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A B S T R A C T

Background: MDD patients with abnormal EEG patterns seem more likely to be non-responsive to the anti-
depressants escitalopram and venlafaxine, but not sertraline, than patients without EEG abnormalities. This
finding suggests that patients with both MDD and abnormal EEGs may differentially respond to antidepressant
treatment. In the current study, we investigated whether depressed patients with an abnormal EEG show a
normalization of the EEG related to antidepressant treatment and response and whether such effect is drug
specific, and whether having had early life stress (ELS) increases the chance of abnormal activity.
Methods: Baseline and week 8 EEGs and depression symptoms were extracted from a large multicenter study
(iSPOT-D, n=1008) where depressed patients were randomized to escitalopram, sertraline, or venlafaxine-XR
treatment. We calculated Odds Ratios of EEG normalization and depression response in patients with an ab-
normal EEG at baseline, comparing sertraline versus other antidepressants.
Results: Fifty seven patients with abnormal EEGs were included. EEGs did not normalize significantly more with
sertraline compared to other antidepressants (OR = 1.9, p = .280). However, patients with a normalized EEG
taking sertraline were 5.2 times more likely to respond than subjects taking other antidepressants (p = .019).
ELS was not significantly related to abnormal activity.
Limitations: Neurophysiological recordings were limited in time (two times 2-minute EEGs) and statistical power
(n=57 abnormal EEGs).
Conclusions: Response rates in patients with normalized EEG taking sertraline were significantly larger than in
subjects treated with escitalopram/venlafaxine. This adds to personalized medicine and suggests a possible drug
repurposing for sertraline.

Introduction

Abnormal activity in the electroencephalogram (EEG) in absence of
clinical events (such as seizures) includes paroxysmal activity (e.g.
isolated epileptiform discharges (IEDs), intermittent focal slowing) or
diffuse slowing of the background pattern. Abnormal EEG activity is not
exclusively associated with disorders such as epilepsy and may occur

without obvious clinical signs or symptoms. However, it has been hy-
pothesized that particular EEG abnormalities are associated with mul-
tiple mental disorders (Boutros, 2018; Inui et al., 1998; Shelley and
Trimble, 2009; Yasuhara, 2010), opting the possibility that patients
with an abnormal EEG may benefit from medication targeting both the
mental disorder and the EEG abnormalities. Assessing pre-treatment
EEG abnormalities therefore, could both benefit prognosis reliability
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and treatment outcome and would adhere to the standards set by the
NIMH with the Research Domain Criteria framework ([RDoC]
Insel et al., 2010) under Arousal (Physiology).

EEG abnormalities are reported in 3–5% or patients with MDD, si-
milar to controls (1–6%: Arns et al., 2008; Arns et al., 2017; Goodwin,
1947; Lennox-Buchtal et al., 1960; Monin et al., 2018; Oh et al., 2018;
Richter et al., 1971; Shelley et al., 2008). Furthermore, an increased
likelihood of developing epilepsy exists in MDD (Kanner et al., 2017).
Vice-versa, the most commonly reported psychiatric comorbidity in
epilepsy is MDD (Bragatti et al., 2014), as 24% of epileptic patients are
affected by MDD (Kanner, 2017).

Ribot et al. (2017) found a decrease in seizure frequency as a result
of antidepressant treatment in depressed humans with co-morbid epi-
lepsy. This was irrespective of how well their mood symptoms im-
proved. In animal models, antidepressants (AD) showed a similar de-
crease in seizure frequency (Kamal, 2007).

Only few studies explored how abnormal EEGs, in the absence of
epilepsy, relate to the treatment effects in affective disorders.
Arns et al. (2017) showed that a subgroup of MDD patients with ab-
normal EEG patterns was more likely to be non-responsive to the ADs
escitalopram and venlafaxine, whereas response to sertraline was not
different for patients with or without EEG abnormalities. These findings
suggest that patients with both MDD and abnormal EEGs may differ-
entially respond to AD treatment.

