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Reward-seeking behaviors moderate the association between early life adversity and anhedonia 12 months later
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Approximately 20% of adolescents report experiencing anhedonia, conferring high risk for the onset of adolescent depression. Early life adversity (ELA) is associated with anhedonia, and individual differences in reward motivation may inform this association. The current study examined whether reward-seeking behaviors moderated the prospective association between ELA and anhedonia 12-months later among adolescents. During a baseline visit, 74 participants, aged 11–17, completed the Balloon Analogue Risk Task (BART) to measure reward-seeking behaviors via adjusted average balloon pumps. Indeed, participation in the BART has been shown to activate the fronto-striatal neural circuits known to subserve reward-seeking. ELA was assessed continuously via parent-report using a 9-item Adverse Childhood Experiences questionnaire, with scores reflecting cumulative exposures to adversity prior to enrollment; interaction effects were subsequently probed at low, average, and high values for interpretation. At baseline and 12-months later, participants completed the anhedonia subscale within the Reynolds Adolescent Depression Scale 2nd Edition. Adolescents with greater ELA reported more anhedonia 12-months later (b = 0.97, SE = 0.46, p = 0.04), suggesting that ELA confers risk for developing anhedonia. Reward-seeking behavior moderated this association, such that adolescents with more experiences of ELA and low (b = 2.35, SE = 0.61, p < 0.01) and average reward seeking-behavior (b = 0.95, SE = 0.43, p = 0.03), but not high reward-seeking behavior (b = −0.45, SE = 0.60, p = 0.45), were at the greatest risk for increasing severity of anhedonia across the subsequent 12-months. Reward-seeking behaviors may aid in distinguishing which youth with ELA are at risk for depression. Additionally, results from this study may help to inform more specific interventions by increasing reward-seeking behaviors to mitigate the risks of developing anhedonia.
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1 Introduction

Almost 20% of youth in the United States experience their first major depressive episode between the ages of 10–19 (Bitsko, 2022), making major depressive disorder (MDD) one of the most prevalent mental health disorders among adolescents. The onset of depression during adolescence is a strong predictor of depression in adulthood (Wolitzky-Taylor et al., 2014), highlighting the need for intervention during this developmental period. Anhedonia, defined as the loss of the ability to experience pleasure in previously enjoyable activities, is one of the core symptoms required for a MDD diagnosis (American Psychiatric Association, 2013). Recent research has focused on adolescent anhedonia, as it has been shown to be common among adolescent samples (Thapar et al., 2012; Bennik et al., 2014; Gutkovich, 2014) and a precursor of MDD (Pine et al., 1999; Whitton et al., 2015).

The presence of anhedonia in adolescence is predictive of depression treatment outcomes above and beyond all other depressive symptoms (McMakin et al., 2012). Specifically, greater anhedonia in adolescent depression predicts greater depression severity, increased duration of depressive episodes, fewer depression-free days, elevated suicidal ideation, and poor treatment response to cognitive behavioral therapy (CBT) and antidepressant medication (Gabbay et al., 2015; McMakin et al., 2012). Importantly, anhedonia is considered a cardinal symptom of depression and may represent a particularly proximal pathway linking ELA with later depression onset. Prior reviews suggest that ELA is associated with deficits in reward-related processes, including anhedonia, relative to other depressive symptoms (Pechtel and Pizzagalli, 2011; Pizzagalli, 2014). Thus, while ELA is a distal risk factor for depression more broadly, its close connection to anhedonia suggests that anhedonia may serve as an intermediate mechanism through which ELA confers risk for the development and persistence of depression. Understanding the underlying mechanisms in the development of adolescent anhedonia may provide insight into targeted prevention measures for youth at-risk for developing depression.

