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Abstract

Background. Fear responses are particularly intense and persistent in post-traumatic stress
disorder (PTSD), and can be evoked by unspecific cues that resemble the original traumatic
event. Overgeneralisation of fear might be one of the underlying mechanisms. We investigated
the generalisation and discrimination of fear in individuals with and without PTSD related to
prolonged childhood maltreatment.

Methods. Sixty trauma-exposed women with (N =30) and without (N=30) PTSD and 30
healthy control participants (HC) underwent a fear conditioning and generalisation paradigm.
In a contingency learning procedure, one of two circles of different sizes was associated with an
electrical shock (danger cue), while the other circle represented a safety cue. During generalisa-
tion testing, online risk ratings, reaction times and fear-potentiated startle were measured in
response to safety and danger cues as well as to eight generalisation stimuli, i.e. circles of para-
metrically varying size creating a continuum of similarity between the danger and safety cue.
Results. The increase in reaction times from the safety cue across the different generalisation
classes to the danger cue was less pronounced in PTSD compared with HC. Moreover, PTSD
participants expected higher risk of an aversive event independent of stimulus types and task.
Conclusions. Alterations in generalisation constitute one part of fear memory alterations in
PTSD. Neither the accuracy of a risk judgement nor the strength of the induced fear was
affected. Instead, processing times as an index of uncertainty during risk judgements sug-
gested a reduced differentiation between safety and threat in PTSD.

Introduction

Worldwide trauma exposure is experienced by 69.7% of the population during life-time and
5.6% of those affected develop post-traumatic stress disorder (PTSD; Koenen et al. 2017).
In PTSD, fear responses are intense and persist over time (Blechert et al. 2007; Wessa &
Flor, 2007; Jovanovic et al. 2009). In addition, patients suffering from PTSD respond with
strong physiological reactions to cues that symbolise or resemble the traumatic event (Pole,
2007; Hayes et al. 2012; Parsons & Ressler, 2013). This suggests an overgeneralisation of
fear responses, i.e. an induction of fear by a variety of stimuli that are not directly linked to
the original traumatic event. Since the pioneering work of Watson & Rayner (1920), who
described the generalisation of fear responses of ‘small Albert’, it is well known that the induc-
tion of fear by a wide range of diverse stimuli may cause an extreme burden and lead to an
absence of the feeling of safety in every-day life (Hermans et al. 2013). However, in contrast
to many studies that reveal alterations of acquisition and extinction of fear responses in PTSD
(e.g. Bremner et al. 2005; Jovanovic et al. 2013; Gamwell et al. 2015; McLaughlin et al. 2015),
experimental data on fear generalisation alterations in PTSD are sparse.

From a process-oriented perspective, overgeneralisation is based on classical fear condition-
ing and is conceptually best related to the ‘fear network’ (Lang, 1985). Here, a neutral stimulus
(NS) is associated with an aversive unconditioned stimulus (US). Following this pairing, the
NS elicits the conditioned fear response (CR) as a conditioned stimulus (CS+). Additional
stimuli that were not present during the initial learning phase may be integrated into the
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fear network merely by perceptual similarities or a former associ-
ation with the CS+ and as a consequence equally trigger fear
responses (see also Ehlers & Clark, 2000; Keane & Barlow,
2002). From an evolutionary perspective, generalisation is a highly
advantageous process that facilitates learning by transferring prior
learning experiences to similar situations (Armony et al. 1997;
Lissek et al. 2008). However, it may also hamper functioning, if
fear is overgeneralised to harmless stimuli resulting in a fear net-
work that is too broad (Hermans et al. 2013).

The few experimental studies that have explicitly investigated
fear generalisation in PTSD point to an overgeneralisation of
fear in this disorder (Morey et al. 2015; Kaczkurkin et al. 2016).
In PTSD related to combat exposure, Kaczkurkin et al. (2016)
investigated fear responses to a danger and safety cue, as well as
to stimuli with varying degrees of perceptual similarity to the dan-
ger and safety cues (generalisation stimuli). Their findings revealed
stronger fear responses to generalisation stimuli in PTSD compared
with trauma-exposed controls (Kaczkurkin et al. 2016). Similar pre-
liminary findings have been reported in PTSD related to mixed
traumatic events (Lissek & van Meurs, 2015).

Childhood maltreatment seems to be particularly important
for fear overgeneralisation later in life: Morey et al. (2015) identi-
fied childhood trauma as an aggravating factor in the overgener-
alisation of fear in military veterans with PTSD. In general, the
risk of developing PTSD in the aftermath of prolonged childhood
maltreatment is not only greatly increased (e.g. US: 39.1%; Molnar
et al. 2001), but has also been associated with a distinct psycho-
pathological profile. A specific diagnostic entity has been pro-
posed and will be included in the revision of the ICD 11, i.e.
complex PTSD (Maercker et al. 2013; Shevlin ef al. 2017). In add-
ition to the core PTSD symptoms such as re-experiencing,
avoidance and hyperarousal, the symptom pattern comprises ‘dis-
turbances in self-organisation’, i.e. affect dysregulation, negative
self-concept and interpersonal disturbances. Disturbances in self-
organisation are generalised to a variety of contexts, with the
potential of a detachment from the traumatic event (Hyland
et al. 2017). To date, there are no experimental studies investigat-
ing fear generalisation processes after prolonged interpersonal
childhood abuse in individuals with and without PTSD.

