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Introduction

Family and childhood experiences play a critical role in shaping health and well-being
across the lifespan, exerting their influence through both genetic and psychosocial pathways. For
example, biological children of parents with mental health disorders face a heightened risk of
developing psychiatric conditions, also mirroring the specific diagnoses observed in their parents
(Uher et al., 2023). In addition to genetic vulnerabilities, parent-child interactions—particularly
parenting styles—can have lasting effects. A substantial body of research has demonstrated that
maladaptive parenting practices increase the risk of emotional and affective difficulties, especially
depression and anxiety (e.g., Enns, Cox, & Clara, 2002; Heider et al., 2008). Moreover, individuals
exposed to adversity during childhood or adolescence are more likely to experience both physical
and mental health problems in adulthood and face an elevated risk of premature mortality (Anda
etal., 2006; Bellis et al., 2015). Although the link between early life experiences and mental health
outcomes such as depression has been well established, increasing research underscores their
profound influence on emotional processing (McLaughlin, Weissman, & Bitran, 2019), with
growing attention now being directed toward the underlying neural correlates (Luck, 2012).

Among the various neurophysiological measures employed in this area, the Late Positive
Potential (LPP) ranks as one of the most promising (Dell’ Acqua et al., 2023; Moretta & Messerotti
Benvenuti, 2023; Weinberg, 2022). The LPP is a component of the event-related potential (ERP),
characterized by a positive deflection in the EEG signal associated with emotional processing.
Emotionally evocative images—whether pleasant or unpleasant—elicit a greater LPP amplitude
compared to neutral images, typically emerging 300 milliseconds after stimulus onset and most
prominently observed over the centroparietal cortex (e.g., Hajcak, MacNamara, & Olvet, 2010;

Moretta, Dal Bo, Dell’Acqua, Messerotti Benventui, & Palomba, 2021). The LPP has been
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interpreted as a neural marker of sustained attention to motivationally significant stimuli and its
heightened reactivity to pleasant or unpleasant images is thought to reflect engagement of the
Positive Valence Systems and Negative Valence Systems (Dell’Acqua et al., 2023), respectively,
as defined by the National Institute of Mental Health’s Research Domain Criteria (RDoC; Insel et
al., 2010).

Robust evidence indicates that a parental history of mental disorders—particularly
depression—is associated with blunted LPP responses to pleasant images (Moretta & Messerotti
Benvenuti, 2023; Nelson et al., 2015). For example, Kujawa et al., 2012 found that individuals
without depressive symptoms but with a family history of depression exhibited reduced P300-
LPP! amplitude in response to pleasant images and showed similar P300-LPP amplitude for
pleasant and neutral stimuli. In contrast, this pattern was not observed in control participants
without a family history of depression. However, findings regarding LPP responses to unpleasant
images are mixed. While the studies mentioned above reported reduced LPP amplitudes in
response to unpleasant stimuli, Speed et al. (2016) found that individuals with a familial history
of depression exhibited enhanced LPP responses to unpleasant stimuli,

Beyond familial predisposition to depression, the quality of children's early interactions
with their caregivers plays a crucial role in their future life outcomes (e.g., McAdams et al.,
2017, Whitton et al., 2015). Compared with adults low in attachment anxiety, adults
characterized by anxious attachment styles had larger LPP in response to unpleasant pictures,
suggesting that attachment tendencies formed in childhood may relate to later emotional

reactivity as indexed by the LPP (Zilber, Goldstein, & Mikulincer, 2007). More recently,

! Recent frameworks, supported by both conceptual and empirical research, argue that the P300 and LPP may not be
entirely separate components (Hajcak & Foti, 2020). Instead, they may reflect overlapping or even identical
neurocognitive processes, modulated by factors such as stimulus significance, attention, emotional content, and
motivational relevance.
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Geminiani and de Falco (2024) found that, compared to men, women who reported greater
childhood rejection by their fathers exhibited a more attenuated LPP amplitude in response to
emotional (i.e., happy and sad) faces than to neutral faces.

Finally, the LPP to emotional stimuli appears to be a function of a history of adverse
childhood experiences, which are defined as early exposures to maltreatment and household
dysfunction (often with a cutoff at 18 years of age; Norman et al., 2012; Rowell & Neal-Barnett,
2022). Adult individuals with a history of adverse childhood experiences exhibit reduced
sensitivity to unpleasant images and a diminished ability to distinguish them from neutral images
(Clarke, Riser, & Schmidt, 2024; Long et al., 2024). On the other hand, the LPP is enhanced in
those who experienced childhood maltreatment, particularly when exposed to faces displaying
increasing intensities of fear, suggesting heightened sensitivity to subtle variations in potentially
threatening stimuli (Sandre et al., 2018). More recently, Dell’ Acqua and colleagues (2025) found
that a higher number of adverse childhood events was associated with increased P300-LPP
reactivity to unpleasant stimuli, and showed a marginally significant association with reduced
reactivity to pleasant stimuli. This further reinforces the hypothesis that adverse childhood
experiences may be linked to altered affective responding, characterized by heightened reactions
to unpleasant stimuli and/or attenuated responses to pleasant stimuli.