Experiences of early life adversity (ELA) may predispose adolescents to anhedonia. Early adverse experiences include a wide range of stressful experiences occurring during childhood and adolescence, such as childhood maltreatment (i.e., physical, sexual, and emotional abuse, physical and emotional neglect) and low socioeconomic status (Felitti et al., 1998). These adverse experiences often involve an individual making significant psychological, behavioral, and neurobiological adaptations in attempts to cope with the experiences that can have implications for negative mental and physical health outcomes (McLaughlin, 2016), including anhedonia (Pechtel and Pizzagalli, 2011). In this context, anhedonia may act as a mechanism to prevent exhaustion from excessive coping behavior, or as a means to secure mental resources by diminishing interest in distractions (van der Gronde et al., 2020). Animal studies in rodents have indicated that ELA, caused by impoverished environments and poor maternal care, leads to anhedonia-like behavior in adolescent rats (i.e., reduced sucrose preference, decreased peer-play) compared to controls (Molet et al., 2016; Bolton et al., 2018). Similarly, adult human studies have shown childhood maltreatment to be associated with greater anhedonia than participants without childhood maltreatment (Fan et al., 2021; Wang P., et al., 2022). Among adolescents, emotional maltreatment, particularly emotional neglect, predicted greater levels and trajectories of anhedonia (Lumley and Harkness, 2007; Cohen et al., 2019). More studies are needed involving adolescent samples to confirm the link between ELA and anhedonia during a developmental period when intervention is most needed.

Individual differences in reward processing behaviors during adolescence may provide insight into which adolescents with ELA are at risk for anhedonia and subsequent pathology. Reward processing is a multidimensional construct consisting of “liking,” “wanting,” and learning” (Berridge and Robinson, 2003). Reward “liking,” or reward attainment, is the experience of pleasure from rewards; reward “wanting,” or reward motivation, is the motivation driving individuals toward rewards; and reward learning refers to behavior guided by previous experiences of rewards and punishments (Berridge and Robinson, 2003). Adolescence is a developmental period during which reward processes are still evolving due to high sensitivity to rewards, and is also a period defined by increases in reward-seeking behaviors that reflects increases in reward motivation (Galvan, 2010). Decreases in reward motivation behaviors such as reward-seeking have implications for anhedonia (Pizzagalli, 2014; Admon and Pizzagalli, 2015; Rømer Thomsen, 2015). Thus, adolescents with ELA and low reward-seeking behaviors may be at the greatest risk for developing anhedonia.

Traditionally, the Balloon Analogue Risk Task (BART; Lejuez et al., 2002) has been widely used to measure risk-taking behaviors among adolescents. The BART is a valid, computerized task designed to simulate real-world risk behavior by balancing the potential for reward and harm. In this task, participants are presented with a balloon and asked to inflate it by clicking a button on the screen. Each click inflates the balloon and adds money to the participant’s temporary winnings. However, each balloon has a variable explosion point. Participants can choose to press “Collect $$$” before the balloon pops, saving their earnings to a permanent bank. If the balloon pops before they collect the money, all earnings for that balloon are lost, and a new balloon is presented. Thus, each pump involves a trade-off between increasing risk and potential reward. The primary outcome of interest is the average number of pumps on unexploded balloons, with higher scores indicating greater risk-taking propensity. However, previous studies have used a similar method as the BART, but to measure reward-seeking behaviors. These studies have used the same ‘button-pressing” mechanism to measure reward-seeking propensities, with non-human animal studies using lever pressing (Salamone et al., 1994; Peciña et al., 2003) and human studies using key-pressing (Aharon et al., 2001; Parsons et al., 2011) to gain rewards. Importantly, unlike a pure risk task where participants can lose previously earned rewards, the BART involves no punishment; if the balloon explodes, the participant simply earns zero rewards on that trial. This design is conceptually closer to effort-based reward tasks such as the effort expenditure for reward task (EEfRT; Treadway et al., 2009), in which each trial has a computable reward value that may or may not be won, but without subtracting from cumulative earnings. This feature supports the use of the BART as a translational measure of reward-seeking motivation rather than risk propensity. Additionally, while the BART is traditionally conceptualized as a measure of risk-taking, neuroimaging studies demonstrate that BART performance engages fronto-striatal regions (e.g., ventral striatum, medial prefrontal cortex) implicated in reward processing (Galvan et al., 2007; Rao et al., 2008). This overlap supports interpreting the task as capturing reward motivation. Distinguishing reward-seeking from risk-taking is then further possible by focusing on adjusted average pumps and statistically controlling for balloon explosions, thereby isolating motivational drive toward reward rather than generalized risk propensity. Thus, this study will explore the use of the BART to measure reward-seeking behaviors among adolescents.

