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Abstract

Sexual minority (SM) youth are at increased risk of depression and suicidal ideation (SI), due

in part to discrimination and other stressors. This raises questions about social factors that

may increase risk or resilience to stressors commonly faced by SM youth. The goal of this
multimethod study was to examine both neural processing of social feedback and perceived

social support as potential moderators of the association between SM identity, depressive
symptoms, and endorsement of Sl in adolescents. For this study, 165 adolescents aged 14-17
(22.42 % identifying as SM) were oversampled for current depression. Participants self-reported
social support, depressive symptoms, and Sl. Electroencephalogram (EEG) was recorded while
participants completed a computerized peer interaction task in which the reward positivity (RewP)
component was measured in response to social acceptance vs. rejection feedback. We tested
social RewP and social support as moderators of associations between SM identity, depressive
symptoms, and whether SI was reported. SM youth reported lower social support and elevated
depressive symptoms and were more likely to endorse SI compared to non-SM youth. Social
RewP moderated the associations between SM identity, depressive symptoms, and Sl such that SM
youth with blunted neural responses to social acceptance had higher depression and were more
likely to endorse SI. Lower social support was associated with greater depressive symptoms and
Sl, but social support was not a significant moderator of the association between SM identity and
symptoms. This is among the first studies to use affective neuroscience methods to examine social
processes in SGM youth and our findings underscore the role of social factors in SGM youth
mental health.
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1.

Introduction

Depressive symptoms and suicidal ideation (SI) are highly prevalent among U.S.
adolescents, with a 25 % lifetime prevalence for significant depression [1] and a

12.1 % lifetime prevalence for Sl [2]. Adolescents who identify as leshian, gay,

bisexual, transgender, queer/questioning, and other sexual identities (LGBTQ+) are at
disproportionally higher risk for depression and both Sl and attempts compared to their
cisgender, heterosexual peers [3-6]. According to the Youth Risk Behavior Survey in
2023, sexual minority (SM) adolescents were more likely than their heterosexual peers
to attempt suicide, and 41% of adolescents who seriously considered suicide attempts
identified as SM [7]. SM adolescents are often exposed to greater minority stressors such
as victimization, discrimination, and internalized stigmatization, which are thought to be
key contributing factors to mental health disparities [3,8-11]. This raises questions about
the neural processes and subjective perceptions of social experiences that could impact the
mental health outcomes in SM youth.

Social relationships play a crucial role in the lives of adolescents, as seeking peer
acceptance and group affiliation constitutes a critical psychosocial stage during adolescence
[12]. Social feedback from peers is essential to adolescents’ peer relations and their
self-identity development [13]. Thus, interpersonal stressors such as peer discrimination
that disproportionally affect SM youth [14] may have particularly strong impacts on SM
adolescents’ social development, emotional well-being, and identity formation [8]. Ample
research shows that SM youth experience higher peer victimization, including harassment,
verbal abuse, and bullying, compared to their heterosexual peers, and victimization is, in
turn, associated with an increased risk of depressive symptoms, Sl, and suicidal behaviors
[15-18]. These findings are consistent with the minority stress model, such that SM
individuals are more likely to experience a range of social stressors rooted in discrimination.
Meyer [19] suggested a distal-proximal distinction in conceptualizing the stressors of

SM people, encompassing distal or external stressors, such as discrimination against SM
populations, to proximal stressors, like internalized negative self-perceptions. The model
suggests that these minority stressors can lead to mental health disparities among SM
individuals and that systemic change is needed to reduce stigmatization at a societal level
[19]. At the same time, there is also a need to consider individual risk and resilience factors
that could interact with minority stress to shape mental health [11,20].

Developmentally, adolescents experience changes in social relationships, identity and
changes in emotion-related brain function, such as heightened neural sensitivity to rewards
[21,22], which is thought to contribute to depression and Sl risk. Yet, the role of these
brain circuits in SM youth mental health hasn’t been extensively examined. Forbes et al.
[23] proposed a social-affective neuroscience model to analyze risk and resilience factors
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among SM youth to address this. For example, SM youth with more robust responses to
social rewards may be more resilient in overcoming identity-based stress and developing
healthy pathways. This suggests applying affective neuroscience methods to examine social
processes and mental health outcomes in SM youth.