In this light, sertraline might exert some anticonvulsant effects,
given the observation that people with abnormal EEGs did respond well
to sertraline. This would justify the consideration of repurposing the AD
sertraline as a mild anticonvulsant for the treatment of MDD with
paroxysmal activity. To explore such repurposing, we studied if ser-
traline treatment results in more EEG normalization after 8 weeks of
treatment, compared to venlafaxine and escitalopram, and if this is
associated with clinical response. Sertraline responders were expected
to show more normalization than responders to other ADs. This was
complemented by evaluating if early life stress (ELS, a potential cause
of an abnormal EEG) is associated with abnormal EEG patterns. For
background and results, see supplement 1. Our study was not originally
designed to detect EEG abnormalities (particularly IEDs) and recordings
were limited to 2 min of eyes-open and 2 min of eyes-closed EEG. This is
sufficient for detecting slow wave abnormalities (Struve and
Boutros, 2005). However, short recordings increase the chances for a
false negative recording for IEDs. Despite these limitations, we sought
to capitalize on this large sample size of well-characterized patients
with MDD to investigate whether normalization after AD treatment
occurs in EEGs initially showing abnormalities.

Methods

Design

This study was an international multicenter, randomized, pro-
spective open-label trial (phase IV clinical trial, international Study for
Predicting Optimized Treatment in Depression [iSPOT-D]) in which
MDD subjects were randomized to escitalopram, sertraline, or venla-
faxine-XR treatment in a 1:1:1 ratio. The study protocol details have
been published by Saveanu et al. (2015) and Williams et al. (2011).

The iSPOT-D sample consisted of 1008 patients with MDD and 336
healthy controls, the current study focused on 58 subjects having an
abnormal EEG (identical to the sample from our previous report,
Arns et al., 2017). After excluding data from one subject due to poor
EEG quality at endpoint, the sample for our main analyses consisted of
57 patients with MDD displaying an abnormal EEG at baseline mea-
surement. A complete description of the study assessments, inclusion/
exclusion criteria, diagnostic procedures, treatment and characteriza-
tion of this paroxysmal subgroup is available in Arns et al. (2017). In
summary, the primary diagnosis of nonpsychotic MDD was confirmed
at the baseline visit (before randomization) using the Mini-International

Neuropsychiatric Interview (MINI-Plus), according to the Diagnostic
and Statistical Manual of Mental Disorders, fourth edition (DSM-IV)
criteria, and a score ≥16 on the clinician-rated 17-item Hamilton
Rating Scale for Depression (HRSD). To measure the neurophysiological
consequences of childhood trauma (as was reported in Williams et al.,
2016), we used the Early-Life Stress Questionnaire (ELSQ,
McFarlane et al., 2005). The ELSQ comprises 18 items, which assess
exposure to specific traumatic events in the first 17 years of life (see
supplement 2 for the entire questionnaire) and which are equivalent to
the trauma items assessed by the Child Abuse and Trauma Scale (Chu
et al., 2013; Williams et al., 2016). Each item is scored dichotomously
for the presence/absence of exposure to each type of trauma. As re-
ported by Williams et al. (2016), in the complete iSPOT-D sample the
extent of exposure to traumatic events was not found to differ across
site or across country. All MDD subjects were either AD medication-
naive or, if previously prescribed an AD, had undergone a washout
period of at least 5 half-lives before the baseline visit clinical and EEG
assessments. After the baseline visit, MDD subjects were randomized to
1 of the 3 AD medications. After 8 weeks of treatment, subjects were
tested again using the HRSD and EEG, further referred to as endpoint.
Subjects provided written informed consent. This study was approved
by the local institutional review boards at all the participating sites and
was registered at ClinicalTrials.gov (NCT00693849).

Pre and post-treatment assessments

EEG recordings were performed at baseline and at endpoint, using a
standardized methodology and platform (Brain Resource Ltd,
Australia). Details of this procedure have been published elsewhere
(Williams et al., 2011), and details of the reliability and across-site
consistency of this EEG procedure have also been published (Paul et al.,
2007; Williams et al., 2005). In summary, subjects were seated in a
sound and light attenuated room that was controlled at an ambient
temperature of 22 °C. EEG data were acquired from 26 channels: Fp1,
Fp2, F7, F3, Fz, F4, F8, FC3, FCz, FC4, T3, C3, Cz, C4, T4, CP3, CPz,
CP4, T5, P3, Pz, P4, T6, O1, Oz, and O2 (NuAmps; 10–20 electrode
international system). EEG data were collected for 2 min with eyes open
(EO) and 2 min with eyes closed (EC). Data were referenced to averaged
mastoids with a ground at AFz. Horizontal eye movements were re-
corded with electrodes placed 1.5 cm lateral to the outer canthus of
each eye. Vertical eye movements were recorded with electrodes placed
3mm above the middle of the left eyebrow and 1.5 cm below the
middle of the left bottom eyelid. Skin resistance was <5 kOhm for all
electrodes. A low-pass filter with an attenuation of 40 dB per decade
above 100 Hz was employed prior to digitization with a sampling rate
of 500 Hz.

