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Abstract
Background Adverse childhood experiences (ACEs) serve as a risk factor for developing posttraumatic stress disorder 
(PTSD) in those who experience additional adult trauma. However, while some individuals with ACEs develop severe PTSD 
symptoms following exposure to additional adult trauma, others do not. We propose that updating prior knowledge in the face 
of new inconsistent information may account for these individual differences. This notion is based on prior work showing that 
for individuals with a reduced ability to update negative-to-positive outcome associations, greater trauma is correlated with 
elevated PTSD symptoms. On the other hand, individuals with flexible updating do not develop such symptoms. Objective.
Here, we tested whether reduced updating moderates the relationship between ACEs and PTSD symptoms following addi-
tional adult trauma.
Methods Firefighters (N = 123, Mage = 28.02, SDage = 4.69) were assessed for childhood adversity and PTSD symptoms 
and completed a performance-based learning paradigm to evaluate reduced updating.
Results We predicted and found strong associations between ACEs and PTSD symptoms for individuals with reduced updat-
ing of negative–but not positive–outcomes.
Conclusions The results may serve as a first step toward improving mental health outcomes in individuals with ACEs and 
protecting them from the aversive effect of exposure to additional adult trauma.

Keywords Childhood adversity · Adult trauma · PTSD symptoms · Updating · Firefighters

Introduction

Adverse childhood experiences (ACEs) refer to a wide range 
of circumstances or events that pose a serious threat to a 
child's physical or psychological well-being and are one of 

the most consistent risk factors associated with adult mental 
disorders (Agbaje et al., 2021; Bellis et al., 2015; Bryant 
et al., 2020; Cleare et al., 2018; McLaughlin et al., 2013; 
Nelson et al., 2020; Sareen et al., 2013; Trotta et al., 2015). 
The primary aim of the current study is to test the moder-
ating role of cognitive flexibility on the tendency of indi-
viduals with different levels of exposure to ACEs to develop 
posttraumatic stress disorder (PTSD) following exposure to 
additional trauma in adulthood. As a secondary aim, the 
study compares this moderating role of cognitive flexibil-
ity on the tendency to develop PTSD symptoms in those 
who experienced adversity in childhood, adolescence, and 
adulthood.

One central facet of cognitive flexibility is updating – the 
ability to adequately update previous beliefs, cognitions, and 
behaviors when new, inconsistent information is provided 
(Dajani & Uddin, 2015). Individuals with PTSD symptoms 
show a reduced ability to update previous knowledge when 
new inconsistent information is available. Specifically, they 
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struggle to use positive information to update expectations 
regarding negative outcomes associated with traumatic 
stimuli (Levy-Gigi et al., 2014). For example, someone 
who was in an abusive romantic relationship may ignore 
or misinterpret positive affection from new potential part-
ners. In recent studies of individuals with a reduced ability 
to update outcome expectations from negative to positive 
(i.e., learning that a stimulus associated with a loss was 
now associated with a gain), greater trauma exposure was 
associated with elevated PTSD symptoms (Levy-Gigi et al., 
2014, 2015). This effect was not evident in individuals with 
reduced updating of positive-to-negative associations (i.e., 
a stimulus associated with a gain was now associated with 
a loss) (Levy-Gigi et al., 2014). Moreover, recent evidence 
points to associations between aversive events, updating, and 
PTSD symptoms (see Sopp et al., 2022), serving as a proof 
of concept for the associations between these variables.

In a framework that examined ACEs’ impact on affective 
development, Callaghan and Tottenham (2016) proposed 
that children who have been neglected show faster develop-
ment of affective regulation compared to those who have 
not experienced neglect. However, such accelerated devel-
opment comes at the cost of more rigid regulation, which 
may persist into adulthood. Thus, adults with ACEs may 
be less flexible when updating negative expectations, even 
when presented with unambiguously positive information. 
Moreover, it was found that ACEs affect the development of 
certain brain regions, such as the amygdala and hippocam-
pus, and the amygdala-prefrontal circuitry, which may be 
correlated with impaired updating (Andersen et al., 2008; 
Herzog & Schmahi, 2018; Teicher et al., 2016; Tomoda 
et al., 2012) and decreased cognitive control (for a review, 
see, McLaughlin et al., 2020). Relatedly, Weiss et al. (2019) 
found that individuals with a history of childhood trauma 
succeeded more in positive-to-negative but not negative-
to-positive updating conditions. Critically, not all adults 
with ACEs show deficits in cognitive flexibility. Research 
indicates that approximately a third of children with ACEs 
exhibit clinically significant cognitive flexibility deficits 
(Fay-Stammbach & Hawes, 2019). These findings reflect 
a substantial variability in ACE-related deficits in cogni-
tive flexibility, which could be linked to different outcomes 
in adult psychopathology. In support of this assumption, 
previous studies have shown that cognitive flexibility mod-
erates the association between ACEs and emotion regula-
tion, well-being, depression, and anxiety (Amédée et al., 
2022; Davich, 2022; Fu & Chow, 2016). However, to date, 
no study has tested the moderating effect of cognitive flex-
ibility – as reflected in updating performance – on the link 
between ACEs and PTSD symptoms following exposure to 
trauma in adulthood.