Event-related potentials (ERPs) derived from the electroencephalogram (EEG), such as the
reward positivity component (RewP), are well suited to offer unique insights into the role of
neural processing of social and emotional information in SM youth mental health. RewP is
a positive deflection of ERP that peaks about 300 ms after a reward stimulus’ presentation
and is thought to reflect reinforcement learning signals in the brain [24]. Reduced RewP

has been associated with depressive symptoms cross-sectionally (e.g., [25-28]) and shown
to prospectively predict the development of depressive symptoms in adolescents (e.g., [29—
31]). Importantly, evidence suggests that RewP interacts with stressful life events [32,33] or
interpersonal trauma [34] to exacerbate depressive symptoms in adolescents, suggesting that
low reward responsiveness may be a vulnerability factor for depression that increases risk

in combination with other factors. Although altered reward responsiveness is also thought
to play a critical role in Sl, results have been mixed (for a review, [35]). For example,

one study found that heightened monetary RewP was associated with active suicidality in
depressed adolescents [36], while other studies showed reduced RewP to monetary reward in
adults and children with recent Sl [37,38] and others found no difference in RewP between
children with or without recent SI [39].

Neural reward responsiveness is typically examined using monetary reward tasks. However,
individual differences in responsiveness to social reinforcers may better capture risk
processes in interpersonal stress, as inconsistent social cues might alter adolescents’
expectations of social feedback [40]. In addition, prior work suggests that RewP can be
reliably elicited in social feedback tasks, with some distinct neurophysiological properties
compared to those observed in more traditional monetary reward tasks, such as later
appearance in the ERP wave (from 275 to 375 ms, [41]). There is also emerging evidence
that social reward responsiveness may be a critical factor in linking social experiences

to the emergence of psychopathology [40,42], with relevance for understanding mental
health disparities in SM youth. For example, one study found that peer victimization was
associated with blunted social reward responsiveness, with stronger associations to blunted
neural responses to peer acceptance than monetary rewards [43]. In addition, a recent study
indicated that SM youth who experienced low levels of family support exhibited a blunted
RewP to peer acceptance feedback [44]. Taken together, evidence that neural response to
reward is associated with depression and Sl risk in general samples, moderates effects

of interpersonal stress on depression, appears to be blunted in youth with negative peer
experiences and points to the need to consider the role of social reward responsiveness in
SM youths’ mental health.

It is important to note that social reward responsiveness is only one potential risk or
resilience factor. It is essential to also consider other contextual factors, such as social
support, that shape risk and resilience in SM youth. For instance, perceived social support
is a well-established factor that impacts depressive symptoms, Sl, and suicidal behaviors
among SM youth [45,46]. Support from the community, friends, peers, and families is
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critical to protecting SM youth against depressive symptoms and Sl [47]. Research informed
by the National Institute of Mental Health’s Research Domain Criteria (RDoC) initiative
emphasizes the importance of multiple methods to examine dimensions of emotions,
cognitions, and social functions in psychopathology research [48]. As such, there is a need
to consider multiple aspects of social functioning, including both neural measures of social
reward responsiveness and self-report measures of perceptions of social support, that impact
SM youths’ mental health.

The social-affective neuroscience model of adolescent depression and resilience suggests
the examination of the interaction between stressors and neural systems that characterize
depression, such as reward system dysfunctions [23]. Our study directly addresses this
need by examining both neural and contextual factors that interact with pathways to
clinical symptoms or resilience in SM adolescents. Specifically, we examined the roles

of neurophysiological reactivity to social reward feedback and self-reported perceived
social support in the association between SM identity and depressive symptoms and

the endorsement of Sl in adolescents (age 14-17 years). We used a computerized peer
interaction task previously validated in adolescents [49] to measure ERP responses to peer
acceptance and rejection feedback. We first examined associations between SM identity,
social reward responsiveness (i.e., RewP to social acceptance feedback), social support
satisfaction, depressive symptoms, and the endorsement of SI. We hypothesized that SM
identity would be associated with lower social reward responsiveness, social support
satisfaction, greater depressive symptoms and a higher likelihood of endorsing SI. Then, we
examined the interaction effects of SM identity and social reward responsiveness, measured
by RewP, on depressive symptoms and SI. We hypothesized that blunted RewP to peer
acceptance feedback would potentiate the association between SM identity and depressive
symptoms and the association with SI endorsement. Finally, we examined the perceived
social support as a moderator. We hypothesized that higher perceived social support would
attenuate the association between SM identity and depressive symptoms, as well as SI
endorsement.

