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Background: Childhood trauma is associated with psychiatric disorders, yet the underlying
psychobiological mechanisms that account for this link are not well understood. Alterations
in cortical arousal may, however, play a key role in mediating this association. We hypoth-
esized that childhood trauma would be associated with alterations in arousal during a
task that required sustained attention and behavioral inhibition. Materials and Methods:
Fifty-three healthy adults completed the Childhood Trauma Questionnaire which assesses
physical neglect, emotional neglect, emotional abuse, physical abuse, sexual abuse, and
denial of childhood trauma. These individuals underwent cortical (electroencephalography)
and peripheral (heart rate, skin conductance responses, and salivary cortisol) physiolog-
ical recordings at rest (eyes open and eyes closed) and during performance of a visual
go/no-go (GNG) task. Associations between reported childhood trauma and physiological
measures were determined. Results: Physical and emotional neglect were correlated with
decreased left parietal tonic a band power during resting conditions and during the GNG
task. Emotional abuse was correlated with decreased right frontal o band power during
rest, increased 6 band power during the GNG task, and cortisol at the end of the test-
ing session. Physical and sexual abuse were correlated with delayed P300 latency and
enhanced P300 amplitude during the no-go conditions of the GNG task. The denial scale
was correlated with a decrease in 6 and increase in a band power during the no-go con-
ditions of the GNG task. Conclusion: The present study provides evidence that childhood
trauma is associated with altered cortical arousal and that the pattern of this association is
dependent on the form of childhood trauma experienced.

Keywords: physical neglect, physical abuse, emotional neglect, emotional abuse, sexual abuse, denial

INTRODUCTION
A significant association between childhood trauma and subse-
quent psychiatric disorder has been well documented (Briere and
Runtz, 1988; Hirschfield et al., 1991; Millon, 1991; de Wilde et al.,
1992; Gross and Keller, 1992; Kendler et al., 1995; Bernstein et al.,
1998; Pynoos et al., 1999; Kendall-Tackett, 2000; Dube et al., 2001,
2003; Johnson et al., 2002; De Sanctis et al., 2008). Neverthe-
less, the underlying psychobiological mechanisms that account
for this link are not well understood. However, as the association
between childhood trauma and psychopathology is not restricted
to any particular psychiatric disorder, it is likely that such mecha-
nisms involve quite general aspects of mental processing. As both
hypo-arousal and hyper-arousal are associated with suboptimal
responses to internal and external stimuli, and so impact nega-
tively on behavioral performance, one possibility is that alterations
in arousal play a key role in mediating the relationship between
early trauma and subsequent disorder (Howells et al., 2012).

Key arousal systems of the central nervous system include:
(1) the locus coeruleus norepinephrine (LC-NE) system; (2)

Abbreviations: EEG, electroencephalography; ERPs, event-related potentials; GNG,
go/no-go task; REC, resting eyes closed; REO, resting eyes open.

magnocellular basal forebrain/pedunculopontine cholinergic
system; (3) substantia nigra/ventral tegmental area dopaminergic
system; (4) dorsal raphe serotonergic system; and (5) tubero-
mamillary hypothalamic histaminergic system (Marrocco et al.,
1994). Cortical arousal as measured by electroencephalography
(EEG) provides an important window on these different systems.
Peripheral arousal is strongly related to activity of the sympa-
thetic and parasympathetic nervous system, and can be assessed
through measurement of heart rate, skin conductance, and cor-
tisol (Kendall-Tackett, 2000; Heim and Nemeroff, 2001). Cortical
arousal can be divided into tonic and phasic components. Tonic
cortical arousal is determined by continuous EEG recordings from
which frequency band power, such as theta (6, 4-7 Hz), alpha (a,
7-14Hz), and beta (B, 15-30 Hz) band power, can be derived.
Decreased tonic cortical arousal has been related to increased
theta band power (Lansbergen et al., 2007; Barry et al., 2009; Vaez-
Mousavi et al., 2009) and decreased beta band power (Lansbergen
et al., 2007), while increased tonic cortical arousal is reflected in
increased beta band power (Sachs et al., 2004; Grin-Yatsenko et al.,
2009, 2010). A higher ratio of theta/beta EEG frequency band
power is frequently used to reflect decreased tonic arousal, which
has been associated with poor attentional function (Mann et al.,
1992) and reduced activation of neural circuitry (Polich and Kok,
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1995; Lazzaro et al., 1999; Barry et al., 2009). If the tonic level
of arousal is not optimal and the individual is required to com-
plete a cognitive task, phasic arousal will be affected (Sokolov,
1960; Donchin and Coles, 1988; Polich and Kok, 1995; Howells
et al., 2012). This will be evidenced by impaired performance and
by attenuation of and/or delay in cortical event-related potential
(ERP) components during the task (Sokolov, 1960; Donchin and
Coles, 1988; Polich and Kok, 1995; Howells et al., 2012).

