, A. F., Cook, I. A, Hunter, A, & Korb, A. (2009). Use of Clinical
Neurophysiology for the Selection of Medication in the Treatment-of Major Depressive
Disorder: The State of the Evidence. Clinical EEG and: Neuroscience, 40(2), 78-83.
https://doi.org/10.1177/155005940904000207

Leuchter, A. F., Cook, I. A., Lufkin, R. B., Dunkin;"J;;, Newton, T. F., Cummings, J. L.,
Mackey, J. K., & Walter, D. O. (1994). Cordance:*A“New Method for Assessment of
Cerebral Perfusion and Metabolism Using Quantitative Electroencephalography.
Neurolmage, 1(3), 208-219. https://doi.org/10.1006/nimg.1994.1006

Leuchter, A. F., Hunter, A. M., Jain; F./A,, Tartter, M., Crump, C., & Cook, I. A. (2017).
Escitalopram but not placebo modulates brain rhythmic oscillatory activity in the first week
of treatment of Major Depressive Disorder. Journal of Psychiatric Research, 84, 174-183.
https://doi.org/10.1016/j.jpsychires.2016.10.002

Leuchter, A. F., Wilson, A. C., Vince-Cruz, N., & Corlier, J. (2021). Novel method for
identification of individualized resonant frequencies for treatment of Major Depressive
Disorder (MDD) using. repetitive Transcranial Magnetic Stimulation (rTMS): A proof-of-
concept study: Brain Stimulation, 14(5), 1373-1383.
https://doi.org/10.1016/j.brs.2021.08.011

Mercaldo, N. D., Lau, K. F., & Zhou, X. H. (2007). Confidence intervals for predictive
values with-an‘emphasis to case—control studies. Statistics in Medicine, 26(10), 2170-2183.
https://doi.org/10.1002/sim.2677

Metz, C. E. (1978). Basic principles of ROC analysis. Seminars in Nuclear Medicine, 8(4),
283-298. https://doi.org/10.1016/S0001-2998(78)80014-2

Mohammadkhani, P., Bagheri, M., Dobson, K. S., Eskandari, E., Dejman, M., Bass, J., &
Abdi, F. (2020). Negative thoughts in depression: A study in Iran. International Journal of
Psychology, 55(1), 83-89. https://doi.org/10.1002/ijop.12541

Mulert, C., Leicht, G., Pogarell, O., Mergl, R., Karch, S., Juckel, G., Mdller, H.-J., &
Hegerl, U. (2007). Auditory cortex and anterior cingulate cortex sources of the early evoked
gamma-band response: Relationship to task difficulty and mental effort. Neuropsychologia,
45(10), 2294-2306. https://doi.org/10.1016/j.neuropsychologia.2007.02.020

24



Newson, J. J., & Thiagarajan, T. C. (2019). EEG Frequency Bands in Psychiatric
Disorders: A Review of Resting State Studies. Frontiers in Human Neuroscience, 12, 521.
https://doi.org/10.3389/fnhum.2018.00521

Olgiati, E., & Malhotra, P. A. (2022). Using non-invasive transcranial direct current
stimulation for neglect and associated attentional deficits following stroke.
Neuropsychological Rehabilitation, 32(5), 735-766.
https://doi.org/10.1080/09602011.2020.1805335

Ota, M., Noda, T., Sato, N., Hattori, K., Teraishi, T., Hori, H., Nagashima, A., Shimoji,
K., Higuchi, T., & Kunugi, H. (2014). Characteristic distributions of regional cerebral blood
flow changes in major depressive disorder patients: A pseudo-continuous arterial spin
labeling (pCASL) study. Journal of Affective Disorders, 165, 59-63.
https://doi.org/10.1016/j.jad.2014.04.032

Rush, A. J., Trivedi, M. H., Wisniewski, S. R., Nierenberg, A. A., Stewart, J. W., Warden,
D., Niederehe, G., Thase, M. E., Lavori, P. W., & Lebowitz, B. D. (2006). Acute and longer-
term outcomes in depressed outpatients requiring one or several treatment steps: A STAR* D
report. American Journal of Psychiatry, 163(11), 1905-1917.
https://doi.org/10.1176/ajp.2006.163.11.1905

