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This study investigated the complex relationships between adverse childhood experiences (ACE),
post-traumatic stress symptoms (PTSS), and substance use disorder (SUD) following a large-scale
collective trauma in Israel. We utilized a longitudinal design with a quasi-representative sample of
1,343 Jewish Israeli adults, measuring PTSS and SUD both before (April 2022) and after (December
2023) the October 7th attack. Using regression analysis and structural equation modeling, we tested
the sensitization and self-medication hypotheses, and the direct effect of ACE on SUD beyond

PTSS. Results demonstrate that higher ACE scores significantly predicted greater elevations in

PTSS following the trauma, supporting the sensitization hypothesis. Pre-trauma PTSS significantly
predicted increases in SUD, consistent with the self-medication hypothesis. Critically, ACE directly
predicted an elevation in SUD even when controlling for PTSS. SEM analysis provided evidence for a
direct contribution of ACE to changes in SUD after the collective trauma. This provides new evidence
suggesting that early adversity confers a distinct, independent risk for SUD that is not solely mediated
by post-traumatic stress. These findings underscore the profound and multifaceted impact of childhood
experiences on long-term well-being and highlight the need for trauma-informed interventions that
address both immediate stress reactions and the enduring consequences of early adversity.

Adverse childhood experiences (ACE), defined as harmful events that occur during childhood, encompass
various forms of abuse (emotional, physical, sexual), neglect (emotional, physical), and household dysfunction'2.
ACE represents a significant public health concern with far-reaching implications for long-term well-being!.
Research consistently demonstrates that exposure to ACE is a robust predictor of various negative outcomes
across the lifespan, including elevated risks for developing mental disorders'**, including depression!, anxiety?,
and post-traumatic stress disorder (PTSD)®®. Beyond directly precipitating post-traumatic stress symptoms
(PTSS%7, ACE can amplify vulnerability to later trauma. The chronic or intense stress experienced during critical
developmental stages can disrupt physiological and psychological development, potentially leading to insecure
attachment®, deficits in emotion regulation skills'?, and maladaptive coping strategies like experiential avoidance
and maladaptive risk-taking behaviors!!. This developmental disruption is central to the sensitization hypothesis,
which posits that prior adversity or trauma induces a state of heightened vulnerability, rather than resilience,
when an individual faces subsequent traumatic events!'>'3, thereby increasing susceptibility to experiencing
mental disorders!'>13.
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One significant maladaptive coping mechanism related to ACE, which has severe negative effects on
individuals’ mental health, is the use of substances for self-medication'®. Substances may provide a temporary
sense of relief or numbness that, although creating a dangerous cycle of overdependence and addiction, allow
people to immediately buffer the pain and distress related to early or current adverse experiences®!*~16. Indeed,
research shows that ACE are a well-established risk factors for substance use disorder (SUD) in adulthood*!”"!8,
Individuals with a history of childhood trauma often report an earlier onset of substance use!?, increased alcohol
cravings'®, and higher rates of relapse!®.

Moreover, studies consistently show that trauma survivors exhibiting more severe trauma-related symptoms
have higher rates of substance use!®, earlier onset!®, and more severe patterns of usagelg. Individuals with
PTSD often report using alcohol and cannabis to alleviate post-traumatic symptoms such as emotional distress,
hyperarousal, and intrusive thoughts”'*1>2%. Similarly, opioids are used for symptom management and are
particularly prevalent among individuals with PTSD to manage pain®'. Even stimulant use, such as cocaine,
can serve as a strategy to regulate distressing emotions by controlling impulsive behaviors?2. While substances
may offer transient relief, their use may ultimately exacerbate the trauma-related symptoms they are intended to
manage, thereby perpetuating a self-exacerbating cycle?.

Given these established associations, critical questions emerge: To what extent do ACE contribute to the
development or increased severity of SUD directly, beyond their influence through PTSS? Does substance
use merely an attempt to self-medicate PTSS, or does ACE also confer an independent vulnerability to SUD,
regardless of the presence of PTSS? Furthermore, aligning with the sensitization hypothesis, ACE are expected
to predict an elevation in PTSS following subsequent traumatic events. However, do ACE also predict increases
in SUD symptoms following traumatic events later in life? ACE might independently contribute to an elevation
in SUD beyond predisposing to PTSS. Individuals may be using substances to cope with ACE-related distress
that does not necessarily manifest in PTSS symptoms (e.g., chronic pain or cognitive deficits) with regard the
current trauma. Alternatively, ACE may create generalized predisposition that independently contribute to both
PTSS and SUD.

