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Background: Childhood maltreatment is a transdiagnostic risk factor for later psychopathology and has been associated with altered
brain circuitry involved in the processing of threat and safety. Examining threat generalization mechanisms in young adults with childhood maltreatment and psychiatric symptoms may elucidate a pathway linking early-life adversities to the presence of subclinical
psychopathology Methods: We recruited youth aged 16–25 years with subclinical psychiatric symptomatology and healthy controls.
They were dichotomized into 2 groups: 1 with a high level of childhood maltreatment (n = 58) and 1 with no or a low level of childhood
maltreatment (n = 55). Participants underwent a functional MRI threat generalization paradigm, measuring self-reported fear, expectancy
of an unconditioned stimulus (US) and neural responses. Results: We observed interactions between childhood maltreatment and threat
generalization indices on subclinical symptom load. In individuals reporting high levels of childhood maltreatment, enhanced generalization in self-reported fear and US expectancy was related to higher levels of psychopathology. Imaging results revealed that in the group
with high levels of childhood maltreatment, lower activation in the left hippocampus during threat generalization was associated with a
higher symptom load. Associations between threat generalization and psychopathology were nonsignificant overall in the group with no
or low levels of childhood maltreatment. Limitations: The data were acquired in a cross-sectional manner, precluding definitive insight
into the causality of childhood maltreatment, threat generalization and psychopathology. Conclusion: Our results suggest that threat
generalization mechanisms may moderate the link between childhood maltreatment and subclinical psychopathology during emerging
adulthood. Threat generalization could represent a vulnerability factor for developing later psychopathology in individuals being exposed
to childhood maltreatment.

Introduction
Children who experience maltreatment are at increased risk
for developing psychopathology, including depression,
anxiety and psychosis, later in life.1,2 These symptoms often
emerge during adolescence and early adulthood3 and are
thought to be relatively diffuse and nonspecific for any
mental disorder in the early stages of expression.4,5 Childhood maltreatment has been shown to increase the likelihood of a mixture of these symptoms, rather than isolated
symptoms.1 The mechanisms underlying the link between
childhood maltreatment and this later expression of psychopathology during emerging adulthood, however, remain
poorly understood.