Since the developmental process by which individuals 
learn to update expectations extends well into adolescence 

(Weiss et al., 2021), adversity occurring either during child-
hood or adolescence might result in reduced updating in 
adulthood. However, given that early disruption of neuro-
physiological development is assumed to result in more det-
rimental outcomes, adversity should have a greater impact 
on updating if it occurs during childhood than during ado-
lescence (Hodel, 2018). It is thus important to investigate 
the moderating effect of updating on the association between 
ACEs and PTSD symptoms separately for ACEs occurring 
during childhood and adolescence.

Based on prior findings, we hypothesize that individuals 
with ACEs and reduced updating experience more PTSD 
symptoms after additional adult trauma exposure than indi-
viduals with ACEs and intact updating. In line with prior 
research, we assume these effects should be evident only 
for negative-to-positive updating and not for positive-to-
negative updating (Levy-Gigi et al., 2014). Moreover, while 
we expect to find that adversity across all life phases and 
reduced negative-to-positive updating interact to predict 
PTSD symptoms, we predict that the link between reduced 
updating and PTSD symptoms would be more pronounced 
for individuals who experienced adversity in childhood 
rather than in adolescence and adulthood (Zlotnick et al., 
2008; McLaughin et al., 2012). To address these hypotheses, 
the current study used a performance-based learning para-
digm that assesses the ability to update positive and negative 
stimulus-outcome associations (Levy-Gigi et al., 2014; see 
Fig. 1) in a sample of trauma-exposed firefighter trainees. 
Whereas these individuals differ in the level of ACEs they 
experienced, they were all exposed to similar traumatic 
events in adulthood. To assess the robustness of updating 
as a moderator in the relationship between ACEs and PTSD 
symptoms, we examined its influence above and beyond the 
following correlations with PTSD symptoms: age (Liu et al., 
2017), education (Vilaplana-Pérez et al., 2020), military 
combat exposure (Phillips et al., 2018), and adversity in all 
life phases (Keinan et al., 2012; Vrana & Lauterbach, 1994). 
These variables have been shown to correlate with PTSD 
symptoms and are often controlled for in the context of 
updating tasks such as the current one (Leeson et al., 2009).

Methods

Participants

We used G*Power software to calculate the required sam-
ple size, which revealed a need for at least 107 participants 
to detect a medium-size effect (f2 = 0.15) (Faul et al., 2007) 
given an alpha of 5%, with 95% power (1-β) (for a related 
study, see Haim-Nachum & Levy-Gigi, 2021). The Power 
analysis was based on finding a significant association in a 
linear multiple regression model with two main predictors: 
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ACEs and updating. The sample size was increased by 
15% to account for potential equipment failure. We, there-
fore, recruited 123 trainee firefighters. Participants were 
all male and recruited at the end of an eight-month intro-
ductory firefighters’ course in which they have experienced 
six weeks of extensive exposure to duty-related potential 
traumatic events, including fires, car accidents, spilling 
of toxic/combustion substances, gas leaks, breaking in 
due to fear of a lost life, and missile attacks. We used 
the Structured Clinical Interview for the Diagnostic and 
Statistical Manual for Mental Disorders–Fourth Edition 
Axis I Disorders (First et al., 1996) to exclude individuals 
with psychiatric disorders other than PTSD. Additional 
exclusion criteria were history of head injury, alcohol 
dependence, danger or harm to self or others, and color-
blindness. The Institutional Review Board of Bar-Ilan Uni-
versity approved all procedures performed in the study 
(Reference #65). After an explanation of the objectives 
and methods of the study,  informed consent was obtained 
from all of the participants. At the end of the study, par-
ticipants were debriefed.