Despite extensive research on bivariate associations between ACE, PTSS, and SUD, investigations into their
full triadic interplay following current trauma exposure remain comparatively limited. Moreover, to firmly
establish empirical evidence for these complex relationships, particularly regarding changes following a traumatic
event, pre- and post-event measurements of both SUD and PTSS are critically needed. Such longitudinal studies
are even more scarce due to the inherent unpredictability of traumatic events that precludes planned prospective
studies.

Recent work provided some evidence of direct effects of ACE on SUD, beyond the effects of PTSS, but
studies were limited by lack of examination of changes in SUD and PTSS following a traumatic event. Mergler
et al.! showed that childhood trauma and PTSS were associated with more severe patterns of substance use.
Interestingly, childhood trauma without concurrent PTSS was linked to certain substance use patterns, albeit to a
lesser extent than when PTSS was present. However, this study was limited to individuals already diagnosed with
SUD, potentially restricting generalizability. In a related study, Jung et al.?*, demonstrated that the link between
ACE and binge drinking was only partially mediated by PTSD, with a remaining ACE direct effect. Similarly,
studies have shown that current PTSS partially mediates the link between child and youth sexual abuse and
different forms of substance use?>?¢. Ulman et al.?” extensively examined these links in women with unwanted
sexual experiences, revealing nuanced mediation roles for PTSS in the relationship between different trauma
types and problematic substance use; however, the specificity of their sample limit broader generalizability. Thus,
to the best of our knowledge, there is no robust study examining the effects of ACE on changes in SUD following
a traumatic event later in life in the general population, particularly one that rigorously assesses whether this
influence extends beyond mediation through PTSS.

The present study aims to address this critical research gap. The unfortunate but unique October 7th traumatic
event in Israel provides an unparalleled opportunity to examine this aim within a large population exposed to
severe and widespread stress. Leveraging a longitudinal design with pre- and post-event measurements of both
PTSS and SUD in a large, quasi-representative national sample of Israeli adults, our study is uniquely positioned
to draw insight into the complex interplay of ACE, PTSS, and SUD. While we present ACE as a predictor
throughout this study given that the adverse experiences occurred in childhood and therefore preceded all other
measured variables, it is important to note that ACE was assessed retrospectively after the October 7th traumatic
events. As a result, ACE can also be conceptualized as a retrospectively-assessed moderator, particularly in light
of the potential for state-dependent recall bias following trauma exposure. This alternative framing warrants
further examination and more nuanced modeling beyond the scope of the current study to disentangle ACE’s
role as an interacting moderator.

The current study has three key aims. One, to test the sensitization hypothesis by investigating whether
ACE predict an elevation in PTSS following the traumatic event. Two, to test the self-medication hypothesis
by examining (a) whether pre-event PTSS predicts an elevation in SUD following the traumatic event and (b)
whether ACE predict an elevation in SUD after such an event, building upon the known association between
ACE and SUD. Three, to examine whether ACE predict an elevation in SUD after a traumatic event, beyond their
contribution through PTSS. In this way, we will examine the full triadic interplay of ACE and increases in PTSS
and SUD following exposure to a current trauma, and model the causal pathways through which ACE might
explain elevation in post-trauma SUD directly or through the mediation of PTSS.

Methods

This article is based on data collected by the Israeli Center on Addiction and Mental Health (ICAMH) at multiple
time points. In this study, we used data from two time points, before and after October 7: April 2022 (described
in Shmulewitz, D. et al., 2023)%%, and December 2023 (described in Shmulewitz, D. et al., 2024)°.
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Sample