Childhood maltreatment has been associated with alterations in threat- and safety-processing mechanisms. Several
studies have shown that children or adults who were exposed to childhood maltreatment exhibit blunted physio
logical responses to threat and a reduced ability to differen
tiate between threat and safety during differential fear
conditioning.6–8 These alterations could be the result of perturbations of neural networks important for threat and safety
processing.9 Childhood maltreatment has indeed been linked
to structural and functional alterations in several brain
regions critical for threat–safety discrimination, including the
ventromedial prefrontal cortex (vmPFC), dorsal anterior cingulate cortex (dACC), dorsolateral prefrontal cortex (dlPFC),
amygdala, insula and hippocampus.10–13
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Disruptions in threat processing and threat–safety discrimination have also been reported in various types of psycho
pathology. In fact, anxiety, depression and psychosis have all
been associated with an attention bias to potential threats or
ambiguous stimuli.14,15 In addition, these symptoms have also
been associated with a cognitive bias to interpret neutral
information as threatening or negatively valenced,16–18 which
may be indicative of enhanced threat generalization or negative generalization. Recent research has investigated threat
generalization experimentally, examining the transfer of the
threat value of a conditioned threat stimulus (CS) to stimuli
that resemble that CS. In several types of psychopathology,
including generalized anxiety disorder (GAD), posttraumatic
stress disorder (PTSD) and panic disorder,19–21 indications of
enhanced threat generalization have been observed. By using
a design containing several ambiguous stimuli along a con
tinuum of similarity to a CS, neuroimaging studies in PTSD
and GAD have additionally reported flatter or more gradual
generalization gradients in several brain regions, including in
the vmPFC, hippocampus, anterior insula and dACC.19,22 The
dACC and anterior insula are known for their respective roles
in the expression of fear responses23 and interoceptive awareness,24 with increasing activation along the similarity con
tinuum to the CS.25,26 The hippocampus and vmPFC have
been implicated in stimulus discrimination and safety processing,27,28 respectively, with decreasing activation along the
similarity continuum.25,26 Overall, the results therefore seem to
indicate reduced threat–safety discrimination on a neural
level in patients with anxiety and PTSD.19,22 Furthermore, generalization gradients in the vmPFC have been associated with
symptoms of both anxiety and depression in those with
GAD.22 Psychosis has also been associated with aberrant
neural responses to safety cues during fear conditioning, suggesting aberrant threat processing and threat–safety discrimination.16,29 Furthermore, intolerance of uncertainty, a disposition affecting how individuals cope with uncertain situations,
is predictive of threat generalization30 and is a risk factor for
anxiety, depression and the experience of psychosis.31,32
Overall, work to date indicates that overgeneralization of
threat or negative responding may confer a general vulner
ability to psychopathology and that childhood maltreatment
is associated with altered response to threat. Therefore, one
may hypothesize that threat generalization may mediate the
association between childhood maltreatment and psycho
pathology. Yet, an alternative model could be proposed in
which threat generalization moderates the association
between childhood maltreatment and psychopathology. Such
a moderation model suggests that individuals who are
exposed to childhood maltreatment and show enhanced
threat generalization are at increased risk for psychopathology. Indeed, not all individuals experience negative consequences of childhood maltreatment exposure.33 Therefore, it
is possible that reduced threat generalization, or better
threat–safety discrimination, may actually confer resilience to
the development of psychopathology. Experimental data
have provided support for a moderating role of several processes, including reward-related processes and emotional-
valence processing in the association of childhood maltreat-
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ment with PTSD and depression, respectively.34,35 In addition,
stress reactivity has been shown to moderate the link
between childhood maltreatment and an admixture of psych
osis, depression and anxiety symptoms.36
Examining behavioural and neural threat-generalization
mechanisms in young adults who experienced childhood
maltreatment and are at an early stage of expressing psychopathology may elucidate either a pathway or a vulnerability
factor, linking early-life adversities to the emergence of
psychopathology during adolescence. Therefore, in the present study, we examined, to our knowledge for the first time,
associations between childhood maltreatment, threat generalization and psychiatric symptoms during emerging adulthood. More specifically, using cross-sectional data as a first
step, the study aimed to examine whether threat generalization mediates or moderates the association between childhood maltreatment and psychiatric symptoms in emerging
adulthood. We hypothesized that threat generalization moderates the association between childhood maltreatment and
psychiatric symptoms. In particular, we expected that individuals with higher levels of childhood maltreatment combined with enhanced threat generalization (i.e., more gradual
generalization gradients in both self-report scores and in
neural activation in the vmPFC, hippocampus, anterior
insula and dACC) would report higher levels of psycho
pathology, whereas individuals with higher levels of childhood maltreatment combined with low threat generalization
would report lower levels of psychopathology.

