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Abstract

Objectives Major Depressive Disorder (MDD) is a severe and widespread psychiatric condition that affects individuals
globally. Suicidal ideation is one of the key symptoms associated with this disorder. Numerous studies have explored
the impact of adverse childhood experiences on the development of suicidal thoughts in adulthood. However,
limited research focuses on the underlying mechanisms that mediate this relationship. Therefore, the present study
aimed to investigate whether emotional reactivity, along with probabilistic and reinforcement learning (PRL), serves

as a mediator in the relationship between adverse childhood experiences and suicidal ideation in Iranian patients
with MDD.

Method The study included 201 inpatients diagnosed with MDD hospitalized in various psychiatric wards across Shi-
raz, Iran. Participants were selected using a convenient sampling method. Data were collected through the Probabilis-
tic Reward Task, the Emotional Reactivity Scale, the Beck Scale of Suicidal Ideation, and the Modified Adverse Child-
hood Experiences — International Questionnaire. The collected data were analyzed using Pearson’s correlation test
and structural equation modeling with SPSS and AMOS 26.

Results Adverse childhood experiences were found to have a direct and significant relationship with suicidal
ideation (p<.001). Additionally, emotional reactivity and PRL served as significant mediators in the relationship
between adverse childhood experiences and suicidal ideation.

Conclusion Our findings indicate that various factors—including adverse childhood experiences, emotional reactiv-
ity, and PRL—contribute to the development of suicidal ideation in patients with major depressive disorder (MDD).
Therefore, it is essential to consider these factors when developing therapeutic plans.
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Introduction

Major Depressive Disorder (MDD) is one of the most
severe and prevalent psychiatric disorders globally,
affecting over 300 million people each year. According
to the World Health Organization [1], MDD is currently
the third most significant global economic burden and
is projected to become the foremost by 2030. It presents
with symptoms such as deep sadness, loss of pleasure,
suicidal thoughts and actions, and cognitive and emo-
tional difficulties, significantly impacting individuals and
the healthcare system [2]. Individuals with MDD are five
times more likely to experience suicidal thoughts and
behaviors [3], as well as complete suicide [4]. Despite
significant advancements in effective psychotherapeutic
and pharmacological treatments for psychiatric disor-
ders associated with a high risk of suicidality, the rates
of suicidal thoughts, attempts, and completed suicides
have not decreased substantially over the past few years
[5]. On the other hand, research has shown that experi-
ences of Adverse Childhood Experiences (ACEs) are
common among patients with major depressive disorder.
These childhood adversities are linked to an earlier age at
which individuals are first diagnosed with major depres-
sion, as well as an increased likelihood of experiencing
lifetime suicidal thoughts, and severe depression [6].
Research indicates that adults who have experienced four
or more ACEs are 4.6 times more likely to report depres-
sion in the past year compared to those without a history
of ACEs (95% CI: 3.8-5.6). Additionally, the presence of
just one ACE increases the odds of experiencing depres-
sion by 50% (OR: 1.5, 95% CI: 1.3-1.7) [7]. This dose—
response relationship between the number of ACEs and
the likelihood of depression in adulthood is consistently
supported by various studies [7-9]. Furthermore, evi-
dence suggests that addressing ACEs could potentially
reduce the risk of depression in the general population by
as much as 44.1% [9].

Adverse childhood experiences and suicidal
ideation

Every year, approximately 800,000 people worldwide die
by suicide. Suicidal ideation, which refers to thoughts
about taking one’s own life, is considered a critical indi-
cator of suicidal behavior [10]. This term encompasses
a broad range of thoughts, wishes, and mental concerns
related to death and suicide [11]. It is specifically defined
as "thoughts about hurting oneself, including a voluntary
concern or planning regarding ways to bring about one’s
death” [12]. Numerous studies have explored the factors
that increase the risk of suicide, identifying a variety of
individual, familial, and social elements that contrib-
ute to suicidal behavior [13, 14]. Many of these studies
focus on events that occur close to the onset of suicidal
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thoughts and actions. However, it is also important to
acknowledge that early life experiences can significantly
influence suicide risk. Individuals may encounter vari-
ous traumatic events during their development, such as
issues with parental mental and physical health, sexual
abuse, maltreatment, unstable living conditions, and
financial loss [15]. ACEs are traumatic events [15] that
can lead to significant functional and structural changes
in the brain. These experiences are linked to a variety of
psychiatric issues, including anxiety disorders, MDD, and
suicidal thoughts [15]. Many studies have demonstrated
that specific ACEs, such as child abuse and neglect, sig-
nificantly increase the risk of suicidal behaviors in adult-
hood [16]. Recent research [17, 18] has established a
connection between suicidal ideation and exposure to
negative experiences in early life. A study conducted by
Miche et al. involved a 10-year longitudinal examination
of a community sample, focusing on suicidal behaviors
and ACEs in adolescents and young adults aged 14 to
24 years. The findings indicated that the risk of suicide
attempts increased with exposure to various traumatic
events, with rape and sexual abuse presenting the high-
est hazard ratios [19]. Similarly, a school-based health
survey conducted across four regions in China revealed
that children and young people aged 10 to 20 years who
experienced a greater number of ACEs were more likely
to report suicidal behaviors compared to those who
encountered fewer ACEs [20]. Additionally, a systematic
review provides strong evidence that childhood maltreat-
ment is associated with a higher risk of suicidal behaviors
later in life [21]. According to Harkness et al. [22], indi-
viduals who face abuse or neglect during childhood tend
to be more affected by subsequent adverse events in their
lives. They found that these individuals reported fewer
stressful life events before experiencing a depressive
episode compared to those without such backgrounds.
Although suicide has long been recognized as a multi-
factorial issue, there is limited understanding of the com-
plexities of ACEs and their relation to suicidal crises [7].