The data were from Jewish Israeli adults, all fluent in Hebrew. Participants were recruited from iPanel, a panel of
individuals who are willing to participate in online surveys (iPanel, 2023)*°. In the pre-trauma (April 2022) wave
of measurement (N = 2,659), we assessed problematic substance use and post-traumatic stress symptoms. In
the post-trauma (December 2023) wave (N = 4,002), we assessed the same aspects as well as adverse childhood
experiences. The December 2023 sample included all participants from the April 2022 wave who agreed to
be recontacted and completed the follow-up, forming the longitudinal subsample used in the current analyses
(N = 1,343). In addition, the December 2023 wave included new respondents who were not part of the 2022
sample, recruited to support a broader epidemiological study following the traumatic events of October 7. The
same recruitment methods, sampling quotas, and core instruments were used across both time points to ensure
consistency. Further details on the sample, recruitment procedures, and representativeness can be found in a
previous publication using this dataset?*>! as well as in the official report of the Israel Center for Addiction and
Mental Health (ICAMH, 2025)2. Quotas were used to match Israel’s population of Hebrew-speaking Jewish
adults by age, gender, region and religiosity, according to Israel Census Bureau (Gjersing 2012; Fricker 2016).
Data from the subset of participants (N = 1,343) who participated at both time points were analyzed in the
current study. Because some variables, like age or education could introduce selection bias into our sample,
we conducted a missing data analysis using the finalfit>* and MissMech®* packages in R. This analysis aimed to

account for any potential biases stemming from non-random dropouts of participants between the two waves™.

Procedure

Allmethods were carried out in accordance with relevant guidelines and regulations, including the ICC/ESOMAR
International Code, and all experiments were performed in accordance with the Declaration of Helsinki. All
experimental protocols and survey procedures were approved by the Institutional Review Board of Reichman
University. The April 2022 data collection was approved under protocol P_rel 2022050 (approved April 27,
2022). The December 2023 data collection and the longitudinal follow-up study were approved under protocol
P_2023185 (approved November 23, 2023). Informed consent was obtained from all participants prior to their
inclusion in the study. After consenting to participate in the survey, participants were transferred to the survey
itself via Qualtrics®, in order to maintain confidentiality. The surveys assessed socio-demographics, substance
use and related behaviors, psychopathology, and risk and protective factors (such as exposure to October 7th or
ACE in 2023 data). At the end of the survey, participants were given online gift cards worth 20 ILS. To maintain
quality assurance, participants who failed any of the four attention checks were redirected out of the survey
and incomplete surveys were removed. The survey employed a forced-response format in Qualtrics, requiring
participants to respond to all items in order to proceed. As a result, the final analytic sample included only fully
completed questionnaires, and no partial data were available for inclusion. In 2022, of the 5,133 participants who
agreed to participate in the survey, 2,474 were removed due to quotas, not completing the survey or because of
response patterns. In 2023, of the 6,765 participants, 2,763 were excluded for similar reasons.

Measures
Sociodemographics such as age, gender, education, and economic level were asked at the beginning of each survey
(Supplementary Table 1).

Problematic substance use was assessed twice (before and after October 7 trauma) by the Alcohol, Smoking
and Substance Involvement Screening Test (ASSIST; Humeniuk et al.’?). Participants were asked about non-
medical use of tobacco, alcohol, cannabis, sedatives, prescription stimulants and prescription opioid painkillers.
For each substance they used non-medically, they were asked six follow-up questions regarding the frequency
of use, craving, and negative consequences of use. Responses were weighted and summed into a final score
variable®®. To create one variable measuring problematic use of any substance, a variable was created that
indicates the highest score from all substances (ASSIST maximum score).

Post-traumatic stress symptoms were assessed twice (before and after October 7 trauma) using the
Posttraumatic Stress Disorder Checklist - DSM-5 (PCL-5*4%). The questionnaire included 20 items regarding
various PTSD symptoms that the participant may be experiencing, such as intrusive memories and thoughts,
emotional distress, physiological reactions, and insomnia. At both time points, participants were asked to report
symptoms experienced during the past month. In the 2023 measurement, the instructions additionally referred
to symptoms experienced “in the past month following the war,” reflecting the national context at the time
of data collection. While the items and response scale remained identical across waves and the measure was
intended to assess the same construct at both time points, this added phrasing may have led some participants
to focus their responses on war-related experiences. For each item, participants were asked to indicate how often
they experienced it by choosing: (0) not at all; (1) a little bit (2) moderately; (3) quite a bit; or (4) extremely.
Answers to all items were summed into a total score.