Methods
Participants
We recruited youth aged 16–25 years — the age at which
psychopathology most often emerges3 — as part of a large
randomized controlled trial investigating the effect of a
psychological intervention on subclinical psychopathology
(Dutch Trial Register number: NTR3808). They were
recruited via posters in schools and public places and via
advertisements in local news magazines. Participants with
either no or low levels of psychopathology, or with subclin
ical depressive symptoms (Montgomery-Åsberg Depression
Rating Scale [MADRS]37 ≥ 10) and/or subclinical psychotic
experiences (Community Assessment Psychic Experiences
[CAPE]38, positive distress subscale ≥ 2) were included.
Exclusion criteria for the group with no or low levels of
psychopathology were a history of psychiatric diagnosis or
treatment, or a current DSM-IV axis I disorder as screened
with the MINI International Neuropsychiatric Interview
(MINI)39 For the group with subclinical depressive symptoms
(MADRS ≥ 10) and/or subclinical psychotic experiences
(CAPE, positive distress subscale ≥ 2), individuals with current psychiatric treatment or a significant need for care were
excluded. For both groups, other exclusion criteria were lefthandedness, alcohol and substance dependence, current use
of psychotropic drugs, a history of neurological disease,
severe head trauma, organic brain disease and MRI contraindications. The Maastricht University Medical Centre ethics
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committee approved the study. All participants provided
written informed consent; parental consent was additionally
obtained for minors (age < 18 yr). We measured childhood
maltreatment with the Childhood Trauma Questionnaireshort form (CTQ-SF).40 As childhood maltreatment scores
were highly skewed, we used a median split procedure to
categorize all participants into either the group with no/low
levels of childhood maltreatment or the group with high
levels of childhood maltreatment.41

Subclinical symptom load
We measured symptoms of anxiety, depression and psychotic experiences with the trait subscale of the State-Trait
Anxiety Inventory (STAI),42 the MADRS, and the Structured
Interview for Schizotypy – Revised (SIS-R) – positive symptom scale,43 respectively. Scale scores were formed into a single composite subclinical symptom load score, because the
questionnaire scores were strongly intercorrelated (all r >
0.53, all p < 0.001); the scores loaded on a single factor; and
previous research has shown that childhood maltreatment
increases the risk of an admixture of symptoms of anxiety,
depression and psychosis rather than isolated symptoms.1
The subclinical symptom load was calculated as the average
of z-transformed scale scores (see Appendix 1, available at
jpn.ca/180053-a1 for further details).

Threat generalization neuroimaging task
Threat generalization was assessed using a validated functional MRI (fMRI) paradigm25 (adapted from Lissek and colleagues26), measuring both the affective expression (i.e., fear)
and the cognitive expression of threat processing (i.e., expectancy of an aversive unconditioned stimulus [US]; US expectancy) as well as neural generalization responses (see Appendix 1, Fig. S1 for more details). Participants were presented
8 geometrical shapes, which were either rings or rectangles
and a triangle. The largest and smallest rings/rectangle were
the conditioned threat stimulus (CS+) and safety stimulus
(CS–). The US, an electrical pulse, followed the CS+ in 6 of
12 occurences. A triangle served as a second CS– (vCS–) as a
measure independent of perceptual generalization. The
5 intermediate-sized rings/rectangles served as generalization stimuli (GS); GS1 was perceptually most similar and GS5
was the least similar to the CS+. Behavioural outcome scores
were online ratings of US expectancy obtained during the
task phase and retrospective measures of fear, valence and
arousal obtained after the task phase.

Statistical analysis
Behavioural data
Behavioural data were analyzed using SPSS version 23. Data
were checked for normality and outliers. To test whether
groups (no/low levels of childhood maltreatment, high levels of childhood maltreatment) differed in demographic characteristics (age, sex, education) and US intensity, we used
independent samples t tests for continuous data and χ2 tests