Despite a growing body of literature, several key issues remain unresolved. First,
although evidence indicates an association between early experiences and emotional
processing—as indexed by the LPP—it remains unclear whether these effects are primarily
driven by familial predispositions to psychopathology (e.g., family history of depression),
specific parenting practices, or exposure to adverse childhood experiences, all of which are

typically interrelated. For instance, parental lifetime depression has been associated with lower
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parental care (Berg-Nielsen et al., 2002), with an epidemiological, multi-informant, retrospective
study suggesting that this could have a genetic base (Kendler et al., 1997). Furthermore, a family
history of depression, along with cold and intrusive parenting, has been linked with an increased
risk of experiencing maltreatment, neglect, and sexual abuse (Gladstone & Parker, 2002; Rowell
& Neal-Barnett, 2022). To our knowledge, no study to date has simultaneously examined the
specific effects of familial history of depression, parenting style, and adverse childhood
experiences on LPP responses to emotional stimuli within the same sample.

Second, although reduced LPP responses to pleasant stimuli are well-documented in
individuals with familial or childhood risk factors (e.g., Geminiani et al., 2024; Moretta et al.,
2023), findings regarding LPP amplitude to unpleasant stimuli remain inconsistent. Some studies
report attenuated responses among those with a family history of depression (e.g., Kujawa et al.,
2012; Moretta et al., 2023), whereas others find increased reactivity (e.g., Speed et al., 2016).
Similarly, among individuals exposed to childhood adversity, some evidence suggests
heightened sensitivity to threat-related cues (e.g., Dell’Acqua et al., 2025; Sandre et al., 2018),
while other studies report blunted or undifferentiated responses to unpleasant emotional content
(e.g., Clarke et al., 2024). Although research examining the association between parenting style
and LPP responses in adults is still limited, preliminary findings suggest a tendency toward
reduced LPP amplitudes to emotional stimuli (Geminiani et al., 2024). Collectively, these mixed
results raise important questions about whether familial and childhood vulnerability contribute to
consistent patterns of hyperreactivity, hyporeactivity, or broader emotional dysregulation in
response to unpleasant stimuli.

Our study examined the unique contributions of three early vulnerability factors—

familial history of depression, parenting style, and adverse childhood experiences—to the
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neurophysiological processing of emotional stimuli, indexed by the LPP. Specifically, we tested
the following two hypotheses. First, based on prior research, we hypothesized that these factors
(e.g., presence of familial history for depression, low levels of parental caring and high levels of
parental overprotection, as well as higher levels of adverse childhood events) would be
associated with reduced LPP amplitude to pleasant images. Given the mixed evidence regarding
unpleasant stimuli, we anticipated altered LPP responses but could not specify whether these
would be heightened (i.e., Dell’Acqua et al., 2025; Speed et al., 2016) or blunted (i.e., Clarke et

al., 2024; Long et al., 2024).

Method

Participants

A group of 109 individuals - recruited through in-class announcements in various
psychology courses taught at the Department of Life Sciences of the University of Trieste (Italy),
in exchange for research credit — participated in the experiment. The final sample for the present
study includes 81 participants (N = 58 female, 71.6%), between the ages of 18 and 42
(M =22.1, SD = 3.64). The vast majority of participants (96.5%) reported having Italian
nationality and self-identified as single (90.4%). Only a small proportion were living with a
partner (7.4%) or engaged (2.2%). Gibney et al. (2019) demonstrated that, for small effect
magnitudes (<1 pV), achieving statistical power above 80% requires a sample size of more than
50 participants and at least 10 trials per condition.

To isolate the influence of developmental vulnerabilities, individuals currently
experiencing clinical depression were excluded, given robust evidence linking major depressive

episodes to altered LPP responses (Stone et al., 2025). Diagnostic status was established using a
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multi-method approach, combining a structured clinical interview with a self-report measure of
depressive symptoms (Dell’Acqua et al., 2024).

To ensure that the participants in the final sample did not meet the criteria for a major
depressive disorder, we selected students with a score lower than 13 at the Beck Depression
Inventory-I1 scale (BDI-11; Ghisi et al., 2006), and simultaneously without an ongoing mood
disorder as determined with the Structured Clinical Interview for DSM-5 (SCID-5-Research
Version; First, Williams, Karg, & Spitzer, 2015). Additional exclusion criteria included the
presence of epileptic episodes, a history of brain surgeries, claustrophobic disorder, a diagnosis
of a mental disorder, and substance abuse. In total, 21 participants were excluded based on
depression symptoms or diagnosis; seven participants were excluded for various reasons: two
due to excessive EEG artifacts, three due to incongruent image valence/arousal ratings, one due

to incongruent responses on clinical scales, and one who preferred not to report their gender.