A cognitive task, such as the go/no-go (GNG) task, which
requires sustained attention and behavioral inhibition, may be par-
ticularly relevant to the assessment of altered arousal in individuals
with a history of childhood trauma (Bokura etal.,2001; Posner and
Rothbart, 2007). To sustain attention the individual is required to
activate three networks: alerting, orientating, and executive (Pos-
ner and Rothbart, 2007). The alerting network is involved in the
acquisition and maintenance of the alert state required to per-
form the task. The orienting network directs the individual to the
stimuli that need to be attended to. The executive network facil-
itates the resolution of conflict between performance and affect,
and so mediates behavioral inhibition (Posner and Petersen, 1990;
Coull et al., 1996; Coull, 1998; Posner et al., 2006). Previous work
has established that behavioral inhibition is an essential regulatory
function that develops progressively from childhood to adulthood
(Williams et al., 1999), and that is impaired in those with a his-
tory of childhood trauma (Anda et al., 2006; Hart and Rubia,
2012).

We explore the possibility that childhood trauma experienced
by healthy individuals would be associated with altered arousal.
These changes in arousal would be dependent on the interac-
tion between the individuals’ tonic arousal and phasic arousal.
Physiological measures of arousal were recorded during rest-
ing conditions and during several conditions of a visual GNG
task, a task that requires sustained attention and behavioral
inhibition.

MATERIALS AND METHODS

PARTICIPANTS

Fifty-three participants (22 males, 31 females, 27 & 0.8 years old)
were recruited from the postgraduate community of the Univer-
sity of Cape Town, South Africa. This cohort included person-
nel, ranging from students through to postdoctoral fellows and
administrators. Participation held no incentive, was voluntary,
and the participants knew the study was for research purposes
only. The study was approved by the Faculty of Health Sciences
Human Ethics Committee of the University of Cape Town, and
the participants signed informed consent. The study was con-
ducted in accordance with the Declaration of Helsinki (WMA
General Assembly, 2000). Participants reported no psychiatric or
substance use disorders, no use of any psychoactive medications,
and did not have a current general medical condition or a history
of brain trauma. Participants were proficient in English, having
been taught in English during their schooling.

EXPERIMENTAL DESIGN

Participants were required to refrain from caffeine, cigarettes, alco-
hol, and non-prescription drugs for a minimum of 18 h prior to
their testing session and were not in a state of distress — that is,

did not report significant levels of physical training or environ-
mental stressors. Physiological parameters were recorded between
09h30 and 13h30 using a MP150 Biopac acquisition system and
Acgknowledge 3.8.1software (Biopac Systems Inc.) with amplifier
modules for EEG, skin conductance response, and electrocardio-
graph. The testing session included three stages: (1) resting eyes
open (REO, 2 min); (2) resting eyes closed (REC, 2 min); and (3)
a visual letter GNG task. All stages of the testing session were
programmed in Eprime 1.1, which sent digital inputs to physio-
logical recording equipment. The testing session was completed
in a quiet, unlit room to reduce distraction. Saliva samples were
collected immediately before and after the testing session, to mea-
sure cortisol. All recordings and samples were taken between 09h30
and 13h30. All data analyses were performed after data acquisition,
using the 3.8.1 Acqgknowledge software.

MEASURE OF CHILDHOOD TRAUMA

Participants completed Bernstein’s Childhood Trauma Ques-
tionnaire — short form (Bernstein et al., 2003). This question-
naire included subscales of physical neglect, emotional neglect,
emotional abuse, physical abuse, sexual abuse, and denial.

VISUAL GO/NO-GO TASK

The GNG required sustained attention: it had conditions that
required inhibition and/or delayed stimulus presentation. The
participant responded by button press to all consonants with the
exception of the letter “V.” No vowels were used. There were five
conditions in the GNG task, a total of 200 trials. The first condi-
tion of the GNG was a go condition, in which all stimuli required
responses by the participant, with an inter-stimulus interval of
1500 ms. The second condition of the GNG was a no-go condi-
tion, in which participants were required to respond to all stimuli
except the no-go stimulus, the letter V, with an inter-stimulus inter-
val of 1500 ms. The third condition of the GNG was a go condition
with an inter-stimulus interval of 3500 ms. The first and second
conditions of the GNG were repeated in reverse after the third
condition of the GNG. Each of the five conditions had 40 stimuli,
in the no-go conditions 20 stimuli were go trials and 20 stimuli
were no-go trials (50% split).

