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INTRODUCTION 

Posttraumatic stress disorder (PTSD) and anxiety disor-
ders share a common symptomatology of abnormal and ele-
vated fear response,1 which is thought to underlie heightened 
amygdala and insula activities.2 For their common symptoms 
and neurobiology, PTSD was classified as an anxiety disorder 
until Diagnostic and Statistical Manual of mental disorders, 
fourth edition (DSM-IV).3 
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However, due to its etiology of explicit trauma and the dis-
tinct symptomatology which includes re-experiencing phe-
nomena, avoidance, and alterations in mood/cognition, 
PTSD was separated from anxiety disorders and newly clas-
sified as trauma- and stressor-related disorders in DSM-5.4 
Recent neurobiological findings are also in support of this 
reclassification as, although hyperactivation of the amygdala 
and insula is a common feature found in both PTSD and 
anxiety disorders,2 only PTSD is associated with hypoactiva-
tion of the ventromedial prefrontal cortex (vmPFC).5 The 
vmPFC is known to have direct inhibitory connections with 
the amygdala, and has been hypothesized to play a role in the 
extinction of conditioned fear responses,6,7 and also to regu-
late arousal under stress and promote resilience.7-12 De-
creased vmPFC function in PTSD are associated with more 
grave symptom severity which could contribute to the dys-
regulation of mood observed in this disorder.13-15
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The electroencephalography (EEG) findings of anxiety 
disorders have largely varied, and the majority of studies 
have investigated a single disorder of the many anxiety disor-
ders. Among them, many studies have focused on predicting 
the outcome of cognitive-behavioral therapy, and some have 
shown that greater frontal asymmetry was associated with 
poorer treatment outcomes.16 One study comparing the 
quantitative EEG (qEEG) data of individuals with panic dis-
order with those of healthy controls found that overall delta, 
theta, and alpha absolute powers were increased in panic dis-
order and that the absolute delta and alpha powers signifi-
cantly correlated with observer ratings of anxiety.17 Among 
individuals with social phobia, qEEG findings showed de-
creases in the absolute and relative delta and theta powers, 
and that trait anxiety and depression negatively correlated 
with absolute theta powers compared to healthy controls.18

There have been even fewer studies with more varying results 
on the EEG findings in PTSD. One study reported veterans with 
PTSD had increased theta powers,19 while others did not.20,21 
Another study reported that PTSD veterans in comparison to 
veterans without symptoms had decreased alpha and increased 
beta powers.22 One study evaluating functional connectivity of 
resting-state EEG in PTSD patients reported results of reduced 
connection strength and communication efficiency in beta and 
gamma frequency bands,23 and another study reported disrupt-
ed global indices (strength, clustering coefficient, path length, 
and efficiency) in delta, theta, low beta frequency bands of rest-
ing-state EEG in PTSD subjects.24 A more recent study of be-
reaved families following a national trauma has reported in-
creased frontal beta powers, suggesting possible compensatory 
mechanisms following a complex trauma.25

However, it is difficult to explain the results of previous 
EEG studies in relation to the pathophysiology of PTSD and 
anxiety disorders due to the inconsistent and divergent nature 
of study designs and results. EEG studies of anxiety disorders 
were likely to focus on EEG findings that could predict treat-
ment response to cognitive-behavioral therapy rather than on 
the inherent EEG features that could explain the neurobiolo-
gy of the disorder. In the case of PTSD, there have been even 
fewer EEG studies, and the results varied widely among them, 
making it hard to allow for a consistent interpretation. Also, 
to our knowledge, there have been no previous studies direct-
ly comparing PTSD with anxiety disorders. Furthermore, 
there was no EEG study of PTSD controlling for the effect of 
psychotropic medications, and the interpretation of results of 
the studies with drug-free participants was limited with the 
problem of a deficient number of study participants.

Therefore, the present study was performed to identify the 
neurobiological features capable of differentiating PTSD 
from anxiety disorders using qEEG. We hypothesized that 

the powers of EEG frequency bands would differ between 
the two disorder categories and that they may reflect differ-
ent symptomatology. As medications could modify EEG 
findings, we quantified and standardized medications into 
equivalent doses of specific categories of drugs to control for 
them when testing differences of absolute and relative pow-
ers between the two study groups.