Procedure

Three days before the in-person session in the laboratory, participants responded to a
series of online questionnaires (detailed in the section below, "Measures™), which took
approximately 30 minutes to complete. This is also when they provided their informed consent to
participate in the study. On the day of the session, participants were administered the SCID-5
interview and the FHS (Family History Screen; Weissman et al., 2000), followed by the EEG
recording session, for a total duration of approximately two and a half hours. The study was

approved by the Local Research Ethics Committee (ref. number: 137/22012024).

Psychological measures
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Self-report questionnaires

Participants were asked to complete a series of online questionnaires and in-person
interviews including:

Parental Bonding Interview (PBI; Scinto et al., 1999). The PBI is an assessment tool
that measures a person’s perceptions of his/her parents' behavior during the first 16 years of life.
It was developed to assess the quality of parent-child relationships and their potential impact on
mental health. The questionnaire comprises 25 items divided into two scales, overprotection (13
items) and care (12 items). Items assessing maternal and paternal parenting styles were rated on a
4-point Likert scale, ranging from 0 ("Very unlike') to 3 ("Very like'). In our study, we considered
both dimensions (i.e., overprotection and care) at the parental level, rather than analyzing each
parental figure individually.

Adverse Childhood Experiences Questionnaire (ACE-Q; Felitti et al., 1998). The
ACE-Q is a questionnaire consisting of 10 binary items developed to capture the scope of
traumatic experiences during childhood. It covers two main domains: abuse and household
dysfunction. These are further categorized into psychological, physical, and sexual abuse, as well
as household issues such as substance abuse, mental illness, and domestic violence directed at
the mother. Sample items include: “While you were growing up, during your first 18 years of
life, did a parent or other adult in the household often or very often swear at, insult, or put you
down?” (psychological abuse), and “Did you live with anyone who was a problem drinker or
alcoholic?” (substance abuse).

Beck Depression Inventory - 2nd Edition (BDI-11; Ghisi et al., 2006). The 21-item
BDI-II is a widely used self-report measure of depression. Respondents rate their feelings over

the past 2 weeks on a 0-3 scale for each item; the total score ranges from 0 to 63, with higher
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scores indicating more severe symptoms. The severity of depressive symptoms is usually
categorized into four levels: scores of 0—13 suggest minimal or no depression, 14-19 indicates
mild depression, 20-28 reflects moderate depression, and 29-63 represents severe depression. As

noted above, we used a stringent cutoff of 13 points as an inclusion criterion for this study.

Interviews

Family History Screen (FHS; Weissman et al., 2000). The FHS is a structured
questionnaire designed to assess the presence of mental disorders in family members by
collecting information about psychiatric history in first-degree relatives (parents, siblings, and
children). Participants were instructed to be as clear and detailed as possible regarding the
potential diagnoses received by relatives. In our study, we specifically evaluated the presence of
a first-degree relative with a history of depression, based on formal diagnoses, use of
medications, and/or hospitalizations as reported by participants.

Structured Clinical Interview for DSM-5 Research Version (SCID-5-RV; First,
Williams, Karg, & Spitzer, 2015). The SCID-5-RV is a semi-structured diagnostic interview
designed specifically for research purposes. We administered only the mood disorders section of
the interview in order to determine if the participants met the diagnostic criteria for an ongoing
depressive episode. For a diagnosis of major depressive disorder, individuals must report at least
five of the nine criteria listed (e.g., depressed mood, loss of interest, fatigue, feelings of
worthlessness), with at least one being either depressed mood or anhedonia, persisting nearly

every day for a minimum of two weeks.

Experimental task
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Participants were seated in a dimly lit, sound-attenuated room. Forty-two color images
from the International Affective Picture System (IAPS; Lang, Bradley, & Cuthbert, 2008) were
presented, comprising 14 pleasant images (e.g., erotic and affiliative content), 14 unpleasant
images (e.g., violence and threatening animals), and 14 neutral images (e.g., objects and people
with neutral facial expressions). Stimuli were selected based on standardized arousal ratings to
ensure equivalence between pleasant and unpleasant images (pleasant: M + SD = 6.5 + 0.3;
unpleasant: M + SD = 6.2 £ 0.6; p = .11), both of which were significantly more arousing than
neutral images (neutral: M + SD = 3.1 £ 0.5, all ps <.001). To maximize psychophysiological
responses, only highly arousing pleasant and unpleasant images were included. Images were
presented in a semi-randomized order to prevent consecutive presentation of emotionally similar
S1-S2 pairs. Before the main task, three practice images were shown. Each image appeared for
2,000 ms, subtending approximately 15 x 20 degrees of visual angle, and was presented in a
randomized sequence across two blocks of 42 trials, with each image shown twice. A fixation
cross was displayed for 2,000 ms prior to each image. Participants were instructed to maintain
gaze at the center of the screen.