Measurements

The Cue‑Context Reversal Learning Paradigm

In this paradigm (Levy-Gigi et  al., 2014, 2015), par-
ticipants observe several boxes on a computer screen. 
On each box, the image of a target object (e.g., a hat) 
is placed against a background context (different colors, 
e.g., orange). Participants can decide to either open the 
box or leave it closed. When opened, each box is associ-
ated with a specific outcome (positive, i.e., gold coins, or 
negative, i.e., a bomb) that results in either a gain or a loss 
of 25 points, respectively (Fig. 2). The paradigm includes 
an acquisition phase followed by a retention and updat-
ing phase (Fig. 1). In the acquisition phase, each box is 
unique, and the participants learn by trial and error to open 
positive and skip negative boxes. The outcome of each 
box is counterbalanced across participants. To complete 
the acquisition phase and start the retention and updating 
phase, participants must achieve six consecutive correct 

Fig. 1  Example of Acquisi-
tion, Retention, and Updating 
Trials in the Two Phases of the 
Cue-Context Reversal Learning 
Paradigm. Note: This Figure is 
being reproduced with the per-
mission of the copyright holder 
Neuropsychology. Reference of 
the original source: Levy-Gigi 
et al. (2015). Reduced hip-
pocampal volume is associated 
with overgeneralization of 
negative context in individuals 
with PTSD. Neuropsychology 
29(1),151–161
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responses within a minimum of 40 trials. If they fail to do 
so, they get another 16 trials, and if they fail again, they 
are opted out of the experiment. Once accomplished, the 
retention and updating phase starts immediately.

In this phase, participants see the original boxes (reten-
tion trials, e.g., a hat on an orange background has gold 
inside) in addition to two new types of boxes that share 
either target (e.g., a hat on a gray background) or context 
(e.g., a phone on orange background) with an original box 
(Fig. 1), but have an opposite outcome (i.e., if the box with 
the hat on the orange background has gold inside, then the 
boxes with the hat on a gray background and a phone on 
the orange background will have a bomb inside and vice 
versa). To successfully learn these new associations, par-
ticipants need to reverse and update the association rule 
of either the original target or the original context. Boxes 
in the retention and updating phase are presented in 10 
blocks of 12 boxes each (two boxes from each of the fol-
lowing conditions: positive/negative retention, positive/
negative target updating, positive/negative context updat-
ing). Boxes in each block are randomly presented with a 
total of 120 trials, 20 trials per condition. The task allows 
measuring both positive-to-negative and negative-to-
positive updating while differentiating between cue and 
context-related information. In the current study, there 
were no differences as a function of the information type. 
Hence, they were collapsed to simplify the report.

Assessment of Adversity Exposure and Clinical 
Measures

Exposure to adversity experiences was measured using a 
10-item scale designed by the PI research group to cover 
adverse and potentially traumatic events related to different 
developmental phases. The scale allows us to differentiate 
between distinct life periods (childhood, adolescence, and 
adulthood) in addressing our particular hypotheses. Partici-
pants were screened for common adverse events, includ-
ing, for example, loss of a parent, death of a sibling/parent, 
divorce of parents, chronic illness in the family, severe eco-
nomic difficulties, a personal serious injury/accident/disease, 
having a mentally or physically disabled sibling, and domes-
tic violence. Additionally, there was an open-ended question 
about exposure to ‘any other’ traumatic event. Participants 
were instructed to indicate whether the event occurred to 
them and when: during childhood (age < 10; range in this 
sample = 0–3), adolescence (10 < age < 18; range = 0–3), or 
adulthood (age > 18; range = 0–8). The total score of these 
events was computed separately for each life period.

PTSD symptomology. We used the Posttraumatic Stress 
Disorder Checklist for DSM-IV (PCL-IV; Weathers et al., 
1993), a 17-item self-report questionnaire, to evaluate PTSD 
symptoms during the past month. Symptoms are rated on 
a scale of 1 = “not at all” to 5 = ”extremely” (M = 21.37, 
SD = 4.22, range in this sample = 17–37). This measure has 

Fig. 2  Example of Experimental 
Trials with Different Outcomes. 
Note: This Figure is being 
reproduced with the permis-
sion of the copyright holder 
Neuropsychology. Reference of 
the original source: Levy-Gigi 
et al. (2015). Reduced hip-
pocampal volume is associated 
with overgeneralization of 
negative context in individuals 
with PTSD. Neuropsychology 
29(1),151–161
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good reliability and validity scores (Blanchard et al., 1996). 
We used the total symptom severity score for our analyses.