Probabilistic and reinforcement learning

as a mediator

Anhedonia is a key symptom used to diagnose MDD and
affects between 37 and 72% of individuals with this con-
dition [23, 24]. This multifaceted construct is strongly
associated with prolonged disorder duration and more
serious outcomes [25], poor response to psychologi-
cal [26], pharmacological [27], and neuro-modulatory
interventions [28], as well as heightened suicide risk
[29]. Originally defined as the "loss of interest and pleas-
ure" [30], our understanding of anhedonia has grown
to encompass various deficits in reward processing [31,
32]. The National Institute of Mental Health (NIMH) has
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recently introduced the term "positive valence systems"
to explore reward processing in the context of mental
health issues [33]. Positive valence systems are respon-
sible for how we respond to positive motivational situa-
tions, including seeking rewards, engaging in approach
behaviors, and learning through rewards and habits [34].
According to the revised framework for positive valence
systems proposed by the NIMH in 2018, this system
consists of three distinct dimensions related to rewards:
reward responsiveness, reward learning, and reward val-
uation. Reward learning is the process by which organ-
isms acquire knowledge about stimuli, actions, and
contexts that are associated with positive outcomes.
Behavior can be adjusted based on new rewards received
or when outcomes surpass expectations. This reward
learning process includes three key components: predic-
tive reward learning (PRL), reward prediction error, and
habit formation [34]. PRL involves the ability to identify
which actions or stimuli are linked to obtaining a relevant
reinforcer, even if a specific action or stimulus is not con-
sistently associated with that reinforcer [35]. Preclinical
studies suggest that these components utilize relatively
distinct neural systems [35]. Generally, anhedonia, the
diminished ability to experience pleasure, arises from
dysfunction in one or more parts of the reward process-
ing system [36].

Anhedonia is generally associated with suicidal
thoughts and behaviors in patients with MDD [37].
Research by Dombrovsky and Hallquist [38] has shown
that various aspects of anhedonia involve impairments in
reward processing, such as disruptions in reward learn-
ing and valuation. These deficits can lead to poor deci-
sion-making and an increased risk of suicidality. Most
studies to date have concentrated on the correlations
and predictors of suicidal ideation within the context of
negative valence systems. However, there have been few
attempts to explore other areas, such as positive valence
systems. Focusing solely on one research domain limits
the recognition of new correlates and factors that con-
tribute to suicidal thoughts. By considering additional
domains, we may gain a deeper understanding of suicidal
ideation, which could inform more effective therapeutic
strategies for suicide prevention [39].

Numerous studies have indicated that adverse child-
hood experiences can disrupt the development of the
brain’s reward system and affect future reward responses
[40, 41]. The effectiveness of this reward circuit relies on
the integration and coordination of molecular, cellular,
synaptic, and network signals. If this circuit is imma-
ture during critical developmental stages, it can lead to
neuropsychiatric disorders [15]. Research has sought
to examine how reward learning is affected in individu-
als with a history of adverse childhood experiences. For
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example, Hanson et al. [42] found that adolescents with
behavioral problems, who had experienced physical
abuse early in life, struggled to learn the stimuli associ-
ated with rewards. Additionally, these individuals were
less likely to utilize information about familiar rewards in
their environment, resulting in challenges when trying to
understand the relationship between stimuli and rewards.
Findings from another investigation revealed that indi-
viduals who experienced adverse childhood events but
had not been diagnosed with MDD showed signs of dis-
rupted reward learning [43]. Another study specifically
examining Probabilistic Reinforcement Learning (PRL)
reported that women with a history of childhood sexual
abuse and a diagnosis of MDD performed poorly on
tasks requiring the retrieval of previously learned infor-
mation, compared to a control group. This poor perfor-
mance was significantly correlated with self-harm and
suicidal behaviors [44]. In summary, adverse childhood
experiences are linked to negative emotional outcomes
and abnormal functioning of the reward system [15].
This dysfunction affects components of reward learning,
including PRL, which may increase susceptibility to vari-
ous psychiatric disorders, including MDD and suicidality
[43].

Emotional reactivity as a mediator

Emotional reactivity refers to the sensitivity, intensity,
and persistence of negative emotional experiences. It
is considered a component of temperament that influ-
ences how individuals respond to emotional stimuli [45].
Emotional reactivity is associated with irregularities
in the limbic system, particularly involving the amyg-
dala [46], which may lead to an exaggerated response to
unfavorable experiences. This heightened sensitivity can
contribute to an increased risk of severe emotional and
behavioral responses, including suicidal thoughts and
actions [47]. Individuals with high emotional reactivity
typically respond to stressors by amplifying their negative
emotions and misinterpreting events. They often report
experiencing higher rates of external problems and
depressive symptoms [48, 49]. Research indicates that
those with elevated emotional reactivity are more likely
to experience depressive symptoms when confronted
with stress compared to individuals with lower levels of
emotional reactivity [50, 51].