Adverse childhood experiences were assessed using eleven items adapted from the World Health Organization
ACE questionnaire*!, administered in the post-trauma wave (December 202328). Six items measured frequency
of childhood maltreatment (e.g., physical abuse, sexual abuse, emotional abuse, and neglect) using a 1-4 scale.
Due to a mistake with the item, the emotional neglect item was excluded, leaving ten eligible questions. Five
additional items assessed household dysfunction (e.g., parental mental illness, substance use, incarceration, or
violence), each coded dichotomously (0 = no, 1 = yes). Full item wording is provided in the Supplementary
Materials. The answers to all items were summed into one final score; childhood maltreatment items contributed
more to the total score because they were rated on a broader response scale (1-4), whereas household dysfunction
items were coded dichotomously (0-1). Sensitivity analyses testing alternative scoring approaches are reported
below.
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Exposure to the October 7th attackswas assessed using four types of potentially traumatic events: (1) being
physically present in an area of southern Israel that was attacked; (2) being exposed to the events while serving
in the security forces or emergency response teams; (3) being in a location under widespread missile fire; and
(4) experiencing serious injury or death as a result of the attacks. For each type of event, participants indicated
whether it happened to: (1) themselves, (2) a close family member, or (3) someone they know. Multiple responses
were allowed. Separate subscores were calculated for each exposure group (self, close family, acquaintance)
by summing the number of endorsed event types (0-4). These three subscores were then summed to form a
composite October 7th exposure index ranging from 0 to 123!..

Exposure to the ongoing war was assessed using two items measuring the frequency with which participants
reported hearing explosions and hearing rocket warning sirens since October 7th. Each item was rated on a
7-point scale ranging from 1 (not at all) to 7 (a few times a day). The two items were summed to create a
continuous index of ongoing war exposure, with higher scores indicating more frequent sensory exposure to
war-related threats’!.

Analysis
Multiple regression analyses were conducted to address the three research aims.

To address the first question, whether ACE predicted a pre- to post-trauma elevation in PTSS, a regression
model was run with PTSS in 2023 as the outcome and ACE as the predictor, controlling for prior PTSS in
2022, age, gender, exposure to the October 7th events and exposure to the ongoing war. To address the second
question, whether pre-trauma PTSS or ACE predicted a pre- to post-trauma elevation in substance use disorder
score, we conducted two separate regression models. A regression model was estimated with SUD (ASSIST max
score) in 2023 as the outcome, PTSS in 2022 as the predictor, and prior SUD in 2022, age, gender, exposure to
the October 7th events and exposure to the ongoing war as covariates. Another regression model was run with
SUD in 2023 as the outcome and ACE as the predictor, while controlling for prior SUD in 2022, age, gender,
exposure to the October 7th events and exposure to the ongoing war. To address the third question, whether
ACE predicted an elevation in SUD beyond their effects on PTSS, a regression model was conducted with SUD
in 2023 as the outcome and ACE and PTSS in 2023 as the predictors, while controlling for prior SUD in 2022,
age, gender, exposure to the October 7th events and exposure to the ongoing war. Analysis was carried out using
the R base package stafs version 4.3.3%2,

To model the causal pathway through which ACE directly influence SUD, a comprehensive Structural
Equation Model (SEM) was specified. The model aimed to examine the direct effect of ACE on the pre- to
post-trauma changes in substance use disorder symptoms beyond the effect of concurrent pre- to post-trauma
changes in PTSS. The model incorporated two latent change scores: one representing the change in SUD and
another representing the change in PTSS. The simplified model is presented in Fig. 1, and all specifications are
reported in Supplementary Tables 8 and 9. Analysis was carried out using the R package lavaan version 0.6.15%.

Gender,
Education, SUD

Socio-

economic
status

Direct
exposure,
Ongoing
exposure

ACE

PTSS
2022 2023

Fig. 1. Hypothesized Structural Equation Model of the Relationships Between Demographics, Adverse
Childhood Experiences, Post-Traumatic Stress Symptoms, and Substance Use Disorder Symptoms. Note.
Circles represent latent variables (change in SUD, change in PTSS). Rectangles represent observed variables
(Adverse Childhood Experiences, Substance Use Disorder at baseline and follow-up, Post-Traumatic Stress
Symptoms at baseline and follow-up, Direct Exposure to the October 7th events, Ongoing Exposure to the war,
and demographic variables). Single-headed arrows indicate hypothesized regression paths. For clarity, double-
headed arrows which indicate covariances, specific path labels and fixed parameters are omitted from this
visual representation. Presented coefficients are standardized.
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Results

Descriptives

About half the sample were women, secular, lived in the Tel Aviv/Central region. About a quarter were aged 18-
34, and approximately half of the sample had post-high school, academic education. Potential PTSD (according
to clinical cut-offs) was found in 11% of the sample in 2022 and 21.8% in 2023 (Supplementary Tables 1 and 2).

