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ORIGINAL ARTICLE

Sex Differences in the Antidepressant and 
Neurocognitive Effects of Nonconvulsive 
Electrotherapy in Patients with Treatment-Refractory 
Depression

ABSTRACT

Objective: The objective of this study was to examine sex differences in the antidepres-
sant and neurocognitive effects of adjunctive nonconvulsive electrotherapy (NET) in 
patients with treatment-refractory depression (TRD), which has not yet been thoroughly 
investigated.

Methods: The study enrolled 20 patients with TRD, comprising 11 males and 9 females, 
who underwent a series of 6 NET sessions. The 17-item Hamilton Depression Rating Scale 
(HAMD-17) was used to assess depressive symptoms, response, and remission at baseline 
and after the first, third, and sixth NET sessions. The Wisconsin Card Sorting Test (WCST) 
was used to assess neurocognitive function at baseline and after the sixth NET session.

Results: After completing 6 NET sessions, female patients experiencing TRD exhibited a 
higher inclination toward achieving an antidepressant response (77.8% vs. 45.5%, P = .197) 
and antidepressant remission (22.2% vs. 0%, P = .189) when compared to their male coun-
terparts. No significant differences were observed in changes in the HAMD-17 and WCST 
subscale scores (all P > .05), including completing classification number, total error num-
ber, persistent error number, and random error number between males and females. 
Additionally, no significant correlations were observed between baseline WCST subscale 
scores and changes in HAMD-17 scores or endpoint scores, irrespective of sex (all P > .05).

Conclusion: These pilot findings suggest that female patients with TRD exhibited increased 
rates of achieving antidepressant response and remission after undergoing NET. However, 
further studies should be conducted to confirm these findings.

Keywords: Nonconvulsive electrotherapy, sex differences, treatment-refractory depres-
sion, response, remission

Introduction 

Major depressive disorder (MDD) is a common and severe psychiatric disorder worldwide, 
often resulting in chronic disability.1 This not only impacts the affected individuals’ social 
functioning but also places substantial burdens on families and society at large.2 According 
to data from the China Mental Health Survey,3 MDD was found to have a lifetime prevalence 
of 3.4% and a 12-month prevalence of 2.1%, ranking as the second leading cause of years 
lived with disability in China since 2010.4 Approximately, 55.3% of patients with MDD were 
diagnosed with treatment-refractory depression (TRD).5 Despite significant advances in 
treatment options over recent decades, effective strategies for TRD remain deficient.6,7

Recent studies on TRD have highlighted the influence of sex differences,8,9 which hold sig-
nificant relevance in epidemiology,10 clinical characteristics,11-13 and therapeutic outcomes 
associated with TRD.14-16 Notably, large-scale epidemiological surveys have revealed a higher 
prevalence of depressive disorders in females compared with males,17 although males might 
be predisposed to TRD.10 Additionally, numerous studies have indicated that females with 
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TRD tend to experience more severe depressive and anxiety symp-
toms than males11-13 due to different neuropathological mecha-
nisms.18,19 Furthermore, a substantial body of evidence indicated 
that sex-related factors possess the potential to influence the out-
comes of treatments (both pharmacological and non-pharmaco-
logical treatments) for patients with TRD,14-16 this underscores the 
significance of taking into account sex disparities when evaluating 
treatment effectiveness. For instance, males and females with TRD 
exhibit varying responses to antidepressant augmentation strate-
gies, involving mood stabilizers, antipsychotics, or a combination 
of both, with females deriving significantly greater benefit in one 
study.14 Another study reported that females exhibited a poorer 
responsiveness to tricyclic antidepressants relative to males.11 With 
regard to non-pharmacological treatments, sex-specific research on 
TRD treatment effectiveness remains limited. While one study found 
that electroconvulsive therapy (ECT) for MDD yielded equally effec-
tive outcomes in both sexes,20 another study identified interleukin-6 
as a significant predictor of antidepressant effects for females but not 
males with TRD.16