The GNG task is designed to include several aspects of execu-
tive function, voluntary sustained attention is required throughout
the task, the go 1500 conditions (first and fifth condition) can be
seen as a “control setting,” the no-go conditions activate response
inhibition circuitry (second and fourth condition), and the go
3500 ms condition assesses the individual’s ability to delay their
responding and maintain their attention on the task at hand (third
condition). The design of the task permits a balance between these
modes of cortical activity. The literature reports deficits in all three
modalities of executive function in those that have experienced
childhood trauma (Posner and Petersen, 1990; Coull et al., 1996;
Coull, 1998; Bokura et al., 2001; Anda et al., 2006; Posner et al.,
2006; Posner and Rothbart, 2007; Hart and Rubia, 2012). The
GNG task and its conditions are therefore appropriate to interro-
gate the effects of childhood trauma on different brain circuitry
thathas been implicated in adults who have experienced childhood
trauma.
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CORTICAL PHYSIOLOGICAL MEASURES (EEG) OF AROUSAL

The EEG data were collected with the use of EEG100C ampli-
fier modules that were attached to the MP150 acquisition system
(Biopac Systems Inc.). Electrodes of interest included: left frontal
(F3), right frontal (Fy4), left parietal (P3), and right parietal (Py4),
with linked ears reference. The EEG data were sampled at 500 Hz
on-line; band pass filtered using a Hamming window, 0.05-30 Hz
off-line. Relative frequency band powers were extracted after the
data had been subjected to Fast Fourier transformation. The rel-
ative frequency band powers extracted include: theta (6, 4-7 Hz),
alpha (o, 7-14 Hz), and beta (B, 15-30 Hz).

The ERPs were extracted from digital inputs (using E-prime
software) for each of the GNG conditions. Individual ERPs that
were greater than +100 LV or less than -100 WV were rejected. The
ERPs were baseline corrected 100 ms prior to stimulus presenta-
tion, and visually inspected. The P300 window was set between
250 and 500 ms after stimulus presentation, the amplitude was
the point at which the height of the P300 peak was maximal
and latency the time taken to achieve maximum amplitude. The
P300 amplitudes and latencies were extracted from the parietal
electrodes (P3 and Py).

PERIPHERAL PHYSIOLOGICAL MEASURES OF AROUSAL

Skin conductance responses and heart rate

Skin conductance responses were recorded with the GSR100C
amplifier module that was attached to the MP150 acquisition
system (Biopac Systems Inc.). The GSR100C module was set to
measure phasic activity (AC). Skin conductance responses were
taken from distal phalanges of the non-dominant hand, with a
sampling rate of 500 Hz on-line, the data were filtered using a
Hamming window of 0.05-10 Hz off-line. The data were then
analyzed for peaks exceeding a threshold value of 0.05 9. The
number of these peaks and the duration of these peaks were taken
as the number of skin conductance responses and duration of skin
conductance response (Boucsein, 1992).

Heart rate was determined from a five lead electrocardiogram
recorded via ECG100C amplifier modules that were attached to the
MP150 acquisition system (Biopac Systems Inc.). The data were
collected at a sampling rate of 500 Hz on-line. The data were fil-
tered using a Hamming window of 0.05-35 Hz off-line and heart
rates were calculated using the 3.8.1 Acqknowledge software.

Salivary cortisol

Salivary cortisol was collected before and after the testing session
with use of Salivettes®(Sarstedt non-citric acid sterile cotton wool
rolls). Samples were stored at -80°C. Salimetrics LLC expanded
range high sensitivity salivary cortisol enzyme immunoassay
kits were used to determine cortisol concentrations (Salimetrics
Catalog No. 1-3002/1-3012, 96-Well Kit, lower detection limit
0.003 pg/dL, 0.083 nmol/L).

STATISTICAL ANALYSIS
Statistica 9 was used for the statistical analyses. Non-parametric
statistics were used to analyze all data, since the Shapiro—-Wilks W
test revealed that the data set was not normally distributed.

To determine significant differences between stages (rest-
ing eyes open (REO), resting eyes closed (REC), and the

GNG task) and conditions of the GNG task (first go
condition, first no-go condition, go 3500 condition, sec-
ond no-go condition, and second go condition) Fried-
man analyses of variance (ANOVA) were performed. If
the ANOVA revealed a significant effect, it was followed
by a Wilcoxon matched pairs test. Data are reported as
mean = SEM.

To determine significant correlations between the scores on
the Childhood Trauma Questionnaire and physiological measure-
ments recorded during the testing stages (resting eyes open, resting
eyes closed, and the GNG task) and conditions of the GNG task
(first go condition, first no-go condition, go 3500 condition, sec-
ond no-go condition, and second go condition) Spearman’s rank
order correlation analyses were performed. These data are reported
as rho coefficients with their p-values.

RESULTS

CHILDHOOD TRAUMA QUESTIONNAIRE

The average rating of the 53 participants for the Childhood
Trauma Questionnaire was 33.35 = 1.04 without the denial scale
and 34.11 £0.99 with the denial scale. The average ratings of
the 53 participants on each subscale of the Childhood Trauma
Questionnaire were as follows: physical abuse=5.9+0.17;
physical neglect=6.24+0.25; emotional abuse=7.640.43;
denial = 0.75 £ 0.15; emotional neglect=28.3 £ 0.46; and sexual
abuse = 5.2 £ 0.10. Overall the ratings given by the present cohort
were lower than those reported in the normative data study
conducted in American communities (Bernstein et al., 2003).