Multiple regression analyses

In addressing the first research question, the regression model examining pre-to post-trauma elevations in PTSS
as a function of ACE was significant and explained 35.1% of the variance (Table 1; Fig. 2), with higher ACE scores
predicting higher elevations in PTSS (p <.001), thereby supporting the sensitization hypothesis. In addressing
the second research question, regressions analyses revealed that pre-trauma PTSS significantly contributed to
pre-to post-trauma elevations in SUD and the model explained 47.6% of the variance (Table 2), with higher PTSS
in 2022 predicting higher elevations in SUD (p <.01). Findings also indicated that ACE significantly contributed
to pre-to post-trauma elevations in SUD (Model's R?=48.0%; Table 3; Fig. 2), with higher ACE scores predicting
higher elevations in SUD (p <.001). Both findings support the self-medication hypothesis. Regarding the third
research question, ACE remained a significant predictor of higher pre- to post-trauma elevations in SUD even
after controlling for the contribution of PTSS in 2023 (p <.01) with model explaining 49.3% of the variance
(Table 4).

Latent variable modeling

Structural Equation Modeling (SEM) was conducted to examine the direct effect of ACE on change in SUD, while
controlling for PTSS and multiple covariates, including trauma exposure (Fig. 1). The model demonstrated good
fit with y* (12)=74.54, p <.001; CFI =0.97; GFI=0.99; RMSEA =0.062. Baseline SUD significantly predicted
pre- to post-trauma changes in SUD (B=-0.34, SE=0.02, p <.001). Baseline PTSS also significantly predicted
pre- to post-trauma changes change in SUD (B=0.07, SE=0.01, p <.001). Likewise, the latent variable of pre- to
post-trauma changes in PTSS significantly predicted concurrent changes in SUD (B=0.07, SE=0.01, p <.001).
Importantly, ACE directly predicted pre- to post-trauma changes in SUD (B=0.18, SE=0.06, p <.01), beyond the
significant contributions through baseline PTSS and pre- to post-trauma changes in these symptoms. Full model
results are presented in Supplementary Tables 8 and 9.

Sensitivity analysis
Analysis of dropouts revealed that those who participated in 2022 but not in 2023 were significantly younger
(p<.001) and had differences in education level (p<.001) and economic status (p=.003) (Supplementary Table 3).
To account for these differences, we re-ran the regression models including these variables as covariates®’. The
core findings remained significant after accounting for these variables (Supplementary Tables 4-7).

The specification of ACE scoring can meaningfully influence the magnitude and interpretation of results**
To evaluate the robustness of our findings to alternative ACE specifications, we constructed four theoretically
motivated scoring variants (see Supplementary Materials). We then re-estimated all core analyses using each
specification. In all cases, the effect of ACE remained statistically significant and directionally consistent,
suggesting that the findings are not dependent on any particular operational specification.

Discussion

In this study, we examined the complex interplay between ACE, PTSS, and SUD following a collective traumatic
event in the general population of Israel. We confirmed that ACE predicted an elevation in PTSS following the
traumatic event, which supports the sensitization hypothesis. We also found that pre-event PTSS predicted an
elevation in SUD following the event, consistent with the self-medication hypothesis. Furthermore, we report a
novel finding by which ACE predicted an elevation in SUD after the traumatic event. Addressing the identified

PTSS 2023
Predictors Estimates | std. Error | CI Statistic | p
(Intercept) 10.82 1.87 (7.15,14.49) |5.78 <.001
Adverse Childhood Experiences | 0.55 0.13 (0.29,0.81) 4.12 <.001
PTSS 2022 0.45 0.03 (0.39, 0.50) 16.38 <.001
Age -0.15 0.03 (-0.21,-0.10) | -5.53 <.001
Gender [Male] -5.61 0.75 (-7.07,-4.14) | -7.49 <.001
Ongoing Exposure 0.88 0.12 (0.65, 1.11) 7.49 <.001
Direct Exposure 1.19 0.21 (0.77, 1.61) 5.58 <.001
Observations 1336
R?/ R? adjusted 0.3517/ 0.3488