EEG analysis

A high-pass filter of 0.3 Hz, a low-pass filter of 100 Hz, and notch
filters of 50 or 60 Hz (depending on the country in which the data were
recorded) were applied. Data were EOG corrected using a regression-
based technique similar to the method described by
Gratton et al. (1983). No other artifact rejection was applied to the data
other than EOG correction and filtering. Data were visually inspected in
Brain Vision Analyzer (Brainproducts, Germany) using a linked ears and
queens-square montage. Visual inspection and classification were per-
formed by author N.N.B. (a board-certified electroencephalographer,
neurologist, and psychiatrist), who was blinded to the subject's status
(patient vs control), clinical data, assessment moment (baseline vs.
endpoint) and treatment arm. Details on EEG data analysis and vali-
dation can be found elsewhere (Arns et al., 2016). Eyes closed awake
EEG data were examined for the presence of any focal or generalized
slowing (EEG slowing). Diffuse slowing was recorded if the background
frequency was consistently below the alpha range (Niedermeyer, 2005).
Focal slowing was recorded if rhythms slower than alpha (theta or
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delta, i.e. <8Hz) were consistently detected in a particular location
(Krauss et al., 2010). Epileptiform or paroxysmal activity were defined
as any EEG pattern (with or without a sharp contour) that emerges and
disappears paroxysmally from the ongoing background activity
(Niedermeyer, 2005). Non-paroxysmal, focal or generalized, slow wave
activity were more or less continuously recorded (note that records
were almost entirely fully awake records) with some waxing and
waning (Sharbrough, 2005). Finally, the presence of any of the so-
called controversial waveforms (e.g., wicket spikes) was also recorded.
These waveforms are paroxysmal but are of uncertain significance
(Boutros, 2014). Supplement 3 contains descriptive and visual in-
formation of abnormalities on the individual level. Classification of all
abnormalities was in accordance to the guidelines published by the
International Federation of Clinical Neurophysiology (Noachtar et al.,
1999).

Statistics

Our primary outcome measure was normalization of the EEG, de-
fined as an absence of abnormalities after 8 weeks of AD treatment, for
those subjects who were classified as having an abnormal baseline EEG.
Treatment response was defined as a more than 50 percent decrease in
HRSD score from baseline to endpoint, identical to our previous study.
Secondary, we focused on treatment response in patients with a nor-
malized EEG. Differences in age, sex, and depression severity at base-
line were tested using 1-way analysis of variance (or nonparametric
tests if required). Although pharmacologically different presumed me-
chanisms of action, we chose to merge escitalopram and venlafaxine
groups based on the prior finding that these two drugs show poor
clinical response in patients with an abnormal EEG (as opposed to the
sertraline group), thereby also equalizing statistical power. For the
presence of abnormalities at endpoint, significance level was set at
p≤0.05 and effect sizes of main effects were reported in odds ratios
(OR) with 95% confidence intervals (CI). For assessing the relationship
between ELS and EEG abnormalities, both ELS in general and abuse in
particular, were tested binary (OR with CI) and continuously (summing
up all experiences ELS events, testing through logistic regression), for
their neurophysiological effect (having an abnormal EEG at baseline or
not). Every questionnaire item was also singularly tested binary
through the calculation of ORs.

Results

In the abnormal sample, 45% achieved remission (HRSD score
below MDD cutoff at endpoint) and 54% reached response to treatment
(see Table 1). The number of subjects with an abnormal EEG was sig-
nificantly higher in the group prescribed with sertraline than other
antidepressants, yielding unequal distributions for the number of re-
sponders among treatment groups. For the additional ELS analyses, the
total sample of patients with complete EEG and ELS data (n=1152)
consisted of 878 patients with MDD and 274 healthy controls.