Cortical physiological measures (EEG) during the various stages of
the testing session (REO, REC, and GNG)
Comparison of relative EEG band power revealed significant
differences between the various stages of the testing session
(REO, REC, and GNG) in relative & and o band power at
frontal electrodes [F36 x2(2,53) =45.62, Fza x2(2,53) =62.60, F40
X2 (2,53) = 52.98, Fsa X% (2,53) = 57.39, p < 0.0001] and relative 6,
o, and B band power at parietal electrodes [P36 X2(2,53) =45.32,
Psa X% (2,53 = 53.09, P3P x%(2,53) =25.92, P46 x%(2,53) =45.32,
Py x?(2,53) = 50.07,P4P %% (2,53) = 27.62, p < 0.0001]. Alpha band
power was increased during REC compared with REO and the
GNG task for frontal and parietal electrodes, as expected; that is,
due to lack of visual sensory information and disengagement of
thalamocortical networks. This was in turn reflected in the reduced
relative 6 band power during REC globally (frontal and parietal
electrodes) and reduced p band power parietally (Figure 1).
Differences between the various stages of the testing session
(REO, REC, and GNG) were observed for 6/f ratios at all four
electrodes [F36/8 X2(2,53) =29.92, F46/B X2(2)53) =24.60, P30/p
X2 (2,53) = 17.09, P40/B %?(2,53) = 19.13, p <0.0001]. Theta/beta
ratios were increased globally during REO and GNG com-
pared to REC, reflecting the disengagement of cortical net-
works related to changes in o band power. Right parietal (P4)
6/ was lower during REO compared to GNG, and a simi-
lar tendency (p=0.03) was observed for left parietal (P3) 6/f
ratios, reflecting increased cognitive activity during the GNG
(Figure 2).
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Relative band power (uV)

P3

FIGURE 1 | Relative EEG frequency band power during different
stages of the GNG testing session: resting eyes open (REO), resting
eyes closed (REC), and the GNG task. Relative frequencies reported:
theta (0, 4-7 Hz), alpha (o, 7-14 Hz), and beta (8, 15-30 Hz) for frontal (F;
and F,) and parietal (P; and P,) electrodes. *For all electrodes relative 6

B EREO LIREC HGNG
60 - #
50 - =
40 -
30 - *
o
20 - -
10
0 -
0 a B
Fa4
D

band power was lower during REC compared to REO and GNG. #For all
(A-D) electrodes relative a band power was higher during REC than REO
and GNG. ®Parietal electrodes (C,D) p band power was lower during REC
than REO and GNG and "higher during REO compared to GNG (p < 0.02,
n=53, mean + SEM).

HREO LREC HGNG

0/B ratios

F3 F4 P3 P4

FIGURE 2 | Relative theta/beta (6/f) ratios for frontal (F; and F,) and
parietal (P; and P,) electrodes during different stages of the testing
session: resting eyes open (REO), resting eyes closed (REC), and the
GNG task. *6/B ratio was higher during REO and GNG compared to REC
for all electrodes. *Left parietal 6/B ratio was lower during REO compared to
GNG 6/B ratio (p <0.02 n=53, mean &+ SEM).

Associations between perceived childhood trauma and cortical
physiological measures (EEG) during the various stages of the
testing session (REO, REC, and GNG)

Childhood trauma scores correlated significantly with cortical
measures of arousal during the various stages of the testing ses-
sion (REO, REC, and GNG; Table 1). Similar correlates were
found for the left hemisphere with and without inclusion of the

denial scale. Childhood trauma (with and without denial scale)
was significantly negatively correlated with left parietal (P3) o
band power at all stages of the testing session, and with left
parietal (P3) 6 and  band power during REC. These correlates
were stronger without inclusion of the ratings for the denial
scale. Childhood trauma (with and without denial scale) was
significantly negatively correlated with left frontal (F3) o band
power during the REC stage and right frontal (F4) o band power
during REO.

These findings prompted the question as to whether these cor-
tical correlates were associated with a specific form of childhood
trauma.

The ratings for neglect (physical and emotional) were signifi-
cantly negatively correlated with left parietal (P3) o band power
during all stages of the testing session. In addition, ratings of phys-
ical and emotional neglect correlated significantly with left parietal
(P3) 6 and B band power during REC. These results indicate that
neglect (physical and emotional) was the main contributor to the
association of trauma scores with left parietal electrode findings
(Table 1).

Ratings of emotional neglect were significantly negatively cor-
related with left frontal (F3) o band power during REC, similar
to the overall childhood trauma ratings. Denial scale ratings cor-
related with left frontal (F3) a band power during REO and REC
(Table 1).
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EEG correlates of childhood trauma

Emotional abuse ratings were significantly negatively correlated
with left parietal (P3) o band power and significantly positively
correlated with left parietal (P3) 6 band power during the GNG.
These correlations were reversed for denial ratings; denial ratings
were significantly positively correlated with left parietal (P3) o
band power and significantly negatively correlated with left pari-
etal (P3) 6 band power during the GNG. Emotional abuse ratings
were significantly correlated with right frontal (F4) a band power.
Emotional abuse ratings were significantly negatively correlated
during REO with right frontal (F4) 6 band power and the 6/ ratio
during the GNG (Table 1).