METHODS

Participants 
Among the patients examined by qEEG in the Psychiatry 

Department of Seoul National University Hospital between 
2010 and 2016, data from those between the ages of 20 and 55 
years old with a primary diagnosis of either PTSD or acute 
stress disorder (ASD; n=72) and those with a primary diag-
nosis of anxiety disorder (n=133) were initially acquired 
through a retrospective review of the medical records. The di-
agnosis was made by at least one psychiatrist with a board 
certificate, according to the diagnostic criteria of the Classifi-
cation of Mental and Behavioral Disorders by the 10th revi-
sion of the International Classification of Diseases (ICD-10).26

The exclusion criteria were as followed: 1) a comorbid diag-
nosis of either psychotic or substance use disorder or intellectual 
disability; 2) drowsiness or sleeping during the eyes-closed 
qEEG protocol (to exclude the effects of somnolence state on 
EEG findings); 3) extreme outliers of EEG powers during ex-
ploratory data analyses; 4) being treated with tricyclic antide-
pressants, opioid agents, anticonvulsant agents, lithium, psycho-
stimulants, or anticholinergic agents (to control for the effects of 
medication); and 5) being treated with antipsychotic agents, 
benzodiazepine, or antidepressants at doses exceeding 2 stan-
dard deviations (i.e., those being treated with ≥5.28 mg of an 
olanzapine-equivalent dose, ≥3.42 mg of a lorazepam-equiva-
lent dose, or ≥71.87 mg of an imipramine-equivalent dose).

Thirty-six patients with PTSD (n=32) or ASD (n=4) and 
79 patients with anxiety disorder were included in the final 
analysis. The anxiety disorder group included 36 patients 
with a diagnosis of panic disorder, 5 with social anxiety dis-
order, and 38 with generalized anxiety disorder or unspeci-
fied anxiety disorder. This study adhered to the tenets of the 
Declaration of Helsinki and the ICH-GCP revised in 2013. 
The research protocol of this study was approved by the In-
stitutional Review Board at Seoul National University Hospi-
tal (Number: 1712-045-905).

Standardization of medications
Information regarding all neuropsychiatric drugs adminis-

tered on the day of qEEG acquisition were collected. To allow 
for quantitative analysis, antipsychotic drugs were converted 
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into olanzapine-equivalent doses,27 benzodiazepines into lo-
razepam-equivalent doses,28 and antidepressants into imipra-
mine-equivalent doses; 150 mg of imipramine was calculated 
as equivalent to 150 mg of clomipramine, 30 mg of fluox-
etine, 45 mg of citalopram, 150 mg of fluvoxamine, 150 mg 
of milnacipran, 125 mg of sertraline, 30 mg of paroxetine, 
150 mg of venlafaxine, 250 mg of bupropion, according to 
previous studies.29 Doses of escitalopram and duloxetine 
were standardized as escitalopram doses, with 10 mg of esci-
talopram corresponding to 60 mg of duloxetine.30 Mirtazap-
ine doses were independently quantified as there were no 
consensus concerning dose equivalency between mirtazap-
ine and other antidepressant agents. After the standardiza-
tion procedure, only a few non-standardized drugs remained, 
which were administered just in small doses: tianeptine 
(n=26, 12.5 mg), buspirone (n=14, 5–10 mg), propranolol 
(n=18, 10–40 mg), and trazodone (n=2, 25 mg).

EEG recording & processing procedures
All EEGs were measured and recorded by a single skilled 

engineer with SynAmps2 (Compumedics, Abbotsford, Victo-
ria, Australia) and Neuroscan system (Scan 4.3; Compumed-
ics) installed in the EEG room of Seoul National University 
Hospital. Patients were seated in a reclining chair in an isolat-
ed, shielded EEG room, and their neurophysiological signals 
were measured for about 20 minutes in a stable state with eyes 
closed.31 Twenty-one electrodes were attached to the scalp 
(Cz, FPz, Fz, Oz, Pz, T4, O2, T6, C4, P4, Fp2, F8, F4, T3, O1, 
T5, C3, P3, Fp1, F7, F3) according to the international 10–20 
system, with two electrodes to track eye movements. Imped-
ance was set at <5 kΩ, and reference nodes were attached to 
both mastoid processes for bipolar analyses. Data were col-
lected at a frequency of 500 Hz and were band-pass filtered 
between 0.1 and 60 Hz. For spectral analyses, data from the 
Neuroscan system were transferred to NeuroGuide software 
(NF 2.7.8; Applied Neuroscience, St. Petersburg, FL, USA) in 
a 32-bit file format. Stable epochs of approximately 90 sec-
onds without muscle and ocular movement artifacts were se-
lected manually by careful visual inspection of a psychiatrist, 
and a psychiatric specialist supervised this procedure. The 
objective value of split-half reliability and test re-test reliability 
was set at 0.95 for quality control, and those less than 0.90 
were considered inadequate for analysis.