Table 1. Multiple regression of ACE predicting change in PTSS. Note: ACE = Adverse childhood experiences
(measured by summed ACE score); SUD = Substance use disorder (measured by maximum score on the
ASSIST); estimates reflect prediction of ASSIST max score in 2023 controlling for ASSIST max score in 2022,
age, and gender.
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Fig. 2. Relations between ACE and SUD and PTSS before and after the 7th of October.

central research gap, we found that ACE predicted a pre- to post-trauma elevation in SUD beyond the contribution
of PTSS. The causal pathway analysis provided evidence for a direct contribution of ACE to changes in SUD after
the collective trauma. Importantly, the direct effect refers to the direct association estimated within the specified
path model, which accounted for gender, education, economic status, PTSS and SUD levels before the trauma,
as well as exposure to the October 7th events and the ongoing war. However, alternative explanations cannot be
ruled out, including the possibility of unmeasured mediators, moderators, and measurement limitations. While
our findings provide statistical support for a potential causal pathway linking ACE to increased SUD symptoms
after trauma exposure, we emphasize that this is only preliminary evidence. Interpretations must be made in
light of the study’s limitations, as detailed in the Limitations section.

These findings are consistent with established literature. Our observation that pre-event PTSS predicts
an elevation in SUD following the traumatic event highlights the enduring vulnerability that prior traumatic
stress can encompass and suggests the important role of the self-medication hypothesis in post-trauma
substance use>!4%*. The finding that ACE predicted an elevation in PTSS underscores the profound impact of
early adversity on an individual’s subsequent stress responses, and giving further support to the sensitization
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SUD 2023
Predictors Estimates | std. Error | CI Statistic | p
(Intercept) 2.29 0.77 (0.77, 3.81) 2.95 0.003
PTSS 2022 0.03 0.01 (0.01, 0.06) 2.88 0.004
SUD 2022 0.69 0.02 (0.65, 0.74) 30.47 <0.001
Age -0.03 0.01 (-0.06, -0.01) | -2.59 0.010
Gender [Male] 0.55 0.34 (-0.12,1.22) | 1.60 0.111
Ongoing Exposure | 0.06 0.05 (-0.05, 0.16) 1.06 0.289
Direct Exposure 0.38 0.10 (0.19, 0.56) 3.95 <0.001
Observations 1336
R%/R? adjusted 0.4759/0.4735

Table 2. Multiple regression of PTSS predicting change in SUD. Note: PTSS = Posttraumatic Stress Symptoms
(measured by PCL-5 total score); SUD = Substance Use Disorder (measured by maximum score on the
ASSIST); estimates reflect prediction of ASSIST max score in 2023 controlling for ASSIST max score in 2022,
age, and gender.

SUD 2023
Predictors Estimates | std. Error | CI Statistic | p
(Intercept) 1.14 0.84 (-0.50, 2.79) 1.36 0.173
Adverse Childhood Experiences | 0.25 0.06 (0.14, 0.36) 4.33 <0.001
SUD 2022 0.69 0.02 (0.65, 0.73) 31.11 <0.001
Age -0.04 0.01 (-0.06, -0.01) | -3.08 0.002
Gender [Male] 0.61 0.34 (-0.06,1.28) | 1.79 0.073
Ongoing Exposure 0.05 0.05 (-0.05,0.16) | 1.03 0.305
Direct Exposure 0.37 0.09 (0.18, 0.55) 3.85 <0.001
Observations 1336
R%/R? adjusted 0.4799/0.4776

Table 3. Multiple regression of ACE predicting change in SUD.