for categorical data. To confirm that childhood maltreatment
groups differed in the CTQ-SF total score and subscales, we
conducted nonparametric Mann–Whitney U tests. We considered results to be significant at p < 0.05. All further analyses were corrected for age and sex.
Mediating effects of behavioural generalization indices
As a requirement for a mediation model, we first examined
interrelationships between childhood maltreatment, threat
generalization and subclinical symptom load.
For the relationship between childhood maltreatment and
symptom load, we conducted an analysis of covariance
(ANCOVA) with childhood maltreatment group (no/low
levels of childhood maltreatment, high levels of childhood
maltreatment) as the between-subjects variable and symptom
load as the dependent variable. We also conducted a partial
correlation analysis to test for a continuous association.
To examine the relationship between childhood maltreatment and threat generalization, for each self-report measure
(fear and US expectancy), we conducted a mixed analysis of
variance (ANOVA), with childhood maltreatment group as
the between-subjects factor and stimulus type (7 levels;
CS–, GS5, GS4 GS3, GS2, GS1 and CS+) as the within-subjects
factor, along with a quadratic trend analysis. Greenhouse–
Geisser correction and Bonferroni-corrected post hoc t tests
were run when appropriate. A higher quadratic trend in the
generalization gradient reflects a sharper gradient and is less
indicative of stimulus generalization, whereas a flatter or
more gradual generalization gradient indicates more widespread generalization.44
To examine the relationship between threat generalization
and symptom load, similar to van Meurs and colleagues,45
we incorporated the generalization gradient shape into a continuous measure: the linear departure score (LDS; see Appendix 1 for details). A positive LDS reflects a more gradual gradient (enhanced generalization), whereas a negative value
reflects a sharp gradient (lower generalization). The LDSs
were regressed on the symptom load.
Moderating effects of behavioural generalization indices
We tested moderation using regression analyses, testing the
interaction between childhood maltreatment and the LDSs in
the models of symptom load.
Neural data
As a manipulation check, we first assessed whether generalization gradients in neural activation could be observed in
our regions of interest (ROIs; the vmPFC, dACC, insula and
hippocampus; Appendix 1). All group-level analyses were
conducted in FSL software, both in functional ROIs as well as
the whole brain, with FLAME1 at a cluster significance level
of Z > 3.1 and p < 0.05 with Gaussian random field (GRF) correction for multiple comparisons.
Mediating effects of neural generalization substrates
Interrelationships between childhood maltreatment and
threat generalization and between threat generalization and
subclinical symptom load were first examined as required for
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further mediation tests. For the relationship between childhood maltreatment and neural threat generalization, we conducted a 2-sample unpaired t test to compare the childhood
maltreatment groups on the neural LDS contrast (average
[GS1–5] > average [CS–, CS+]). For the relationship between
threat generalization and symptom load, we used regression
analyses to examine the association between subclinical
symptom load and the neural LDS contrast.
Moderating effects of neural generalization substrates
Similar to the behavioural data, we conducted a whole-brain
interaction analysis. Parameter estimates of significant clusters were extracted to assess associations between threat generalization and symptom load per childhood maltreatment
group and to visualize neural generalization gradients.

Results
Participants
Our final sample included 113 participants: 55 participants in
the group with no/low levels of childhood maltreatment and
58 participants in the group with high levels of childhood
maltreatment. Table 1 shows sample characteristics of both
childhood maltreatment groups. The groups did not differ in
age (t111 = 0.93, p = 0.35), sex (χ22,113 = 2.15, p = 0.34), educational
level (χ24,114 = 2.38, p = 0.67), or chosen US intensity (t111 = 0.61
p = 0.54). Analyses confirmed that childhood maltreatment
groups differed in the CTQ-SF total score (Mann–Whitney
U < 0.001, p < 0.001) and all subscale scores (all p < 0.04).

Table 1: Demographic and clinical characteristics of study
participants
Group; mean ± SD*
No/low levels of CM
(n = 55)

High levels of CM
(n = 58)

21.00 ± 2.10

20.64 ± 2.03

Male

11 (20)

11 (19)

Female

44 (80)

47 (81)

0 (0)

1 (2)

Characteristic
Age yr

Childhood trauma and psychopathology
The group with high levels of childhood maltreatment
reported a higher symptom load than the group with no/low
levels of childhood maltreatment (F3, 109 = 37.01, p < 0.001).

