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Objective: Only about one-third of depressed patients respond to initial antidepressant treatment. Therefore, it is crucial to find 
effective predictors of antidepressants. The purpose of our study was to learn the relationship between EEG theta power, theta 
asymmetry, and the efficacy of escitalopram.
Methods: The study included 34 patients with depression. Before and after each patient’s course of treatment, EEG data was gathered. 
Both the Hamilton Anxiety Scale (HAMA) and the 17-item Hamilton Depression Scale (HAMD-17) were evaluated simultaneously. The 
natural logarithm of right frontal theta power minus left frontal theta power was used to calculate inter-electrode theta asymmetry (AT).
Results: First, our study found no statistically significant difference between intra-electrode theta power and inter-electrode AT before 
and after treatment (P ≥ 0.05). When we later looked at the data regarding treatment effects, the findings revealed that patients (n = 9) 
who did not respond to treatment had lower baseline theta power at C4 [6.190 (2.000, 12.990) vs 15.800 (7.255, 22.330), z = −2.166, 
P = 0.030]. The two groups had no difference in other electrodes (P ≥ 0.05). The AT of C3/C4 in non-responders (n = 9) was lower 
[0.012 (0.795) vs 0.733 (0.539), t = −3.224, P = 0.005]. However, there was no difference in inter-electrode AT between the two groups 
in F3/F4 and F7/F8 (P ≥ 0.05). We finally show that the theta power at C4 was negatively correlated with HAMD scores before 
treatment (r = −0.346, P = 0.045).
Conclusion: Our findings determined that increased theta power and positive asymmetry in the right frontal-central area correlate 
with favourable escitalopram treatment, providing a basis for finding predictive markers for antidepressants.
Keywords: depression, EEG, theta power, theta asymmetry, treatment effect

Introduction
It is of great clinical value to find indicators that predict the likelihood of antidepressant treatment response, which can be 
used to select treatment measures for patients in the early stage of treatment. Non-invasive neuroimaging techniques such 
as functional Magnetic Resonance Imaging (fMRI) and electroencephalography (EEG) have been widely used to study 
changes in resting-state brain function in patients with depression.1 There have been many studies on neural activity 
assessed by EEG. Chronic drug EEG response patterns reflect sedation and activation of region-specific regions 
implicated in the pathophysiology and drug treatment of depression.2 For example, Frontal alpha asymmetry (FAA) 
has been shown to be related to depression and mood disorders,3,4 Patients with increased left frontal cortex activity 
respond well to selective serotonin receptor uptake inhibitors (SSRIs), and FAA can be used as an indicator to predict the 
effect of SSRIs therapy.5–7 In addition, studies have shown that hemispheric activity asymmetry is neither limited to the 
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alpha band nor to the frontal lobe.8 Pizzagalli et al9 found that the correlation between theta-band activity and anterior 
cingulate cortex (ACC) activity was disrupted in depressed patients compared with controls, suggesting a lack of 
functional connectivity in this region in depressed patients. But in contrast to this, current research on theta band in 
depression has focused on its relationship with treatment outcome;10 theta power is significant in depressive symptom 
relief and predicting antidepressant treatment outcome, and is not treated with antidepressant medication impact.11

The ACC is the hub in the default mode network (DMN),12 which is mainly through the activation of the ACC to 
achieve top-down inhibition of amygdala activity, further inhibiting negative information to deal with emotional 
conflict.13,14 Frontal midline theta power is inversely correlated with DMN activity.15 ACC activity is accompanied by 
activity in the dorsolateral prefrontal cortex (DLPFC), and theta activity recorded by scalp electrodes originates in the 
DLPFC and ACC activity. Individuals displaying elevated theta power tend to exhibit heightened ACC activation,9 

increasing the likelihood of mitigating negative emotional conflicts through cognitive regulatory mechanisms and 
achieving improved therapeutic outcomes.15

Although frontal theta activity in depression is currently studied primarily at midline locations and by source- 
localization methods,10 simple scalp electrode analysis,11,16 as well as interhemispheric activity in the theta bands in 
affective disorders, is of considerable significance.17–19 At present, there are no studies on the relationship between inter- 
electrode theta asymmetry (AT) and the treatment effect of antidepressants. The purpose of this study was to comprehend 
the relationship between theta power, AT, and the antidepressant escitalopram’s therapeutic effect.