Selected epochs underwent Fast Fourier Transformations, 
and the absolute (μV) powers for the delta (0.5–4 Hz), theta 
(4–8 Hz), alpha (8–12 Hz), beta (12–30 Hz), and gamma 
(30–40 Hz) frequency bands of each of 21 electrodes were ac-
quired. Relative powers (%) of each frequency band for each 
of the 21 electrodes were subsequently calculated.

Electrodes were then grouped into three regions according 

to previously reported studies,32 and arithmetic mean values 
of absolute and relative powers for each frequency bands (i.e., 
delta, theta, alpha, beta, and gamma) were obtained from 
each group of electrodes: frontal (FP1, F3, F7, Fz, Fp2, F4, 
F8), central (T3, C3, Cz, T4, C4), and posterior regions (T5, 
P3, O1, Pz, T6, P4, O2).

Statistical analysis
IBM SPSS Statistics version 19 (IBM Corp., Armonk, NY, 

USA) was used for statistical analysis. Differences between 
groups in demographic and clinical variables were tested us-
ing the t-test for continuous variables and the chi-square test 
for categorical variables.

General linear models were used to compare the overall ab-
solute and relative powers between study groups. Study group 
(PTSD vs. anxiety disorders) and grouped regions (frontal, 
central, posterior) were entered as fixed factors. Absolute and 
relative powers were entered as independent variables. Doses 
of antipsychotic drugs, benzodiazepines, and antidepressants 
converted into equivalent doses of each drug categories and 
were entered as covariates. The results permitted analysis of 
the interaction effects by study group or region. There were no 
significant interaction effects of the region by the group, and 
we were able to test for the main effect of group on each fre-
quency band in terms of the overall absolute or relative pow-
ers, except for overall absolute gamma powers. When signifi-
cant differences were observed in specific frequency bands, we 
performed post hoc analysis to identify the grouped regions in 
which such differences were most pronounced and significant. 
Post hoc analysis was also performed using general linear 
models (medication dosages entered as covariates). And be-
cause we expected that there would be region by group inter-
action effects in the overall absolute powers of the gamma fre-
quency band from the exploratory data analysis, we performed 
an additional post hoc analysis to evaluate whether potentially 
significant differences in the frontal grouped region were ob-
scured by such interaction effects.

RESULTS

Demographic and clinical characteristics 
The demographic and clinical characteristics of the 36 pa-

tients with PTSD or ASD and the 79 patients with anxiety 
disorder are presented in Table 1. There were no differences 
in age, gender, or handedness between the two groups.

The two groups did not differ with regard to benzodiazepine, 
antidepressant, or propranolol treatment (Table 2). However, 
those with PTSD were more likely to be treated with antipsy-
chotic agents. Patients with PTSD were being treated with high-
er doses of antipsychotics and lower doses of antidepressants.
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EEG activity: absolute powers
After controlling for medication dose as a covariate, we found 

that the overall absolute power properties of the PTSD and anxi-
ety disorder groups differed significantly [F(5,327)=2.601, 
p=0.025] (Figure 1). Among the specific frequency bands, the 
overall absolute delta powers were significantly increased in the 
PTSD group [F(1,331)=4.363, p=0.037]. Post hoc analysis 
showed that absolute delta powers of the posterior cerebral re-
gion were significantly increased in the PTSD group compared 
to the anxiety-disorder group [F(1,107)=4.001, p=0.048].

The overall absolute powers of other frequency bands did not 
differ between two groups. However, as we suspected region by 
group interaction effects in the gamma frequency band from 
the exploratory data analysis, we performed an additional post 
hoc analysis on the gamma frequency band. Result showed that 
absolute gamma powers of the frontal region were increased in 
PTSD compared to anxiety disorders [F(1,107)=4.138, p=0.044].