Upon completion of the passive viewing task, the 42 images (14 per emotional category)
were presented again in randomized order. Participants provided ratings of emotional valence
and arousal using two computerized 9-point Self-Assessment Manikin (SAM) scales (Bradley et
al., 1994). The SAM is a widely validated pictorial assessment technique that employs stylized
manikin figures to capture affective responses along two dimensions. For the valence scale,
figures range from a frowning, unhappy character (1 = very unpleasant) to a smiling, happy
character (9 = very pleasant). For the arousal scale, figures range from a relaxed, eyes-closed

character (1 = very calm) to an excited, wide-eyed character (9 = very aroused).
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Electroencephalographic recordings

The system used for the EEG data acquisition was composed by a SynAmp amplifier
(Compumedics Neuroscan, El Paso, USA) and a computer running SCAN 4.3.1 software. The
EEG was recorded using an elastic cap (Spes Medica S.p.A. — Italy) with 28 silver electrodes
(Ag/AGCI) arranged according to the 10-20 international system (Fp1, Fp2, F7, F3, F4, F8, FT7,
FC3, FC4, FT8, T3, C3, Cz, C4, T4, TP7, CP3, CP4, TP8, T5, P3, Pz, P4, T6, O1, Oz, O2, and
M1 and M2 [mastoids]), referenced online to Fz. Eye movements and blinking were monitored
by recording vertical and horizontal electrooculograms (EOG) using a bipolar montage. The
electrode pairs were placed in the supraorbital and suborbital areas of the right eye and in the
outer canthus of the eyes. The impedance of each electrode was kept below 5 kQ. The EEG and
EOG signals were amplified with the SynAmp amplifier, filtered with a bandpass filter (0.1-40

Hz), and digitized at 1000 Hz.

Data preprocessing

The EEG signal was downsampled to 500 Hz and re-referenced offline to the linked
mastoids as implemented in EEGLAB (Delorme & Makeig, 2004). Further analysis was
performed using Brainstorm (Tadel et al., 2011). Data were band-pass filtered from 0.1 to 30 Hz
and corrected for blink artifacts using independent component analysis (ICA). Then, EEG signal
was epoched into 5000 ms segments (from -2000 ms until 3000 ms after stimulus onset). The
signal was then baseline-corrected from -250 -50 ms before stimulus. A semiautomatic
procedure was employed to detect and reject artifacts. The criteria applied was a voltage

difference of 200 pV. Visual inspection of the data was then conducted to detect and reject any
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remaining artifacts. On average, 12% of epochs (corresponding to an average of 3.3 out of 28)
were discharged for unpleasant conditions, 11% (corresponding to an average of 3.1 out of 28)
for neutral conditions, and 12% (corresponding to an average of 3.4 out of 28) for pleasant
conditions. The ERP time windows and electrodes were chosen based on topographical
visualization of the grand average of the three categories and to be consistent with previous
studies (see figures 1 and 2).

Previous studies indicate that the LPP is maximal at centroparietal sites (e.g., Cuthbert,
Schupp, Bradley, Birbaumer, & Lang, 2000; Hajcak, Weinberg, MacNamara, & Foti, 2012).
Visual inspection of grand averages across all participants confirmed these findings in the
current sample, showing differentiation in the central, centroparietal, and parietal areas (see
figure 1). Thus, the LPP was calculated as the mean amplitude between 300 and 700 ms for each

of the following electrodes C3, Cz, C4, CP3, CP4, P3, Pz, and P4 (see figure 2).



DEVELOPMENTAL INFLUENCES ON NEURAL RESPONSES TO EMOTIONAL STIMULI

Microvolt

Microvolt

Microvolt

(=]

[0}

10

10

C3 (74 C4
-5 -5
0 0
5 5
10 10
0.5 1 1.5 0 0.5 1 15 0 0.5 1 15
CP3 CP4
-5
=== pleasant
== neutral ¢
= Unpleasant
5
10
0.5 1 1.5 0 0.5 1 15
P3 Pz P4
-5 -5
0 0
5 L}
10 10
0 0.5 1 1.5 0 0.5 1 15 0 0.5 1 1.5
Time (s) Time (s) Time (s)

Figure 1. Grand average waveforms for the neutral, pleasant, and unpleasant stimuli from central and
parietal electrodes used in the analysis.
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Figure 2. Headmaps displaying the scalp distribution for the neutral, pleasant, and unpleasant stimuli during
the time interval from 300 to 700 ms following picture presentation.
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Statistical analysis

First, descriptive statistics and Pearson's correlations were calculated for the study
variables. Repeated measures ANOVA were carried out for valence (pleasant, neutral or
unpleasant) as a within-subject factor for self-reported SAM (self-assessment manikin) valence
and arousal ratings.

Subsequently, to verify whether emotional valence affected the emergence of a LPP at
centroparietal sites, a linear mixed-effects model was performed on the mean amplitude of the
ERP in the selected time window (300—700 ms). The model included the participant as a random
intercept, valence (pleasant, neutral, or unpleasant) as a fixed factor, and sex as a covariate.
Electrode area (central, parietal, or centroparietal) was also included as a fixed factor.