Childhood maltreatment and generalization outcomes
Behaviour
Both groups showed a positive generalization gradient in
fear scores as well as US expectancy scores, as these scores
increased with similarity to the CS+ (all p < 0.0001; Fig. 1).
There were, however, no differences in threat generalization
between the childhood maltreatment groups, as neither the
group × stimulus type interactions (fear: F3.90,413.86 = 1.54, p =
0.19; US expectancy: F3.50,367.20 = 0.23, p = 0.90), the the group ×
quadratic trend analysis (fear: F1,106 = 1.83, p = 0.18; US expectancy: F1,106 = 0.39, p = 0.53), nor the group comparison of the
LDS (fear: F3,106 = 0.94, p = 0.34; US expectancy: F3,106 = 0.14, p =
0.71) were significant.
Additional exploratory analyses on valence and arousal
scores did not indicate group differences in generalization, as
the valence and arousal LDSs (all p > 0.29) and the quadratic
trend of the gradients (all p > 0.21) did not differ across groups.
However, we found significant group × stimulus interactions
for the valence and arousal scores (Appendix 1, Fig. S2),
reflecting that the group with high levels of childhood maltreatment showed less variation in self-reported valence/
arousal scores across stimuli than the group with no/low
levels of childhood maltreatment (all p < 0.02).
Imaging
The task induced neural generalization gradients in each of
the ROIs (all p < 0.001), with positive generalization gradients in the dACC and insular cortices, and negative generalization gradients in the vmPFC and hippocampi (Fig. 1 and
Appendix 1, Table S1). Exploration of the neural LDS contrast across the childhood maltreatment groups did not
reveal any group differences.

Sex, no. (%)

Educational level, no. (%)
Low
Medium

6 (11)

5 (9)

High

49 (89)

52 (90)

CTQ total score†

28.05 ± 2.05

40.78 ± 7.91

Symptom load†

–0.45 ± 0.69

0.41 ± 0.81

MADRS
STAI
SIS-R
US intensity, mA

5.33 ± 5.93

11.47 ± 7.46

34.45 ± 12.16

47.84 ± 11.41

0.47 ± 0.34

0.82 ± 0.50

24.92 ± 18.21

22.84 ± 17.38

CM = childhood maltreatment; CTQ = Childhood Trauma Questionnaire; MADRS =
Montgomery-Asberg Depression Rating Scale; SD = standard deviation; SIS-R =
Structured Interview for Schizotypy – Revised; STAI = State and Trait Anxiety
Inventory; US = unconditioned stimulus.
*Unless indicated otherwise.
†p < 0.001.
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Generalization outcomes and psychopathology
Behaviour
Neither the fear LDS nor the US expectancy LDS showed
significant associations with symptom load (fear: r = 0.10,
p = 0.27; US expectancy: r = 0.08, p = 0.39).
Imaging
We found no associations between neural activation for the
LDS contrast and symptom load.

Threat generalization as a moderator of the association
between childhood maltreatment and psychopathology
As no significant associations were observed between childhood maltreatment and threat generalization, or between
threat generalization and subclinical symptoms, no mediation
analyses were conducted. Moderation analyses were
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positive than in the group with no/low levels of childhood
maltreatment (β = 0.36, p = 0.008). Further exploration of
within-group correlation analyses revealed that only in the
group with high levels of childhood maltreatment, a higher
fear LDS was positively associated with an increased
symptom load (r = 0.31, p = 0.02). In the group with no/
low levels of childhood maltreatment, we observed a trend
toward a negative association (no childhood maltreatment:
r = –0.26, p = 0.06). To illustrate the generalization gradient