Methods and materials

Participants

We recruited participants through advertisements distributed throughout an academic
medical center, pediatric and mental health clinics, and the broader community. Participants
were adolescents (/= 165) aged 14-17 years (M= 15.23, SD = 1.07); 61.8% were assigned
female sex at birth. In terms of sexual orientation, 76.4% of participants identified as
straight. We categorized all participants who did not identify as heterosexual into the sexual
minority (SM) group (n=37). Among the SM group, 3 adolescents identified as gay, 15

as bisexual, 7 as not sure, 7 preferred to self-describe (6 identified as pansexual and 1 as
leshian), and 5 preferred not to say. Concerning gender diversity, 1 participant identified

as transgender, and 2 participants self-described their gender identities as gender fluid or
using they/them pronouns. All three participants also identified as SM. In terms of race

and ethnicity, 1.2% of the sample identified as American Indian or Alaska Native, 6.1%
Asian, 15.8% Black or African American, 69.7% White, 1.2% Native Hawaiian or Pacific

J Mood Anxiety Disord. Author manuscript; available in PMC 2025 January 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Long etal.

2.2.

2.3.

Page 5

Islander and 6.1% Other; 6.7% also identified as Hispanic or Latinx. Adolescents were
oversampled for current depression using the Kiddie Schedule for Affective Disorder (K-
SADS) interview [50]. At the time of the assessment, 36.9% of participants met the criteria
for a current depressive disorder, including major depressive disorder (MDD), persistent
depressive disorder (PDD), or unspecified depression.

Procedure

The Institutional Review Board at Vanderbilt Univdrsity approved the study, and informed
consent was obtained from all parents and informed assent from minor participants

before study procedures began. Following informed consent and assent, adolescents were
interviewed by trained graduate students using the K-SADS semi-structured interview [50]
to obtain diagnoses. Next, participants completed a battery of self-report questionnaires,
including demographics, depressive symptoms, social support, and S, using the online
survey platform REDCap [51]. Finally, participants came to the lab for an EEG assessment
and completed the computerized peer interaction task.

Measures

2.3.1. Social Reward Responsiveness—We used the Island Getaway Task to elicit
neural reactivity to social feedback in youth. This task has been previously validated among
adolescents [49] and used in studies of SM youth [44]. Before the task began, participants
selected and sent a photo of themselves to the research assistant to be used in their virtual
profile. During the task, participants were led to believe that they were interacting with
other peers online in real-time (when, in fact, all responses were computerized). Participants
were instructed to vote to remove or retain other players from the game. After they placed
their vote, they received acceptance feedback, indicated by a green thumbs-up, or rejection
feedback, indicated by a red thumb-down, from the presumed peers in the game. Each

trial began with the presentation of a co-player profile, including their photo and personal
information, until the participant made a vote. A fixation “+ ” is presented for 1000 ms,
followed by a feedback display for 2000 ms, and then a blank screen for 1500 ms,

followed by the next co-player profile. The first 50 feedback trials in the task were split
evenly between acceptance and rejection feedback. The last feedback trial was determined
randomly. The task included a total of 6 rounds; players responded to an additional poll
question (e.g., “If you could have dinner with anyone in the world, dead or alive, who
would the person be?”) at the start of each round to gradually learn more details about other
players. Participants were debriefed about deception after the task.

2.4. EEG data collection and processing

We used a 32-channel actiCHamp system from BrainProducts (Munich, Germany) to
continuously record EEG data. A subset of 15.5% of participants completed their EEG
assessments early in the COVID-19 pandemic, and we used 16 key electrodes to collect in a
32-channel system to minimize the time in participant contact as suggested by [52]. Among
the 165 total participants, 142 had usable EEG data. We excluded 8 due to withdrawal, 3
that did not have data due to errors in data collection, 11 for noisy data, and 1 because

the participant wanted us to remove their data after debriefing. Electrodes measuring electro-
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oculogram (EOG) were positioned approximately 1 cm above and below the right eye
(VEO) and 1 cm to the side of each eye (HEO). To ensure appropriate referencing for
EOG channels, a reference electrode was placed on the back of the neck, following the
BrainProducts bipolar-to-auxiliary adapter design. We relied on cap electrodes rather than
facial electrodes for participants with the reduced electrode set early in the pandemic to
measure EOG [53].