To examine the effects of adverse childhood experiences, family history, and parental bonding
(i.e., ACE, FHS, PBI Care and PBI Overprotection self-reports) on neural responses to emotional
versus neutral images, we calculated residualized differences in LPP rather than difference
scores based on subtraction for pleasant, unpleasant and neutral conditions. This was achieved by
regressing LPP to pleasant/unpleasant images on LPP to neutral images, then saving the
unstandardized residuals from the model (i.e. LPP residual). This is consistent with recent
recommendations (Meyer, Lerner, De Los Reyes, Laird & Hajcak; 2017), given their ability to
isolate unique variance in the pleasant and unpleasant LPPs that is not accounted for by the
individual differences in the neutral LPPs. Due to the differentiation observed in the central,
centroparietal, and parietal areas, LPP residuals were calculated in the present study using
separate regressions for each of the following electrode location areas: central, parietal, and

centroparietal.
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The main aim of the present study was to examine the association between emotional
processing and FHS, ACE, PBI Care and PBI Overprotection. To this end, four separate linear
mixed-effects models were conducted, with LPP residual scores serving as the dependent
variable. All models included the participant as a random intercept and specified condition
(pleasant versus unpleasant image), one of the four family and childhood variables, and their
interaction as fixed factors. The potential confounding effects were controlled for by including
the following covariates: sex; and the three remaining family and childhood variables. All
continuous variables were centered and scaled before being entered into the model. The Variance
Inflation Factor (VIF) index was used to detect multicollinearity. As a general guideline, VIFs
exceeding 4 require further investigation, while values above 10 suggest severe multicollinearity.
A Bonferroni correction was used for post hoc comparisons.

In addition to the frequentist analytical approach, a Bayesian analysis was also carried
out. This involved calculating the Bayes Factor (BF10), which is a continuous statistical index
that quantifies the evidence in favor of the alternative over the null hypothesis. A BF1o value of
>3 or >10 is substantial and strong evidence for the alternative hypothesis, while a value of <.33
or <.10 is substantial and strong support for the null hypothesis. Values of .33 < BFio < 3 are
considered anecdotal (Jarosz & Wiley, 2014).

The “Ime4” (Bates et al., 2015) and “ImerTest” (Kuznetsova et al., 2017) R packages
were used to perform linear mixed-effects modelling and extract approximate p-values for the
fixed parameters. The “BayesFactor” R package (Morey & Rouder, 2018) was used to compute
the Bayes Factor indices, setting the prior odds to default values (i.e., rscaleFixed = "medium",
rscaleRandom = "nuisance", rscaleCont = "medium"). The p-values reported for all the analyses

were based on a two-tailed alternative hypothesis.
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Results
Psychological measures and self-report ratings of valence and arousal

Table 1 reports the descriptive statistics and correlations of the study variables.

As indicated, having a first-degree relative with depressive symptoms was associated with both
perceived overprotective parenting behavior and exposure to adverse events during childhood, as
well as lower perceived parental caring behavior. While these relationships were of medium
magnitude, only the correlation with overprotective parenting behavior met the criterion for
statistical significance (r = .31, p =.009, see Table 1). Furthermore, exposure to potentially
adverse events during childhood was positively and significantly associated with perceived
overprotective parenting behavior (r = .38, p <.001), and negatively and significantly associated
with perceived parental caring behavior (r = -.34, p <.001). These last two variables were, in
turn, negatively and significantly associated (r = -.38, p <.001). The LPP residual score in
response to unpleasant images was negatively correlated with perceived parental caring behavior
(r=-.18, p =.045). Finally, the LPP residual scores in response to pleasant and unpleasant
images were significantly and positively correlated (r = .45, p <.001).

The SAM valence and arousal ratings for each picture category of the selected IAPS are
shown in Table 2, As expected, unpleasant pictures were rated significantly lower than neutral
and pleasant pictures. Pleasant pictures were rated significantly higher than neutral ones (all
Bonferroni p <.001). Arousal ratings were higher for pleasant and unpleasant pictures than
neutral ones (all Bonferroni p <.001). However, participants found unpleasant pictures more

arousing than pleasant pictures. (Bonferroni p = .03).

ERP findings: Picture valence and LPP modulation
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Consistent with previous findings, the analysis of linear mixed models revealed a
significant main effect of the picture category on the modulation of LPP (F(2, 1855) = 226.25, p
<0.001). The LPP amplitude was larger for the unpleasant pictures (M = 6.19 mV, SD = 4.39)
than for the neutral pictures (M =2.53 uV, SD =4.04; t(1855) = 20.58, Bonferroni p <.001) and
pleasant pictures (M =5.17 uV, SD =4.30; t(1855) = 5.64, Bonferroni p <.001). The LPP was
also larger for pleasant compared to neutral pictures (t(1855) = 14.95, Bonferroni p < .001).
Furthermore, a main effect of electrode location area emerged (F(2, 1855) = 560.94, p < .001),
such that the LPP was larger for parietal electrodes (M = 7.31 mV, SD = 4.52) than for
centroparietal electrodes (M = 4.78 mV, SD = 3.83; t(1855) = 13.86, Bonferroni p <.001) and the
central electrode location (M = 1.85 mV, SD = 3.82; t(1855) = 33.47, Bonferroni p <.001). The
LPP was also larger for the centroparietal electrode location than for the central electrode
location (t(1855) = 16.08, Bonferroni p <.001). The interaction between picture category and

electrode area was not statistically significant (F(4, 1855) = .33, p = .856).