EEG activity: relative powers
After controlling for medications, we found that the overall 

relative powers of the PTSD group did not differ from those of 

the anxiety disorder group. Among the specific frequency 
bands, the relative powers of the gamma band were significant-
ly increased in the PTSD group [F(1,331)=3.965, p=0.047] 
compared to the anxiety disorder group (Figure 2). However, 
post hoc analysis of the gamma frequency band showed that 
such differences could not be explained by specific regional dif-
ferences (i.e., frontal) [F(1,107)=2.914, p=0.091]. The overall 
relative powers of other frequency bands did not differ between 
the two groups.

DISCUSSION

The findings of the present study suggest that the overall 
absolute powers could distinguish PTSD from anxiety disor-
ders. Among specific frequency bands, the overall absolute 
delta powers were increased in patients with PTSD than 
those with anxiety disorders, and such differences were 
largely explained by the increased delta powers in the poste-
rior regions. Additionally, the frontal absolute gamma pow-
ers and overall relative gamma powers were increased in 
PTSD compared to anxiety disorders. To our knowledge, this 

Table 1. Demographic and clinical characteristics of study groups

PTSD (N=36) Anxiety disorders (N=79) Group comparison
Mean SD Mean SD t df p

Age (years) 33.6 10.2 34.0 9.5 -0.185 113 0.854
N % N % χ2 df p

Gender 2.017 1 0.166
Male 14 38.9 42 53.2
Female 22 61.1 37 46.8

Handedness 1.347 2 0.510
Right 33 91.7 73 92.4
Left 3 8.3 4 5.1
Both 0 0.0 2 2.5

Being medicated 31 86.1 64 81.0 0.447 1 0.602
PTSD: posttraumatic stress disorder, SD: standard deviation

Table 2. Medication status of study groups

Medication status
PTSD (N=36) Anxiety disorders (N=79) Group comparison

N % N % χ2 df p
Antipsychotic agent(s) 16 44.4 7 8.9 19.571 1 <0.001
Benzodiazepine(s) 27 75.0 61 77.2 0.068 1 0.815
Antidepressant(s) 25 69.4 61 77.2 0.792 1 0.488

Dose equivalents Mean SD Mean SD t df p
Olanzapine equivalent 0.65 1.00 0.15 0.66 2.72 49.38 0.01 
Lorazepam equivalent 0.78 0.74 0.63 0.53 1.25 113 0.22 
Imipramine equivalent 6.07 17.51 10.52 21.55 -1.16 0.25 0.25 
PTSD: posttraumatic stress disorder, SD: standard deviation
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is the first study to directly compare resting-state qEEG find-
ings of PTSD with anxiety disorders. Additionally, this is the 
first study to classify and quantify psychotropic medications 
and also to have controlled for them to allow for a more pre-
cise interpretation of resting-state qEEG findings.

Our results seem consistent with the up-to-date understand-
ing of the neurobiology of PTSD which is hypothesized to be 

distinct from anxiety disorders. While both disorders share the 
phenomena of excessive fear, several other features are more 
characteristic of PTSD which includes negative alterations in 
mood and cognition, intrusive re-experiencing symptoms, and 
hypervigilance.33 Current study presented with results of in-
creased frontal absolute gamma powers and overall relative 
gamma powers in PTSD compared to anxiety disorders. 