Methods
Participants
We selected inpatient depression patients in the Hebei Mental Health Center from June 2021 to June 2022. Inclusion 
criteria: All the subjects were diagnosed by two psychiatrists with intermediate titles or above in accordance with the 
10th edition of the International Statistical Classification of Diseases and Related Health Problems (ICD-10) for the first 
attack or relapse. Patients with recurrent depression did not use psychiatric drugs within the two weeks before the study. 
With an age range of 18–60 years, the total score of the 17 items of the Hamilton Depression Scale (HAMD-17) is ≥ 17 
points; right-handed. Exclusion criteria: patients with neurological disease; intellectual disability; abnormal thyroid 
function; brain trauma and other physical disorders affecting cognitive function; pregnant women; and lactating patients. 
A total of 43 patients with depression were included in this study, of whom three were lost to follow-up, two withdrew 
due to severe adverse reactions to antidepressants (headache, severe gastrointestinal reactions), and four were not 
included due to failure of EEG data conversion. Finally, a total of 34 patients were included in the statistics. Among 
them, there were 12 males and 22 females, with an age of 41.529 (13.482) years, an education level of 9.882 (3.707) 
years, and a disease duration of 0.790 (0.290, 3.000) years. All patients were treated with escitalopram for eight weeks. 
The dose of escitalopram was increased to a responder therapeutic dose of 10–20 mg/d within 2–3 weeks, with an 
average therapeutic amount of 13.676 (3.270) mg/d. Treatment with other antidepressants and antipsychotics was not 
allowed. In contrast, the patients with sleep disorders were allowed to be given low-dose benzodiazepines (but it was 
prohibited to use them before the EEG test within 24 hours). Participant recruitment and study flow are presented in 
Figure 1.

We obtained written informed consent from patients or their legal guardians. This study was approved by the ethics 
committee of the Hebei Mental Health Center, China, and the experiments were conducted following the Declaration of 
Helsinki.

Psychological Measures
The HAMD-17 and Hamilton Anxiety Scale (HAMA) were evaluated before and after treatment. The responders were 
assessed according to the reduction of HAMD scales at the end of treatment. The HAMD scores reduction rate was less 
than 50% as non-responders, and the HAMD scores reduction rate ≥ 50% was considered responders.20
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EEG Data Collection and Analysis
EEG data were collected before and after treatment using an electroencephalograph from Nicolette in the United States. 
EEG data were collected in a quiet, noise-free, softly lit room. An AgCl electrode was mounted on the electrode cap, and 
the electrodes were placed according to the International 10–20 system. This study recorded 16 electrodes (C3, C4, F3, 
F4, F7, F8, FP1, FP2, O1, O2, P3, P4, T3, T4, T5, T6) EEG data. A 0.1–100 Hz band-pass filter was used, the sampling 
frequency was 256 Hz, and EEG data were recorded for about 4 minutes in a calm state. The reference electrodes were 
placed on the two mastoids, the average value of the bilateral mastoids was taken as the reference, and the forehead was 
grounded. At the outset of data processing, a rigorous preprocessing protocol is meticulously implemented. In the context 
of this study, we systematically apply a precisely defined band-pass filter covering the frequency range of 0.1 Hz to 30 Hz 
to eliminate artifacts originating from both low and high frequencies. Following this crucial preprocessing phase, we 
devote meticulous attention to mitigating artifacts resulting from ocular movements and blinks. Independent Component 
Analysis (ICA), a sophisticated data decomposition technique, is effectively employed through the EEGLAB platform. 
After the preprocessing phase, a rigorous Fast Fourier Transform (FFT) analysis is meticulously conducted on the data 
acquired from the 16 strategically positioned electrodes. These electrode positions are meticulously categorized into four 
distinct frequency bands, namely δ (1 ~ 4 Hz), θ (4 ~ 8 Hz), α (8 ~ 13 Hz), and β (13 ~ 30 Hz). Consequent to this, the 
meticulous computation of the average power for each electrode is undertaken. Previous studies on theta bands have 

Figure 1 Participant Flow in the relationship between theta power, theta asymmetry and the efficacy of escitalopram in the treatment of depression.
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shown that scalp theta activity originates from the DLPFC and is mainly concentrated in the frontal-central region,9,21–23 

so the related electrodes (F3, F4, F7, F8, C3, C4) in the frontal-central were selected as the points of interest in this study. 
Theta asymmetry is calculated as [ln (right power) – ln (left power)],8 expressed as AT. Higher AT indicates an increase in 
relative right hemisphere theta power, while lower AT indicates an increase in relative left hemisphere theta power.