Nonconvulsive electrotherapy (NET), a novel therapeutic approach 
for treating TRD, involves applying electrical brain stimulation similar 
to the standard ECT procedure. Unlike the standard ECT technique, 
NET is characterized by its reduced likelihood of causing adverse neu-
rocognitive effects because the electric stimulation used does not 
reach the intensity required to induce convulsions.21,22 Animal stud-
ies have provided preliminary evidence that the use of subconvul-
sive electrical stimulation can elicit similar antidepressant effects to 
ECT without causing seizures.23 Moreover, a recent systematic review 
has demonstrated the safety and tolerability of adjunctive NET as an 
effective treatment option for patients with depression, without any 
occurrences of serious neurocognitive impairments.24

It has not been studied whether Chinese patients with TRD experi-
ence different antidepressant and neurocognitive effects in response 
to NET based on their gender. However, existing evidence suggests 
that NET holds promise as a therapeutic approach for individuals 
with TRD.21,25 Hence, investigating potential disparities in sex could 
represent a significant step toward gaining insights into the underly-
ing biological mechanisms of this treatment regimen. Furthermore, 
recent research findings indicate that the baseline neurocognitive 
performance does not serve as a prognostic indicator for the anti-
depressant efficacy of ECT in individuals with depression.26,27 More 
importantly, our previous research has revealed that baseline neu-
rocognitive performance does not predict NET antidepressant 
outcomes among patients with TRD,21 however, it remains unclear 

whether there exist in-depth sex differences in the relationship 
between baseline neurocognitive performance and antidepressant 
outcomes.

Therefore, the objective of this study was to examine the impact of 
sex on the outcomes of antidepressant and neurocognitive measures 
after 6 NET sessions in patients diagnosed with TRD. Furthermore, 
the sex differences in the associations between neurocognitive per-
formance at baseline and the antidepressant outcomes of NET were 
also examined. It was hypothesized that sex differences exist in the 
efficacy of 6 NET sessions for ameliorating depressive symptoms and 
enhancing neurocognitive performance as well as in the correlations 
between neurocognitive performance at baseline and the antide-
pressant outcomes among patients with TRD.

Material and Methods

Participants
Between January 2017 and December 2017, a single-arm prospective 
study was conducted comprising 11 male and 9 female participants 
with TRD who had undergone NET. The research protocol for this sin-
gle-arm prospective study was approved by the Research and Ethics 
Committee of the Affiliated Brain Hospital of Guangzhou Medical 
University (Approval No: 2016-005). Notably, this university-affiliated 
teaching hospital in Guangdong Province has 1800 psychiatric beds 
and conducts up to 1500 ECT sessions per month. All participants 
provided written consent for their participation in the study.

The inclusion criteria for this study have been previously described.21 
In summary, all male (n = 11) and female (n = 9) inpatients met the 
following inclusion criteria: (1) ages ranging from 18 to 50 years; (2) a 
diagnosis of MDD according to the Diagnostic and Statistical Manual 
of Mental Disorders, fourth edition (DSM-IV) criteria;28 (3) currently 
experiencing a major depressive episode with 17-item Hamilton 
Depression Rating Scale (HAMD-17)29 scores of ≥17 during the 
screening; (4) diagnosed with TRD, defined as a failure to respond to 
2 courses of antidepressants;30 and (5) not having undergone other 
non-pharmacological intervention (e.g., transcranial magnetic stimu-
lation, ECT and psychotherapy) within the past 3 months.

The exclusion criteria employed in this study were as follows: (1) 
individuals meeting the DSM-IV criteria for any other serious mental 
disorders, including but not limited to unstable and severe somatic 
conditions (i.e., infectious disease or cancer), schizophrenia, or alco-
hol/substance use disorder; (2) participants who were breastfeeding 
or pregnant; (3) individuals with a previous history of seizures; and 
(4) patients with an implanted foreign body, such as an intracranial 
electrode or pacemaker.

Nonconvulsive Electrotherapy Parameters
The NET was delivered by the Physical Therapy Department at the 
Affiliated Brain Hospital of Guangzhou Medical University. Participants 
received a prescribed course of bilateral NET, as determined by their 
attending psychiatrists, administered thrice a week for 2 weeks, with 
the participant under general anesthesia. Comprehensive details 
regarding the NET parameters have been previously described.21 In 
brief, NET was administered employing the following settings: pulse 
width of 0.5 ms, current intensity of 900 mA, and frequency of 20 Hz. 
This was conducted using a Thymatron IV system integrated with an 
ECT instrument (Somatics LLC, Lake Bluff, IL, USA). As recommended 

MAIN POINTS
• Female patients with treatment-refractory depression (TRD) exhib-

ited heightened responsiveness to 6-session nonconvulsive elec-
trotherapy (NET) compared to their male counterparts.