Additional Control Measures

Several studies have found correlations between PTSD 
symptoms and age (Liu et  al., 2017), education years 
(Vilaplana-Pérez et al., 2020), military combat exposure 
(Phillips et al., 2018), and adversity in different life phases 
(Keinan et al., 2012; Vrana & Lauterbach, 1994). Here we 
sought to control for the potential effect of these variables 
on symptoms and test the moderating role of updating in 
explaining individual differences in PTSD symptoms in indi-
viduals with ACEs and additional adult trauma exposure.

Data Analyses

Descriptive statistics were computed to show the variables’ 
means and standard deviations for all measures. We exam-
ined Pearson correlation coefficients to evaluate the associa-
tions between adversity, updating, and PTSD symptoms. In 
addition, we used hierarchical multiple regression analyses 
to investigate updating performance as both a predictor and 
outcome of PTSD symptoms. We additionally tested the role 
of updating as a moderator of the association between adver-
sity and PTSD symptoms while accounting for the effects 
of socio-demographic variables (age, education years, and 
military combat exposure) and adversity in all life phases. 
Similar to previous studies, we decomposed the hypothe-
sized interaction effect by examining the slope of childhood 
adversity at different levels of negative-to-positive updat-
ing: 1 SD below average, average, and 1 SD above average 
(Haim-Nachum & Levy-Gigi, 2021). The alpha level was 
set to 0.05 for all analyses. Analyses were conducted using 
SPSS Statistics version 25 and R.

Results

Descriptive Statistics

Firefighters were 28.02 years old on average (SD = 4.69) 
and reported 12.54 years of education (SD = 1.25). All had 
attended military service, and 57.72% had been involved 
in combat during service. Participants reported exposure 
to adversity in childhood (M = 0.47, SD = 0.73), adoles-
cence (M = 0.49, SD = 0.73), and/or adulthood (M = 1.52, 
SD = 1.65). Task performance was medium-to-high for 
negative-to-positive (M = 65.11%, SD = 24.18) and posi-
tive-to-negative (M = 80.09%, SD = 14.44) updating, indi-
cating sufficient understanding and task compliance. Par-
ticipants showed significantly higher performance rates for 
positive-to-negative than for negative-to-positive updating, 
t(122) = 5.78, p > 0.001.

Correlation Analyses

Zero-order correlations are reported in Table 1. Analyses 
did not yield any significant correlations between ACEs and 
PTSD symptoms, nor between ACEs and updating patterns 
(all ps > 0.05). Unsurprisingly, different forms of adversity 
were positively correlated: A medium-sized correlation 
emerged between adversity during childhood and adoles-
cence (r = 0.32, p < 0.001). Moreover, large correlations 
emerged between adversity during childhood and adult-
hood (r = 0.72, p < 0.001) and adolescence and adulthood 
(r = 0.69, p < 0.001). In addition, we found inverse signifi-
cant correlations between PTSD symptoms and updating, 
r = -0.27, p = 0.003; r = -0.29, p = 0.001; for negative-to-pos-
itive and positive-to-negative updating, respectively. That is, 
greater positive-to-negative and negative-to-positive updat-
ing were linked to fewer PTSD symptoms.

Hierarchical Regression Analyses

To examine the moderating effect of updating on the asso-
ciation between ACEs and PTSD symptoms following 
additional trauma in adulthood, we conducted a series of 

Table 1  Zero-order correlations 
between adversity experiences, 
PTSD symptoms and updating