Statistical Analysis
For statistical data analysis, the Statistical Product and Service Solutions 26 (SPSS 26) software is used (https://www. 
ibm.com/analytics/spss-statisticssoftware). For general data, descriptive statistics were used, and mean (standard devia-
tion) values were expressed for age, education level, medication dosage, pre-treatment HAMD, HAMA scores, and AT, 

conforming to normal distribution. Independent samples t-test was used for theta asymmetry between responders and 
non-responders, and paired samples t-test was used to compare the differences between theta asymmetry groups before 
and after treatment. Because theta power and disease progression did not have a normal distribution, they were described 
as median (interquartile range) [M (QL, QU)]. The Mann–Whitney U-test was used to compare the differences in theta 
power and disease course between responders and non-responders. The Wilcoxon signed-rank test was used to compare 
the theta power before and after treatment. Fisher’s exact test was used to compare the differences in the number of 
responders and non-responders. Spearman correlation analysis was used to analyze the correlations between the intra- 
electrode theta power, inter-electrode AT, and the scores on the HAMD and HAMA scales before treatment—test level 
α=0.05, bilateral test.

Results
Descriptive Statistical Analysis of General Data
Our study finally included 34 patients with depression for statistics, of which 9 were responders and 25 were non- 
responders. There was no significant difference in age, education level, gender, course of the disease, medication dose, 
pre-treatment HAMD, and HAMA scores between the two groups (P ≥ 0.05) (Table 1).

Before and After Treatment, Without Significant Difference in Intra-Electrode and 
Inter-Electrode Asymmetry. Table 2 and Table 3 Provide Explanations and are 
Referenced in the Text
Then, we compared the theta power in each electrode and the inter-electrode AT before and after treatment. There was no 
statistical difference in the intra-electrode theta power of C3, C4, F3, F4, F7, and F8 before and after treatment, and there 
was no statistical difference in inter-electrode AT of C3/C4, F3/F4, and F7/F8 (P ≥ 0.05) (Table 2 and Table 3).

Table 1 General Information on Depression Patients with Responders and Non-Responders

Non-Responders (n = 9) Responders (n = 25) t/z/χ2 P

Mean (SD) /M (QL, QU) Mean (SD) / M (QL, QU)

Age (years) 41.444 (13.125) 41.560 (13.874) −0.022 0.983

Education (years) 9.222 (4.410) 10.120 (3.492) −0.617 0.542

Gender (male/female) 2/7 10/15 0.916 0.339

Course of disease (years) 0.500 (0.295, 4.000) 0.830 (0.250, 3.000) −0.020 0.984

Drug dosage (mg/d) 12.778 (3.411) 14.000 (3.227) −0.960 0.344

Pre-treatment HAMD scores 26.333 (2.958) 26.400 (3.674) −0.049 0.961

Pre-treatment HAMA scores 20.333 (3.606) 19.720 (4.486) 0.368 0.715

Abbreviations: HAMD, 17 items of Hamilton Depression Scale; HAMA, Hamilton Anxiety Scale.
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Division Now Between Non-Responders x Responders
Subsequently, we analyzed the data regarding treatment effects; the results showed that increased intra-electrode theta power and 
inter-electrode AT in the right frontal center were associated with better treatment outcomes. However, only at baseline C4 was 
a difference in intra-electrode theta power. Lower baseline theta power at C4 in patients (n = 9) whose treatment was non- 
responders [6.190 (2.000, 12.990) vs 15.800 (7.255, 22.330), z = −2.166, P = 0.030] (Figure 2A)]. There was no difference 
between the two groups in C3, F3, F4, F7, and F8 electrodes [4.100 (2.880, 13.270) vs 5.570 (4.075, 8.285), z = −1.308, P = 
0.191; 6.070 (4.185, 17.640) vs 9.360 (6.225, 12.835), z = −0.956, P = 0.339; 7.050 (5.050, 25.035) vs 8.890 (5.925, 15.335), z = 

Table 2 Intra-Electrode Theta Power Before and After Treatment

Before Treatment (n = 34) After Treatment (n = 34) z P

M (QL, QU) M (QL, QU)