Emotional reactivity is one of the many risk fac-
tors associated with the emergence of suicidal idea-
tion, and it has been widely studied [45]. Various
theoretical frameworks highlight emotional reactivity
as a significant contributor to suicidal thoughts. For
example, the vulnerability-stress model (also known
as the diathesis-stress model) suggests that individ-
ual vulnerabilities, when combined with negative life
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stressors, can elevate the risk of developing suicidal
ideation [52]. One such vulnerability is personality
traits, including emotional reactivity [53]. Similarly,
the Integrated Motivational-Volitional Model of Sui-
cide [54] identifies emotional reactivity as a key vul-
nerability that can lead to the development of suicidal
thoughts. The Escape Theory of Suicide suggests that
suicidal thoughts and behaviors can serve as an escape
from the unbearable state of one’s mind. These feelings
often arise from extreme emotional distress follow-
ing a significant and traumatic event [55]. Nock et al.
[45] have expanded on this theory by proposing that
intense emotional reactivity can disrupt cognitive and
behavioral control, leading to inappropriate responses,
such as suicidal ideation, as a way to flee from nega-
tive emotional states. Their research indicates that
higher levels of emotional reactivity correlate with an
increased risk of suicidal thoughts. Additionally, other
psychiatric disorders, such as mood disorders, anxiety
disorders, and eating disorders, have also been linked
to an elevated risk of suicidal ideation because they
contribute to heightened emotional reactivity.

Empirical research has strongly supported the
importance of emotional reactivity concerning sui-
cidal ideation. Numerous studies have demonstrated
a significant link between emotional reactivity and
suicidal thoughts [45, 56, 57], particularly in adults
[58]. For instance, Shapero et al. [57] investigated
how emotional reactivity interacts with depres-
sive symptoms and suicidal ideation and behavior
in adults. Their findings revealed that higher emo-
tional reactivity is directly and significantly associ-
ated with greater levels of depressive symptoms and
suicidal thoughts.

Adverse childhood experiences are significant fac-
tors linked to emotional reactivity. Research indicates
a strong association between an individual’s tempera-
ment and their emotional responses, suggesting that
this vulnerability can stem from early life experiences
[59]. The family environment plays a crucial role in
shaping a child’s ability to regulate emotions. Chil-
dren often develop their emotional skills and strate-
gies by observing their parents’ behaviors and the
emotional atmosphere within their homes [60]. Sev-
eral studies have explored the connection between
adverse childhood experiences and emotional dys-
regulation (e.g., [61]). For instance, Kendler et al.
[62] found that women with a history of sexual abuse
exhibited more intense emotional reactions to stress-
ful life events. Overall, research indicates that expo-
sure to harmful events during childhood is generally
associated with heightened emotional reactivity in
adulthood [63, 64].
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Current study

Adverse childhood experiences (ACEs) significantly
impact the development of suicidal ideation in adult-
hood; however, not all adults with a history of such expe-
riences experience suicidal thoughts. This variation may
be due to the challenges that arise from ACEs, such as
difficulties with processing emotions and heightened
emotional reactivity, which can, in turn, influence sui-
cidal ideation. Despite this understanding, the specific
mediating mechanisms—how adverse childhood experi-
ences relate to suicidal ideation—are not yet well under-
stood. Therefore, the present study aimed to explore the
relationship between adverse childhood experiences
and suicidal ideation among Iranian patients with Major
Depressive Disorder (MDD), specifically examining
whether this association is mediated by probabilistic and
reinforcement learning (PRL) and emotional reactivity.
As shown in Fig. 1, we investigated the mediation model,
which is grounded in established theoretical frameworks.
However, it’s crucial to note that our mediation aims and
hypotheses are considered atemporal, meaning that cau-
sality cannot be inferred from the statistical analyses pre-
sented [65]. This study serves as an initial exploration in
a largely under-researched area, providing insights that
may inform future research efforts. In summary, the fol-
lowing hypotheses were proposed:

Hypothesis 1: adverse childhood experiences con-
tribute to the development of suicidal ideation in
patients with Major Depressive Disorder.

Hypothesis 2: emotional reactivity contributes to the
development of suicidal ideation in patients with
Major Depressive Disorder.

Hypothesis 3: probabilistic and reinforcement learn-
ing contribute to the development of suicidal idea-
tion in patients with Major Depressive Disorder.
Hypothesis 4: adverse childhood experiences contrib-
ute to the development of suicidal ideation through
the mediating role of Emotional reactivity in patients
with Major Depressive Disorder.

Hypothesis 5: adverse childhood experiences contrib-
ute to the development of suicidal ideation through
the mediating role of probabilistic and reinforcement
learning in patients with Major Depressive Disorder.

Method

Participants and procedure

The Institutional Review Board of Shiraz University
of Medical Sciences approved the study protocol (ID:
IR.SUMS.REC.1401.637). The population for this cor-
relational and cross-sectional study comprised all inpa-
tients diagnosed with Major Depressive Disorder (MDD)
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Fig. 1 The proposed model of suicidal ideation

at the Hafez and Ebne-Sina psychiatric hospitals in
Shiraz, Iran. With the cooperation of hospital authori-
ties, patients’ medical records were reviewed to identify
potential participants based on specific inclusion and
exclusion criteria. Participants who provided informed
consent underwent a primary symptom screening assess-
ment. For the evaluation of individuals with MDD, the
researchers utilized the Structured Clinical Interview
for the Diagnostic and Statistical Manual of Mental Dis-
orders, Fifth Edition, Research Version (SCID-5-RV),
the Positive Valence Systems Scale-21 (PVSS-21), and
the Patient Health Questionnaire-9 (PHQ-9). Consist-
ent with findings from previous studies [66], individuals
who scored 10 or higher on the PHQ-9 proceeded to the
structured clinical interview.