ERP findings: The influence of family and early life experiences on emotional processing

Table 3 shows the results of the four mixed-effects models that determined LPP
residuals from FHS, ACE, PBI Care and PBI Overprotection in interaction with condition, i.e.,
pleasant versus unpleasant image stimuli.

Regarding the FHS, the model showed a significant main effect of condition: the LPP
residual amplitude increased (B = .13, SE = .04, p = .004; see Table 3a) when moving from
unpleasant to pleasant images. However, the estimated BF1o value of 0.16 suggests that the data
argue against the presence of a main effect. Furthermore, a significant interaction with condition

emerged whereby having first-degree relatives with depression was associated with decreased
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LPP residual amplitude in response to pleasant images, and increased LPP residual amplitude in
response to unpleasant images ( = -.35, SE = .07, p <.001; see Fig. 3 and Table 3a). When the
presence of this interaction term was examined by estimating a Bayes factor, a BF1g greater than
100 suggested that the data strongly favored including the term in the model rather than
excluding it.

A similar interaction pattern emerged for the continuous ACE predictor, such that
higher ACE scores were associated with higher LPP residual amplitude for unpleasant images
and a lower response to pleasant stimuli (f = -.10, SE = .04, p =.007; see Fig. 3 and Table 3b).
An estimated BF1o of 3.97 suggested that the data substantially supported the inclusion of the
interaction term in the model rather than its exclusion.

A statistically significant main effect emerged for the PBI Care continuous scale,
whereby increasing values were associated with a decrease in LPP residual amplitude (B = -.21,
SE = .10, p = .04, see Table 3c). This effect was further qualified by a statistically significant
interaction with condition (f =.11, SE =.04, p =.002; see Table 3c): the decrease in neural
response was more pronounced for unpleasant images (see Fig. 3 and Table 3c). When these
effects were examined using a Bayes factor, the estimated BF1o of 0.25 suggests that the data do
not support the presence of a main effect of PBI Care. In contrast, a BF1o of 9.89 substantially
favored including the interaction between PBI Care and condition in the model.

Finally, no statistically significant linear coefficients emerged from the PBI
Overprotection model (see Figure 3 and Table 3d). Moreover, Bayes factors provided substantial
support for excluding them from the model. All VIF values range between 1 and 1.60 (M =

1.20), suggesting that there were no signs of multicollinearity among the predictor variables.
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Discussion

This study sought to clarify how a family history of depression, parenting style, and adverse
childhood experiences uniquely contribute to the neurophysiological processing of emotional
stimuli, as indexed by the Late Positive Potential (LPP). In line with prior research, our results
suggest that developmental risk factors are linked to alterations in the processing of both pleasant
and unpleasant stimuli, underscoring the enduring influence of family and early-life experiences
on neural responses to motivationally significant information.

Our first hypothesis, predicting reduced LPP amplitude to pleasant images in participants
with early vulnerability factors, received overall support. In particular, both a family history of
depression and higher ACE scores were associated with lower LPP amplitudes in response to
pleasant images, as compared to neutral ones. These findings are consistent with previous evidence
demonstrating attenuated neural reactions to positive stimuli in populations at risk for depression,
even when no current depressive symptoms are present (Kujawa et al., 2012; Moretta & Messerotti
Benvenuti, 2023). Such reduced responsiveness to positive cues may signal decreased activation
within the Positive Valence System, suggesting a potential neurophysiological marker of
susceptibility to mood disorders (Dell’ Acqua et al., 2023).

Regarding unpleasant stimuli, the findings showed the opposite trend: both a family history
of depression and higher ACE scores were linked to greater residual LPP amplitudes. This suggests
that individuals with these early vulnerability factors exhibit heightened neural sensitivity to
negative or threatening cues, in line with prior evidence of hyperreactivity to aversive stimuli
following childhood adversity (Dell’Acqua et al., 2025; Sandre et al., 2018). Overall, the results
point to a dual pattern of emotional processing in at-risk individuals—marked by reduced

reactivity to pleasant stimuli and amplified responses to negative ones. Such a profile may underlie
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greater susceptibility to affective dysregulation and the emergence of depressive symptoms later
in life.