Responders (31.6 ± 10.1 years) did not significantly differ in age
(37.3 ± 13.2 years; p = .065; F(1, 56) = 3.535) or sex (p = .541;
χ2 = 0.374) from non-responders. As previously reported (Arns et al.,

2017), response rates in this abnormal subgroup were highest in the
sertraline group (72%), followed by the other AD group (38%). Based
on this sample, escitalopram and venlafaxine were associated with
nonresponse in MDD patients with EEG abnormalities, but not so for
sertraline. See Table 1 for an overview of response rates.

Drug effect on abnormal EEGs. Out of 57 subjects with an abnormal
EEG at baseline, 39 showed no more EEG abnormalities at endpoint
(76% after sertraline, 62.5% after another AD). Results are shown in
Table 1. Comparing sertraline to the other ADs, OR analyses showed no
significant differences in normalization of the EEG at endpoint
(OR = 1.9, p = .280, 95% CI [0.593, 6.084]).

Mediation of EEG normalization on clinical response to different drugs.
Responders and non-responders were equally likely to have a normal
EEG at endpoint (Table 2). However, when specifically comparing
sertraline to other ADs among subjects with a normalized EEG, subjects
taking sertraline were 5.2 times more likely to be a responder than
subjects taking other ADs (p = .019, 95% CI [1.317, 20.539], see
Fig. 1). For subjects with an unchanged EEG this difference was not
significant (OR = 2.8, p = .325, 95% CI [0.361, 21.727]).

Early-life stress. Having experienced ELS in general, abuse in general,
and specific ELS events in early life, were not related to abnormal EEG.
This was the case for 1) the entire iSPOT-D dataset (all ELS data
available for MDD patients and controls in the iSPOT-D dataset
n=1152, p ≥ .116), and 2) depressed subjects specifically (n=878,
p ≥ .091): ORs and logistic regression models were non-significant.

Discussion

This study aims to extend our observations that depressed patients
with an abnormal EEG at baseline are more likely to be a non-responder
to venlafaxine or escitalopram, suggesting that sertraline is the pre-
ferred treatment in this subgroup (Arns et al., 2017). We investigated
whether these patients show both an antidepressant (AD) treatment
related and response related temporal change in the EEG and whether

Table 1
Response results after MDD treatment with antidepressants, and EEG outcome at endpoint.

Table 2
The number of responders and non-responders in the normal and abnormal
endpoint EEG subgroups per treatment and across treatment arms.

⁎Percentage of the total of all patients belonging to the same treatment arm
(both responders and non-responders)
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early life stress (ELS) increases the chance of observing abnormal EEG
activity. We show that EEG normalization patterns – rated blind to
diagnosis and treatment – did not significantly differ between sertraline
and other AD treatment for 8 weeks. However, when comparing ser-
traline treatment to the other ADs within the subjects who had a nor-
malized EEG at endpoint, response was more likely to be achieved with
sertraline than with other treatments. A mediating effect of ELS in de-
veloping an abnormal EEG (with ELS increasing the chance of such an
EEG) was neither found in the whole sample of controls and depressed,
nor in the depressed subsample.

To the best of our knowledge, this is the first study to explore the
effects of ADs on abnormal EEGs of depressed patients. Several research
groups did study the effects of a range of ADs on seizures (including
sertraline), finding no adverse influence on seizure frequency (Hovorka
et al., 2000; Kanner et al., 2000; Maguire et al., 2014; Okazaki et al.,
2011; Thomé-Souza et al., 2007). Moreover, beneficial treatment effects
of selective serotonin (and norepinephrine) reuptake inhibitors (SSRIs
and SNRIs) on patients with epilepsy have been published before (Alper
et al., 2007; Favale et al., 2003; Hamid and Kanner, 2013; Kanner,
2016; Specchio et al., 2004). Abnormal EEGs however, were not subject
to such investigations before. Our results suggest that depression re-
sponse with concurrent EEG normalization occurs more often after
sertraline treatment than escitalopram or venlafaxine. Note that this
entails an assessment of abnormalities normally deemed subclinical by
neurologists. Our inconclusive findings on ELS (whole sample n=1152
and MDD sample n=878) provided no additional clarification that
would help elucidate underlying mechanisms involved in both devel-
oping MDD and displaying an abnormal EEG (see supplement 1 for
background and results).