Denial scale ratings were significantly negatively correlated with
left frontal (F3) 6 band power during REO, and with o band power
during REO and REC. Denial scale ratings significantly correlated
with right parietal (P3) activity. During the GNG, denial scale rat-
ings significantly correlated with P3 a band power and negatively
with 6 band power (Table 1).

No cortical correlates were observed for ratings of abuse, either
physical or sexual during the various stages of the testing session
(Table 1).

Cortical physiological measures (EEG) during the various conditions
of the GNG task

Within the cognitive task (GNG), there were conditions
that required behavioral inhibition and/or delayed stimulus

presentation. Relative 6 and a band power recorded at the left
frontal (F3) electrode were different during the various condi-
tions of the GNG [first go condition, first no-go condition, go
3500 condition, second no-go condition, and second go condi-
tion, F30 X% (4,53) = 19.21, F3at x?(4.53) = 27.4, p < 0.001]. Relative
a and B band power for right frontal (F4) and both parietal (P3
and Py) electrodes showed differences during the various condi-
tions of the GNG [Faa %?(4.53) = 17.38, F4B %% (4,53 = 13.79, P3at
X2 (4,53 = 30.08, P3P %2(4,53) =31.01, Pyar x%(4,53) = 30.36, P4
x2(4,53) = 29.10, p < 0.001].

Relative o band power was significantly increased during the go
3500 condition compared to the first go condition, first no-go con-
dition, and the second no-go condition for frontal (F3 and F4) and
parietal electrodes (P3 and Py, Figure 3). Left frontal (F3) relative
6 band power significantly decreased during the go 3500 condition
compared to the first go condition and first no-go condition. Left
frontal (F3) relative o band power was significantly lower during
the first go condition compared to the second go condition and
second no-go condition (Figure 3). Right frontal (F4) relative
band power was significantly greater during the first go condition
compared to the second go condition and second no-go condi-
tion. Left parietal (P3) relative o band power was significantly
lower during the first go condition compared to the second no-go
condition. Left parietal (P3) a band power was significantly lower
during the second go condition when compared to the go 3500

Relative band power (uV?)

] a B
P3

FIGURE 3 | Relative EEG band power during the five conditions of the
GNG task (first go condition, first no-go, go 3500 condition, second go
condition, and second no-go conditions). Relative frequencies reported
include theta (0, 4-7 Hz), alpha (a, 7-14 Hz), and beta (8, 15-30 Hz) for frontal
(F; and F,) and parietal (P; and P,) electrodes. *For all (A-D) o band power
was higher during the go 3500 condition compared to first go condition, first
no-go, and second no-go condition. (A) #*F; 6 band power was lower during
the go 3500 condition compared to the first go condition and first no-go
condition and ®F; o band power was lower during the first go 1500 condition

M (1) Go 1500

H (1) NoGo

M Go 3500

H (2) NoGo

H (2) Go 1500

compared to the second no-go and second go condition. (B) 'F, p band power
was higher during the first go condition compared to the second no-go and
second go condition). ‘P; a band power was lower during the first go
condition compared to the second no-go condition. QPa a band power was
lower during the second go condition compared to the go 3500 condition.
©Parietal (C,D) p band power was higher during the first no-go condition
compared to the go 3500 condition. (D) ®P, B band power was lower during
the second go condition compared to the first no-go condition (p < 0.0071,
n="53, mean £+ SEM).
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M (1) Go 1500 ® (1) NoGo H Go3500 M (2)NoGo H(2)Go 1500
5

4
3

T
T T
] d ﬂ
0 + — —
F3 Fa P3 P4

FIGURE 4 | Relative theta/beta (6/8) ratios for frontal (F; and F,) and
parietal (P; and P,) electrodes for the five conditions of the GNG task.
No significant differences were found between the various conditions
(n=53, mean + SEM).

0/B ratios

condition. Parietal (P3 and P4) relative § band power was signifi-
cantly greater during the first no-go condition compared to the go
3500 condition. Right parietal (P4) relative § band power was sig-
nificantly lower during the second go condition compared to the
first no-go condition (Figure 3). No significant differences were
found in 6/ ratios during the different conditions of the GNG
testing session (Figure 4).

The P300 amplitudes and latencies extracted over the pari-
etal cortices (P3 and P4) revealed several differences in the
GNG task [P3 P300 amplitude x2(6,53) =33.18, P3 P300 latency
x2(6,53) = 37.64, P4 P300 amplitude x2(s3) = 27.32, P4 P300
latency x?(6,53) = 32.71, p < 0.001]. Figure 5 depicts the ERPs of
frontal (F3 and Fy), central (C; and Cy), parietal (P3 and Py),
and occipital (O; and O;) electrodes in the GNG task. For both
parietal electrodes (P3 and P4) P300 amplitude during the first
go condition was significantly smaller than during the second no-
go condition go trials and the first and second no-go condition
no-go trials (Table 2a). The P300 amplitude during the go 3500
condition was significantly smaller than during the second no-go
condition no-go trials. The P300 amplitude during the second go
condition was significantly smaller than the first and second no-go
condition no-go trials (Table 2a). The parietal (P3 and P4) P300
latency during the first go condition was significantly shorter than
during the first no-go condition go trials and the first and second
no-go conditions no-go trials. Parietal (P3 and P4) P300 latency
during the go 3500 condition and the second go condition was
significantly shorter than the first and second no-go conditions
no-go trials (Table 2b).