**p ≤ .01, ***p ≤ .001

Variables 1 2 3 4 5 6

1. Childhood adversity 1
2. Adolescence adversity .32*** 1
3. Adulthood adversity .72*** .69*** 1
4. PTSD symptoms .09 .01 -.01 1
5. Neg-to-pos updating −.10 −.14 .10 −.27** 1
6. Pos-to-neg updating −.05 .09 .04 −.29*** .10 1
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hierarchical regression analyses with PTSD symptoms as 
a dependent variable. In the baseline model, socio-demo-
graphic variables (age, education years, and combat expo-
sure) were entered as predictors along with exposure to 
adversity during childhood, adolescence, and adulthood. In 
a subsequent step, we added updating performance as a pre-
dictor and examined the increase in explained variance. Our 
first models focused on reduced negative-to-positive updat-
ing (see Table 2). Introducing reduced negative-to-positive 
updating as a predictor led to a significant increase in vari-
ance explained by the model, F(1,115) = 7.36, p = 0.008. 
In line with our assumptions, reduced negative-to-positive 
updating was associated with higher PTSD symptom lev-
els. In a second step, we examined whether the interaction 
between updating and adversity in different life phases fur-
ther increased the portion of explained variance. While inter-
actions involving adversity during adolescence and adult-
hood did not result in an increase of explained variance, the 
interaction between reduced negative-to-positive updating 
and adversity during childhood significantly increased the 
portion of accounted variance, childhood: F(1,114) = 4.26, 
p = 0.041; adolescence: F(1,114) = 0.24, p = 0.626; adult-
hood: F(1,114) = 0.17, p = 0.678. We additionally run these 
analyses without covariates and found the same pattern of 
results (See Supplementary Tables 1 and 2).

To further decompose this interaction effect, we exam-
ined the slope of childhood adversity at different levels of 
negative-to-positive updating. While a negative link between 
adversity during childhood and PTSD symptoms was evident 

in those with below-average negative-to-positive updat-
ing (mean − 1 SD; b = 1.59, SE. = 0.67, t = 2.38, p = 0.02), 
no significant link emerged for those with average (mean; 
b = 0.76, SE. = 0.59, t = 1.27, p = 0.21) and above-average 
negative-to-positive updating (mean + 1 SD; b = − 0.08, 
SE. = 0.76, t = 0.11, p = 0.92). In a more in-depth analy-
sis, we examined the region of significance for the slope 
of childhood adversity for continuous levels of negative-to-
positive updating. For z-standardized negative-to-positive 
updating scores below −0.52 (range of observed values: 
−2.73 – 1.40), a significant slope of childhood adversity 
was evident (see Fig. 3).

In a separate set of models, we examined positive-to-neg-
ative updating as a predictor and moderator of PTSD symp-
toms (see Table 3). First, we introduced positive-to-negative 
updating into the baseline model to examine its effects as a 
predictor of PTSD symptoms. Contrary to our assumptions 
and previous research indicating that only reduced nega-
tive-to-positive updating is linked to PTSD symptoms, we 
found that introducing reduced positive-to-negative updating 
as a predictor increased the portion of explained variance; 
F(1,115) = 8.28, p = 0.005. Reduced positive-to-negative 
updating was linked to higher PTSD symptoms. In a second 
step, we investigated incremental variance accounted for 
by the interaction between adversity and updating. Three 
consecutive models examining adversity during childhood, 
adolescence, and adulthood did not yield any significant 
increases in the portion of explained variance, childhood: 
F(1,114) = 1.17, p = 0.283; adolescence: F(1,114) = 1.36, 

Fig. 3  An Illustration of the 
Region of Significance for the 
Interaction Between Childhood 
Adversity and Negative-to-
Positive Updating on PTSD 
Symptoms
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p = 0.246, adulthood: F(1,114) = 1.81, p = 0.181. Hence, 
the interactive effect between adversity and updating was 
selective to negative-to-positive updating and adversity dur-
ing childhood.

Finally, given the study's cross-sectional nature, we addi-
tionally sought to test the main model with PTSD symptom 
severity as the independent variable and updating as the out-
come (See Supplementary 3).

Discussion

The study’s primary aim was to examine the interactive 
effect of ACEs and reduce updating on the tendency to 
develop PTSD symptoms among individuals exposed to 
additional trauma in adulthood. As predicted, and in line 
with previous studies, we found a significant main effect of 
reduced negative-to-positive updating on PTSD symptoms 
(Haim-Nachum & Levy-Gigi, 2019; Levy-Gigi et al., 2015; 
Zabag et al., 2020). This effect demonstrates the type of 
updating that is required after trauma and the obstacle that 
trauma-exposed individuals often face. Individuals associate 
neutral but trauma-associated stimuli within their posttrau-
matic environments with danger or negative reminders of 
the traumatic event. They, therefore, struggle to learn that 
trauma-associated stimuli can predict safety when presented 
in a harmless environment. These results are in line with the 
predictive processing framework (Kube et al., 2020); accord-
ing to this framework, traumatic experiences may affect indi-
viduals’ prior hypotheses about the world and the relative 
precision attributed to these hypotheses. Traumatized indi-
viduals tend to have strong, danger-related hypotheses about 
their environments. Conversely, they lack the ability to use 
disconfirmatory information within their harmless environ-
ments to update these hypotheses. This may facilitate PTSD 
symptoms, especially intrusive re-experiencing, which trig-
gers the re-selection of these maladaptive hypotheses and 
thoughts.