The aim of the present study was to experimentally investigate
fear generalisation in women with PTSD related to childhood
abuse, since these individuals may be especially prone to develop-
ing a generalised symptom pattern. To investigate whether altera-
tions in generalisation processes are indeed indicative of
childhood abuse-related PTSD or constitute an unspecific alter-
ation in fear processing linked to trauma exposure, we contrasted
PTSD participants not only to non-trauma exposed healthy con-
trols, but also to participants with a history of childhood abuse
who have not been diagnosed with any mental disorders in
their lives (trauma controls). We hypothesised (1) that an over-
generalisation of fear characterises PTSD compared with the con-
trols, i.e. that they show stronger subjective and physiological fear
responses to stimuli that are perceptually similar to a stimulus that
has been previously linked to an aversive event. Moreover, we
aimed at elucidating potential underlying mechanisms of over-
generalisation, by investigating whether the groups differ in
basal cognitive processes such as perception and discrimination
of stimulus features or in the acquisition of fear responses. We
hypothesised (2) that PTSD participants differ from both healthy
and trauma controls already during fear acquisition, but not in
basal perception processes, and (3) that alterations during acqui-
sition are linked to the extent of fear overgeneralisation.
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Methods and materials
Sample description

Thirty female individuals meeting the criteria for PTSD related to
repeated childhood abuse were matched for age and years of edu-
cation to two healthy female control samples. The trauma control
group (TC) consisted of 30 mentally healthy participants with a
history of repeated childhood abuse. The healthy control group
(HC) consisted of 30 healthy, non-trauma exposed participants.
The individuals in both control groups have not been diagnosed
with any mental disorders throughout their live (see also
Rausch et al. 2016). Enrolment was restricted to women between
ages 18 and 65 years. Diagnostic and consenting procedures, as
well as inclusion and exclusion criteria are included in the online
Supplementary Material S1.

PTSD was diagnosed with the Structured Interview for
DSM-1V (SCID-I; Wittchen et al. 1997). PTSD symptom severity
was assessed using the Davidson Trauma Scale (DTS; Davidson
et al. 1997), and depressive symptom severity was assessed with
the Beck Depression Inventory (BDI-II; Hautzinger et al. 2003).
The severity of childhood traumatic experiences was measured
with the Childhood Trauma Questionnaire (CTQ; Bernstein &
Fink, 1998). Moreover, we used the Life Events Checklist to assess
the occurrence and frequency of traumatic events both before and
after age 18 (National Center of Traumatic Stress; Gray et al.
2004). Sample characteristics are summarised in Table 1.

Experimental procedure

Experimental tasks

Fear conditioning and generalisation were tested with the fear
conditioning and generalisation paradigm introduced by Lissek
et al. (2008). This paradigm assesses fear responses to both con-
ditioned danger (CS+) and safety cues (CS—), as well as to gener-
alisation stimuli parametrically varying in similarity to the CS+
and CS—. The paradigm comprises three test phases, ie. pre-
acquisition, acquisition and generalisation.

The stimuli were comprised of 10 circles of gradually increas-
ing size (Fig. 1c). The smallest and the largest circle served as the
conditioned danger cue (CS+) and conditioned safety cue (CS—),
respectively (counterbalanced across participants, Fig. 1a). The
remaining eight stimuli represented the generalisation stimuli
(Fig. 1c, see also online Supplementary Material S1). During test-
ing, the stimuli were presented on a computer screen (17" screen,
stimulus duration eight seconds, Fig. 1b).

Participants were told that they were going to see several cir-
cles; some of them were sometimes followed by an electrical
shock. Participants were asked to learn to predict, whether a dis-
played picture will be followed by an electrical shock.

During pre-acquisition, the two CSs were presented six times
together with six inter-trial-intervals (ITI, fixation-cross). No
stimuli were paired with an electrical shock. The pre-acquisition
phase was preceded by nine startle probes to reduce initial startle
reactivity (habituation).

During acquisition, the CS+ was paired with an aversive US
(2 ms, electrical shock intensity was individually set to a level
‘highly uncomfortable, but not painful’, see Table 1 for shock
intensities) (Lissek et al. 2008). Overall, 12 CS+ and 12 CS— trials,
as well as 12 ITTs, were presented to participants with a reinforce-
ment rate of 75% for the CS+.

Generalisation testing started after a 5-min rest period.
Participants were instructed to remember what they had learned
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Table 1. Sample characteristics

PTSD TC HC Test-statistics P Post hoc tests
N=30 N=30 N=30
Demographics
Age (s.0.) 31.87 (9.27) 31.17 (12.02) 31.77 (8.41) 0.2° 0.977
Years of education (s.p.) 10.93 (1.34) 11.33 (0.96) 11.37 (0.99) 1.317 0.275
Clinical characteristics
BDI Il (s.0.) 33.73 (10.95) 4.69 (6.29) 4.63 (4.64) 119.52° <0.001 PTSD > TC = HC
DTS-total (s.0.) 75.64 (17.96) 12.14 (12.85) - 15.21° <0.001 PTSD >TC
DTS-intensity (s..) 38.61 (10.08) 6.66 (6.45) = 12.91° <0.001 PTSD >TC
DTS-frequency (s.0.) 37.04 (9.24) 6.69 (8.57) = 14.39° <0.001 PTSD > TC
Trauma history
CTQ total (s.0.) 76.93 (21.35) 52.92 (13.12) 30.60 (5.98) 66.25% <0.001 PTSD > TC > HC
CTQ emotional abuse (s.n.) 18.95 (5.72) 12.60 (5.02) 6.60 (1.92) 50.40° <0.001 PTSD>TC>HC
CTQ physical abuse (s..) 11.27 (6.24) 9.12 (3.78) 5.30 (0.75) 13.79° <0.001 PTSD = TC > HC
CTQ sexual abuse (s.0.) 16.39 (6.51) 11.24 (5.99) 5.07 (0.25) 33.52° <0.001 PTSD > TC > HC
CTQ emotional neglect (s.0.) 19.27 (5.77) 12.27 (4.59) 7.63 (3.44) 41.307 <0.001 PTSD >TC>HC
CTQ physical neglect (s..) 11.78 (4.55) 6.90 (2.02) 6.00 (1.88) 25.632 <0.001 PTSD > TC=HC
# Trauma types prior age 18 (s.n.) 4.37 (1.88) 3.67 (2.30) - 1.26% 0.213
# Trauma types after age 18 (s.n.) 3.37 (2.53) 3.43 (2.78) - 0.09? 0.923
Current comorbidities (n)
Affective disorder 16 - -
Substance dependency 0 - -
Substance abuse 1 - -
Anxiety disorder 18 = =
Obsessive compulsive disorder 3 - -
Somatisation disorder 2 - -
Eating disorder 6 - -
Borderline personality disorder 16 = =
Psychotropic medication (n)
SSRI 9 - -
SNRI 4 - -
Neuroleptics 0 - -
Anticonvulsants 0 - =
State characteristics
Anxiety (s.n.) 53.37 (10.58) 32.66 (5.75) 30.7 (4.95) 79.84° <0.001 PTSD>TC=HC
Vigilance (s.0.) 3.10 (1.32) 2.07 (0.99) 1.87 (0.86) 10.39° <0.001 PTSD > TC = HC
Arousal (s.p.) 3.29 (0.66) 2.12 (0.74) 2.08 (0.51) 33.42° <0.001 PTSD<TC=HC
Shock intensity (s.0.) 19.17 (9.93) 16.80 (8.73) 18.73 (8.52) 0.49° 0.616