Offline, the EEG data were re-referenced to the mastoid recordings (TP9/TP10) and filtered
using a bandpass filter of 0.1 to 30 Hz. Trials were segmented from —200 ms to 1000

ms relative to the stimulus onset. We implemented ocular correction using VEO and HEO
whenever available. In cases where VEO was unavailable, we utilized cap electrode FP1
with a common reference to capture vertical eye movements [53]. Similarly, when HEO
was not usable, we used cap electrodes FT9 with reference FT10 to record horizontal eye
movements. Semiautomatic artifact rejection was conducted based on specific criteria: a
maximal allowed voltage step of 50 uV/ms, a maximal allowed difference of values in
intervals of 175 pV (interval length: 400 ms), minimal allowed amplitude of —200 pV and
a maximal allowed amplitude of 200 pV, and lowest allowed activity in intervals of 0.5 pvV
(interval length: 100 ms). We then used visual inspection to remove any remaining artifacts.

Data were averaged across trials separately for acceptance and rejection feedback. Baseline
correction was applied, aligning the activity to 200 ms before the feedback onset. RewP
was calculated as the mean amplitude within the time window of 275 to 375 ms after
feedback onset at electrode site Cz, consistent with where the component was maximal in
the overall sample (Fig. 2). This scoring method aligns with previous research on this task
[33,43,54,55] and is consistent with the identified timing and distribution of RewP peak
using temporospatial principal component analysis [56]. The split-half reliability for RewP
to peer acceptance feedback (Spearman-Brown) was .90, and for RewP to peer rejection
feedback (Spearman-Brown) was .88. We calculated the residuals of social RewP by saving
the unstandardized residuals of RewP to peer acceptance accounting for RewP to peer
rejection feedback [57].

2.4.1. Social support—Participants completed the Social Support Questionnaire
(SSQ-6), a brief self-report measure of the number of people identified as social support’and
perceived social support satisfaction [58]. Given that perceived social support may be more
reliably associated with mental well-being compared with the number of social support
providers [59], we focused on the satisfaction subscale, in which each item is rated on a
scale from 1 (very dissatisfied) to 6 (very satisfied). The internal consistency of perceived
social support satisfaction was high (Cronbach’s alpha =.92). The average rating for social
support satisfaction was 5.20 (SD =.83, range = 2.6-6).

TThe independent sample t-test revealed a non-significant difference ((#(155) = 1.20, Cohen’s d= .22, p=.23) between the number of
people identified as social supports in the non-SM group (M= 11.67, SD = 7.58) and the SM group (M= 9.97, SD = 7.19). Although
not the primary focus of the paper, we also explored analyses with the number of social supports endorsed. Similarly, the number of
social supports did not significantly moderate associations between SM identity and depressive symptoms with robust SEs (8= -.08,
z =-1.05, p=.29) or with standard SEs (8= -.08,z = -1.18, p=.24). The number of social supports also did not significantly
moderate association between SM identity and the endorsement of SI (OR =.96, Wald=.01, p= .91, C/=[-.74,.65]).
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2.4.2. Depressive symptoms—~Participants completed the 33-item Mood and Feelings
Questionnaire (MFQ), a self-report measure of depressive symptoms widely used among
children and adolescents [60]. Items include “I felt miserable or unhappy” and “I felt |

was no good anymore.” Each item was rated on a scale from 0 (not true), 1 (sometimes
frue), to 2 (true). A mean score was computed by averaging all 33 items (M= 15.96, SD
=14.29, range = 0-62). The internal consistency in the current sample was Cronbach’s
alpha = .96, indicating high reliability. The Shapiro-Wilk test revealed that the assumption
of normality in the residuals was violated (WW/=.94, p=<.001). Thus, we also used the
maximum likelihood with robust standard errors (MLR) to address the non-normality [61].

2.4.3. Suicidal ideation—Participants completed the Beck Scale for Suicidal Ideation
(SSI), a 19-item self-report measure of Sl that has shown high reliability and concurrent
validity with clinician ratings [62]. The SSI has also shown good reliability and validity in
adolescent samples [63,64]. Each item includes three choices, such as “I have a moderate

to strong wish to live,” “I have a weak wish to live,” or “I have no wish to live,” which

were rated from 0-2. Each participant first answered five screening questions, and if the
answer to the fourth or fifth question was above 0 (indicating active and passive Sl), they
would answer the rest of the items. The internal consistency in the current sample was
Cronbach’s alpha = .89, supporting the measure’s reliability [65]. Among 149 participants
who completed the SI measure, 69% of participants (n = 106) did not endorse any SI, and 31
participants had scores greater than 1. Given that SI was relatively infrequently endorsed and
violated assumptions of normality of residuals, we dichotomized the variable into any vs. no
endorsement of Sl and conducted logistic regression analysis [66].