Several methods have been used to determine the sam-
ple size. Initially, the sample size was calculated using
online software designed for sample size estimation in
structural equations (Free Statistics Calculation, version
4.0) [67]. Based on the model’s 8 observed variables and 2
latent variables, the sample size was determined to be 198
participants. This calculation considered the predicted
effect size of 0.19, a desired significance level of 0.05,
and a statistical power level of 0.80. on the other hand,
the sample size for the factor analysis can be determined
based on the number of factors. For structural equation
modeling (SEM), a minimum of 20 subjects is required
for each factor (latent variable) [68]. Therefore, we estab-
lished that at least 200 participants were needed for this
study. In total, 215 individuals diagnosed with Major
Depressive Disorder (MDD) who met the inclusion and
exclusion criteria were selected as the study sample using
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a convenience sampling method. The inclusion criteria
for the study were: having a primary diagnosis of MDD,
possessing at least a secondary education, and being aged
between 18 and 65 years. The exclusion criteria included
the presence of major comorbid disorders such as sub-
stance abuse, psychotic disorders, and bipolar disorders,
as well as psychotic symptoms. These were determined
through a review of medical records and self-reports.
Other exclusion criteria included having severe physical
health issues, visual or hearing impairments that could
hinder participation, a history of neurological disor-
ders, mental disabilities, and lack of literacy, which were
assessed through self-reports and medical records. The
research procedures were explained to all participants,
who provided informed consent prior to participating.
Each participant completed the PRT task along with
demographic and self-report questionnaires (see Fig. 2).

Measures

The Structured Clinical Interview for Diagnostical

and Statistical Manual for Mental Disorders-5-Research
Version (SCID-5-RV)

The SCID-5-RV is a tool designed to assist mental health
professionals in diagnosing psychiatric disorders [69].
This interview covers all relevant subgroups, severity
levels, and course specifiers. Its screening feature makes
the SCID-5-RV especially suitable for meeting the spe-
cific requirements of research studies. The SCID-5-RV
is available in a standard “core” configuration, which
includes disorders commonly assessed in research, as
well as an "enhanced" configuration that adds probable
disorders to the core set [66].
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326 Identified Patients with
MDD
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43 Declined to Participate

283 Assigned

73 Ineligible

62 Met Exclusion Criteria

11 PVSS > 131

40 Comorbid Disorders
13 Lack of Literacy
4 Visual or Hearing Deficiencies

5 Neurological Disorders

210 fulfilled the task and
questionnaires

9 outlier data

201 final sample size

Fig. 2 Consort diagram

Patients’ Health Questionnaire (PHQ-9)

The PHQ-9 is a widely used tool for assessing Major
Depressive Disorder (MDD) [70]. It is designed for
screening, diagnosis, and evaluating the severity of
depression. Respondents are asked to rate their expe-
riences over the past two weeks using a four-point Lik-
ert scale, with scores ranging from 0 to 3 for each item.
The total score is calculated by summing the scores of all
items, resulting in a minimum score of 0 and a maximum
score of 27. Depression severity is categorized based on
cut-off points: scores of 5, 10, and 15 indicate mild, mod-
erate, and severe levels of MDD, respectively. Many stud-
ies have used a cut-off score of 10 for diagnosing MDD
so we also adopted this threshold for screening poten-
tial patients. Kroenke et al. [70] demonstrated that the
PHQ-9 has satisfactory psychometric properties, with a
Cronbach’s alpha coefficient between 0.86 and 0.89, indi-
cating good internal consistency, and a test-retest reli-
ability correlation of 0.84. Additionally, the PHQ-9 has
been applied in Iranian research, which reported similar
psychometric properties, including a Cronbach’s alpha

coeflicient of 0.88 and a test—retest reliability coefficient
of 0.79 [71].

Positive Valence System Scale-21 (PVSS-21)

The PVSS-21 is a tool used to assess six components of
anhedonia: reward expectancy, reward valuation, effort
valuation, reward anticipation, initial responsiveness,
and reward satiation [72]. It utilizes a Likert scale rang-
ing from 1 (extremely untrue of me) to 9 (extremely
true of me). Scores for each dimension are summed,
along with an overall score, to determine the severity of
anhedonia. A cut-off score of 131 is used, where higher
scores indicate a greater capacity for seeking pleasure,
while lower scores suggest a diminished ability to seek
pleasure. Khazanov et al. [72] reported that the question-
naire has good psychometric properties, with an overall
Cronbach’s alpha coefficient of 0.93 and subscale coeffi-
cients ranging from 0.69 to 0.88. The test—retest reliabil-
ity coefficient is 0.83. Since there is no existing version in
Persian specific to Iran, the measure was translated and
back-translated by experts, and its content validity was
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confirmed by three independent expert translators. Addi-
tionally, the internal consistency of the scale was evalu-
ated in a pilot study involving 55 participants, resulting in
a satisfactory Cronbach’s alpha of 0.75.