PTSD, post-traumatic stress disorder group; TC, trauma control group; HC, healthy control group; MDD, major depressive disorder; CTQ, childhood trauma questionnaire; DTS, Davidson
Trauma Scale; BDI-Il, Beck Depression Inventory; anxiety, State-Trait-Anxiety Inventory - State (STAI-S; Laux et al. 1981); vigilance, Stanford Sleepiness Scale (SSS; Hoddes et al. 1973);
arousal, Self-Assessment Manikin (SAM; Bradley & Lang, 1994); SSRI, selective serotonin reuptake inhibitor; SNRI, selective noradrenalin reuptake inhibitor; s.o., standard deviation; # trauma
types, Life Event Checklist (National Center of Traumatic Stress; Gray et al. 2004).

Significance threshold p <0.05.

?F-value.

bT-value.

and were informed that they were going to see the circles again.  trials) were presented in a pseudorandomised order. To prevent
During testing, the CS+ (eight trials), CS— (eight trials), ITI  extinction of the CR, two of the CS+ trials were combined with
(eight trials) and each of the eight generalisation stimuli (four an electrical shock (25% reinforcement). Generalisation testing

https://doi.org/10.1017/50033291717003713 Published online by Cambridge University Press


https://doi.org/10.1017/S0033291717003713

2226 Janine Thome et al.
(@ (b)
. %}\\us
CS/ GS/ ITI presentation
]
v
T T T T T T T T
0 1 2 3 4 5 6 7 8
/7
I 77 ORR 1
Ccs- CS+ Startle Probe

Class 2

Class 1

Fig. 1. Stimuli presented during different phases of the experimental paradigm together with the timing of an individual trial. (a) Stimuli presented as danger (CS+)
and safety (CS—) cues during fear acquisition. (b) Timing of an individual trial exemplary for a reinforced stimulus presentation [ORR: online risk rating for the risk of
the occurrence of an aversive event (US) during a time interval between 1 and 2 s following stimulus onset and until 5 s following stimulus onset; startle probe 4 or

5 s after stimulus onset;

: 2 ms electrical shock 80 ms before stimulus offset during reinforced trials]. (c) Stimuli presented during generalisation testing, i.e. as

danger (CS+), safety (CS—) and generalisation cue (GS). Please note, that the eight GS are combined for analyses into four generalisation classes. Please note: The
assignment of the large and small circle as conditioned danger and safety cue and accordingly the generalisation was balanced across participants.

was preceded by two startle probes to reduce initial startle reactiv-
ity (habituation).

A perceptual discrimination task was additionally conducted
to assess the accuracy and speed of basal perceptional processes,
i.e. the basal ability to discriminate stimuli of varying sensory
similarity. During this task, each trial started with the presenta-
tion of either the CS+ or CS— (stimulus duration 2 s).
Subsequently, a comparison cue was presented in the centre of
the screen. Participants had to assess the similarity between stim-
uli on a 10-point Likert scale (1 = no similarity to 10 = high simi-
larity). After the response, stimulus presentation was terminated
and the next trial started after a variable ITI (range 1500-
3000 ms, mean duration 2170 ms). Each CS (CS+/CS—) was pre-
sented 10 times and combined with the stimulus itself, the other
CS and each generalisation stimulus, resulting in 20 trials.

Measurement variables

Online risk ratings, reaction time of online risk ratings (RT) and
fear-potentiated startle (FPS) served as dependent measurements
during all phases of the fear conditioning and generalisation para-
digm (Fig. 1b).

Online risk ratings were evaluations of the risk of the occur-
rence of an electrical shock associated with the presented stimulus
(10-point Likert scale ranging from 1 = no risk, to 10 = high risk).
To indicate their responses, subjects had to move a red dot from a
starting area to one of 10 target areas, which were displayed at
equal distance from the starting area. RTs were defined as the
time between reaching the target area and leaving the starting
area. RT's served as an index of uncertainty during the risk judge-
ments as proposed by Lissek et al. (2008, 2010, 2014), with higher
RTs suggesting higher uncertainty. The shape of the RT distribu-
tion depending on the stimulus types is formed by a linear, quad-
ratic and cubic component (Lissek ef al. 2008). Lissek et al. (2008,
p- 684) suggested that RT captures the ‘threat ambiguity’ of a pre-
sented stimulus, with ‘faster risk ratings for stimuli with
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unambiguous safe/threat information (CS+, CS—) and slower
RT for stimuli with more uncertain signal value’, which is indi-
cated by the quadratic component (see also Lissek et al. 2010,
2014). Moreover, RT becomes slower with increasing similarity
of a stimulus to the threat-associated cue (linear component),
since the differentiation between stimuli and the associated risk
of an aversive event becomes more demanding and the judgement
becomes uncertain (Lissek et al. 2014). In line, a smaller linear
slope indicates a lower differentiation between stimuli when judg-
ing risk, i.e. a stronger generalisation of the risk of threat.