SUD 2023
Predictors Estimates | std. Error | CI Statistic | p
(Intercept) 0.41 0.84 (~1.24,2.05) | 0.49 0.628
SUD 2022 0.66 0.02 (0.61,0.70) | 29.16 <0.001
Adverse Childhood Experiences | 0.18 0.06 (0.07,0.30) |3.12 0.002
PTSS 2023 0.07 0.01 (0.04, 0.09) 5.87 <0.001
Age -0.02 0.01 (-0.05, 0.00) | —2.00 0.046
Gender [Male] 1.08 0.35 (0.40, 1.76) 3.11 0.002
Ongoing Exposure 0.00 0.05 (-0.11,0.10) | —-0.07 0.940
Direct Exposure 0.27 0.10 (0.09, 0.46) | 2.86 0.004
Observations 1335
R?*/R? adjusted 0.493/0.4903

Table 4. Multiple regressions of ACE predicting change in SUD beyond PTSS.

hypothesis!'>!3#5, Notably, PTSS was not attributed to specific trauma types, and the study did not measure
PTS symptoms stemming from ACEs specifically. Rather, we modeled the influence of ACE on SUD while
accounting for overall post-traumatic stress responses following a traumatic event. Moreover, given the close
temporal proximity between the October 7th events and the post-assessment, reported symptoms may reflect
an acute stress response rather than longer-term psychopathology. Future studies should re-examine these
associations after more time has passed, allowing for differentiation between acute and sustained responses, and
should explicitly assess trauma attribution (e.g. PCL-5 item asking respondents to identify the ‘worst’ traumatic
event) and its timing to further clarify the nuanced pathways linking ACE, PTSS, and SUD.

Building upon these foundational findings, our study offers novel insights into the nuanced relationship
between these constructs. We found that ACE predicts elevation in post-trauma SUD partially through the ACE
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effects on change in PTSS, similar to previous studies showing mediation of the ACE effect on SUD through
PTSS!%4546, Furthermore, we found that ACE predicts a direct elevation in SUD symptoms independent of
PTSS, suggesting that the impact of early adversity extends beyond its contribution to post-traumatic stress.
Critically, our research provides compelling evidence for a causal pathway through which ACE directly
elevates SUD symptoms after exposure to adverse events later in life, suggesting that early life experiences can
independently heighten vulnerability to substance use following subsequent trauma. Further studies should
identify the underlying pathways through which this direct influence of ACE on SUD symptoms occurs.

These potential mechanisms can be considered within an integrated framework of “shared vulnerability,”
where early adversity disrupts fundamental psychological and biological systems, thereby increasing susceptibility
to both PTSS and SUD. One central pathway begins with the disruption of emotion regulation i.e. the ability
to influence the experience and expression of emotions. ACE fundamentally impair an individual’s ability to
tolerate distress and manage impulses'. These deficits are closely linked to the development of maladaptive
coping mechanisms, such as avoidance and problematic risk-taking, which are well-established risk factors
for SUD!®415 For instance, novelty-seeking and risk-taking patterns have been identified as psychological
mechanisms that bridge ACE to earlier substance use initiation>”4.

Similarly, ACE can contribute to SUD through cognitive impairments. Specifically, executive function
deficits—impairments in cognitive control, behavioral inhibition, and decision-making—are frequently observed
in individuals with a history of ACE>!?, thereby increasing their susceptibility to SUD!®!847 These cognitive
challenges can hinder an individual’s ability to resist impulsive behaviors, foresee negative consequences, and
engage in adaptive problem-solving, all of which are essential for avoiding and discontinuing substance use. The
dysfunction in emotion regulation and cognitive impairments can reinforce one another, leading to increased
impulsivity and a learned tendency to avoid problems. This, in turn, can predispose individuals to use substances
for self-medication.

This “shared vulnerability” can be further understood within the broader framework of attachment
theory>!647. Evidence suggests that secure attachment is a protective factor against the impact of ACE on
SUD, whereas insecure attachment heightens risk!®4748. Individuals with insecure attachment may experience
heightened anxiety, difficulty forming stable relationships, and an enduring need for comfort or safety'347:4%,
Scholars have proposed that in moments of acute stress, substances can serve as a substitute “object” to provide
this sought-after emotional relief!°. This perspective helps explain why individuals might turn to substances
not just to cope with trauma symptoms, but to fill a deeper relational void derived from early experiences of
rejection, abuse or maltreatment®.