Data analysis

SPSS software (Version 26; SPSS Inc., Chicago, IL) and R studio[67, 68] were used to
analyze data. To isolate the variance in RewP associated with responses to acceptance

while controlling for responses to rejection, we computed unstandardized residual scores
[57]. Then, we examined bivariate associations between all study variables (Pearson’s r for
continuous variables and Phi coefficient for associations between binary variables). We also
generated interaction terms by multiplying mean-centered social RewP and social support
satisfaction with SM identity. We conducted multiple linear regression analyses to test the
association of SM identity, social variables (RewP, social support), and their interactions
with depressive symptoms. We tested two models with standard or robust standard errors
(SE) to account for mild skewness in the distribution of residuals [61]. Due to the low
endorsement or Sl, we analyzed Sl as a dichotomous outcome variable in logistic regression
with the same predictors. We used full information maximum likelihood (FIML) in bivariate
correlation, multiple regression, and logistic regression analyses to account for the missing
data [69] with the /avaan package [68] and madmb package [70] in R, allowing us to use

all 165 participants in the multiple regression analyses[69]. An online computational tool
developed for conducting multiple linear regression 2-way interactions [71] was used to
generate plots for interaction and simple slopes. A table showing the odds ratio of the SM
group and non-SM group endorsing Sl at low, mean, and high levels of social RewP was
included to illustrate interactions in the logistic regression analyses(see Table 4).
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In terms of missing data, 8 participants were missing sexual orientation data and were not
categorized into SM/non-SM group, 6 were missing self-report data on social support, 6
were missing data on depressive symptoms, and 14 were missing data on Sl (these missing
data were due to incomplete self-report questionnaires). As for social RewP, 23 participants
were missing EEG data for the IG task (see Section 2.4 above for the reason of exclusion
and/or missingness). Among those missing EEG data, 8 were in the SM group, 2 did not
report sexual orientation, and 13 were in the non-SM group. To assess the pattern of missing
data and identify predictors of missingness, we created a variable to indicate missingness in
each variable of interest (missing = 1, not missing = 0) and conducted correlation analyses
with all variables of interest. No significant predictors of missingness were observed (all rs
<=.13, ps >=.17). The strongest correlation was between SM identity and missingness in
social RewP (¢ = .15, p=.17),

3. Results

3.1.

3.2.

Descriptive analyses

Bivariate correlation analyses were conducted to explore the relations between all variables
of interest (see Table 1). Depressive symptoms and Sl were positively correlated with

SM identity and negatively correlated with social support satisfaction. SM identity was
also correlated with lower social support satisfaction. Social reward responsiveness was
not significantly correlated with any variables of interest. We found a trending yet non-
significant association such that most of the SM youth identified as female as their sex
assigned at birth (¢ = .15, p=.06).

Moderating effects of RewP to peer acceptance feedback on the associations of SM

identity with depressive symptoms and S| endorsement

We tested social reward responsiveness as a moderator of the association between SM
identity and depressive symptoms (Table 2). Social RewP significantly moderated the
association between SM identity and depressive symptoms using standard SEs (8= -.21,
z=-2.30, p=.02, C/=[-.16, -1.07], RZ=.28). With robust SEs, the interaction between
SM identity and social RewP on depressive symptoms trended towards but did not reach
significance (8= -.21, z=-1.90, Cl = [-2.18,.03], p=.057, R%=.28).