FPS was measured as the potentiated eye-blink startle reflex to
a loud noise [40 ms, 95 dB(A)] by electromyography of the orbi-
cularis oculi muscle. To measure FPS, CS and generalisation stimuli
were followed after 4 or 5 s by acoustic startle probes. Additionally,
a similar number of startle probes was presented during ITIs. For
further details, see online Supplementary Material S1.

According to previous studies, online risk ratings and FPS
were assessed in separate trials (50% of trials) since startle
response may be influenced by simultaneous ratings due to atten-
tional demands or movement preparation (Lissek et al. 2008).

Statistical analyses

For the fear conditioning and generalisation paradigm, dependent
variables were averaged separately for each experimental phase
and stimulus type. Measurement variables of generalisation stim-
uli were further combined for two consecutive levels of similarity
each, resulting in four generalisation classes [Fig. lc, online
Supplementary Material S1, see also (Lissek et al. 2008)]. Mean
FPS, online risk ratings and RT were analysed separately for
each task with repeated measure variance-analytical designs
(rmANOVA). All designs comprise the between-participants fac-
tor ‘group’ (PTSD, TC, HC) and the experimental factor ‘stimulus
type’. For pre-acquisition and acquisition phases, this resulted in a
3 x 2 rmANOVA with CS+ and CS— as the factor ‘stimulus type’.
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For further description of the effects in the ANOVA designs, post
hoc comparisons were done by sub-designs of ANOVA design
and/or pairwise comparisons (Bonferroni-adjusted for multiple
testing). For generalisation testing, the design was extended by
the generalisation classes as additional levels of the factor ‘stimu-
lus type’ resulting in a 3 x 6 rmANOVA. In the case of a signifi-
cant influence of the factor ‘stimulus type’, we further described
the nature of this effect through trend analyses. Here, we analysed
the linear, quadratic and cubic components of the shape of the RT
distribution along the continuum of stimulus types (ranging from
safety to danger cue). Thereby, we used the advantage of the para-
metrically varied levels of this factor. If trend analyses revealed
differences between groups, we compared the coefficients of the
concerned component pairwise between groups (Bonferroni-
corrected for multiple testing).

Similarity ratings and RT during the perceptual discrimination
task were analysed with a 3 x 2 x 6 rmANOVA with the between-
subjects factor ‘group’, and the within-subject factors ‘reference’
(CS+, CS—) and ‘comparison stimulus’ (CS+, CS—, class 1-4).

To explore covariation of alterations in fear generalisation with
alterations of perceptual discrimination, fear responses during
baseline, fear acquisition, and the severity of childhood maltreat-
ment and PTSD symptomatology, Pearson’s correlation coefficients
were calculated. Because of the exploratory nature of these analyses,
we did not correct for multiple comparisons to avoid an inflation of
type II error. Consequently, the findings must be interpreted taking
the inflation of type I error into account.

Since single participants had to be excluded from the statistical
analyses, sample sizes were reduced as follows (for details on exclu-
sion criteria, please see online Supplementary Material S1): N for
online risk ratings: pre-acquisition: HC = 30, TC =27, PTSD =29,
acquisition: HC=29, TC=29, PTSD =30, generalisation: HC =
29, TC=29, PTSD =29; for RT: pre-acquisition HC =30, TC =
27, PTSD =29, acquisition/generalisation: HC=30, TC=29,
PTSD =30; and for FPS: pre-acquisition HC =26, TC =27, PTSD
=27, acquisition/ generalisation: HC =23, TC =27, PTSD =27.

Statistical significance was set to p < 0.05. Effect sizes were cal-
culated as Cohen’s d. All analyses were performed using SPSS
(IBM SPSS Statistics for Windows, Version 23.0, Armonk, NY:
IBM Corp).

Results
Fear conditioning and generalisation paradigm

Pre-acquisition

Online risk ratings differed between groups (F, g3 = 8.96, p < 0.001;
Table 2a): PTSD participants rated the risks higher compared
with both HC and TC participants (PTSD: 4.43, s.0.=2.01; HC:
2.50, s.0.=1.47; TC: 3.14, s.0.=1.82; PTSD v. HC: p<0.001;
PTSD v. TC: p=0.024). No difference was found between TC
and HC (p=0.536). Online risk ratings did not differ between
stimulus types (F;g;=0.75, p=0.388; group x stimulus type:
F,83=1.14, p=0.326). Neither RT nor FPS differed between
groups or stimulus types (Table 2a).

Acquisition

Online risk ratings differed between groups independent of the
stimulus type (F,g5=>5.33, p=0.007; group x stimulus type:
F, 85 =0.42, p=0.661; Table 2b, Fig. 2): PTSD participants rated
the risk higher compared with HCs (p=0.005) but not to TC
individuals (p=0.462). There was no difference between TC
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and HC (p=0.224). In general, participants reported higher
risk expectation for the CS+ compared with the CS—, suggesting
successful fear conditioning (F gs = 492.96, p < 0.001).

RTs differed between groups depending on the stimulus type
(Fo86=11.92, p <0.001; Table 2b, Fig. 2). The RT of both PTSD
and TC participants differed from HC, but not between PTSD
and TC (2x2 ANOVA sub-design: group x stimulus type:
PTSD v. HC: Fy 55 = 20.69, p<0.001; TC v. HC: F,5,=12.37, p
=0.001; PTSD v. TC: F,5,=0.99, p=0.325). Responses to the
CS— were slower in PTSD (p=0.003) and on marginally signifi-
cant level in TC compared with HC (p=0.064). In contrast, no
group differences in RT to the CS+ were found (all p > 0.205).
Comparing RTs between stimulus types revealed that PTSD and
TC participants responded more slowly to the CS— compared
with the CS+ (PTSD: p<0.001; TC: p=0.018). In contrast, HC
responded faster to the CS— compared with the CS+ (p = 0.007).