In summary, few studies have examined the association of ELA and anhedonia in adolescents, and to our knowledge, no studies have examined the role of reward-seeking behaviors in this association. Identifying characteristics of adolescents with ELA who are at the greatest risk for anhedonia has implications for prevention and intervention measures targeting reward-seeking behaviors to decrease the risk of developing adolescent anhedonia.

In the present study, the goals were two-fold. First, we examined whether ELA predicted anhedonia 12-months later in adolescents. We hypothesized that ELA would significantly predict anhedonia 12-months later, such that the more ELA participants reported, the more anhedonia that would be reported a year later. Second, we examined whether reward-seeking behaviors moderate the prospective association between ELA and anhedonia 12-months later in adolescents. We hypothesized that reward-seeking behaviors would significantly moderate this association, in which more ELA would predict greater anhedonia 12-months later, specifically among adolescents with lower-reward seeking behaviors.



2 Materials and methods


2.1 Participants

Participants were 74 adolescents (Mage = 13.86, SD = 1.56, Rangeage = 11–17, 50% female) from a larger study recruited via mass mailing efforts using census record data for households with children ages 12–15 in the Los Angeles and Orange Counties in California, (Kuhlman et al., 2022). Zip codes in the mailing efforts included areas with high rates of poverty and community violence to over-sample for ELA. A more detailed description of recruitment and eligibility criteria can be found in Kuhlman et al. (2022, 2023). Of the 97 participants enrolled in the larger study, 74 (76%) had complete data for the measures in this study. Of the 97 participants enrolled in the larger study, retention at the 12-month follow-up was excellent (99%); however, 21 participants had incomplete BART data and two were missing data on additional variables of interest. Thus, final analytic sample included 74 adolescents with complete data. Of the 74 participants, 43.2% identified as White/Caucasian, 25.7% identified as Hispanic/Latino, 20.3% identified as Asian/Pacific Islander, and 10.8% identified as Black/African American. Regarding annual household income, 12.2% of participant households earned less than $50,000/year, 21.6% of participant households earned $50,000–$100,000/year, and 66.2% of participant households earned more than $100,000/year.



2.2 Procedures

Interested parents/guardians of participants completed a phone interview to determine eligibility that included reporting ACEs scores. Once enrolled, participants came into the lab locations at University of California, Los Angeles (UCLA) or University of California, Irvine (UCI), in which the participants and their parents/guardians provided assent and consent. Participants then completed demographic questionnaires and were administered the BART. One year later from the baseline visit, participants completed an exit interview via phone call and completed questionnaires online, which included the anhedonia subscale in the RADS-2. All study procedures were approved by the UCLA and UCI Institutional Review Board.



2.3 Measures

Early Life Adversity: Early life adversity was measured via parent report using a 9-item checklist adapted from the Adverse Childhood Experiences (ACE) questionnaire (Felitti et al., 1998; Chapman et al., 2004). Parents were asked to respond either “yes” or “no” to whether each of the experiences in the checklist pertained to their child. See Kuhlman et al. (2022, 2023) for the experiences included in the questionnaire. All “yes” responses were summed to form a total ACEs score. Adolescent self-report for ELA was also obtained, which showed moderate convergent validity with parent-reported ACE (Kuhlman et al., 2022). Parent-reported ACE measures are widely used in national data collection efforts, including the National Survey of Child and Adolescent Well-Being (e.g., Helton et al., 2022) and the National Survey of Children’s Health (e.g., Crouch et al., 2019). Moreover, research suggests that parent-report may be particularly reliable when adverse experiences occurred early in development, before the adolescent is able to accurately recall them, or when experiences such as abuse occur within the home environment (Oh et al., 2018). In California, adapted ACE screeners have been integrated into all state-funded pediatric primary care clinics (Purewal et al., 2016; Koita et al., 2018; Thakur et al., 2020), enhancing the clinical and translational relevance of this approach.