Probabilistic Reward Task (PRT)

The PRT is a recently recommended task for assessing
positive reinforcement learning (PRL), incorporated into
the Research Domain Criteria framework as one of the
selected measures of positive valence systems. This com-
puterized task uses visual discrimination and identifica-
tion to quantify responses based on reward learning. It
was originally developed and standardized by Pizzagalli
et al. [73] to assess anhedonia phenotypes in individuals
with mood disorders, including Major Depressive Dis-
order (MDD). The PRT has shown high diagnostic accu-
racy and good test-retest reliability (r=0.57). The task
consists of three parts, each featuring 100 trials where
cartoon faces are displayed in black font on a white back-
ground. Each trial has a fixed duration of 500 ms, fol-
lowed by a face without a mouth. After a short delay of
another 500 ms, either a long mouth (13 mm) or a short
mouth (11.5 mm) appears for 100 ms, and participants
must indicate the length of the mouth by pressing desig-
nated keys. Participants are instructed to maximize their
rewards, which are monetary incentives, although not all
correct responses will yield rewards. In each part, long
and short mouths are generally presented in a quasi-ran-
dom sequence, ensuring that no more than three consec-
utive presentations of the same stimulus occur. Each part
includes 50 trials for short mouths and 50 trials for long
mouths, with 60% of correct responses for one length
(e.g., long mouth) receiving a reward (rich stimulus) and
20% of correct responses for the other length (e.g., short
mouth) receiving a reward (lean stimulus). Thus, in each
part, only 40 correct responses receive feedback based on
monetary rewards [73].

The results of this task are based on the response bias
score towards the affluent stimuli. This score reflects the
subject’s inclination to select responses linked to greater
rewards and is calculated using the following formula.

Richcorrectx Leanincorrect

Response bias : log b =1/2 log( Richimcomeer LeaNcorrect
This task demonstrated an acceptable level of reliability,
with a Cronbach’s a of 0.77 in the current study.

Emotional Reactivity Scale (ERS)

The ERS was developed by Nock et al. [45] to measure
how individuals report their emotional reactions in
response to various events. This scale consists of 21 items
that evaluate three components of emotional sensitivity:
1. Emotional Sensitivity (e.g., "I tend to easily become
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emotional") 2. Intensity of Emotional Reactivity (e.g., "I
experience emotions with high intensity") 3. Persistence
of Emotional Reactivity (e.g., "When I am angry or upset,
it takes me longer than most people to calm down")
Higher scores on the scale indicate greater emotional
reactivity. The ERS has demonstrated acceptable levels
of criterion and divergent validity, as well as high internal
consistency (a=0.95) [45, 74]. Additionally, the present
study found that the scale has a reliable level of consist-
ency, with a Cronbach’s alpha of 0.76.

Beck Scale for Suicidal Ideation (BSSI)

The BSSI (Beck Scale for Suicidal Ideation) is a 19-item
Likert scale used to detect and measure the severity of
suicidal attitudes, behaviors, and planning over the previ-
ous weeks. The scale ranges from 0 to 2 [75] and assesses
various factors, including the desire to die, active and
passive suicidal tendencies, the duration and frequency
of suicidal thoughts, feelings of self-control, inhibit-
ing factors against suicide, and an individual’s prepara-
tion for suicide. At the beginning of the scale, there are
five screening items. If the responses indicate a ten-
dency towards active or passive suicide, the individual is
required to answer the remaining 14 items. The scale is
divided into three subscales: the desire to die (5 items),
preparation for suicide (7 items), and actual suicidal
desire (4 items). Additionally, two items address factors
that inhibit suicide or negate the desire for it. The overall
score on the BSSI ranges from 0 to 38. Scores between 1
and 5 indicate the presence of suicidal thoughts, scores
from 6 to 19 suggest preparation for suicide, and scores
between 20 and 38 reflect a strong intention to commit
suicide. The scale has demonstrated good psychomet-
ric properties. A study by Esfahani et al. [76] evaluated
the reliability and validity of the BSSI in Iran, reporting a
Cronbach’s Alpha of 0.82.

The Modified Adverse Childhood Experiences -
International Questionnaire (MACE-IQ)

The MACE-IQ was developed by the World Health
Organization to explore various types of adverse child-
hood experiences, along with their intensity and impact
on individuals. Multiple studies have investigated the
reliability and validity of the questionnaire, demonstrat-
ing good internal consistency and test-retest reliabil-
ity [77, 78]. Satinsky et al. [79] modified and revised the
questionnaire, reducing the number of items to 16 and
incorporating additional considerations related to food
and water insecurity, which may occur in some regions
[79]. In the revised version, the 16 items are categorized
into nine types of experiences: 1. Physical abuse 2. Ver-
bal or emotional abuse 3. Attempted or actual sexual
abuse 4. Living with an adult suffering from alcohol or
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drug addiction 5. Living with an adult who has a history
of mental illness or has committed suicide 6. Having par-
ents who live separately or are divorced 7. Living with an
adult who has been imprisoned 8. Witnessing violence
against one’s mother or grandmother 9. Food or water
insecurity When using this questionnaire, respondents
are required to answer questions regarding the imprison-
ment of family members and parental divorce with “Yes”
(1) or “No” (0). For other childhood stressors, respond-
ents answer on a Likert scale that typically ranges from
“Often” (3), “Several times” (2), “Once” (1), to “Never” (0).
Scores range from 0 to 1, indicating minimal exposure to
adverse childhood experiences; scores of 2 to 3 indicate
low exposure, 4 to 5 indicate high exposure, and scores
above 6 indicate maximum exposure. Since there was
no version of this questionnaire available in Persian or
specific to Iran, it was translated and back-translated by
experts, with its content validity confirmed by three inde-
pendent translators. Additionally, a pilot study evaluated
the internal consistency of the scale, yielding a Cron-
bach’s Alpha of 0.77, which is considered good.