FPS differed between groups depending on the stimulus type
(Fa75 =4.39, p = 0.016; Table 2b, Fig. 2). Post hoc analyses revealed
that FPS to the CS+ was reduced in PTSD compared with HC
(2x2 ANOVA sub-design: group x stimulus type: PTSD v. HC:
Fi.49=7.86, p=0.007; CS+: p =0.018; CS—: p = 0.585). In contrast,
no differences were observed between PTSD and TC or TC and
HC (2 x2 ANOVA sub-design: group x stimulus type: PTSD v.
TC: Fysp=2.29, p=0.136; HC v. TC: F, 49=2.49, p=0.121). In
general, FPS to the CS+ was higher compared with the CS—
(F175 =50.65; p <0.001), suggesting successful fear conditioning.

Generalisation test

Online risk ratings differed between groups (F,g4 =4.19, p =0.018;
Table 2¢, Fig. 2): PTSD individuals demonstrated heightened risk
irrespective of the stimulus type compared with HC (p =0.029),
and on a marginally significant level to TC ( p =0.064), while TC
did not differ from HC participants ( p = 1.000). In general, partici-
pants differentiated between stimulus types; however, stimulus
types did not differentially affect online risk ratings between groups
(stimulus type: Fsgo=253.05, p<0.001; stimulus type x group:
Fio420 = 1.44, p = 0.162). Trend analyses revealed a significant linear
(F1,84=563.81, p <0.001) and quadratic component (F; g, = 100.76,
P <0.001). For further details on pairwise comparisons, see online
Supplementary Material S2.

RT differed between groups depending on the stimulus type
(F1o430 = 1.85, p=0.050; Table 2¢, Fig. 2). Trend analyses revealed
that this difference is linked to the linear component of the shape of
the relationships between the speed of risk ratings and the increasing
similarity from the safety cue across the different generalisation classes
to the danger cue (F,gs = 4.44, p = 0.015). The comparison between
groups revealed a stronger increase in RT in HC compared with
PTSD (Buc =69.0, s.0. 94.7; Bprsp = 7.2, s.D. 76.6, p = 0.015), while
no significant differences between TC (frc = 24.9, 5.0. 75.0) compared
with PTSD (p =1.000) and HC ( p = 0.132) were found. Note how-
ever, that without a Bonferroni correction for multiple testing, the
slope in TC is significantly smaller than in HC ( p = 0.044). In general,
there are additional significant quadratic and cubic components of the
shape of the RTs across stimulus types (quadratic: F; g6 =27.84, p <
0.001; cubic: F;g6=11.05, p=0.001). However, these components
did not differ significantly between groups (quadratic: F, g6 = 1.66,
p=0.197; cubic: F, 46 =1.15, p=0.321). For further details on pair-
wise comparisons see online Supplementary Material S2.

FPS did not differ between groups, either in general (F, 7, = 0.05,
p=0.955; Table 2¢, Fig. 2) or depending on the stimulus type
(Fr0370 = 0.564, p =0.844). FPS differed depending on the stimulus
types (Fs370 = 18.86, p < 0.001). Trend analyses revealed a significant
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Table 2. Results of the analyses of variance for mean online risk ratings (ORR), reaction times (RT) and fear potential startle magnitudes (FPS) in the different phases of the experimental task.(a) Pre-acquisition, (b) fear

acquisition and (c) fear generalisation for mean ORR, RT and FPS

(a) Pre-acquisition

Group 8.96 2/83 <0.001 0.797* 1.37 2/83 0.260 0.333 0.38 2/77 0.684 0.168

Stimulus type 0.75 1/83 0.388 0.089 0.02 1/83 0.892 <0.001 0.72 1/77 0.400 0.089

Group x stimulus type 1.14 2/83 0.326 0.155 0.08 2/83 0.921 <0.001 1.03 2/77 0.363 0.168
(b) Acquisition

Group 5.33 2/85 0.007 0.255* 0.96 2/86 0.387 0.263 0.94 2/75 0.394 0.238

Stimulus type 492.96 1/85 <0.001 3.256* 4.07 1/86 0.047 0.168* 50.65 1/75 <0.001 0.869*

Group x stimulus type 0.42 2/85 0.661 0.063 11.92 2/86 <0.001 0.424* 4.39 2/75 0.016 0.333*
(c) Generalisation

Group 4.19 2/84 0.018 0.300* 0.003 2/86 0.997 <0.001 0.05 2/74 0.955 <0.001

Stimulus type 253.05 5/420 <0.001 2.293* 11.19 5/430 <0.001 0.414* 18.86 5/370 <0.001 0.753*

Group x stimulus type 1.44 10/420 0.162 0.155 1.85 10/430 0.050 0.238* 0.564 10/370 0.844 0.168

df, degrees of freedom; d, Cohen’s d.
Significance threshold *p <0.05.
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Fig. 2. Online risk ratings (ORR) (1), reaction times (RT) (2), fear potentiated startle magnitudes (FPS) (3) for each group regarding fear acquisition (a) and fear
generalisation (b) for healthy controls (HC), trauma controls (TC) and PTSD patients (PTSD). (a1). PTSD participants expected more risk, independent of the pre-
sented stimulus type compared with HC participants. (a2) PTSD and TC participants responded faster to the danger cue and slower to the safety cue, while this
pattern was reversed in HC participants. (a3) PTSD participants exhibited lower FPS to the danger cue compared with HC participants. (b1) PTSD participants
expected more risk, independent of the presented stimulus type compared with HC, and on marginally significant level compared with TC participants. (b2)
HC participants were characterised by a stronger increase in reaction times from the safety cue across the generalisation cues to the danger cue compared
with PTSD patients, suggesting less differentiation between generalisation stimuli in PTSD, i.e. alterations in generalisation processes. (b3) No group-related effects
have been observed. +: CS+; —: CS—; 1-4: generalisation class 1-4, GS = generalisation stimuli.

linear component (stimulus type: F ;4 =92.39, p <0.001; stimulus
type x group F, 7, =1.33, p=0.270). For further details on pairwise
comparisons, see online Supplementary Material S2.

Perceptual discrimination task

An assessment of the level of similarity between stimuli and the RT
of these assessments did not differ between groups, either in general
or depending on the stimuli presented (all p>0.166). For further
details, see online Supplementary Material S2 and Table S1.