Considering these potential pathways, including but not limited to maladaptive coping, emotion regulation
deficits, cognitive impairments, and insecure attachment, underscores the complex and multifaceted ways in
which ACE can heighten vulnerability to SUD. These mechanisms may account for the effects of ACE on SUD
both directly and indirectly through PTSS. Our findings suggest that both the self-medication hypothesis,
wherein individuals use substances to cope with PTSS, and the shared vulnerability hypothesis, where ACE
create a generalized risk for both problematic conditions independently, potentially play complementary roles
in the increase of SUD after a traumatic event. Future research should prioritize rigorous scientific exploration of
these and other potential mechanisms, mapping the direct and indirect causal pathways linking ACE, PTSS, and
SUD, including how PTSS directly related to ACE may differentially shape responses to later trauma.

Beyond advancing theoretical understanding, the current findings carry significant implications for policy
makers and the development of targeted interventions aimed at reducing both SUD and PTSS. The independent
impact of ACE on SUD emphasizes the critical need for comprehensive, trauma-informed approaches that
extend beyond addressing acute PTSS to mitigate the pervasive effects of early adversity. Moreover, our results
strongly advocate early interventions within at-risk households, aiming to prevent ACE and foster resilient
developmental trajectories that safeguard against future mental health and substance use challenges.

Study limitations are noted. Our reliance on self-report measures introduces the possibility of recall
and social desirability biases. We also acknowledge the potential for measurement inconsistencies in PTSS
assessment across time points, including the absence of trauma attribution in the PCL-5. This design choice
allowed us to capture general post-traumatic stress responses in a population exposed to multiple sources of
trauma. However, it also limits our ability to determine whether symptoms reported at each wave were related
specifically to ACEs, the October 7th events, or other intervening life events. Future waves of data collection
will include trauma attribution items to better disentangle the source and timing of post-traumatic responses.
Second, data were collected two months post-event and not immediately after. However, this timing allows us to
infer that the observed elevations in PTSS and SUD were not merely acute reactions but represent more lasting
changes. Third, due to the nature of the study, we could not separate the effects of the October 7th terror attack
from the subsequent war. Moreover, as data were collected during an ongoing conflict, PTSS may partly reflect
prolonged or evolving stress responses. Future studies should therefore re-evaluate these effects once the war
concludes. Fourth, an important limitation concerns the timing of ACE assessment. Although all participants
were adults reporting on childhood experiences, the ACE questionnaire was administered after the October
7th trauma. Retrospective reports may be influenced by current emotional states potentially creating a state-
dependent recall bias which can affect the salience, accuracy, or intensity of reported memories. While such
bias is not unique to this study and is inherent in all retrospective ACE assessments, it warrants caution when
drawing strong causal conclusions. Future longitudinal studies examining ACE during childhood are needed
to mitigate this. Fifth, the exclusion of non-Hebrew-speaking individuals and those under 18 or over 70 limits
the generalizability of our findings to the broader Israeli population, particularly Palestinian Israelis and other
Arabic-speaking communities. However, this limitation is partially mitigated by the fact that over 90% of Israeli
Jews are fluent in Hebrew*’; Importantly, we have initiated pilot research within these demographics to develop
methods for collecting more inclusive samples of the broader population in future investigations. Finally, while
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our sampling procedure may have introduced selection bias, we conducted missing data analysis to account for
these differences, which confirmed that the significance of our core findings was not affected (Supplementary
Tables 3-7).

Despite these methodological limitations, the current study advances our understanding of the complex
interplay between ACE, PTSS, and SUD by leveraging a unique dataset from before and after a large-scale
traumatic event in Israel. Our findings demonstrate that pre-event PTSS predicts an elevation in SUD, and that
ACE predicts an elevation both in PTSS and SUD after a traumatic event. Critically, we provide novel evidence
that ACE exerts a direct influence on SUD symptoms beyond the presence of PTSS, suggesting a distinct and
independent pathway through which early adversity confers vulnerability to substance use, following later
traumatic exposure, in the general population. This nuanced understanding underscores the profound and
multifaceted impact of childhood experiences on long-term psychological well-being and substance use risk,
highlighting the importance of comprehensive interventions that address both the immediate effects of post-
traumatic stress and the deeper, long-lasting impact of early life adversity.

Data availability

The datasets generated and analyzed during the current study are not publicly available due to institutional
restrictions and participant confidentiality agreements, as data access requires approval from the Israeli Center
for Addiction and Mental Health, which serves as the data custodian, but are available from the corresponding
author on reasonable request.
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