To interpret the interaction effect on depression in line with the proposed conceptual
model, we examined the association between SM identity and depressive symptoms at
mean, high (+1 SD), and low (-1 SD) levels of social RewP. Results of the Johnson-
Neyman regions of significance test indicated that the association between SM identity and
depressive symptoms was significant when social RewP is below 6.62 (see Fig. 2). Thus, the
association between SM identity and depressive symptoms was significant for adolescents
at all levels of RewP (s < .01), but the association was the strongest among adolescents
with social RewP scores at one standard deviation below the mean (i.e., a blunted RewP; S
=1.70, t=6.77, p< .001). This association between SM identify and depressive symptoms
was weaker among adolescents with mean levels of RewP (8= 1.25, = 6.54, p<.001)
and adolescents with social RewP scores at one standard deviation above the mean (i.e., an
enhanced RewP; =79, t=2.66, p=.01).
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Similarly, the logistic regression analyses revealed a significant interaction effect of SM
identity and social RewP on the endorsement of SI (OR=.80, Wald=5.02, p= .03, C/=
[-.43, —.03]; see Table 3). This suggested that the SM group’s odds of endorsing SI would
decrease as the social RewP increases. To further illustrate the interaction, we reported the
log odds of endorsing Sl in the SM and non-SM groups at low, mean, and high levels of
social RewP and the odds ratio at each level (Table 4). At a low level of social RewP (1 SD
below the mean), the odds of endorsing SI were 11.36 times higher in the SM group than
in the non-SM group (p < .001); at the mean level of social RewP, the odds of endorsing Sl
were 1.72 times higher in the SM group than in the non-SM group (p < .001); and at the
high level of social RewP (1 SD above the mean), the odds of endorsing SI were 1.12 times
higher in the SM group than in the non-SM group (p = .89; See Table 4).

3.3. Moderating effects of social support satisfaction

We then tested social support satisfaction as a moderator of the association between SM
identity and depressive symptoms and endorsement of SI. We found significant main effects
of both SM identity (8= .41, z=6.36, p< .001) and social support satisfaction (8=

-.38, z=-6.00, p<.001) on depressive symptoms, but social support satisfaction did not
significantly moderate the association between the SM identity and depressive symptoms (8
=.002, p=.99, RZ=.38).

The logistic regression analysis results similarly revealed a significant main effect of both
the SM identity (OR = 3.21, Wald=7.32, p= .01, C/=[.32, 2.01]) and social support
satisfaction (OR =.49, Wald=8.79, p=.003, C/=[-1.20, -.24]) on endorsement of SI.
However, social support satisfaction did not significantly moderate the association between
SM identity and SI (OR =.88, Wald=.05, p= .82, C/=[-1.17,.92]; see Table 6).

3.4. Sensitivity analyses

Given that 46.7% of participants’ EEG data had to be processed using the alternative method
of ocular correction, we examined whether RewP magnitude differed as a function of ocular
correction electrodes. We did not find any significant main effect of electrode selection

on the social RewP magnitude (8= .08, p=.34). Results from a mixed-design ANOVA
with the valence of feedback (accept vs. rejection) as the within-subjects factor and ocular
correction electrodes (VEO/HEO or alternative electrodes) as the between subjects. The
results revealed that the electrode selection x valence interaction was non-significant (F
(1140) = .83, p= .36, i, = .01), suggesting that the effect of feedback valence is consistent
with or without the EOG replacement. Furthermore, we covaried the binary variable to
determine whether an alternative method for ocular correction other than EOG was used in
all primary models. The SM identity x RewP interaction effects on depressive symptoms
(with standard SEs) and SI remained significant (ps < .05), and this interaction effect on
depressive symptoms remained non-significant in the regression model with robust SEs (p
=.51). The interaction between SM identity and social support satisfaction on depressive
symptoms or S| remained non-significant (s > .90).

Next, we conducted analyses covarying for sex and age to determine whether the same
results persist. This is important given an established sex difference in depression risk, with

J Mood Anxiety Disord. Author manuscript; available in PMC 2025 January 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Long etal.

Page 10

female adolescents reporting higher incidence and levels of depressive symptoms than male
adolescents [72,73]. Furthermore, as adolescents’ identity exploration grows with age, there
are also trends for associations between age and clinical symptoms in adolescents [74]. In
combination with a higher percentage of SM adolescents in our sample identifying as female
as the sex assigned at birth, we conducted sensitivity analyses with covariates of age and
sex. The analyses revealed that the interaction effect between SM identity and social RewP
on depressive symptoms remained significant with standard SEs (8= -.20, z=-2.19, p=
.03, C/=[-1.94, -.11]) and was trending significance with the robust SEs (8= -20, z=
-1.81, p=.07, C/=[-2.14,.09]). The interaction between SM identity and social RewP on
the endorsement of Sl also remained significant after covarying age and sex (OR=.78, Wald
=5.63, p=.02, C/=[-.46, —.04]). The interaction between SM identity and social support
satisfaction on either depressive symptoms or SI remained non-significant (os > .80).