Correlation of alterations in generalisation with baseline
responses, and responses during fear acquisition

To explore whether group-related alterations during generalisa-
tion testing, ie. increased stimulus-independent online risk

https://doi.org/10.1017/50033291717003713 Published online by Cambridge University Press

ratings, and the linear trend in RT are related to alterations
during other cognitive processes (i.e. fear responses during pre-
acquisition and acquisition), correlations were calculated separ-
ately for each group (for correlation coefficients and group statis-
tics, see Table 3). Higher online risk ratings during generalisation
testing were linked to higher online risk ratings during acquisition
in all groups and during pre-acquisition in HC, but only on a
marginally significant level in TC and PTSD (Table 3).
Moreover, higher online risk ratings during generalisation were
linked to a lower differentiation between CS+ and CS— during
fear acquisition in FPS response in PTSD (Table 3), and regarding
the RT response in HC (Table 3). A stronger increase in RT across
stimulus types was related to lower online risk ratings and reduced
differences in FPS during fear acquisition in PTSD and a reduced
difference in RT during fear acquisition in HC. A comparison of
correlation coefficients between groups suggests a differential
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relation only in regard to the association between the height of the
online risk ratings during generalisation and the RT difference
between safety and danger cues during fear acquisition between
PTSD and HC (Table 3).

Correlation of alterations in generalisation with trauma
severity

Alterations in online risk ratings and RTs during generalisation
testing were not significantly related to the severity of childhood
traumatisation or PTSD symptomatology (Table 3).

Discussion

The present study investigated whether patients with PTSD after
exposure to repeated childhood abuse are characterised by an
overgeneralisation of fear. Indeed, our findings support alterations
in generalisation-related processes in PTSD depending on the
domains of outcome measures. Reaction times as an index of
uncertainty about the threat associated with a cue suggest a
reduced differentiation across the continuum of cues from safety
to danger in PTSD. Generalisation of the explicitly assessed threat
risk and the linked physiological responses were not altered in
those with PTSD. However, independent of generalisation pro-
cesses, PTSD individuals assessed the risk for aversive events as
higher, pointing to difficulties in establishing a feeling of safety.
Differences between trauma control participants and both PTSD
participants and healthy controls were inconclusive for many out-
come measures. Our findings suggest that in trauma controls,
alterations partly mirror those observed in PTSD, however, in
an attenuated manner, which prevents confirmation with statistic-
ally sufficient unambiguousness.

Generalisation of fear in PTSD

Overgeneralisation is the spreading of fear to stimuli that bear a
similarity to the danger cue, i.e. generalisation stimuli. We applied
a fear conditioning and generalisation paradigm (Lissek et al.
2008) and our findings confirm alterations in processes linked
to the generalisation of fear in PTSD related to childhood
abuse. These alterations are not revealed by how strongly an aver-
sive event is expected within a specific stimulus context, but by
alterations regarding the uncertainty with which people achieve
this judgement: Depending on the specific cues, PTSD partici-
pants differed from healthy controls in processing times during
risk evaluations, but not in the evaluation of the level of risk itself
or the evoked startle response. Our findings revealed in healthy
controls a slowing of reaction times with increasing similarity of
a stimulus to the danger cue, i.e. a higher uncertainty during
risk judgements due to higher demands on the differentiation
from the danger cue. This slowing across stimulus types was
markedly reduced in the PTSD group. It seems worth noting
that in the context of generalisation stimuli the meaning of slower
reaction times changes across the continuum from safety to dan-
ger. Slower reaction times for stimuli more similar to the danger
cue suggest low generalisation of fear since participants are able to
differentiate the perceptual features of the actual stimulus and the
danger cue, but they are more uncertain about the prediction of
risk (see Lissek et al. 2008, 2010, 2014). In contrast, slower reac-
tion times for stimuli more similar to the safety cue point to over-
generalisation, i.e. feeling more uncertain about safety.
Consequently, an overgeneralisation of fear is reflected in small

https://doi.org/10.1017/50033291717003713 Published online by Cambridge University Press

Janine Thome et al.

differences in reaction times between stimulus classes, i.e. an atte-
nuated increase in reaction times for stimuli most similar to the
danger cue since a potential threat is readily noticed, and slower
reaction times for stimuli similar to the safety cue when an indi-
vidual is not sure about the safety linked to a stimulus. Following
this reasoning, the attenuated slowing of reaction times across the
stimulus types in the PTSD group points to a ‘threat ambiguity’,
which is comparable across the range of stimuli presented
(Lissek et al. 2008, 2010, 2014). It has to be kept in mind that
we found no differences in the level of reaction times in general
between PTSD participants and healthy controls. This suggests
that neither group can be characterised as more uncertain about
their judgements independently of the signal value of a cue.
Similarly, the modulation of reaction times by pure perceptual
ambiguity seems to be comparable between both groups: In
both groups, an inverted U-curve mirrored the variations in
ambiguity due to variations in the similarity of perceptual features
between a specific stimulus and the two stimuli representing the
extremes of the continuum, ie. the safety and the danger cue.
In line, we found no difference between the PTSD group and
HC in the quadratic component of the reaction time distribution
reflecting this inverted U-curve. In summary, our data suggest
that the generalisation of the explicitly assessed level of risk is
not affected in PTSD, but the uncertainty with which the risk
of threat is judged is affected.

It is important to note that Kaczkurkin et al. (2016) applied a
comparable paradigm in combat-exposed participants with and
without PTSD. Similar to the present study, their findings sug-
gested stronger generalisation of fear in PTSD participants.
However, in contrast to our study, alterations in generalisation
processing were revealed for the explicitly assessed level of risk
and brain responses, while reaction times were not reported.
Because of the different outcome measures as well as the different
types and timing of traumatisation, the comparability of both
studies is limited. Further studies are required to investigate
whether differences in type and timing of traumatisation might
affect different aspects of generalisation processing.