Statistical analysis

The data were analyzed using SPSS (Version 26) and
AMOS software (Version 26). First, Pearson correla-
tion was employed to examine the basic relationships
between the variables. Given the presence of latent vari-
ables, such as adverse childhood experiences, emotional
reactivity, and PRL, we investigated the mediational
hypotheses using structural equation modeling (SEM) in
AMOS. Mediation was assessed through bootstrapping
procedures. To evaluate the adequacy of the fit indices,
we applied the criteria outlined by Kline [80].

Results
Demographic information and statistical variables at
baseline are presented in Table 1.

Table 1 shows that the majority of participants were
female, with either a diploma or secondary level of edu-
cation. Regarding their socio-economic and employ-
ment status, most subjects belonged to the middle class
and were unemployed. The reported mean scores for
the study variables indicated a high exposure to adverse
childhood experiences, low levels of probabilistic and
reinforcement learning, mild preparation for suicide, and
moderate emotional reactivity among the participants.
Furthermore, the skewness and kurtosis indices were
utilized to assess the normality of the data. Based on the
information presented in Table 1, the kurtosis and skew-
ness values range between —2 and+2, indicating that
all research variables exhibit a normal or nearly normal
distribution.
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As shown in Table 2, the range of correlations between
variables varied from 0.177 (between emotional sensitiv-
ity and actual suicide desire) to 0.770 (between desire to
die and preparation for suicide). All the correlation coef-
ficients were significant (p <0.05).

All the research variables have observed the normal-
ity hypothesis. One of the essential presuppositions in
the SEM method is the absence of extreme data. In this
regard, 9 individuals were removed and the final sample
size reached 201 (see Fig. 2). Moreover, multicollnear-
ity results are presented in Table 3. The table indicates
no collinearity present, as evidenced by the Eigenvalue
values being greater than zero. Additionally, there is no
collinearity among the measured variables, as suggested
by the Condition Index values; a value above 30 indicates
potential collinearity issues (Fig. 3).

The summary of the results of the goodness of fit indi-
ces for the indirect (full mediation model) and direct
structural models are reported in Table 4.

In Table 5, the direct structural model indicates that
adverse childhood experiences had a positive and signifi-
cant direct effect on the total score of suicidal ideation
(B=0.395, p<0.001). When examining the results from
the mediator structural model, it was found that adverse
childhood experiences also had a positive and signifi-
cant effect on emotional reactivity (p=0.481, p<0.001).
Additionally, the effect of adverse childhood experiences
on proximal relational loss (PRL) was negative and sig-
nificant (B=-0.704, p<0.001). The dimensions of emo-
tional reactivity positively and significantly affected
components of suicidal ideation (f=0.210, p=0.008),
while PRL was negatively and significantly associated
with suicidal ideation (p=0.194, p=0.034). Research
indicated that adverse childhood experiences did not
have significant associations with dimensions of suicidal
ideation (p=0.156, p=0.115). After incorporating the
mediating variables—emotional reactivity and past rela-
tionships (PRL)—the beta value decreased from 0.395
(derived from the direct structural model) to 0.156 (from
the mediational structural model) in the relationship
between adverse childhood experiences and suicidal ide-
ation. Therefore, unlike the direct model, the beta value
in the mediation model was not significant (p=0.115).
This suggests that the dimensions of PRL and emotional
reactivity mediated the relationship between adverse
childhood experiences and suicidal ideation. Further-
more, there was substantial evidence that PRL and emo-
tional reactivity significantly mediated the association.
As shown in Table 6, a sample of 1,000 individuals was
selected using the bootstrap method, resulting in a 95%
confidence interval. The findings indicated a significant
indirect effect of the adverse childhood experiences on
the dimensions of suicidal ideation, with a value of 0.238



Daneshvar et al. BMC Psychology (2025) 13:11 Page 9 of 15
Table 1 Demographic information and statistical variables at baseline for participants
Variable Participants (n=201)
M SD N (%) Kurtosis Skewness
Age (years) 35.98 9.58
Gender
Men 73 (36.3)
Women 128 (63.7)
Marital Status
Married 101 (50.2)
Single 100 (49.8)
Educational Attainment
Secondary Education 57 (284)
Diploma 68 (33.8)
Bachelor of Arts 67 (33.3)
Master of Arts 5(25)
Doctorate 4(2)
Socio-Economic Status
Low 42 (20.9)
Middle 116 (57.7)
High 37(184)
Very High 6 (3.0)
Employment Status
Employed 59 (294)
Unemployed 87 (43.3)
Housewife 50 (24.9)
University Student 5(2.5)
MACE-1Q 443 9.11 15 -1.40
PRT -16 32 -12 -92
BSSI 11.10 .70 -67 68
Desire to Die 424 3.05 A2 -1.02
Preparation for Suicide 4.59 4.65 63 -75
Actual Suicide Desire 227 2.99 1.39 1.37
ERS 58.50 1.60 -1.30 -30
Persistence of Emotional Reactivity 29.72 873 -49 -76
Intensity of Emotional Reactivity 20.80 6.53 .08 -30
Emotional Sensitivity 11.77 3.67 -37 -1.17

MACE-IQ Modified Adverse Childhood Experiences- International Questionnaire, PRT Probabilistic Reward Task, BSS/ Beck Scale for Suicidal Ideation, ERS Emotional

Reactivity Scale

and a standard error of 0.072 (p=0.003). Since the sig-
nificance level of the indirect effect is less than 0.05 and
the value of zero does not fall within the lower and upper
limits of the confidence interval (0.101 to 0.393), we con-
clude that this indirect effect is statistically significant.