• The effectiveness of NET in rapidly alleviating depressive symp-
toms was consistent between the sexes.

• No significant sex differences were observed in the impact on neu-
rocognitive function after 6 sessions of NET.

• No sex differences were observed in the correlations between 
baseline neurocognitive function and the severity of depressive 
symptoms.
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previously,25 the energy for NET in this study was set at 1/8 of the 
standard ECT dose using the “half-age” stimulation strategy for ECT 
dosing. Propofol anesthesia was administered at a dose of 1 mg/kg, 
along with succinylcholine at a dose of 1 mg/kg and atropine at a 
dose of 1 mg to induce muscle relaxation and suppress glandular 
secretion during each NET session. Electroencephalography was 
applied to monitor the seizures. A psychiatrist regularly recorded 
vital signs, including systolic and diastolic blood pressures, pulse rate, 
and respiratory rate, throughout each NET session. During NET, all 
patients with TRD continued their use of psychotropic medications.

Clinical Interview and Assessments
Two attending physicians conducted face-to-face interviews for all 
assessments. A self-reported questionnaire was specially designed 
for this study to collect patients’ basic demographic and clinical 
data, including age, body mass index (BMI), and marital status. The 
primary outcome measure focused on the improvement of depres-
sive symptoms as measured by the HAMD-17 after a course of NET. 
As secondary outcomes, “antidepressant response” was defined 
after a course of NET as a reduction of ≥60% from baseline HAMD-
17 scores,31,32 and “antidepressant remission” as achieving HAMD-
17 scores of ≤7.33 Assessments using the HAMD-17 scale were 
conducted at baseline and a day after the first, third, and last NET 
session. A trained neuropsychological technician employed the 
Wisconsin Card Sorting Test (WCST)34 to evaluate the neurocogni-
tive effects of NET at baseline and the last NET session. The WCST 
encompasses 4 subscales, namely completing classification num-
ber, total error number, persistent error number, and random error 
number. It is designed to measure neurocognitive performance and 
is widely used in the assessment of major mental disorders, particu-
larly for MDD.35

Statistical Analysis
All statistical analyses were conducted using Statistical Package for 
the Social Sciences version 24.0 (IBM SPSS Corp.; Armonk, NY, USA), 
and statistical significance was set at P < .05. Descriptive statistics 

were reported as median (minimum–maximum) for non-normally 
distributed variables, mean ± SD for the normally distributed vari-
ables. Categorical variables were presented as frequencies and per-
centages. The Student’s t-test or the Mann–Whitney U-test was used 
for continuous variables to compare the differences in demographic 
and clinical variables between the male and female groups, as appro-
priate. Fisher’s exact tests were used for categorical variables.

The linear mixed model analysis was performed to compare the 
HAMD-17 scores and the 4 subscales scores of the WCST between the 
female and male groups following 6 NET sessions. More specifically, 
groups (males versus females), each assessment time point, and time 
by group interaction were entered as explanatory variables (fixed 
effects), each assessment time point was entered as random effects, 
and the HAMD-17 scores and the 4 subscale scores of the WCST were 
entered as response variables. This analysis controlled for baseline 
levels of these measurements. We used a linear mixed model analysis 
to compare the baseline with the first, third, and sixth NET periods 
within each group. Similarly, group differences in changes in depres-
sive symptoms from the baseline to the first, third, and sixth NET peri-
ods were also compared using a linear mixed model analysis. Finally, 
group differences in the correlations between WCST subscales at 
baseline and HAMD-17 change/endpoint scores were analyzed using 
the Pearson correlation coefficient.

Results

Twenty inpatients, comprising 11 males and 9 females, were included 
in this study. No significant differences were observed between the 
male and female patients in terms of demographic and clinical char-
acteristics, including age, BMI, marital status, and baseline HAMD-17 
and WCST subscale scores (Table 1).