Assaociations between childhood trauma and cortical physiological
measures (EEG) during the various conditions of the GNG task

Three significant associations were found between ratings on the
Childhood Trauma Questionnaire (excluding the denial scale) and
cortical measures of arousal during the various conditions of the
GNG (first go condition, first no-go condition, go 3500 condition,
second no-go condition, and second go condition; Table 3). Over-
all scores on the Childhood Trauma questionnaire were correlated
with left parietal (F3) p band power during the go 3500 condition
and left parietal (F3) 6 band power during the second go condi-
tion. In addition, right parietal (P4) P300 amplitude during the

first no-go condition no-go trials correlated with overall scores
on the Childhood Trauma Questionnaire. Inclusion of the denial
scale resulted in a single significant correlation between left pari-
etal (P3) P300 latency during the first no-go condition no-go trials
and childhood trauma.

Few significant associations were found between total CTQ
scores and cortical activity during the GNG tasks conditions,
associations with CTQ subscales were examined during the GNG
tasks conditions (first go condition, first no-go condition, go 3500
condition, second no-go condition, and second go condition).

Significant correlations were found between subscales of
neglect (physical and emotional) and cortical activity during the
GNG, as left parietal (P3) o band power was negatively correlated
during the go 3500 condition and second no-go condition and
6 band power was positively correlated during the second no-go
condition. In addition, emotional neglect significantly correlated
with left parietal (P3) 6 band power during the second go condition
and correlated significantly negatively with o band power during
the first no-go condition and second go condition (Table 4).

Ratings of emotional abuse correlated significantly and nega-
tively with B band power during the first go and the two no-go
conditions, and correlated significantly and positively with right
frontal (F4) 6/ ratios during the first and second no-go conditions
and the second go condition (Table 4).

Denial scale scores were significantly and positively correlated
with 6 band power and negatively correlated with o, for frontal (F3
and F4) and parietal (P3 and P4) electrodes during the first no-go
condition and the second go condition. In addition, ratings on the
denial scale showed a significant and negative correlation with the
left parietal (P3) 6/p ratio during the first no-go condition and
second go condition (Table 4).

Significant EEG correlates of physical and sexual childhood
abuse were found only during the GNG. Physical abuse correlated
negatively with 6 band power and positively with o band power
in the parietal cortices (P3 and P4) during the first go condition,
while left parietal (P3) 6 band power during the first go condition
negatively correlated with ratings of physical abuse (Table 4).

Physical and sexual childhood abuse were the only subscales of
the Childhood Trauma Questionnaire that correlated significantly
with the P300 amplitude and latency. Physical abuse correlated
positively with left parietal (P3) P300 amplitude during the no-
go trials of the first no-go condition and right parietal (P4) P300
amplitude and latency during the no-go trials of the second no-
go condition. Sexual abuse correlated positively with left parietal
(P3) P300 amplitude during the go trials of the first no-go condi-
tion, with left parietal (P3) P300 latency during the no-go trials of
the the first no-go condition, and right parietal (P4) P300 latency
during the no-go trials of the second no-go condition (Table 4).

PERIPHERAL PHYSIOLOGICAL MEASURES DURING THE TESTING
SESSION

Skin conductance (responses and duration) and heart rate

Skin conductance responses and their duration were different
during the various stages of the testing session (REO, REC, and
GNG). Differences were found in the number of skin conduc-
tance responses [x?(2,53) = 75.01, p <0.0001] and duration of
responses [%?(2,53) = 12.35, p < 0.001] during the different stages
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-10 -10

10
msec

FIGURE 5 | Grand mean ERPs extracted for the various conditions of the GNG: frontal electrodes (F; and F,), central electrodes (C3 and C4), parietal
electrodes (P; and P,) from which the P300 amplitudes and latencies were extracted, and occipital electrodes (01 and 02; Ng,and mean average = 53)-

of the testing session. The number of skin conductance responses  of the task was longer than the periods of rest (each 2min
was fewer during REO (3.5, 0.6) and REC (2.3, 0.4) than during long; p < 0.0001). Fewer responses were made during REC than
the GNG task (19.4,2.7), which would be expected, as the duration REO (p <0.01). The duration of skin conductance responses
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Table 2 | Parietal P300 amplitudes (a) and latencies (b) observed
during the conditions of the GNG.