Remarkable is the differential effect of sertraline in terms of treat-
ment response, compared to escitalopram and venlafaxine in subjects
who had a normalized EEG, which was discussed before (Arns et al.,
2017). Only escitalopram also acts on the allosteric sites of the ser-
otonin transporter and has higher selectivity for this transporter. Ser-
traline on the other hand, has the most pronounced dopamine active
transporter inhibitory activity (Sanchez et al., 2014). However, new
literature on the different antidepressant profiles has barely clarified
how this might have consequential effects on the (abnormal) human
EEG. In a rodent model, sertraline prevented or diminished induced
seizures (presumably mostly through effective inhibition of brain pre-
synaptic Na+ channel permeability), comparable to antiepileptic drug
carbamazepine (Sitges et al., 2012). Kanekar et al. (2018) did suggest a
differential working mechanism in sertraline compared to other ADs,
considering the increased inhibition of dopamine active transporter by
sertraline. According to Bozzi and Borelli (2013), altered D2R signaling
(part of the dopamine system), leading to decreased D2R function,
might be involved in epileptogenesis, adding to earlier findings that
dopamine plays a role in juvenile myoclone epilepsy and general tonic

clonic seizures (Ciumas et al., 2010; Ciumas et al., 2008). Although the
generalization of our results on EEG abnormalities to epileptogenesis is
uncertain, it might help explain in part how EEG abnormalities in de-
pressed patients are best treated with sertraline, but further research is
necessary to understand the mechanisms that may be underlying the
differential effects of treatments.

Limitations

As the frequency of IEDs is highly variable and in part modulated by
sleep (Askamp and van Putten, 2014; Geut et al., 2017), our short EEG
recordings will have limited sensitivity to detect IEDs (Boutros, 2018).
However, the most observed abnormalities in this sample, diffuse and
focal slow activity, have a relatively high chance of being observed in
one recording session as these findings are relatively stationary. An-
other limitation is that all EEG epochs were assessed by visual analysis.
While this is still the gold standard for detection of paroxysms, global
features (e.g. mean frequency) may be assessed more reliably with
quantitative EEG. Further, we did not assess spontaneous fluctuations in
these findings, nor differentiate between the different types of ab-
normalities (different types of IEDs and slowing).

In the search of treatment optimization, future studies involving
larger samples (e.g. from consortia) allow for investigating whether the
degree of abnormality is indicative of the chance of treatment success.
New methods in neuroscience such as deep learning, could assist in this
quest (Tjepkema-Cloostermans et al., 2018) as well as using a multi-
modal and integrative approach where data from various domains is
combined in order to optimize prediction, including cognitive, psy-
chological and genetic information (e.g. Spronk et al., 2011). For future
similar studies, we propose that records are interpreted by two in-
dependent EEG specialists, both blinded to group and treatment. Pos-
sible changes in EEG of participants that showed no abnormalities at
baseline have not been investigated in the current study. This may,
however, help explain the normalization of EEG after treatment or lack
thereof. Findings from Sitges et al. (2012) imply that EEG normalization
could occur after sertraline treatment, irrespective of treatment re-
sponse. As our findings were not based on the ratio of normalization in
responders and non-responders, future studies could further investigate
EEG normalization of sertraline irrespective of response status. Future
studies should also address the relation between duration of the EEG
and likelihood of detection of paroxysms to define the optimal re-
cording time within practical limits. Although in previous epileptiform
EEG studies SSRIs and SNRIs have been discussed as a treatment in
general, our results show the importance to discriminate between
specific ADs and incorporate several ADs within one study.

In conclusion, albeit in a small sample, our data demonstrate that
patients showing a normalized EEG after MDD treatment comprised of
more sertraline responders, than responders to escitalopram or

Fig. 1. Treatment response for subjects with a normalized EEG at endpoint, per AD type (sertraline n=19, other AD n=20). Percentages indicate response within
each respective AD type.
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venlafaxine. This first exploration of the relationship between EEG
paroxysms and MDD treatment response points towards the suggestion
that differentiation within a psychiatric patient group that seems
homogenous at first (with respect to its symptoms), may improve
treatment efficacy. To this end, a more routinely use of EEG in psy-
chiatry could assist in personalized medicine.
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