Finally, 5 participants reported “prefer not to say” when reporting sexual orientation. Since
we did not know their actual sexual identity, we then ran our models excluding these
participants. We found that the interaction between SM identity and social RewP remained
significant in depressive symptoms (8= -.21, z=-2.16, p= .03, C/=[-2.08, -.10]) and
the endorsement of SI (OR =.80, Wald= 4.60, p= .03, C/=[-.43, -.02]). The interaction
between SM identity and social support satisfaction remained non-significant in depressive
symptoms (8= -.01, z=-.08, p= .94, C/=[-4.91, 4.53]) and the endorsement of SI (OR
=.92, Wald=.02, p= .88 C/=[-1.15,.98]).

4. Discussion

Informed by the social-affective neuroscience model of depression [23], we explored the
role of social reward processing and perceived social support in moderating the increased
risk of depression and Sl in SM youth, which is likely driven by part by identity-based
minority stress [19]. Consistent with prior literature on mental health disparities, we found
that the SM identity was associated with greater depressive symptoms and higher odds of
endorsing S| [3-6]. As we hypothesized, neural responsiveness to social rewards moderated
the associations of SM identity with depressive symptoms and Sl endorsement. Specifically,
the association between SM identity and depressive symptoms or SI endorsement was

the strongest among adolescents who also exhibited a blunted RewP to social acceptance
feedback and relatively weaker among adolescents who exhibited an enhanced RewP to
social acceptance feedback. Contrary to our hypotheses, although social support satisfaction
was related to SM identity, depression, and endorsement of Sl, it did not significantly
moderate the associations between SM identity and symptoms. Our findings on the main
effects were generally consistent with prior literature showing that social support satisfaction
is an essential protective factor for adolescents” mental health outcomes[75] but is lower in
SM adolescents [44].

Emerging evidence suggests that social processes may be key to understanding the risk of
psychopathology among SM youth, who often encounter heightened interpersonal stress.
Our study expands upon existing literature, revealing that, in addition to the overall
increased risk of psychopathology among SM adolescents, those with blunted social reward
responsiveness face an elevated risk of depression and Sl. This suggests that a low level of
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neural responsiveness to social reward could reflect a vulnerability that increases the risk for
depression and Sl in combination with interpersonal stressors. On the other hand, a more
robust neural response to social reward may reflect a protective factor that buffers against
mental health disparities in SM youth. The findings could facilitate the adoption of more
personalized approaches, such as neurophysiological markers, to differentiate depression
and suicide risk among SM adolescents, providing valuable insights into neurophysiological
social factors that can influence individual variations in psychopathology risk. Furthermore,
the findings shed light on more targeted intervention development for SM youth, as
researchers have begun to explore ways to enhance social RewP as a preventive target and
protect against stress effects on depression [42,76].

Despite prior studies underscoring the importance of social support for adolescent mental
health [45,47], we did not find significant differential associations between SM identity and
mental health depending on level of social support satisfaction. This suggests that although
social support is clearly important to mental health for youth in general, it did not appear

to impact the strength of association between SM identity, depressive symptoms, and Sl in
this sample. The absence of association might stem from the study’s limited sample size,
reliance on self-report measures at single time points, and a generally low incidence of S
within the non-clinical adolescent sample. Future research should investigate the varying
sources of social support in a larger sample, including clinical populations, to deepen
understanding of these dynamics.

The study’s strengths include integrating multiple methods to characterize social processes
that could promote risk and resilience for SM youth. At the same time, it is important to
acknowledge several study limitations. First, our sample of SM adolescents is relatively
small (V= 37), and most SM adolescents reported their sex assigned at birth as female
(V= 28). Given female adolescents are identified as an at-risk group, we included sex

as a covariate in our sensitivity analyses to account for the association between sex

and depressive symptoms and the odds ratio of endorsing Sl. Second, our study was
cross-sectional, thus limiting our capacity to examine the extent to which blunted level of
social reward responsiveness would interact with SM identity to influence the development
of depressive symptoms or Sl over time. Future studies could integrate a longitudinal
design with ambulatory assessments such as daily surveys to examine associations between
real-world social interactions and laboratory-measured neurophysiological or behavioral
responses to social feedback.

Furthermore, given our focus on depression and Sl, as well as the robust prior literature

on reward responsiveness as a marker of depression vulnerability [30,31,42], we did not
examine individual differences in response to social rejection, which could also be relevant
to SM adolescents’ daily experience. Future research could explore social rejection and
acceptance’s role in SM adolescents’ social processes and mental health outcomes. In
addition, data on perceived acceptance from SM adolescents’ social support networks after
coming out would also provide valuable information on the impacts of major stressors.