Discussion

This study investigated the mediating role of emotional
reactivity and psychological resilience (PRL) in the rela-
tionship between adverse childhood experiences and sui-
cidal ideation in Iranian patients with Major Depressive
Disorder (MDD). Our results indicated that the proposed

model demonstrated a good fit. We found that adverse
childhood experiences, PRL, and emotional reactivity
were all significantly associated with suicidal ideation in
patients with MDD. Specifically, adverse childhood expe-
riences, emotional reactivity, and PRL had direct rela-
tionships with suicidal ideation. Furthermore, adverse
childhood experiences had a significant indirect associa-
tion with suicidal ideation through emotional reactivity
and PRL.

Greater adverse childhood experiences were directly
and significantly linked to increased suicidal ideation
among patients with Major Depressive Disorder (MDD).
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Table 2 Correlation among model variables
Variables 1 2 3 4 5 6 7 8 9
1- Adverse Childhood Experiences - A38%* A35%% 369%* -.704** 384 369%* 373%% A02%*
2- Emotional Sensitivity - 752%% J22%% -366** 316%* 296%* A77%* .288%*
3- Intensity of Emotional Reactivity - J16%* -350%* A7 352%% .290%* 345%%
4- Persistence of Emotional Reactivity - -283** 312%* 237%* 251 282%*
5- PRL -328%* -363** 385%* -386**
6- Desire to Die - J70%* 707% 893%*
7- Preparation for Suicide - 748%* 968**
8- Actual Suicide Desire - 913**
9- Suicidal ideation Total score -
N=201
™ P<.001
Table 3 Collinearity diagnostics
Model Dimension Eigenvalue ConditionIndex Variance Proportions
(Constant) Adverse Emotional Intensity of Persistence PRT
Childhood Sensitivity Emotional of Emotional
Experience Reactivity Reactivity
1 1 5.065 1.000 .00 .00 .00 .00 .00 01
2 740 2617 01 01 .00 .00 .00 43
3 104 6.984 .00 97 01 01 01 47
4 051 9.977 97 02 .02 .05 .05 .09
5 028 13457 .00 .00 09 16 93 .00
6 012 20.286 02 .00 .88 78 .00 .00

a. Dependent Variable: Suicidal ideation

This finding aligns with other studies that have explored
the impact of childhood trauma [15, 17, 18]. Previous
research indicates that individuals who have experienced
adverse childhood events tend to be more sensitive to
various stressors in adulthood [22]. Consequently, even
facing a minor stressor can trigger the onset of depres-
sion or suicidal thoughts and behaviors [17, 18].

Emotional reactivity played a significant and direct
role in increasing suicidal ideation among patients with
MDD. This finding is consistent with previous studies
[45, 50, 51]. Emotional reactivity influences how indi-
viduals respond to emotional stimuli. When faced with
stressful situations, high emotional reactivity can disrupt
cognitive and behavioral control, leading to maladaptive
responses, such as suicidal thoughts, as a means of escap-
ing undesirable emotional states [45]. Consequently, indi-
viduals with elevated emotional reactivity are more likely
to experience depressive symptoms, including suicidal
ideation, after encountering stressors [50, 51].

Our findings indicated that PRL, which is associated
with anhedonia in the context of positive valence systems,
showed a significant and direct link to suicidal ideation

in patients with MDD. This aligns with other studies
that have highlighted the substantial impact of anhedo-
nia [38]- particularly PRL [44], on suicidal thoughts and
behavior. According to Dombrovski and Hallquist [38],
deficiencies in multiple reward processing mechanisms,
such as impaired learning and reward valuation, can dis-
rupt decision-making in individuals who contemplate
suicide, ultimately increasing their suicide risk.

Adverse childhood experiences had a significant and
indirect association with suicidal ideation through
emotional reactivity. This finding aligns with previous
studies [81-83] that highlighted the mediating role of
resilience—one of the components of which is emo-
tional reactivity—in the relationship between the distress
caused by traumatic events and suicidal thoughts. In this
context, DeCou and Lynch [81] concluded that emotional
reactivity can represent a domain of resilience skills that
is directly involved in the connection between psycho-
pathological symptoms and suicidal ideation. Resilience
is defined as a set of characteristics that enable indi-
viduals to withstand stressors and mitigate mental dis-
tress [84]. Therefore, it can protect individuals from the
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Chi-square (df) = 34.797 (16);P value = .004 ;Relative Chi-Sq = 2.175;

GFIl = .961 ; CFl = .983; IFI= .984 ; TLI=.971; RMSEA = .077

Fig. 3 Standard coefficients of direct routes in the proposed model of suicidal ideation

Table 4 Goodness-of-fit measures for path analysis

Models x? df p ;jf GFI CFI IFI TLI RMSEA
>3 90> 90> 90> 90> >.08

Direct Model 4.84 2 088 242 989 994 994 983 084

Mediation Model 34.80 17 004 217 961 983 984 971 077

Table 5 The direct and mediation models of adverse childhood experiences on suicidal ideation

Model Path Unstandardized Standard Error Standardized Critical Values Sig.
Coefficient Coefficient