c onducted testing the interaction between childhood maltreatment and threat generalization on subclinical symptom load.
Behaviour
Regression analyses revealed significant interactions
between childhood maltreatment and the fear LDS on subclinical symptom load (Fig. 2), reflecting that in the group
with high levels of childhood maltreatment, the association
between fear generalization and symptom load was more
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Fig. 1: Generalization gradients in behavioural data and in activation in functional regions of interest in the entire sample.
(A) Generalization gradients in fear and unconditioned stimulus (US) expectancy ratings. (B) Generalization gradients in neural
activation in the left insula, dorsal anterior cingulate cortex (dACC), ventromedial prefrontal cortex (vmPFC) and right hippocampus. Error bars represent standard errors of the mean. White circles represent the group with no/low levels of childhood maltreatment; grey circles represent the group with high levels of childhood maltreatment.
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shape per symptom load level within each childhood maltreatment group, we followed up with a median-split symptom load score × quadratic trend interaction analysis on the
fear generalization gradient. As expected, in the group with
high levels of childhood maltreatment, individuals with low
symptom load showed a stronger quadratic trend, and thus
a shaper fear generalization gradient, than individuals with
a high symptom load (F1,53 = 6.84, p = 0.01). In the group
with low levels of childhood maltreatment, no difference in
the quadratic trend of the generalization gradient was
found between individuals with a high or low symptom
load (F1,49 = 2.52, p = 0.28).
Results of the US expectancy LDS were similar to those of
the fear LDS, as we found a significant interaction between
childhood maltreatment group and US expectancy LDS on
subclinical symptom load (β = 0.58, p < 0.0001). Findings on
post hoc tests were also comparable (see Appendix 1 for US
expectancy LDS results).
Imaging
The ROI analysis showed a significant interaction in 2 clusters in the left hippocampus (anterior: Montreal Neurological
Institute [MNI] coordinates x, y, z = –30, –18, –16; k = 18, Z =
3.53, p = 0.02; posterior: MNI coordinates x, y, z = –30, –38,
–10; k = 41, Z = 4.38, p = 0.008; Fig. 3). This interaction
reflected that, in the group with high levels of childhood maltreatment, the association between symptom load and LDS-

related activation in these clusters was more negative than in
the group with no/low levels of childhood maltreatment.
Correlational analyses with extracted parameter estimates of
the LDS contrast revealed that there was a negative association between hippocampal activation and symptom load in
the group with high levels of childhood maltreatment in both
clusters (anterior: r = –0.37, p = 0.005; posterior: r = –0.44, p =
0.001), whereas there were no significant associations in the
group with no/low levels of childhood maltreatment (anterior: r = 0.24, p = 0.10; posterior: r = 0.25, p = 0.08). The generalization gradient shape in these clusters per symptom-load
level within each childhood maltreatment group was further
tested by a median-split symptom load score × quadratic
trend interaction analysis. In the group with high levels of
childhood maltreatment, individuals with a low symptom
load showed a sharper hippocampal generalization gradient,
as reflected by a stronger quadratic trend in the gradient,
than individuals with a high symptom load (F1,52 = 4.32, p =
0.04; F1,52 = 5.75, p = 0.02). No difference in the quadratic trend
of the generalization gradient between individuals with a
low versus a high symptom load were found in the group
with low levels of childhood maltreatment (F1,49 = 0.06, p =
0.82; F1,49 = 0.17, p = 0.20).
Further whole-brain analyses revealed an interaction
effect in a cluster encompassing the left hippocampus, parahippocampal gyrus and temporal fusiform gyrus, with similar results (Appendix 1).
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Fig. 2: Threat generalization moderates the link between childhood maltreatment and psychopathology. (A) Correlation
between the fear linear departure score (LDS) and symptom load (SL) in the group with no/low levels of childhood maltreatment (CM). (B) Correlation between the fear LDS and SL in the group with high levels of CM. (C) Fear generalization gradient in the group with no/low levels of CM and low versus high SL (median split). (D) Fear generalization gradient in the group
with high levels of CM and low versus high SL (median split). Errors bars represent standard errors of the mean.
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Discussion
Childhood maltreatment is a transdiagnostic risk factor for
development of psychopathology. To our knowledge, this is
the first study exploring interrelationships between threat
generalization (behavioural and neural), childhood maltreatment and psychopathology during emerging adulthood. As
expected, our results showed that childhood maltreatment
was linked to increased subclinical psychopathology (i.e., a
mixture of depression, anxiety and psychotic experiences) in
young adults. Furthermore, we found that threat generalization moderated the link between childhood maltreatment and
psychopathology. More specifically, we observed a high clin
ical symptom load only in individuals who reported high levels of childhood maltreatment and showed enhanced levels of
threat generalization. Similarly, our neural data revealed that
a high level of childhood maltreatment in combination with
lower activation in the hippocampus during presentation of
generalization stimuli was associated with a higher subclin
ical symptom load. The results cautiously suggest that, after
exposure to childhood maltreatment, threat generalization
may function as a vulnerability factor for the development of
psychopathology during emerging adulthood.
Overall, in the group reporting high levels of childhood
maltreatment, individuals with a high subclinical symptom