Interestingly, in contrast to our prediction, a similar 
significant main effect on PTSD symptoms was found for 
reduced positive-to-negative updating. Specially, these 
symptoms were correlated with a struggle to learn that a 
previously positive outcome could be later associated with a 
negative outcome, even when new contradictive information 
was presented. This finding may reflect a broader learning 
difficulty, suggesting that individuals with PTSD symp-
toms react in a similar manner independent of the updating 
valence. However, in line with previous findings (see, e.g., 
Levy-Gigi et al., 2014, 2015; Levy-Gigi & Richter-Levin, 
2014), only reduced updating of negative-to-positive asso-
ciations was correlated with ACEs to predict PTSD symp-
toms. Hence, we focused on this type of updating in the 
current study.

Moreover, we did not find significant correlations 
between ACEs and updating. This finding is in line with 
another study comparing children who had experienced 
abuse or neglect to controls and found no group differences 
in inhibitory control and cognitive flexibility (Augusti & 
Melinder, 2013). However, there are inconsistent findings 
in the literature with other studies showing the opposite 
pattern. For example, one study found correlations between 
child maltreatment and poor inhibitory control and cogni-
tive flexibility (Fay-Stammbach & Hawes, 2019). Moreover, 
Weiss et al. (2019) found inverse associations between ACEs 
and updating. More research is needed to clarify the relation-
ship between these variables.

Most importantly, we predicted and found a significant 
interaction between ACEs and reduced negative-to-positive 
updating on PTSD symptoms. These results extend previous 
research by signifying that for individuals with exposure 
to childhood adversity, reduced updating may be correlated 
with a tendency to develop PTSD symptoms following 
additional exposure to trauma in adulthood. Although pre-
liminary and cross-sectional, these findings may addition-
ally explain the inconsistent link between ACEs and PTSD 
symptoms (Stanley et al., 2021). Moreover, whereas prior 
work indicates that ACEs serve as a risk factor for PTSD 
following additional exposure to trauma during adulthood, 
our results suggest that this risk might be especially appli-
cable to those who have reduced updating. This could shed 
light on the ongoing debate regarding how vulnerability ver-
sus resilience may emerge following trauma. That is, while 
some individuals might be vulnerable and show maladaptive 
outcomes such as PTSD symptoms following exposure to 
aversive and traumatic incidents (Bryant et al., 2015; for a 
review, see Bryant, 2019), others may experience resilience 
and post-traumatic growth (Bonanno, 2004; Martin-Soelch 
& Schnyder, 2019; for a review, see, Galatzer-Levy et al., 
2018).

Furthermore, we found that the effect of adversity was 
significant only when it was experienced in childhood – but 
not in adolescence or adulthood. One possible explanation 
is that during the first years of life, the brain undergoes its 
most rapid development. Experiencing different levels of 
exposure to adversity during this period may have a pro-
found impact on the limbic regions, which are important 
to adaptively cope with future trauma (Luby et al., 2019; 
Tottenham, 2020). Such alterations may not be evident if 
adversity occurs later in life (Luby et al., 2019; for further 
support, see animal studies, e.g., Richter-Levin & Jacob-
son-Pick, 2010; for reviews, see Tryon et al., 2021; Ver-
bitsky et al., 2020). The findings stress the importance of 
differentiating between the effects of adversity in childhood 
compared to that in adolescence and adulthood. Ignoring 
this distinction could result in a failure to detect important 
associations of maladaptive adult outcomes. Future studies 
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may further address this point by comparing the effects of 
adversity experienced in childhood, adolescence, and adult-
hood on PTSD symptoms in populations who additionally 
experience adult trauma.