Left parietal Right parietal
(P3) (Pg)

Mean SEM Mean SEM
(a)
P300 AMPLITUDE (pV)
First go condition 6.92* 0.58 6.55* 0.55
First no-go condition go trials 9.29 0.84 9.14 0.78
First no-go condition no-go trials 11.03 0.90 9.33 0.72
Go 3500 condition 8.16** 0.57 7.89%* 0.57
Second no-go condition go trials 9.70 0.77 8.99 0.79
Second no-go condition no-go 10.88 0.66 10.32 0.81
trials
Second go condition 8.11***  0.49 764***  0.60
(b)
P300 LATENCY (ms)
First go condition 391.23* 16.70 372.19%  15.35
First no-go condition go trials 440.04 14.06 433.23 13.30
First no-go condition no-go trials ~ 471.00 9.21 45719 10.42
Go 3500 condition 420.88" 1391 412.23*%  12.96
Second no-go condition go trials  436.00 12.25 42131 13.77
Second no-go condition no-go 467.69 11.562  442.00 11.27
trials
Second go condition 402.69%  11.82 395.69*  12.33

*P300 amplitude during the first go condition was significantly smaller compared
to no-go trials (first and second no-go conditions) and the go trials during the sec-
ond no-go condition. **P300 amplitude during go 3500 condition was significantly
smaller than the no-go trials of the second no-go condition. ***P300 amplitude
during second go condition was significantly smaller than the no-go trials (first
and second conditions). *P300 latency was significantly shorter during the first
go condition than the no-go trials (first and second no-go conditions) and go trials
of the first no-go condition. *P300 latency was significantly shorter than during
the no-go trials (first and second no-go conditions; p < 0.05, n= 53).

was shorter during REO (22254405ms) than during REC
(3359 £351 ms) and the GNG (3444 £ 257 ms, all p <0.0001).
Heart rate during the various stages of the testing session (REO,
REC, and GNG) was different [x2(2,53) =45.7, p=10.0001]. Heart
rate was higher during the GNG (78 & 2 bpm) than during REO
(74 £ 1.8 bpm) and REC (75 & 1.9 bpm, all p < 0.0001). Heart rate
during REC was higher than during REO (p < 0.001).

The number of skin conductance responses differed for the
various conditions of the GNG task [x2(2,53) =75.01, p=0.0001].
There were significantly fewer skin conductance responses dur-
ing the go 3500 condition (2.1+0.3) compared to the first go
condition (3.7 +0.5), first no-go condition (4.3 £0.5), and sec-
ond no-go condition (3.6 £0.5). Significantly fewer skin con-
ductance responses were made during the second go condi-
tion (2.8 £0.5) than during the first no-go condition. However,
the duration of skin conductance responses during the vari-
ous conditions of the GNG was not different (first go condi-
tion = 2929 4 283 ms, first no-go condition =4174 & 625 ms, go
3500 condition = 2383 4= 361 ms, second no-go = 3009 &= 313 ms,
and second go condition = 2647 + 344 ms).

Response times during the GNG task

Response times differed during the various conditions of the
GNG [%?(5,53) = 93.29, p < 0.0001], shorter response times were
found during the first go condition (383 & 6.2 ms) compared to
the first no-go (430 £ 3.2 ms), go 3500 condition (424 &+ 4.3 ms),
second no-go (437+2.7ms), and the second go condition
(403 £ 4.8 ms). The second go condition also showed significantly
shorter response times compared to the no-go conditions and the
20 3500 condition. In the first no-go condition there were 1.6 £ 1.5
errors made, in the second no-go condition there were 1.1 +1.1
errors made.

Salivary cortisol

Salivary cortisol was taken at the start of the testing session and at
the end of the testing session, with no difference in cortisol detected
between the start and the end of the testing session [x%(1,53) = 1.92,
p=0.17, Figure 6].

Associations between childhood trauma and peripheral
physiological measures

The only peripheral physiological measure of arousal that signifi-
cantly correlated with childhood trauma were cortisol levels taken
after the testing session, emotional abuse was positively correlated
with cortisol after the testing session (Figure 6). No other periph-
eral measures (e.g., skin conductance, heart rate, and response
times) correlated significantly with childhood trauma ratings.

DISCUSSION

Childhood trauma ratings were significantly associated with sev-
eral patterns of cortical arousal, and with one measure of periph-
eral arousal. Our main findings were: (1) physical and emotional
neglect correlated with decreased left parietal tonic a band power
during resting conditions and during the GNG task; (2) emotional
abuse correlated with decreased right frontal a band power during
rest increased 6 band power during the GNG task, and cortisol at
the end of the testing session; (3) physical and sexual abuse cor-
related with delayed P300 latency and enhanced P300 amplitude
during the no-go conditions of the GNG task; and (4) the denial
scale correlated with a decrease in 6 and increase in a band power
during the no-go conditions of the GNG task.

EEG ASSOCIATIONS WITH CHILDHOOD NEGLECT

Physical and emotional neglect during childhood were associated
with increased cortical arousal in adulthood, with decreased o
band power over the left parietal cortex. Decreased o band activ-
ity has previously been associated with increased arousal, atten-
tion, and increased mental load (Ray and Cole, 1985; Klimesch,
1999; Fink et al., 2005), while decreased left hemisphere o activ-
ity has been associated with increased approach behavior (Sut-
ton, 1997) and increased novelty-seeking behavior (Glass and
Butler, 1977; Klimesch et al., 2001). These findings are consis-
tent with previous work suggesting that physical and emotional
childhood neglect may result in increased arousal and increased
approach/novelty-seeking behaviors in adulthood.