load showed enhanced levels of threat generalization in several generalization indices (i.e., LDS for fear ratings, US
expectancy and hippocampal activation) than those with a
low symptom load. Our results further confirmed that in the
group with high levels of childhood maltreatment, individ
uals with a high subclinical symptom load showed more
gradual gradients in fear ratings, US expectancy and hippocampal activation than those with a low symptom load,
which reflects lower stimulus discrimination and more
widespread generalization.46 Subclinical symptoms of interest were anxiety, depression and psychotic experiences, as
childhood maltreatment is associated with an admixture of
these symptoms,1 and they are thought to be highly inter
related at a subclinical level,4 as confirmed by the present
data. With careful consideration of the cross-sectional n
 ature
of our study, these results may imply that young adults with
a history of childhood maltreatment are at risk for subclin
ical psychopathology when they also show higher levels of
threat generalization. Many individuals who were exposed
to maltreatment during childhood do not transition to
psychopathology.33 As such, lower levels of threat generalization may contribute to resilience in these individuals.
Although this is, to our knowledge, the first study linking
threat generalization indices to a continuous measure of subclinical psychopathology, previous case–control studies have
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Fig. 3: Hippocampal activation during generalization moderates the link between childhood maltreatment (CM) and psychopathology. (A) Correlation between the average parameter estimate (PE) of the linear departure score (LDS) contrast and symptom load (SL) in the group with
no/low levels of CM. (B) Correlation between the average PE of the LDS contrast and SL in the group with high levels of CM. (C) Hippocampal
generalization gradient in the group with no/low levels of CM and low versus high SL (median split). (D) Hippocampal generalization gradient
in the group with high levels of CM group and low versus high SL (median split). Errors bars represent standard errors of the mean.
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provided evidence for higher threat anticipation and lower
threat–safety discrimination not only in individuals with
psychosis, anxiety disorders (including panic disorder and
GAD with depression) and PTSD, but also in healthy individuals with increased psychotic experiences and higher
trait anxiety.16,19–22,47,48 Our study adds childhood maltreatment to these findings, suggesting that threat generalization
could play a moderating role in the association between
childhood maltreatment and psychopathology.
Results in the hippocampus paralleled our behavioural
findings. Our behavioural findings showed positive generalization gradients in US expectancy and self-reported fear
ratings. The activation in the hippocampus followed a negative generalization gradient, with the highest activation in
response to the safest stimuli (vCS– and CS–) and decreasing reactivity to stimuli that were perceptually more similar to the conditioned threat stimulus. The negative generalization gradient observed in the hippocampus has been
reported in previous studies. 49,50 The hippocampus has
been proposed to be centrally implicated in threat generalization26 via its role in stimulus discrimination and safety
processing, 27,28,51 thereby influencing reactivity in fear-
inhibition regions such as the vmPFC. Our results may
indicate that, in individuals with a history of childhood
maltreatment, reduced hippocampal responses to ambiguous threats can promote threat overgeneralization, which
could contribute to the development of psychiatric symptoms. Previous work has focused mainly on hippocampal
morphological changes and functional alterations meas
ured with resting-state fMRI, suggesting that such alter
ations may mediate the association between childhood
maltreatment and psychopathology.9 In addition, a recent
meta-analysis reported reduced left hippocampal activation to socioaffective cues in adults with exposure to childhood maltreatment.13 Yet, how functional activations during threat processing are associated with the development
of psychiatric symptoms after exposure to childhood maltreatment needs further examination.
Of note, inspection of the fear-generalization gradient
(Fig. 2) in the group reporting high levels of childhood maltreatment also showed that individuals with a high symptom