Lastly, it is essential to note that we did not test the moderation of minority stress
directly due to a lack of a dimensional measure of minority stress. Sexual minorities are
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often exposed to interpersonal stress originating from stigma, which could serve as a key
mechanism linking SM identity and adverse mental health outcomes [11,19]. Prior findings
of minority stress serving as a mediator between minoritized sexual identities and mental
health outcomes provided support for this direction as well [11,77]. Further research is
needed to more directly examine how distal or proximal stressors or protective factors might
interact with SM adolescents’ social, reward, or threat-processing systems at the neural

level to better understand minority stress effects. This exploration could also be critical to
understanding resilience to minority stress and psychopathology risk, given the heightened
malleability of brain development during adolescence.

Our findings advance the understanding of neurophysiological and contextual factors that
potentiate and attenuate the association between SM identity and clinical symptoms. We
examined the neural responses to social acceptance feedback from peers and self-reported
social support satisfaction as moderators of associations between SM identity, depression,
and Sl in adolescents. These findings provide preliminary insights into novel intervention
targets, such as positive valence systems for this marginalized community of adolescents.
Previous studies have found effects of positive emotion-focused interventions on mitigating
clinical symptoms [76] and motivation manipulation on increasing reward positivity [78].
Thus, the results indicate that targeted interventions tailored to SM youth to enhance social
reward responsiveness could be effective in reducing risk for depression and SI. Finally,
individual differences in contextual factors such as social support and neurophysiological
factors like neural responses to social feedback are potentially downstream effects of
structural stigma, encompassing homonegative social norms, attitudes, laws, and policies
[79]. Thus, we call for systems-level efforts to decrease structural stigma against SM
adolescents, such as enacting protective laws and policies [80], to ultimately reduce the
risk for psychopathologies disproportionately affecting SM youth.
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Fig. 1.
A) Grand average ERP waveforms (negative up) of responses to social acceptance and

rejection feedback at Cz (mastoid reference). B) Scalp distribution of the difference between
RewP to social acceptance and RewP to social rejection 275 — 375 ms after feedback onset.
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A) Simple slopes of the association between SM identity and depressive symptoms at low,
mean, and high social RewP. B) Slope with (confidence bands and Johnson-Neyman region
of significance) of the association between SM identity and depressive symptoms as a

function of social RewP.
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Table 3

Logistic regression analyses testing the effects of interaction between SM identity and Social RewP to peer
acceptance feedback on endorsement of SI.

Endorsement of SI

Variable OR b (SE) Wald CI

SM identity 373 *** 1.32(45) 862  [.44,2.19]
Social RewP (residuals)  1.06 .05(.05) 121 [-.04,.15]
SM X Social RewP Res.  gg* -.23(.10) 5.02 [-.43,-.03]

Pseudo R? = 0.41

*
p <.05,
Aok

*
p <.001

Note. SM = sexual minority, Social RewP = reward positivity to peer acceptance feedback, SM X Social RewP Res. = interaction between SGM
identity and RewP residuals to peer acceptance feedback, OR = odds ratio, CI = confidence interval. FIML was used to account for all missing data
in the analyses.
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Table 4

The odds ratio of the SM group and non-SM group on the endorsement of Sl at the low, mean, and high levels
of social RewP.

Social RewP Non-SM group (Log-Odds)  SM group (Log-Odds) OR
Low (1 SD below the mean) .21 2.55 12.36
Mean Social RewP .27 1.02 372 **
High (1 SD above the mean) .36 41 112
p<.01,
AAA
p <.001

Note. Social RewP = reward positivity to peer acceptance feedback, SM = sexual minority, OR = odds ratio. FIML was used to account for all
missing data in the analyses.
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Table 6

Logistic regression analyses testing the effects of interaction between SM identity and social support
satisfaction on endorsement of SI.

Endorsement of SI

Variable OR b(SE) Wald ClI

SM identity 592 1.78(2.68) .44 [-3.48, 7.03].
Social support satisfaction g9 * -.68(.30)  5.24 [-1.26, -.10]
SM X Social support .88 -.12(.53) .05 [-1.17,.92]
Pseudo R% = 0.44

*
p <.05,

*

*
p<.01,

* Aok

p<.001

Note. Social RewP = reward positivity to peer acceptance feedback, SM = sexual minority, SM X Social Support = interaction between SM identity
and social support satisfaction. FIML was used to account for all missing data in the analyses.
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