Sex Differences in Antidepressant Effects of Nonconvulsive 
Electrotherapy
Following the completion of 6 NET sessions, the response rates for 
males and females were 45.5% and 77.8% (P = .197), respectively, 

Table 1. Comparisons of Demographic and Clinical Characteristics Between Male and Female Patients at Baseline

Variables
Males (n = 11) Females (n = 9)

PMean SD Mean SD
BMI (kg/m2) 20.7 1.1 20.3 1.6 .450
Baseline HAMD-17 scores 26.2 2.1 26.2 2.8 .971
WCST at Baseline
Total error number 9.4 2.3 8.2 3.5 .388
Random error number 7.1 1.8 6.8 3.2 .785
Variables Median Minimum–Maximum Median Minimum–Maximum P
Agea (years) 29 21-43 27 21-57 .882
WCST at Baseline
Completing classification numbera 7 5-8 6 2-7 .824
Persistent error numbera 1 0-3 1 0-4 .412
Variables n % n % P
Marriedb 4 36.4 4 44.4 1.000
Antidepressant respondersb 5 45.5 7 77.8 .197
Antidepressant remittersb 0 0 2 22.2 .189

BMI, body mass index; HAMD-17, 17-Item Hamilton Depression Rating Scale; WCST, Wisconsin Card Sorting Test.
aMann–Whitney U-test.
bFisher’s exact test. 
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whereas the remission rates were 0% and 22.2% (P = .189) (Table 1). 
In the linear mixed model analysis, a significant main effect over time 
was identified for HAMD-17 scores (P < .001). No significant interac-
tions were observed in terms of group-by-time (P = .564) and group 
main effect (P = .085) (Table 2).

A significant reduction in HAMD-17 mean scores was observed 
from baseline to any of the indicated times in either male (all P < 
.001) or female patients (all P < .001) (Figure 1 and Supplementary 

Table 1). There were no significant sex differences regarding changes 
in depressive symptoms from the baseline to the first (P = .295), 
third (P = .332), and sixth NET periods (P = .587) (Figure 1 and 
Supplementary Table 2).

Sex Differences in Neurocognitive effects of Nonconvulsive 
Electrotherapy
In the linear mixed model analysis, a significant main effect 
over time was observed for each domain of the WCST, including 
completing classification number (P = .004), total error number 
(P = .001), persistent error number (P = .015), and random error 
number (P = .020) (Table 2). However, no significant interactions 
were observed in terms of group-by-time or group main effect in 
each domain of the WCST (all P > .05) (Table 2). Furthermore, the 
improvement in neurocognitive performance, assessed using each 
domain of the WCST exhibited no differences between males and 
females when comparing improvements from baseline to the end-
point (Figure 2). 

Sex Differences in the Correlations Between Neurocognitive 
Performance at Baseline and the Antidepressant Effects of 
Nonconvulsive Electrotherapy
As presented in Table 3, no significant correlations were observed 
between baseline WCST subscale scores and HAMD-17 change/end-
point scores among females or males (all P > .05).

Table 2. Comparisons of the 4 Subscales Scores of the Wisconsin Card 
Sorting Test and 17-item Hamilton Depression Rating Scale Between 
Male and Female Patients Using Linear Mixed Model Analysis

Variables

Group- 
By-Time 

Interaction
Time Main 

Effect
Group Main 

Effect
F P F P F P

HAMD-17 scores 0.69 .564 187.97 <.001 3.31 .085
WCST
Completing classification 
number

0.11 .739 10.98 .004 2.03 .171

Total error number 0.02 .893 17.46 .001 1.05 .320
Persistent error number 0.15 .707 7.27 .015 1.68 .211
Random error number 0.01 .924 6.53 .020 0.20 .657

Bolded values indicate P < .05.
HAMD-17, 17-Item Hamilton Depression Rating Scale; WCST, Wisconsin Card Sort-
ing Test. Note: each baseline variable serves as a covariate.

Figure  1. Comparisons of depressive symptoms from baseline to 
the sixth NET session in male and female patients with TRD. 
*Significant differences were found at any of the indicated times 
when compared to baseline among males (P < .001). 
#Significant differences were found at any of the indicated times 
when compared to baseline among females (P < .001). 
No significant difference was found between males and females at 
any of the indicated times (P > .05). 
HAMD-17, 17-item Hamilton Depression Rating Scale; NET, 
nonconvulsive electrotherapy; TRD, treatment-refractory depression.