Anhedonia: Anhedonia was measured using the anhedonia/negative affect subscale within the Reynolds Adolescent Depression Scale-2nd edition (Reynolds, 2004) at two time points: at baseline and 12 months after the baseline visit. The anhedonia/negative affect subscale consisted of 7 reverse-scored items asking how the participant felt over the past month using a 4-point Likert-type scale, with 1 being “almost never” and 4 being “most of the time.” While this subscale captures both reduced pleasure/interest and aspects of negative affect, it provides a validated indicator of anhedonic symptoms within adolescent populations (Blomqvist et al., 2021; Ramos-Vera et al., 2023; Nguyen et al., 2024). Responses were summed to form an anhedonia symptom score that ranged from 1 to 28. The anhedonia subscale demonstrated acceptable reliability in this sample at both baseline and 12-months later, α = 0.73 and α = 0.75, respectively.

Reward-seeking behavior: Participants completed the Balloon Analogue Risk Task (BART) (Lejuez et al., 2002) during the baseline visit to measure reward-seeking behaviors, following the procedure of an earlier within-lab study (see Kuhlman et al., 2023 for a description of the task). Reward-seeking behavior was measured via the adjusted average balloon pump count, or the average balloon pumps on trials where the balloon did not explode. This adjusted value is preferable because the number of pumps is constrained on balloons that exploded, thereby limiting between-participant variability in the absolute averages (Lejuez et al., 2002). We utilized the BART to measure reward-seeking behaviors due to previous non-human animal studies using lever pressing (Salamone et al., 1994; Peciña et al., 2003) and human studies using key-pressing (Aharon et al., 2001; Parsons et al., 2011) to measure reward-seeking behavior. Greater adjusted average balloon pump count reflects greater reward-seeking. Although the BART was originally conceptualized as a measure of risk-taking, our inclusion of balloon explosions as a covariate allowed us to isolate reward-seeking behavior. Thus, our findings specifically reflect motivational drive toward reward rather than generalized risk propensity.



2.4 Data analysis

All analyses were conducted in SPSS version 29. ELA was treated as a continuous variable. We used a linear regression to test the association between ELA and anhedonia-12 months later. We then used the PROCESS macro (model 2; Hayes, 2013) to test whether reward-seeking behaviors moderated the association between ELA and anhedonia 12-months later. Interaction effects were probed at −1 SD, 0 SD, and 1 SD values of ELA for interpretation. Exploratory analyses probed interactions where p < 0.10. Only results where p < 0.05 were considered statistically significant and interpreted. All models accounted for the following covariates: baseline anhedonia, age, sex, race, and risk-taking behaviors via total balloon explosions. Risk-taking behaviors were included as a covariate to align with the traditional purpose of the BART, ensuring that the analyses accounted for potential confounding factors and further isolated the effect of reward-seeking behaviors. Previous studies have also utilized total balloon explosions to index risk-taking behaviors (Lejuez et al., 2002; Kathleen Holmes et al., 2009).




3 Results

Descriptive statistics and correlations for participant ACES scores, anhedonia 12-months later, average adjusted pump count, and covariates can be found in Table 1.


TABLE 1 Participant descriptives and correlations (n = 74).


	Variables
	Mean
	Standard deviation
	Range
	1
	2
	3
	4
	5
	6
	7
	8

 

 	1. ACE 	2.08 	1.63 	0–7 	1.00 	 	 	 	 	 	 	


 	2. 12-month Anhedonia 	15.86 	5.98 	7–28 	0.17 	1.00 	 	 	 	 	 	


 	3. Reward-seeking Behavior 	25.56 	13.85 	4.66–78.2 	−0.03 	−0.08 	1.00 	 	 	 	 	


 	4. Baseline Anhedonia 	14.54 	5.75 	7–28 	−0.07 	0.30** 	−0.15 	1.00 	 	 	 	


 	5. Age 	13.86 	1.56 	11–17 	−0.10 	0.12 	0.13 	0.20 	1.00 	 	 	


 	6. Sex 	- 	- 	- 	−0.30* 	0.07 	−0.05 	−0.01 	0.10 	1.00 	 	


 	7. Race 	- 	- 	- 	0.33** 	0.03 	−0.16 	0.12 	−0.27* 	−0.17 	1.00 	


 	8. Risk-taking Behavior 	7.07 	4.22 	1–20 	−0.13 	−0.03 	0.83** 	−0.26* 	0.11 	−0.02 	−0.20 	1.00





*p < 0.05, **p < 0.01.
 