Parental bonding was also significantly related to LPP amplitude. Greater perceived
parental care was associated with overall reductions in LPP amplitude, an effect that was especially
evident for unpleasant stimuli. This pattern may indicate a protective influence of positive
parenting, helping to buffer against heightened neural reactivity to negative emotional cues.
Notably, overprotective parenting was not significantly associated with LPP modulation,
suggesting that the warmth and care provided in the parent—child relationship may play a more
critical role in shaping emotional neural responses than controlling or intrusive behaviors. These
findings are consistent with prior evidence linking supportive and secure caregiving to more
adaptive emotional processing in adulthood (Geminiani & de Falco, 2024; McAdams et al., 2017).

Importantly, our findings help clarify inconsistencies in prior research on LPP responses
to unpleasant stimuli. Previous studies have yielded mixed evidence, with some reporting
attenuated responses (Kujawa et al., 2012; Clarke et al., 2024) and others showing heightened
reactivity (Speed et al., 2016; Dell’Acqua et al., 2025). The present results suggest that such
discrepancies may stem from the specific type of early vulnerability under consideration: while
familial risk and adverse childhood experiences appear to amplify neural sensitivity to negative
stimuli, parental care may exert a buffering effect that dampens this reactivity. These findings
highlight the need to account for multiple developmental influences concurrently when examining
emotional processing.

Our findings also carry important clinical implications. The current results indicate that
although the subjective emotional experience may remain intact, subtle psychophysiological

changes in emotional processing can already be detected at an early stage in individuals at risk for
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depression. This highlights the importance of an integrated assessment, combining subjective (e.g.,
self-reports and clinical interviews) and psychophysiological measures to better identify the
affective  mechanisms underlying depression risk. Furthermore, identifying early
psychophysiological indicators of altered emotional responses opens the way for precision
preventive interventions specifically targeting dysfunctions within the Positive Valence System
and Negative Valence System of the Research Domain Criteria (RDoC). For example, behavioral
activation and positive affect treatment can strengthen engagement with pleasant stimuli (Craske
et al., 2024; Cuijpers et al., 2007; Hanuka et al., 2023; Kryza-Lacombe et al., 2021; Stein et al.,
2021), while cognitive bias modification can be employed to reduce responses to unpleasant
stimuli. Finally, our results underscore the potential protective role of positive parental bonding.
High parental care was associated with reduced neural reactivity to unpleasant stimuli, suggesting
that warmth and emotional availability in caregiving relationships may foster more balanced
emotional processing. From a preventive perspective, this highlights the importance of promoting
supportive parenting practices and parent-child emotional attunement in early interventions.

Several limitations should be noted. First, while the sample size was sufficient to detect
small-to-medium effects, the predominance of young, female, university students may restrict the
generalizability of the findings. Second, the use of retrospective self-report measures for ACEs
and parental bonding raises the possibility of recall bias, although this concern is partly offset by
the employment of well-validated instruments such as the PBIl and ACE. Third, the cross-sectional
design limits causal interpretation; future longitudinal research is necessary to determine how early
vulnerabilities interact over time to influence neural processing of emotional stimuli.

In conclusion, this study shows that familial and childhood risk factors have distinct yet

complementary influences on neural responses to emotional stimuli. A family history of depression
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and higher ACE scores were linked to diminished responsiveness to positive cues and heightened
reactivity to negative ones, whereas greater parental care appeared to buffer against excessive
sensitivity to unpleasant information. Together, these findings highlight the lasting impact of early
experiences on emotional processing and emphasize the need to consider multiple developmental

pathways when examining vulnerability to affective disorders.
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Table 1. Descriptive statistics and Pearson correlations among study variables.

Correlations:

FHS - 1

ACE - 2

PBI Overprotection - 3
PBI Care - 4

LPP residual (unpleasant) - 5
LPP residual (pleasant) - 6
Descriptives:

Mean(%)

SD(%)

Min

Max

Skew

1 2 3 4 5 6
0.20° -
0.31%** 0.38*** -
-0.212 -0.34***  -0.38*** -
0.142 0.05 -0.03 -0.18* -
-0.09% -0.06 -0.04 -0.08  0.45*** -
(35.8%) 1.68 23.70 36.02 0.00 0.00
(5.3%) 1.55 6.59 6.69 3.38 2.98
- 0.00 13.00 20.00 -5.89 -6.44
- 8.00 41.50 47.00 10.66 9.24
- 1.26 0.46 -0.68 0.64 0.44

Note: Abbreviations: FHS = Dichotomic (0 = No; 1 = Yes): presence of a first-degree relatives
with depression; ACE = Adverse Childhood Experiences; PBI = Parental Bonding Interview:
overprotection and care scales; LPP residual = Unstandardized residuals from linear regressions,
with neutral LPP values as the predictor variable and emotional LPP values as the dependent
variable. ? Point-biserial correlations. Statistical significance: * p <.05, ** p <.01, *** p <.001.
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Table 2. Descriptive statistics and ANOVA results for the valence and arousal ratings for each
picture category.