Our findings highlight possible leads for a cognitive 
intervention aiming to improve updating skills. Such an 
intervention could be particularly beneficial for children, as 
plasticity occurs more readily in their brains than in adults, 
and updating developmental processes decline in later life 
(Uddin et al., 2021). Future investigations may aim to train 
those who have experienced ACEs to increase their nega-
tive-to-positive updating skills to improve their coping with 
additional adult trauma and overall mental health. Further-
more, the results stress the importance of detecting updating 
patterns following ACEs among those likely to face adult 
trauma as part of their daily routines. It is possible that train-
ing individuals to increase their negative-to-positive flexible 
updating may buffer the deleterious effects of early adversity 
and adult trauma on PTSD symptoms.

Several limitations should be noted. First, the present 
study utilized an unpublished scale to assess adversity. 
Despite certain advantages of the scale, which allows the 
assessment of adverse and potentially traumatic events in 
relation to different developmental phases, future stud-
ies should consider using established instruments such 
as the Maltreatment and Abuse Chronology of Exposure 
scale (Teicher & Parigger, 2015) and/or the Child Trauma 
Questionnaire (Bernstein et al., 1994). Relatedly, we used 
a self-report measure to capture diverse aversive childhood 
experiences. Such scales are influenced by memory biases 
and have been found to be less accurate (for a review, see 
Baldwin et al., 2019). However, this is currently the most 
frequently used method to assess ACEs (see Bethell et al., 
2017).

Additionally, future studies should aim to differentiate 
between distinct types and severity levels of ACEs (see 
McLaughlin & Sheridan, 2016; Negriff, 2020). This could 
improve our understanding of vulnerability to ACEs and 
inform PTSD diagnosis. In addition, due to the timing of 
the study, PTSD symptoms were assessed using the PCL-
IV according to the DSM-IV criteria for PTSD, which 
does not include negative alterations in cognitions and 
mood. Future studies should seek to replicate our results 
with DSM-5 PTSD criteria. Furthermore, whereas the 
current demographic allows for the generalization of the 
findings to more segments of society, future examinations 
may test the relationship between ACEs and PTSD symp-
toms in one specific segment—clinically diagnosed indi-
viduals—and assess whether updating influences specific 
PTSD symptom clusters. Relatedly, further investigation 
would benefit from exploring this relationship among a 
more balanced sample, including both men and women, 

and a wider age range. Finally, the cross-sectional design 
of this study does not allow causal inferences regarding 
the relationship between reduced updating, ACEs, and 
PTSD symptoms. Specifically, while reduced updating 
could accelerate PTSD symptom development following 
ACEs and additional adult trauma, it is also possible that 
the presence of PTSD symptoms may impair updating per-
formance. That is, the performance on the updating task 
may be the result of third variables related to or caused by 
PTSD symptoms such as reduced concentration, neuropsy-
chological impairment, or attentional processes (Aupperle 
et al., 2012; Hayes et al., 2012; Sherin & Nemeroff, 2011; 
Summer et al., 2017). While this study serves as an impor-
tant step in investigating possible PTSD mechanisms and 
paves the way for further research, future research should 
use longitudinal designs to assert the direction of these 
findings and to further confirm the specific updating index 
(general negative to positive and not context-related defi-
cit; Levy-Gigi et al., 2015), that was not pre-defined prior 
to the current data collection.

To conclude, our findings highlight the role of reduced 
negative-to-positive updating in developing PTSD symp-
toms in individuals with different levels of ACE history 
and additional adult trauma exposure. The results provide 
an extension of the predictive processing framework (Kube 
et al., 2020) by suggesting that the ability to update infor-
mation after trauma may interact with past experiences. 
That is, traumatic exposure alone may not be sufficient to 
alter predictive processing in a way that facilitates PTSD 
development. Rather, early adverse experiences may con-
stitute a critical vulnerability factor that interacts with 
predictive processing upon trauma exposure in a way that 
results in the occurrence of PTSD symptoms. Hence, our 
findings suggest that preventing PTSD symptoms could 
be improved by identifying individuals with ACEs and 
reducing negative-to-positive updating. Such individuals 
should be the target population for preventive interven-
tions, especially after adult trauma. The findings imply 
that increasing individuals’ negative-to-positive updating 
skills may help reduce PTSD symptoms and improve cur-
rent PTSD treatments. Such treatments could help buffer 
the deleterious effects of ACEs and adult trauma on indi-
viduals’ mental health.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10608- 022- 10328-7.
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