Table 2 provides coefficient estimates of anhedonia 12-months later predicted by ELA, reward-seeking behavior, and their interactions. ELA significantly predicted anhedonia 12-months later, such that the more adverse experiences a participant reported, the more severe they reported their anhedonia 12-months later, b = 0.97, SE = 0.46, 95%CI[0.05, 1.89], p = 0.04 (See Model 1 in Table 2). This association remained significant when adding reward-seeking behavior as a moderator in the model, b = 1.11, SE = 0.43, 95%CI[0.26, 1.97], p = 0.01 (See Model 2 in Table 2).


TABLE 2 Estimated 12-month anhedonia as predicted by ELA, reward-seeking behavior, and their interactions.


	Model
	1
	2



	b (SE)
	b (SE)

 

 	Intercept 	5.42 (6.63) 	2.57 (6.36)


 	ACES 	0.97 (0.46)* 	1.11 (0.43)*


 	Average adjusted balloon pump count 	 	−0.15 (0.08)


 	ACES x average adjusted balloon pump count 	 	−0.10 (0.03)*





*p < 0.05, **p < 0.001.
 

Reward-seeking behavior did not significantly predict anhedonia 12-months later, b = −0.15, SE = 0.08, 95%CI[−0.31, 0.01], p = 0.07 (See Model 2 in Table 2). Reward-seeking behavior significantly moderated the association between ELA and anhedonia 12-months later, b = −0.10, SE = 0.03, 95%CI[−0.16, −0.03], p < 0.01 (See Model 2 in Table 2 and Figure 1). Specifically, increases in ELA significantly predicted increases in anhedonia 12-months later for adolescents with low (b = 2.49, SE = 0.60, 95%CI[1.29, 3.69], p < 0.01) and average reward-seeking behavior (b = 1.11, SE = 0.43, 95%CI[0.26, 1.97], p = 0.01), but not high reward-seeking behavior (b = −0.27, SE = 0.60, 95%CI[−1.46, 0.92], p = 0.65).

[image: Line graph titled "Moderating Effect of Reward-Seeking Behavior in the Association between ELA and 12-month Anhedonia." Represents 12-month anhedonia levels against ACEs with lines for low, average, and high reward-seeking behaviors. Low reward-seeking shows a steep increase, average has a moderate rise, and high shows minimal change. Ranges from -1 to +1 standard deviation for ACEs.]

FIGURE 1
 Moderating effect of reward-seeking behavior in the association between ELA and 12-month anhedonia.




4 Discussion

The present study showed that reward-seeking behaviors help to inform the prospective association between ELA and increases in anhedonia 12-months later among adolescents. Specifically, the more ELA a participant had experienced, the more severe anhedonia was reported 12-months later. This was particularly evident in adolescents with low and average, but not high, reward-seeking behaviors, as measured by the BART.

ELA-exposed adolescents with low and average reward-seeking behaviors in this sample showed the greatest increases in anhedonia over the subsequent 12 months. This observation extends our current understanding of which adolescents with ELA may be at the greatest risk for deteriorating mental health in the short term. Importantly, previous research has shown ELA to predict group level risk well, but not individual risk (Baldwin et al., 2021), and limited information exists regarding the individual behavioral differences that predict which individuals with ELA are at the greatest risk for anhedonia. While research has identified individual differences in neural activation (Kirshenbaum et al., 2024), and adversity type (Cohen et al., 2019; Wang X., et al., 2022), no studies have examined the individual differences in behaviors in youth with ELA that predict anhedonia severity. To our knowledge, this study is the first to prospectively link ELA and reward-seeking behaviors to anhedonia 12-months later in a sample of adolescents. Thus, further confirming or identifying other predictive individual differences associated with ELA in adolescents may enrich the current understanding of anhedonia’s multifaceted nature. This would enable a more wholistic approach for detection and prevention programs that could thwart the onset of anhedonia.