Unpleasant a
(1) Neutral (2) Pleasant (3) ANOVA Post-hoc
Arousal
M(SD) 5.91(1.75)  2.92(1.28) 5.49(1.75) F(2,160) = 188.02, p<.001  1>3>2
Valence

M(SD) 2.75(0.96)  4.96(0.58) 6.96(1.11) F(1.76,141.27) =530.52, p <.001  1<2<3

Note: 2 The results of the post hoc comparisons were statistically significant at the p <.05 level,
after correction for Bonferroni.



DEVELOPMENTAL INFLUENCES ON NEURAL RESPONSES TO EMOTIONAL STIMULI

Table 3. Linear mixed-effects model parameters examining associations between emotional
processing, measured by LPP residual and family history, adverse childhood experiences, and

parental bonding.

(a) Model FHS: psychiatric history in first-degree relatives (parents, siblings, and children)

p_
Predictors: Beta SE df t value BF10 Support
Condition(Pleasant)? 0.13 0.04 1213.00 2.88 0.004 0.16 HO
FHS(Yes) 021 0.20 8041 1.06 0.291 0.31 HO
Condition(Pleasant) x FHS(Yes)  -0.35 0.07 1213.00 -4.81 0.000 6284.75 H1
Covariates:
ACE -0.02 0.10 75.00 -0.23 0.817 0.44 Anecd.
PBI_Care -0.16  0.10 75.00 -158 0.118 1.20 Anecd.
PBI_Overp. -0.08 0.10 75.00 -0.80 0.429 0.50 Anecd.
Sex(M) -0.07 0.20 75.00 -0.35 0.730 0.34 Anecd.
(b) Model ACE: Adverse Childhood Experiences
p-
Predictors: Beta SE df t value BF10 Support
Condition(Pleasant)? 0.00 0.04 1213.00 0.00 1.000 0.05 HO
ACE 0.02 0.10 79.70 0.24 0.811 0.25 HO
Condition(Pleasant) x ACE -0.10 0.04 1213.00 -2.71 0.007 3.97 H1

Covariates:
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FHS(Yes) 003 019 7500 0.18 0.861 048  Anecd.
PBI_Care -0.16 0.10 75.00 -158 0.118 1.16  Anecd.
PBI_Overp. -0.08 0.10 75.00 -0.80 0.429 059  Anecd.
Sex(M) -0.07 020 7500 -0.35 0.730 0.28 HO
(c) Model PBI: quality of parent-child relationships - "Care"
p-
Predictors: Beta SE df t value BF10 Support
Condition(Pleasant)? 0.00 0.04 1213.00 0.00 1.000 0.05 HO
PBI_Care -0.21 0.10 79.73 -2.08 0.040 0.25 HO
Condition(Pleasant) x PBI_Care 0.11 0.04 1213.00 3.03 0.002 9.89 H1
Covariates:
FHS(Yes) 0.03 0.19 75.00 0.18 0.861 0.47 Anecd.
ACE -0.02 0.10 75.00 -0.23 0.817 1.16 Anecd.
PBI_Overp. -0.08 0.10 75.00 -0.80 0.429 0.59 Anecd.
Sex(M) -0.07 0.20 75.00 -0.35 0.730 0.28 HO
(d) Model PBI: quality of parent-child relationships - "Overprotection”
p_
Predictors: Beta SE df t value BF10 Support
Condition(Pleasant)? 0.00 0.04 1213.00 0.00 1.000 0.05 HO
PBI_Overp. -0.08 0.10 79.58 -0.75 0.454 0.25 HO
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Condition(Pleasant) x PBI_Overp. -0.01 0.04 1213.00 -0.18 0.854 0.11 HO
Covariates:
FHS(Yes) 0.03 0.19 75.00 0.18 0.861 0.48 Anecd.
ACE -0.02 0.10 75.00 -0.23 0.817 1.17 Anecd.
PBI_Care -0.16  0.10 75.00 -158 0.118 0.60 Anecd.
Sex(M) -0.07  0.20 75.00 -0.35 0.730 0.27 HO

Note: Abbreviations: Condition = pleasant versus unpleasant image stimuli; FHS = Dichotomic
(0 = No; 1 = Yes): presence of a first-degree relative with depression; ACE = Adverse Childhood
Experiences; PBI = Parental Bonding Interview: overprotection and care scales; Support = BF1g
value of >3 evidence for the alternative hypothesis (H1), while a value of <.33 is support for the
null hypothesis (HO). Values of .33 < BF1o < 3 are considered anecdotal for any hypothesis. ?
Reference category = Unpleasant images. Statistically significant results are highlighted in bold.
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Figure 3. Linear mixed-effects model interaction effects of family history, adverse childhood
experiences, and parental bonding on LPP residuals. Estimated standard errors are presented in
different as vertical bars. Abbreviations: FHS = Dichotomic (0 = No; 1 = Yes): presence of a first-
degree relatives with depression; ACE = Adverse Childhood Experiences; PBI = Parental Bonding
Interview: overprotection and care scales; LPP residual = unstandardized residual of the LPP to each
pleasant and unpleasant picture, adjusting (by linear regression) for the LPP to neutral pictures.