EEG ASSOCIATIONS WITH CHILDHOOD EMOTIONAL ABUSE
Emotional abuse in childhood was associated with increased
arousal in adulthood during conditions requiring behavioral
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Salivary cortisol

Cortisol after
testing session

Cortisol before
testing session

Overall ratings for the childhood trauma questionnaire

Spearmans p-velue |[Spearmans  p-valus
Without denial scale -0.03 0.826 0.25 0.071
With denial scale -0.04 0.773 0.24 0.076

Ratings on subscales of the childhood trauma questionnaire

Spearmans p-velue |Spearmans  p-valus
Physical abuse -0.26 0.065 0.09 0.518
Physical neglect 0.01 0.921 0.13 0.341
Emotional abuse -0.07 0.621 0.24 0.089
Emotional neglect 0.14 0.301 *0.30 0.032
Sexual abuse -0.21 0.127 0.06 0.648
Denial -0.17 0.211 -0.23 0.098

FIGURE 6 | Salivary cortisol before and after the testing session and
correlates of overall ratings and ratings on subscales of the Childhood
Trauma Questionnaire (n =53, mean + SEM).

inhibition, as seen by increased frontal 6 and decreased right o
band power. Emotional abuse was the only subscale to show signif-
icant associations with right hemispheric activity. Within several
of the GNG task conditions, p band power decreased and the
6/ ratio increased. The pattern of significant correlations with
the right frontal hemisphere was activity dependent; that is, acti-
vation of behavioral inhibition circuitry was required (Sutton,
1997; Barry et al., 2009). Emotional abuse was correlated with
salivary cortisol, the only peripheral arousal association. An infant
study indicates that activation of behavioral inhibition is associ-
ated with increased plasma cortisol (Buss et al., 2003). We suggest
that childhood emotional abuse is associated with increased cor-
tical arousal when the individual activates behavioral inhibition
networks.

EEG ASSOCIATIONS WITH CHILDHOOD ABUSE

Physical and sexual abuse correlated with delayed P300 latency
and enhanced P300 amplitude during the no-go conditions of the
GNG task. Thus these early childhood traumas are associated with
slowed information processing and enhanced cortical updating in
adulthood. This may reflect more deliberate information process-
ing that would serve to prevent a negative outcome of an impulsive
response.

EEG ASSOCIATIONS WITH UNDER-REPORTING OF CHILDHOOD
TRAUMA

The denial scale correlated with a decrease in 6 and an increase in
o band power during the no-go conditions of the GNG task. The

denial scale ratings showed decreased 6 band power and increased
o band power in a random pattern during various stages of the
testing session. However, during the GNG task this pattern was
clearly evident globally; that is, bilaterally and fronto-posteriorly.
The two conditions of the GNG that displayed a strong pattern
of activation were the first behavioral inhibition condition and
the condition after the last behavioral inhibition condition. This
suggests that the denial scale scores were associated with activa-
tion of behavioral inhibition circuitry followed by disengagement
of this circuitry. As 6 band power has been shown to increase
with increased mental effort (Smit et al., 2004a,b; Howells et al.,
2010), it is possible that denial of childhood trauma is associated
with increased mental effort during activation and deactivation of
inhibitory neural circuitry.

LIMITATIONS OF THE PRESENT STUDY

The present study has several limitations. The sample was one
of “convenience” as it comprised volunteers from the researchers’
home institution, and may not generalize to the broader com-
munity. The EEG provided an average of multiple surface field
potentials, and therefore could not be localized to any partic-
ular area of the brain. Skin conductance levels, a measure of
tonic peripheral arousal, were not reported: only skin conductance
responses, a measure of phasic peripheral arousal, were reported.
The design of the present study was cross-sectional; to determine
causal relationships a longitudinal research design should be car-
ried out, and caution is therefore required in interpreting these
data. Furthermore, an individual’s report of childhood trauma
may be subject to recall bias, so that we are uncertain whether we
are studying objective exposure to trauma or merely perceptions of
such trauma. However retest reliability of the Childhood Trauma
Questionnaire has been established (Bernstein et al., 1994, 2003),
which suggests that recall is not subject to changes in arousal.
Finally, in this preliminary hypothesis-generating paper we did
not correct for multiple testing, and some findings may reflect
false positives.

CONCLUSION

The present data suggest that childhood trauma is associated with
enduring psychobiological changes that are evident in adulthood.
More specifically, childhood trauma is associated with increased
cortical arousal and shows particular patterns of cortical activity
depending on the form of childhood trauma experienced. Given
that these associations were found in a non-clinical population, it
would be particularly relevant to determine whether they also are
found in psychiatric disorders characterized by deficits in arousal.
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