C3 5.205 (3.790, 8.183) 5.435 (3.645, 8.765) −0.419 0.675

C4 12.650 (6.100, 20.253) 9.940 (6.708, 19.025) −0.767 0.443

F3 9.315 (5.883, 13.235) 9.590 (6.553, 16.405) −0.727 0.467

F4 8.855 (5.818, 15.143) 10.130 (6.195, 15.923) −0.077 0.939

F7 7.325 (4.713, 12.930) 8.560 (5.940, 13.555) −0.513 0.608

F8 14.070 (7.160, 26.255) 15.760 (8.513, 24.415) −1.205 0.228

Table 3 Inter-Electrode at Before and After Treatment

Before Treatment (n = 34) After Treatment (n = 34) t P

Mean (SD) Mean (SD)

C3/C4 0.542 (0.685) 0.507 (0.669) 0.540 0.593

F3/F4 0.075 (1.106) 0.069 (0.994) 0.119 0.906

F7/F8 0.521 (0.783) 0.485 (0.650) 0.794 0.433

Figure 2 Comparison of intra-electrode theta power at baseline C4 in patients with non-responders and responders (A). Comparison of inter-electrode AT at baseline C3/ 
C4 between non-responders and responders (B). 
Note: *Indicated a significant difference of P ≤ 0.05. **Indicated a significant difference of P ≤ 0.01.
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−0.547, P = 0.585; 5.120 (3.515, 10.830) vs 10.410 (5.410, 12.990), z = −1.776, P = 0.076; 12.650 (5.015, 27.730) vs 15.360 
(9.430, 26.600), z = −0.683, P = 0.494] (Table 4).

Only C3/C4 had a difference in inter-electrode AT. The AT of C3/C4 in non-responders (n = 9) was lower [0.012 
(0.795) vs 0.733 (0.539), t = −3.024, P = 0.005 (Figure 2B)]. There was no difference in inter-electrode AT between the 
two groups in F3/F4 and F7/F8 [0.213 (1.433) vs 0.026 (0.995), t = 0.431, P = 0.669; 0.740 (0.759) vs 0.442 (0.791), t = 
0.980, P = 0.334] (Table 5).

Correlation Analysis of Theta Power, Theta Asymmetry, and Psychological Scale 
Before Treatment
We finally performed a correlation analysis on theta power, AT, and pre-treatment HAMD and HAMA scale scores. The 
results show that the theta power at C4 was negatively correlated with HAMD scores before treatment (lower C4 Theta 
power, higher HAMD scores) [r = - 0.346, P = 0.045; Figure 3A (weak relationship)]. However, the theta power at C4 
was not correlated with HAMA scores before treatment (Theta power at C4 is not related to anxiety) [(r = −0.228, P = 
0.195); Figure 3B]. AT C3/C4: NOT correlated with pre-treatment HAMD and HAMA scores [r = −0.016, P = 0.927; r = 
−0.208, P = 0.238; Figure 3C and D].

Discussion
This study showed no significant difference in intra-electrode theta power or inter-electrode AT of electrodes before and 
after treatment. Intra-electrode theta power may not be affected by treatment. Studies have shown that short-term 
treatment with paroxetine does not change the EEG of patients. Still, long-term treatment is associated with significant 
changes, such as a diffuse decrease in alpha power and an increase in theta and beta wave power.2 However, this study 

Table 4 Intra-Electrode Theta Power Before Treatment in the Responders and Non- 
Responders

Non-Responders (n = 9) Responders (n = 25) z P

M (QL, QU) M (QL, QU)

C3 4.100 (2.880, 13.270) 5.570 (4.075, 8.285) −1.308 0.191

C4 6.190 (2.000, 12.990) 15.800 (7.255, 22.330) −2.166 0.030*

F3 6.070 (4.185, 17.640) 9.360 (6.225, 12.835) −0.956 0.339

F4 7.050 (5.050, 25.035) 8.890 (5.925, 15.335) −0.547 0.585

F7 5.120 (3.515, 10.830) 10.410 (5.410, 12.990) −1.776 0.076

F8 12.650 (5.015, 27.730) 15.360 (9.430, 26.600) −0.683 0.494

Note: *Indicated a significant difference of P ≤ 0.05.

Table 5 Inter-Electrode at Before Treatment in the Responders and Non-Responders

Non-Responders (n = 9) Responders (n = 25) t P

Mean (SD) Mean (SD)

C3/C4 0.012 (0.795) 0.733 (0.539) −3.024 0.005**

F3/F4 0.213 (1.433) 0.026 (0.995) 0.431 0.669

F7/F8 0.740 (0.759) 0.442 (0.791) 0.980 0.334

Note: **Indicated a significant difference of P ≤ 0.01.
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only has a follow-up of up to 8 weeks, and whether theta power and AT will be affected by the extension of treatment 
time will require a more comprehensive study to explore.