Figure 2. Comparisons of the 4 subscales scores of the WCST from 
baseline to the sixth NET session in male and female patients with 
TRD. 
Note: no significant differences were found regarding the 4 
subscales scores of WCST between males and females at any of the 
indicated times (P > .05). 
NET, nonconvulsive electrotherapy; TRD, treatment-refractory 
depression; WCST, Wisconsin Card Sorting Test.
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Discussion

To the best of our knowledge, this is the first study to investigate 
sex differences concerning the antidepressant and neurocognitive 
effects of 6 NET sessions among patients with TRD. Additionally, it 
delves into the correlations between baseline neurocognitive func-
tion and the severity of depressive symptoms. The primary findings 
of the study were as follows: (1) female patients with TRD exhibited 
a heightened responsiveness to 6-session NET compared with their 
male counterparts; (2) the effectiveness of NET in rapidly alleviating 
depressive symptoms, as measured by the HAMD-17, was consistent 
between sexes in patients with TRD; (3) no significant sex differences 
were observed in the impact on neurocognitive function, as mea-
sured by the WCST after 6 sessions of NET; and (4) no sex differences 
were observed in the correlations between the baseline neurocogni-
tive function and the severity of depressive symptoms.

While previous research had already indicated the effectiveness of 
NET in treating patients with TRD,21 our study extends these findings 
by revealing that the response rates and remission rates achieved 
through 6 NET sessions were significantly higher in female patients 
with TRD compared with their male counterparts, indicating that sex 
might influence the response to NET. This finding aligns with a recent 
study on ECT, which reported a higher antidepressant response rate in 
females (78.0%) compared with males (54.0%).36 The findings of previ-
ous studies examining sex differences in patients with MDD undergo-
ing other treatments, such as transcranial magnetic stimulation37 and 
ketamine38 were inconsistent. For instance, a recent study found that 
clinical outcomes were superior in females who received transcranial 
magnetic stimulation compared to males.37 However, a randomized 
controlled trial (RCT) did not find differential antidepressant efficacy 
(assessed by the 6-item HAM-D), among males and females receiving 
varying doses of ketamine (i.e., 0.1, 0.2, 0.5, and 1.0 mg/kg) for TRD 
treatment.38 The inconsistency of these findings might be attributed, 
in part, to variations in study design, adopted treatments, study dura-
tion, selected measurements, and other factors.

In our study, an initial investigation into potential neurocognitive 
differences between sexes in terms of NET was conducted and no 

significant sex differences were observed in the impact on neuro-
cognitive function after 6 sessions of NET. However, sex-based dif-
ferences in the neurocognitive effects of ECT have been examined 
in previous research.39,40 Several studies have demonstrated that 
the adverse effect of ECT on neurocognitive function is more pro-
nounced in females compared with males.39,40 For instance, Sinclair 
et al39 observed that after 4 ECT sessions, females exhibited more sig-
nificant cognitive deficits than males, as assessed using the Spatial 
Recognition Memory task from the Cambridge Neuropsychological 
Test Automated Battery. Another study reported that ECT resulted 
in greater impairment in autobiographical memory in females com-
pared with males, as measured by the Autobiographical Memory 
Interview-Short Form.40 This observed pattern of sex differences 
might be attributed to the fact that the electrical dosage is not 
adjusted according to sex in clinical practice, despite females having 
markedly lower seizure thresholds than their male counterparts.40,41 
As a result, females might receive higher electrical doses relative to 
their seizure thresholds, potentially leading to more severe cogni-
tive deficits compared with males. Unlike ECT, our study reported 
that NET does not produce sex-specific adverse effects on cognitive 
function. This suggests that NET might represent a safe treatment 
option to a certain extent. One plausible explanation for this finding 
is that the electrical stimulation used in NET is of a small magnitude 
insufficient to elicit discernible impacts on neurocognitive function 
in males or females. Nevertheless, it is imperative to interpret these 
results with caution, and further research will be necessary to vali-
date our findings.