Direct Model Adverse Childhood Experience—>Suicidal Ideation .109 019 395 567 <.001

Mediation Model Adverse Childhood Experience—>Emotional 152 022 A81 6.87 <.001
Reactivity
Adverse Childhood Experience—>PRL -025 002 -704 -14.02 <.001
Adverse Childhood Experience—>Suicidal Ideation .043 027 156 1.58 115
Emotional Reactivity—> Suicidal Ideation 181 068 210 2.65 .008
PRL—>Suicidal Ideation -1.52 719 -194 =211 034
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Table 6 Summary of indirect results of changes based on the bootstrap method
Path Standardized Indirect Standardized Indirect Bootstrap Cl 95%
Effects Effects— Standard Errors
Lower Bounds Upper Bounds Two-Tailed
Significance
Adverse Childhood 238 072 101 393 003

Experience—>Suicidal Ideation

negative consequences of distressing events [85]. It can
be argued that individuals who experience adverse early
life events are more vulnerable to suicidal thoughts due
to weakened resilience and heightened emotional reactiv-
ity. Those with higher emotional reactivity often respond
to stressful situations by amplifying negative emotions
and interpreting events in a maladaptive manner. This
group tends to report increased external problems and
higher levels of depressive symptoms [48, 49]. Moreover,
early life experiences significantly shape how individu-
als interpret and cope with various circumstances later
in life. This aligns with the Stress Sensitization Model,
which suggests that early life stressors affect people’s
responses to future events [86, 87]. Adulthood is often
one of the most challenging phases of life, as individuals
encounter a range of stressful situations. Consequently,
those with adverse childhood experiences may be more
susceptible to these challenges due to their negative emo-
tional responses, potentially leading to suicidal thoughts
or even attempts.

Our findings indicated that adverse childhood experi-
ences have a significant indirect association with suicidal
ideation through PRL in depressed patients. This aligns
with the research conducted by Pechtel and Pizzagalli
[44], who examined reinforcement learning and mala-
daptive behaviors in women with a history of childhood
sexual abuse. They discovered that, regardless of prior
episodes of major depressive disorder (MDD), women
who reported a history of sexual abuse during childhood
exhibited various neural and behavioral deficits while
completing the Probabilistic Reward Task. Additionally,
suicidal behavior was associated with slower reaction
times in tasks that involved decision-making based on
motives. This suggests that adverse childhood experi-
ences may have a detrimental impact on an individual’s
cognitive abilities later in life. Such experiences can alter
a person’s overall outlook on life and affect learning pro-
cesses that rely on specific actions or stimuli to achieve
desired outcomes [88, 89]. Individuals with a history
of adverse early life experiences often believe that their
actions or behaviors will lead to negative outcomes.
Therefore, stable early care is essential for teaching
them how to respond appropriately to rewards [90-92].

Furthermore, encountering a stressor later in life can
worsen the effects of adverse childhood experiences on
learning and memory [93]. As a result, adults who have
experienced difficult childhoods may be more vulner-
able to stress and may generalize the negative attitudes
formed during their childhood to various situations. This
can lead them to perceive themselves as weak in the face
of challenges, potentially contributing to the develop-
ment of suicidal thoughts and behaviors as a means to
cope with such circumstances.

To the best of our knowledge, this study is the first to
propose a structural model that investigates the medi-
ating roles of emotional reactivity and probabilistic and
reinforcement learning (PRL) in the relationship between
adverse childhood experiences and suicidal ideation in
patients with MDD. Our findings have significant clinical
implications for clinicians working with MDD patients,
especially those who report a history of adverse child-
hood experiences. We emphasize the necessity of assess-
ing early-life trauma in patients with MDD. Additionally,
our study highlights the need for policies and practices
that raise awareness of childhood trauma within clinics
that treat MDD patients. Given the substantial propor-
tion of participants in our study who reported a history
of adverse childhood experiences, implementing such
policies and practices is essential. Furthermore, effective
evaluation methods will enable clinicians to design thera-
peutic programs that consider the importance of emo-
tional reactivity and reinforcement learning in patients
with a background of adverse early life experiences. High
emotional reactivity can be a significant risk factor for
negative outcomes, such as suicide, in adulthood, par-
ticularly for individuals with a history of adverse early life
experiences. This highlights the importance of develop-
ing interventions aimed at improving emotion regulation
skills, aiding recovery from negative responses to stress-
ors, and minimizing long-term disruptions in emotion
regulation among those suffering from Major Depressive
Disorder (MDD). Furthermore, clinical interventions that
enhance resilience skills can effectively help prevent the
consequences of traumatic experiences, such as suicidal
ideation, in people with a background of adverse early life
experiences.
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Limitation

The current findings should be interpreted with several
limitations in mind. First, most of the measures used in
this study relied on self-reports, which can introduce
bias. Second, other factors that were not explored in
this research, such as hopelessness—which is associated
with higher rates of suicidal ideation and attempts—
may have influenced the relationships observed [94,
95]. Third, since this study is cross-sectional, it is not
possible to draw conclusions about causality. Future
research should utilize longitudinal designs and com-
prehensive clinical trials to assess variables that could
affect these relationships and determine whether emo-
tional reactivity and PRL are risk factors for suicidal
ideation. Additionally, incorporating a concurrent lab-
oratory assessment of patients’ moment-to-moment
emotional reactivity in future studies would enhance
the construct validity of self-reported measures.
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