Adolescents with high reward-seeking behavior did not show a significant prospective association between ELA and anhedonia. While this nonsignificant pattern may hint at a possible buffering effect, it should be interpreted with caution and requires replication in larger samples. At the same time, the observation raises the possibility that reward-related processes could play a protective role, which aligns with emerging intervention research. Several studies have observed that targeting reward-related processes through intervention can increase reward sensitivity, raise positive affect, and reduce psychopathology symptoms in a clinical sample of adults with depression and anxiety (Craske et al., 2023). For example, Positive Affect Treatment (PAT) resulted in greater improvements in positive affect when compared to a cognitive-behavioral treatment focused on reducing negative affect. At 6-month follow-up, PAT also resulted in higher positive affect, lower negative affect, and lower severity of depressive and anxiety symptoms, stress, and suicidal ideation than the comparison treatment. Whether PAT and other reward-targeting interventions buffer against the development of anhedonia in youth remains unknown but a promising direction for future research.

Our main findings for reward-seeking behaviors remained significant even after considering traditional measures of risk-taking in the BART. This suggests that the effect is specific to reward-seeking, with the BART providing a reliable measure of clinically meaningful reward-seeking behavior in adolescents. Prior research has generally used the BART to assess risk-taking, and has shown the BART to be effective in predicting behaviors related to psychopathology, like increased alcohol and substance use (MacPherson et al., 2010; Fernie et al., 2013; Hanson et al., 2014). Our study extends the BART’s application to evaluating and distinguishing clinically-meaningful reward-seeking behaviors through a short, face-valid task. In particular, this study’s findings on low reward-seeking behaviors in adolescents may reflect the BART’s ability to capture low reward motivation in the real world. Given that adolescence is a critical developmental period involving shifts toward more independence and new experiences (Spear, 2011), reduced reward-motivated behavior (e.g., decreases in the want, effort, or motivation for the reward) has implications for anhedonia and depression. While both measures capture aspects of reward processing, the RADS-2 anhedonia subscale assesses hedonic capacity broadly, whereas BART performance reflects reward motivation, or wanting. Together, they provide converging but non-redundant perspectives on reward processes. However, anhedonia is understood to involve deficits across multiple components of reward processing, including wanting, liking, and learning (Zald and Treadway, 2017). Our study focused on reward motivation (wanting), but did not include behavioral indices of reward liking or learning. Future research should incorporate multiple behavioral measures to more fully capture the multidimensional nature of reward dysfunction.

Reward-seeking behavior in this study was measured using the BART. Individual differences in reward-seeking behavior, as measured by balloon pumps, on this task have been linked to both reactivity and connectivity within the fronto-striatal circuit (Rao et al., 2008; Wang M., et al., 2022), a circuit involved in the reward system (Galvan et al., 2005). In general, adolescents show more activation within the putamen, dorsal lateral prefrontal cortex, frontal lobe, and insula than adults when completing the BART (Wang M., et al., 2022). In adolescents with depression, attenuated functional connectivity between these areas have been linked to anhedonia severity, even after controlling for depression severity (Gabbay et al., 2013). Thus, behavioral measures of reward seeking using the BART may be indexing function or dysfunction within these structures or across this neural circuit. Future studies examining the neural correlates of reward-seeking behaviors measured by the BART and anhedonia could provide a more accurate and sensitive means of detecting anhedonia, particularly in cases where self-report or outward symptoms may not fully capture an individual’s experience.