This study showed that the intra-electrode theta power of the responders was significantly higher than that of the non- 
responders on the C4 electrode. However, no such findings were found on the C3, F3, F4, F7, and F8 electrodes. Previous 
studies have suggested that the activity of the ACC mainly generates the frontal-central theta power recorded by scalp 
electrodes,9,24 and the relationship between the ACC and the treatment effects of antidepressants may be validated by 
a relatively simple and widely used scalp EEG.11 A previous study showed that increased frontal-central theta power was 
associated with favourable treatment outcomes in depression.25 Another study found a strong positive correlation 
between ACC-generated theta activity in healthy people and activity in broad cortical regions, especially in the brain’s 
right hemisphere, but no significant correlation in depressed patients.9 However, unlike the findings of low ACC activity 
in patients with depression, increased pre-treatment ACC activity is a potential predictor of antidepressant efficacy.26 

Furthermore, ACC is currently the most reliable marker of response to various treatment modalities for depression.26,27 

These studies further support the idea that increased right frontal-central theta power is associated with favourable 
treatment outcomes in depression.

This study shows that responders have higher C3/C4 AT than non-responders. Ocklenburg et al8 found a significant 
positive asymmetry in the frontal-central electrode locations (C3/C4) in the theta band in experiments with healthy 
subjects; this is supported by studies by Pizzagalli et al9 with strong positive correlations between theta activity produced 
by the ACC in healthy humans, particularly across extensive cortical areas in the right hemisphere. These studies show 
that there is also an asymmetry of theta activity in the left and right cerebral hemispheres. Depressed patients who 
respond to treatment have similar activity patterns in the cerebral hemispheres of healthy people, and the right frontal- 
central theta activity is stronger in the depressed patients than in the left. Frontal-central theta power is negatively 
correlated with activity within the DMN,15 in which the ACC is a hub.12 Mainly through the activation of the ACC to 
achieve top-down inhibition of amygdala activity and further inhibit negative information to deal with emotional 

Figure 3 The results of correlation analysis showed that the intra-electrode power at C4 was negatively correlated with the HAMD scores before treatment (A), but not 
with the HAMA scores before treatment (B). Inter-electrode AT at C3/C4 did not correlate with pre-treatment HMAD and HAMA scores (C and D).
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conflicts, these processes will reduce the rumination of depressed patients, such as negative self-reflection, difficulty in 
inhibiting negative emotions, and deficits in assigning attention to task demands.13,14 Therefore, patients with increased 
theta power have more ACC activation and are more likely to reduce harmful emotional conflicts through cognitive 
regulation to achieve better therapeutic effects.

This study demonstrated a negative correlation between theta power at the C4 electrode and pre-treatment HAMD 
scores in patients with depression. Specifically, patients with depression who exhibited reduced right frontal-central theta 
power tended to have more severe depressive symptoms. This finding aligns with the results of Gold et al’s study,18 which 
suggested that lower frontal-central theta power may be indicative of increased severity of depression and anxiety. 
However, our study did not identify a correlation between right frontal-central theta power and pre-treatment HAMA 
scores. This discrepancy could be attributed to the composition of our study subjects. Before treatment, the average scores 
on the HAMA scale for the depression patients included in this study were approximately 20 points, indicating mild to 
moderate anxiety symptoms. This may not be sufficient to establish a relationship with the severity of anxiety symptoms. 
Therefore, further research is warranted to explore the connection between anxiety symptoms and theta power.

Conclusion
When data were analyzed in terms of treatment effects, the results of this study indicated that in the central region of 
depression, increased intra-electrode theta power within the right frontal-central region and higher inter-electrode theta 
asymmetry were associated with better treatment outcomes. Depressed patients with reduced intra-electrode theta power 
within the right frontal-central region had more severe depressive symptoms, intra-electrode theta power within the right 
frontal-central region was not associated with anxiety severity in depressed patients, and the inter-electrode theta 
asymmetry between the frontal-central regions was associated with depression regardless of anxiety severity.

Our findings determined that increased theta power and positive asymmetry in the right frontal-central region 
correlate with favourable escitalopram treatment, providing a basis for finding predictive markers for antidepressants.
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