load reported greater fear in response to all stimuli except the
CS+ than those with a low symptom load. This result may
indicate enhanced sensitization in addition to enhanced
threat generalization.
The present study showed a high symptom load only in
individuals with high levels of childhood maltreatment and
higher levels of threat generalization, not in the complete
sample. This finding was not in line with those of several
(mostly case–control) studies that reported a direct link
between threat generalization and psychopathology.19–23 Yet,
some studies reported no association between threat generalization and anxiety symptoms,52,53 and some studies reported
enhanced threat-safety discrimination in individuals with
high levels of anxiety54 and greater differential threat conditioning in individuals with depression,55 which suggests reduced threat generalization. In line with these latter findings,
our study showed that, in the group with no/low levels of
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childhood maltreatment, higher generalization in US expectancies was associated with lower levels of psychopathology.
However, generalization in other measures (i.e., self-reported
fear or in the neural data) was not significantly associated
with psychopathology in this group. As the overall evidence
on the link between threat generalization and anxiety/
depression symptomatology is mixed, our study highlights
the importance of taking into account early-life adversities in
threat-generalization studies.
Across the sample, childhood maltreatment exposure
could not be linked to enhanced threat generalization in
either self-report ratings or neural data. Similarly, a recent
study found that childhood maltreatment–related PTSD
was not associated with altered generalization gradients in
self-report ratings or physiological outcomes.56 Yet, a previous study did find an association between childhood
maltreatment and reduced differential threat conditioning,6 as observed with skin conductance responses, which
is indicative of a generalized psychophysiological response.
Furthermore, the reduced differential skin conductance
r esponse during conditioning seemed to be associated
more with a blunted response to the CS + than with
enhanced reactivity to the CS–, which is consistent with the
findings of previous studies reporting blunted threat reactivity in individuals exposed to childhood trauma.7 In the
present study, we observed altered generalization gradients in valence and arousal ratings in the group with high
levels of childhood maltreatment, which also reflected
more overall bluntness in subjective responses. Thus,
childhood maltreatment seems not be related to enhanced
threat generalization, but may be associated with more
blunted subjective arousal or psychophysiological r esponses
to threat. Furthermore, our imaging data did not reveal
any overall associations between childhood maltreatment
and alterations in threat-related activations in our generalization task. Previous studies have reported altered fear
circuitry in individuals exposed to childhood maltreatment; however, such findings have been reported based on
structural MRI or resting-state fMRI.9,57,58

Strengths and limitations
Strengths of the present study were that we used validated
measures of psychopathology, childhood maltreatment and
threat generalization. However, the study had some limitations. The data were acquired in a cross-sectional manner, precluding definitive insight into the causality of childhood maltreatment, threat generalization and psychopathology. Our
results should, therefore, be interpreted carefully, and further
longitudinal examination is warranted. In addition, it would
have been interesting to take into account maltreatment-
related characteristics, including timing of exposure, chronicity and type. For instance, it has been hypothesized that
abuse and neglect may have different effects on threat-
processing outcomes.11 Measures of abuse and neglect were,
however, highly intercorrelated in the present sample.
Another limitation was that childhood trauma was reported
retrospectively, which entails a risk of recall bias. Finally, we
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did not measure psychophysiological data, such as skin conductance responses or fear-potentiated startle, during the
threat-generalization procedure. Such measures may provide
additional information on threat responses.

Conclusion
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