Figure 1. Absolute powers of the each frequency band under the resting-state eyes-closed condition. Horizontal bars show the standard er-
ror of the mean. †overall absolute delta powers: posttraumatic stress disorder (PTSD)>anxiety disorders [F(1,331)=4.363, p=0.037], *post 
hoc analysis showed that the absolute delta powers of the posterior cerebral region were significantly increased in PTSD compared to anxi-
ety disorders [F(1,107)=4.001, p=0.048]. An additional post hoc analysis was performed due to the possible group by region interaction ef-
fects in the gamma frequency band, which showed that the absolute gamma powers of the frontal region were increased in PTSD com-
pared to anxiety disorders [F(1,107)=4.138, p=0.044]. PTSD: posttraumatic stress disorder, ANX: anxiety disorders.
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Gamma oscillations are hypothesized to reflect working 
memory load.34 Findings of attentional properties in PTSD is 
known to be disrupted in means of either failure of disengage-
ment regarding emotional or fear stimuli with rapid reaction 
time, or avoidance of threat stimuli with slower reaction 
time.35 Moreover, cognitive alterations in PTSD are not only 
restricted to attentional problems,36 but also in the processing 
of trauma-unrelated emotional information and trauma-re-
lated information.37 In PTSD, activities of dorsal anterior cin-
gulate cortex and hippocampus are found to be increased 
during cognitive processing, while activities are decreased in 
the same regions with increased activity in amygdala when 
trauma-related information is being processed.37 Regarding 
working memory, emotional working memory capacity is 
found to be decreased in PTSD,38 with functional connectivity 
studies showing the possibility of inefficient working memory 
systems in PTSD.39 Our study findings of increased frontal 
absolute gamma powers and overall relative gamma powers 
may reflect hypervigilance and, overactive and possibly ineffi-
cient mobilization of the central executive system in PTSD 
compared to anxiety disorders. 

Our study also presented with findings of increased posterior 
delta powers in PTSD. Deactivation of visual cortex during col-
or Stroop task and traumatic stimuli have been found in wom-
en with PTSD,40,41 and abnormal amplitude of low-frequency 
fluctuation (ALFF) signals in middle occipital gyrus were 
found in a resting-state functional magnetic resonance imaging 
study of PTSD patients.42 Along with previous study findings, 
our study result of increased posterior absolute delta powers 
might underlie deficits of visual processing area in PTSD, a 
finding that might distinguish PTSD from anxiety disorders. 
Meanwhile, previous studies have found that cumulative life 
stress loading is related to increased delta powers,43 and another 
study’s results showed that cumulative effect of life adversities 
were structurally related to volume reductions in the medial 
prefrontal cortex, anterior cingulate cortex, and the insular cor-
tex.44 Although such previous study findings were not restricted 
to posterior brain regions or the occipital lobe, the relationship 
of life stress and delta powers, and adversity with brain regions 
that are related to PTSD may be one explanation of current 
study findings of increased delta powers of the posterior region 
in PTSD compared to anxiety disorders.

This study had several limitations. First, upon including pa-
tients with PTSD, we could not completely obtain and control 
for the history of closed head trauma. Although the probabil-
ity of previous head trauma in PTSD patients in this study 
seems unlikely to be high, it is possible that the increased ab-
solute delta powers may indicate a change toward slow waves 
after head trauma. Second, although we classified and quanti-
fied all the medications taken to control for their effects and 

also excluded patients who were taking doses more than two 
standard deviations from the mean for each class of medica-
tions, it is still possible that the EEG comparison data were 
not completely free from effects of medication. Both the 
symptoms of anxiety and the medications used to alleviate it 
can modify resting-state EEG findings, most common effects 
being increased beta frequency during anxiety states and dif-
fuse slowing of resting EEG upon the use of benzodiazepines 
or antipsychotics.45,46 However, individuals with over-thresh-
old symptoms implying the diagnosis of anxiety disorder or 
PTSD are likely to be treated in either in- or out-patient clini-
cal setting, a setting in which they are likely to receive phar-
macotherapy. Thus, considering the scarcity of qEEG studies 
of PTSD patients undergoing medication, it could be said that 
the current study has its implication upon the clinical inter-
pretation of qEEG in a hospital setting.

In conclusion, overall absolute delta powers and overall 
relative gamma powers were increased in the PTSD group 
and differentiated them from anxiety disorder group. Abso-
lute gamma powers of the frontal region were found to be 
increased in the PTSD group, which might underlie overac-
tive and inefficient gathering of working memory systems in 
PTSD. In creased gamma powers may serve as a potential 
treatment target for symptoms of hypervigilance in PTSD 
with modali ties of biofeedback or neuromodulation. Also, 
increased absolute delta powers of the posterior cerebral re-
gion compared to anxiety disorder group, may associate to 
visual deficits of PTSD. Since the defect in posterior cerebral 
regions seems to distinguish between PTSD and anxiety dis-
orders, future replication studies are warranted if it could 
serve as a potential biomarker differentiating the two disor-
ders. Furthermore, future replication studies could make use 
of machine learning technique to differentiate the two disor-
ders with qEEG findings.
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