Risk perception during fear processing in PTSD

Beyond these findings on processes linked to the generalisation
of fear, PTSD participants differed from healthy subjects inde-
pendent of generalisation. Particularly, risk expectation was
increased in the PTSD group independent of the type of stimuli
presented, i.e. unrelated to the generalisation processes. A stimu-
lus-independent higher risk expectation during generalisation
testing is in line with preliminary findings by Lissek et al. in
PTSD with a history of various trauma types (reported in a
review article, see Lissek & van Meurs, 2015). These authors dis-
cussed their findings as a reflection of sensitisation processes.
Sensitisation represents a non-associative learning mechanism,
in which fear is elicited when confronted with novel cues by an
activation of the fear system in response to an aversive event
(Marks & Tobena, 1990). In contrast to generalisation, these
novel cues are not necessarily related to the aversive event
(Maier & Watkins, 2005). This interpretation is in line with the
heightened risk expectation in PTSD participants already present
during baseline testing and fear learning in the present study.
However, the differentiation between generalisation and sensitisa-
tion requires an experimental paradigm extended by additional
stimuli that clearly diverge from the danger cue. By applying
this approach in veterans with and without PTSD, Kaczkurkin
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Table 3. Correlation of alterations in generalisation with baseline responses, as well as responses during fear acquisition, and clinical measurements

ORR generalisation testing

Pre-acquisition

Overall risk 0.355 0.0641 0.374 0.0601 0.492 0.007* 0.08 0.470 0.31 0.377 0.23 0.409
Acquisition

Overall risk 0.646 <0.001* 0.579 0.001* 0.629 <0.001* 0.38 0.351 0.10 0.459 0.28 0.389

Differential RT® 0.058 0.764 —-0.114 0.563 —0.470 0.010* - - 2.05 0.020* 1.41 0.079t

Differential FPS°® —0.396 0.045* 0.062 0.764 —0.319 0.138 1.63 0.0511 0.28 0.386 - -
Clinical measurements

CTQ total 0.091 0.659 0.078 0.694 —0.209 0.276 - - - - - -

DTS total 0.141 0.483 0.052 0.796 - - - - - - - -
Slope RT generalisation testing
Pre-acquisition

Overall risk —0.455 0.013* —0.378 0.0521 —0.149 0.433 0.33 0.371 1.24 0.107 0.88 0.189
Acquisition

Overall risk —0.430 0.018* —0.305 0.115 —0.225 0.241 0.52 0.301 0.83 0.205 - -

Differential RT® 0.353 0.0561 0.213 0.277 0.427 0.021* 0.55 0.291 0.32 0.375

Differential FPS® 0.455 0.017* 0.078 0.705 0.149 0.486 1.42 0.0791 141 0.127 = =
Clinical measurements

CTQ total 0.067 0.739 0.072 0.717 0.041 0.830 - - - - - -

DTS total 102 0.604 0.021 0.878 - - - - - - - -

PTSD, post-traumatic stress disorder group, TC, trauma control group; HC, healthy control group; CTQ, childhood trauma questionnaire; DTS, Davidson Trauma Scale; RT, reaction time; FPS, fear-potentiated startle; ORR, online risk ratings.
*Significance threshold p <0.05, Tp <0.1; °difference: safety - danger cue.
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et al. (2016) demonstrated that the CR did not generalise from the
danger cue to a novel control stimulus, suggesting that the
observed effects of overgeneralisation are not due to sensitisation
processes.

Alterations in fear learning in PTSD

It seems worth mentioning that the concept of fear overgeneral-
isation in PTSD literature was driven by the idea that reduced dis-
crimination between danger and safety cues during fear learning
represents a form of overgeneralisation (e.g. Grillon & Morgan,
1999; Jovanovic et al. 2010; Davis et al. 2013; Jovanovic et al.
2013; Acheson et al. 2015; Gamwell et al. 2015; McLaughlin
et al. 2015; Steiger et al. 2015). Following this line of reasoning,
a reduced startle potentiation to the danger cue in PTSD in the
present study indicates an attenuated differentiation between dan-
ger and safety. However, previous findings were heterogeneous
regarding to whether an attenuated differentiation is due to a
higher response to the safety cue (Grillon & Morgan, 1999;
Jovanovic et al. 2010; Davis et al. 2013; Acheson et al. 2015),
and/or lower response to the danger cue (Jovanovic et al. 2013;
McLaughlin et al. 2015). A recent study by Lang et al. (2016;
see also McTeague et al. 2010; McTeague & Lang, 2012) suggested
that in general the frequency of traumatisation affects whether
startle reactivity is increased or decreased: While single trauma
has been linked to increased startle reactivity and this may affect
both reactivity towards danger and safety cues (Jovanovic et al.
2010), multiple traumas resulted in a blunted startle reactivity
(McTeague et al. 2010; McTeague & Lang, 2012; Lang et al.
2016). Our sample of PTSD participants was characterised by
repeated exposure to a variety of trauma types (see Table 1).
Thus, our finding of a reduced startle response to the danger
cue in PTSD is in agreement with recent literature.

Beyond these alterations in startle reactivity, our data suggest
that the certainty in evaluating the risk of the presented cues
was altered already during fear acquisition: PTSD patients were
slower in response to the safety cue, but faster to the danger
cue. In healthy controls, this pattern was reversed. This suggests
that PTSD participants are more uncertain regarding the threat
information of the safety cue. Altogether, these findings on the
differentiation between the danger and safety cue may addition-
ally support alterations in processes linked to the generalisation
of fear in PTSD, although similar to the generalisation testing
explicit assessments of risk were not affected.

Relationship between alterations in fear acquisition and fear
generalisation

Based on the theoretical framework of generalisation, how altera-
tions during fear acquisition might impact fear transfer to a wider
range of stimuli is important. Our data suggest that a stronger
increase in reaction times during generalisation testing was related
to processing during acquisition in PTSD, namely to a lower
expectation of risk and a stronger discrimination between CS+
and CS— indicated by FPS. However, this correlation could not
be confirmed to be specific for PTSD since comparing the
strength of these relationships between groups revealed no statis-
tically significant differences. Moreover, we found that a higher
expectation of risk during generalisation testing was related to a
higher expectation of risk during fear acquisition and a reduced
differentiation in FPS between the safety and danger cues in
PTSD. However, the latter alteration affected risk expectations
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independently of the similarity of stimuli with the danger and
safety cues, revealing that they are less relevant for the strength
of generalisation.