Shabani, A., Masoumian, S., Zamirinejad, S., Hejri, M., Pirmorad, T., & Yaghmaeezadeh,
H. (2021). Psychometric properties of Structured “Clinical Interview for DSM-5
Disorders-Clinician  Version (SCID-5-CV). Brain. -and Behavior, 11(5), e01894.
https://doi.org/10.1002/brb3.1894

Sheena, M. K., Jimmy, J., Burkhouse, K. L.;.& Klumpp, H. (2021). Anterior cingulate
cortex activity during attentional control’ corresponds with rumination in depression and
social anxiety. Psychiatry Research: Neuroimaging, 317, 111385.
https://doi.org/10.1016/j.pscychresns.2021.111385

Shiozawa, P., Fregni, F., Bensefior, I. M., Lotufo, P. A., Berlim, M. T., Daskalakis, J. Z.,
Cordeiro, Q., & Brunoni, André.'R. (2014). Transcranial direct current stimulation for major
depression: An updated systematic review and meta-analysis. The International Journal of
Neuropsychopharmacology, 17(09), 1443-1452.
https://doi.org/10.1017/S1461145714000418

Takahashi, -Y., Yamagata, S., Ritchie, S. J., Barker, E. D., & Ando, J. (2021). Etiological
pathways of ‘depressive and anxiety symptoms linked to personality traits: A genetically-
informative longitudinal study. Journal of Affective Disorders, 291, 261-269.
https://doi.org/10.1016/j.jad.2021.05.004

Taremian, F., Eskandari, Z., Dadashi, M., & Hosseini, S. R. (2023). Disrupted resting-state
functional connectivity of frontal network in opium use disorder. Applied Neuropsychology:
Adult, 30(3), 297-305. https://doi.org/10.1080/23279095.2021.1938051

Uchida, M., Hung, Y., Green, A., Kelberman, C., Capella, J., Gaillard, S. L., Gabrieli, J.
D. E., & Biederman, J. (2021). Association between frontal cortico-limbic white-matter
microstructure and risk for pediatric depression. Psychiatry Research: Neuroimaging, 318,
111396. https://doi.org/10.1016/j.pscychresns.2021.111396

Volgsten, H., Skoog Svanberg, A., Ekselius, L., Lundkvist, O., & Sundstrom Poromaa, .
(2008). Prevalence of psychiatric disorders in infertile women and men undergoing in vitro

25



fertilization treatment. Human Reproduction, 23(9), 2056-2063.
https://doi.org/10.1093/humrep/den154

Ward, M. J., Karim, H. T., Jessen, Z. F., Ghuman, A. S., Richardson, R. M., Reynolds, C.
F., & Karp, J. F. (2020). Association between increased theta cordance and early response to
ECT in late-life depression. International Journal of Geriatric Psychiatry, 35(2), 147-152.
https://doi.org/10.1002/gps.5220

Xiong, G., Dong, D., Cheng, C., Jiang, Y., Sun, X,, He, J., Li, C., Gao, Y., Zhong, X.,
Zhao, H., Wang, X., & Yao, S. (2019). State-independent and -dependent structural
alterations in limbic-cortical regions in patients with current and remitted depression.-Journal
of Affective Disorders, 258, 1-10. https://doi.org/10.1016/j.jad.2019.07.065

Yamada, Y., & Sumiyoshi, T. (2021). Neurobiological Mechanisms of Transcranial Direct
Current Stimulation for Psychiatric Disorders; Neurophysiological, .Chemical, and
Anatomical Considerations.  Frontiers in  Human Neuroscience, 15, 631838.
https://doi.org/10.3389/fnhum.2021.631838

Zhang, A., Yang, C,, Li, G., Wang, Y., Liu, P., Liu, Z., Sun,"N.,7& Zhang, K. (2020).
Functional connectivity of the prefrontal cortex and amygdala is related to depression status
in  major depressive disorder. Journal of Affective.r Disorders, 274, 897-902.
https://doi.org/10.1016/j.jad.2020.05.053

26