No sex differences were observed in the correlations between the 
baseline neurocognitive function and the antidepressant effects 
after 6 NET sessions. One study reported that interactions between 
neurocognitive function and childhood maltreatment could serve 
as predictors of antidepressant outcomes in individuals with MDD, 
and these predictors were associated with activities of the right dor-
solateral prefrontal cortex.42 However, whether such sex-specific dif-
ferences exist in this context remains unclear. Furthermore, a 4-year 
longitudinal study involving 285 never-depressed adolescents 
reported a sex difference between baseline neurocognitive function 
and depressive episodes.43 Specifically, the study found that the base-
line neurocognitive performance was predictive of the first onset of 
depressive episodes in boys but not in girls.43 However, our study 
focused on a distinct sample comprising patients with TRD under-
going NET and did not find a similar sex-related difference between 
neurocognitive performance and depressive symptoms, regardless 
of symptom severity or change.

This study has several limitations. First, the observed sex-related 
disparities in the antidepressant and neurocognitive effects of NET 
might be influenced by the relatively small sample size of this pre-
liminary study. Second, existing medications might affect the anti-
depressant and neurocognitive effects of NET. Third, due to the lack 
of follow-up visits after treatment, it was not possible to investigate 
whether sex differences of NET require a longer time to manifest. 
Fourth, subjective evaluations are inevitable without a control group. 
Fifth, no additional data pertaining to the medications was collected. 
However, it is noteworthy to emphasize that the individuals involved 
in this study can be regarded as representative of patients with TRD 
in real-world settings, as they continued with medication usage to 
address their depressive symptoms. Finally, this study employed 

Table 3. Correlation Analysis Between the 4 Subscales Scores of the 
Wisconsin Card Sorting Test at Baseline and the Antidepressant 
Outcomes of Nonconvulsive Electrotherapy

Variables

Males (n = 11) Females (n = 9)
HAMD-17 

Scores 
After 

Post-NET

Change  
in 

HAMD-17 
Scores

HAMD-17 
Scores 
After 

Post-NET

Change  
in 

HAMD-17 
Scores

WCST at Baseline
Completing 
classification number

r = −0.094 r = −0.431 r = 0.017 r = −0.200
P = .783 P = .185 P = .965 P = .606

Total error number r = 0.588 r = −0.496 r = −0.238 r = 0.423
P = .057 P = .120 P = .537 P = .257

Persistent error 
number

r = 0.467 r = −0.034 r = −0.289 r = 0.358
P = .147 P = .920 P = .451 P = .344

Random error 
number

r = 0.090 r = −0.202 r = −0.177 r = 0.232
P = .793 P = .551 P = .648 P = .548

HAMD-17, 17-item Hamilton Depression Rating Scale; NET, nonconvulsive electro-
therapy; r, Pearson coefficient of correlation; WCST, Wisconsin Card Sorting Test.
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an open-label real-world design instead of an RCT, and the present 
study was a post hoc secondary analysis of a sample of patients with 
TRD. Therefore, future research in this area should aim to address 
these limitations.
In conclusion, the present preliminary study indicated that female 
patients with TRD exhibit higher rates of antidepressant response 
and remission after undergoing NET. However, to establish the 
robustness of these findings, further research of a larger sample is 
warranted.
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Supplementary Table 1. Comparisons of HAMD-17 scores between the baseline and the first, third, sixth NET period

Time
Males (n = 11) Females (n = 9)

mean±SD  P a mean±SD p a

Baseline 26.18 ± 2.01 NA 26.22 ± 2.82 NA
First NET 20.27 ± 3.23 <.001 18.67 ± 1.66 <.001
Third NET 17.82 ± 2.86 <.001 16.32 ± 1.12 <.001
Sixth NET 11.09 ± 1.97 <.001 9.56 ± 1.74 <.001

aThe differences between baseline and the first, third, and sixth NET period within each group.
Abbreviations: HAMD-17=The 17-item Hamilton Depression Rating Scale; NA=not applicable; NET=nonconvulsive electrotherapy.

Supplementary Table 2. Comparisons of changes in HAMD-17 scores in male and female patients with TRD

Variables Time
Males (n = 11)

Mean±SD
Females (n = 9)

Mean±SD p
Change in HAMD-17 scores Baseline - first NET 5.9±4.2 7.6±3.6 .295

Baseline - third NET 8.4±3.9 9.9±3.2 .332
Baseline - sixth NET 16.2±2.1 15.3±3.3 .587

Abbreviations: HAMD-17=The 17-item Hamilton Depression Rating Scale; NET=nonconvulsive electrotherapy.