The impact of childhood maltreatment on fear generalisation

It is important to note, that our data revealed inconclusive find-
ings on the relevance of traumatisation per se. For many of the
outcome measures in the different tasks, differences between
trauma controls compared with either healthy controls or PTSD
participants could not unequivocally be confirmed. On one
hand, differences compared to the healthy control group were
observed only at a marginally significant level or only without cor-
recting for multiple comparisons (such as an alteration in the
slope of the reaction time distribution during generalisation test-
ing). One exception is the slower judgement of risk for the safety
cue during fear acquisition, which characterises trauma controls
when compared with healthy controls. However, on the other
hand, trauma controls could mostly not be distinguished from
the PTSD group (such as for the online risk rating or FPS during
fear acquisition). This suggests that the TC group may show slight
alterations in the direction of the PTSD group; however, this was
too weakly expressed to be confirmed statistically either in com-
parison to the healthy group or the PTSD group.

In summary, alterations in explicit fear responses were indica-
tive for PTSD participants, while hints towards differences in an
implicit measurement, e.g. reaction times, were also found in
trauma controls. However, these were mostly not unequivocally
confirmed by statistical testing and should be interpreted with
caution. This is in line with the investigation of the alteration of
fear learning with the severity of traumatisation and psychopath-
ology: We found no relation of alterations during generalisation
testing, i.e. slope of reaction time distribution and the severity
of PTSD symptoms or the severity of childhood traumatisation
either within groups or across traumatised participants. These
findings differ from previous studies, which linked childhood
maltreatment (Morey et al. 2015), and PTSD symptom severity
(Kaczkurkin et al. 2016) to alterations during generalisation test-
ing. However, both previous studies identified a covariation spe-
cifically for neurobiological alteration. This may point to a
differential link of the severity of psychopathology and trauma-
tisation with cerebral in contrast to behavioural correlates of
alterations in generalisation. Moreover, both studies included
PTSD participants with a history of combat exposure. Future
studies must address whether the link between the severity of
traumatisation and psychopathology may depend on the trauma
type, gender and the use of behavioural or biological measures.
Thereby, a precise measurement of the type and timing of mal-
treatment seems to be important since these factors are increas-
ingly recognised as modulating the impact of traumatisation
(Teicher & Samson, 2016).

Limitations

Finally, some limitations of the present study have to be
addressed. The observed effects during generalisation testing are
restricted to behavioural measurements and were not observable
in FPS as a measure closely related to the activation of the amyg-
dala (Davis, 2006). One possible explanation might be psycho-
tropic medication in the PTSD group (Table 1, online
Supplementary Material S1) since antidepressants, for example,
are known to dampen the FPS response, potentially resulting in
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a floor effect (Arnone et al. 2009). However, additional explora-
tory analyses excluding PTSD patients with psychotropic medica-
tion revealed the same pattern of results suggesting that
psychopharmacological treatment does not explain our findings.
Another explanation may be the occurrence of dissociative symp-
toms as these are found to be heightened in the aftermath of
chronic childhood abuse (e.g. Steuwe et al. 2012) and have been
shown to be linked to an attenuation of FPS (Ebner-Priemer
et al. 2005). Future studies should investigate whether dissociative
symptoms during testing may influence FPS modulation during
fear generalisation in PTSD.

Importantly, studies investigating generalisation processes in anx-
iety disorders also did not consistently find overgeneralisation on
both physiological and behavioural levels (Lissek et al. 2010, 2014;
Morey et al. 2015; Ahrens et al. 2016; Kaczkurkin et al. 2016; for
null findings see Greenberg et al. 2013; Tinoco-Gonzalez et al
2015). Nevertheless, overgeneralisation may constitute a transdiag-
nostic alteration in fear processing, but further studies are needed
to disentangle the different correlates of fear generalisation processes
within and between mental disorders.

Finally, one may critically discuss whether the alterations in
reaction times solely reflect an increased uncertainty about the
association of a specific stimulus with a specific risk of an aversive
event. An alternative explanation may be that participants suffer-
ing from a mental disorder may differ in the processing of ambi-
guity per se and not specifically to ambiguity linked to the
expectation of an aversive event, i.e. ‘threat ambiguity’ (Lissek
et al. 2014). However, this explanation seems to be less suited
to explain our findings, since we found no reaction time differ-
ences between groups when participants assessed the similarity
of stimuli varying in ambiguity regarding to purely perceptual
stimulus features. Similarly, one may speculate whether reaction
time differences may be due to a stronger aversion of the partici-
pants to making a mistake. While this may contribute to our find-
ings, this aversion seems to be particularly high when judging
danger or safety since we found neither a general slowing of reac-
tion times across experimental conditions nor during judgements
of perceptual similarity. This suggests that our findings are spe-
cific for judging the risk of aversive consequences.

Finally, it must be emphasised that the reported correlations
are exploratory analyses of covariations without correction for
multiple testing and therefore have to be interpreted with caution
until confirmed in future independent studies.

Conclusions

In conclusion, our results demonstrate alterations in generalisa-
tion processes of conditioned fear for the first time in a sample
of PTSD patients with a history of repeated childhood abuse.
As this population is extremely vulnerable to developing a com-
plex pattern of PTSD, it is important to identify factors predispos-
ing or protecting individuals in later life. The present study
extends findings regarding alterations in fear memory in PTSD
after childhood abuse, as it provides the first experimental data
on actual fear transfer, which may contribute to the loss of feeling
safe in everyday life.

Supplementary material

The supplementary material for this article can be found at
https://doi.org/10.1017/S0033291717003713
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