The results of our study should be considered in the context of several limitations. First, while we over-sampled for ELA, our sample was still relatively small with only 74 adolescents. Second, the 12-month timeline provided only a snapshot of what predicted short-term risk rather than risk for anhedonia across adolescent development, despite adolescents being known to experience years-long periods of depression risk. While 12 months is within the timeframe of extant adolescent depression prevention studies (Stice et al., 2009), studies using longer follow-up periods can examine the trajectory of anhedonia to further inform the long-term impacts of ELA on anhedonia. Third, the use of the BART was limited in measuring reward-seeking behaviors, such that reward-seeking behaviors may not be the only explanation for the link between ELA and anhedonia 12-months later. Reward-seeking behaviors reflected reward motivation, which is just one of the three core components of reward processing “…(wanting, liking, and learning). The present analyses do not reflect behavioral measures of reward liking or learning, which may also play an important role in anhedonia. Future work should incorporate multiple behavioral tasks to capture the full spectrum of reward-related processes.” Fourth, the BART was limited in measuring reward motivation to monetary rewards. Indeed, adolescence is a period marked by heightened sensitivity to a variety of rewards, such as social rewards (Foulkes and Blakemore, 2016), which were not captured by the BART. Future studies should explore reward processing to different rewards to gain a multidisciplinary understanding of altered reward processing among adolescents at-risk for anhedonia. Fifth, it should be noted that the RADS-2 Anhedonia/Negative affect subscale captures both anhedonia and elements of negative affect. Thus, our results may reflect a broader affective dimension, and future work should incorporate additional self-report or behavioral measures of anhedonia to disentangle these constructs. Lastly, adolescents in the sample may have varied in their exposure to common adolescent stressors during the 12-month study period, and this variability could also contribute to risk for anhedonia. The present sample was underpowered to examine the effects of these ongoing stressors, and future research with larger samples should evaluate how ongoing stress interacts with early adversity to shape risk for anhedonia.

To conclude, adolescent anhedonia is a harbinger of MDD (Whitton et al., 2015), emphasizing the need to identify the factors that confer the highest risk for developing anhedonia. ELA is associated with adolescent anhedonia, but not all youth with ELA may go on to develop anhedonia. Thus, identifying exactly which youth with ELA are at the greatest-risk for adolescent anhedonia may provide insight into the types of intervention strategies that may mitigate risk among ELA-exposed adolescents. Findings from our study show that low and average reward-seeking behavior are prospective risk factors in adolescents with ELA for developing anhedonia in the short term.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by UCLA and UCI Institutional Review Boards. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin.



Author contributions

M-LT: Conceptualization, Data curation, Writing – review & editing, Writing – original draft, Formal analysis. UR: Writing – review & editing. JB: Supervision, Writing – review & editing, Conceptualization, Methodology. AF: Writing – review & editing. KK: Writing – review & editing, Methodology, Data curation, Funding acquisition, Conceptualization, Supervision.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was funded by the National Institute of Mental Health (K08112773; PI: Kuhlman), the National Center for Research Resources and the National Center for Advancing Translational Sciences (grant no. UL1TR001414), and the School of Social Ecology at the University of California, Irvine. The data for this project was collected by the team at the UCI Teen Resilience Lab (teenresilience.org).



Acknowledgments

This research would not have been possible without the teens and families who generously volunteered their time, as well as the UCI Teen Resilience Lab trainees (http://www.teenresilience.org) who dedicated formative years of their training to the completion of this project. The ACE scale was only administered to the parent at study enrollment.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References
	 Admon,R., and Pizzagalli,D. A. (2015). Dysfunctional reward processing in depression. Curr. Opin. Psychol. 4, 114–118. doi: 10.1016/j.copsyc.2014.12.011 
	 Aharon,I., Etcoff,N., Ariely,D., Chabris,C. F., O’Connor,E., and Breiter,H. C. (2001). Beautiful faces have variable reward value: fMRI and behavioral evidence. Neuron 32, 537–551. doi: 10.1016/S0896-6273(01)00491-3
	 American Psychiatric Association (2013). Diagnostic and statistical manual of mental disorders: DSM-5. 5th Edn. Washington, D.C: American Psychiatric Association.
	 Baldwin,J. R., Caspi,A., Meehan,A. J., Ambler,A., Arseneault,L., Fisher,H. L., et al. (2021). Population vs individual prediction of poor health from results of adverse childhood experiences screening. JAMA Pediatr. 175, 385–393. doi: 10.1001/jamapediatrics.2020.5602 
	 Bennik,E. C., Nederhof,E., Ormel,J., and Oldehinkel,A. J. (2014). Anhedonia and depressed mood in adolescence: course, stability, and reciprocal relation in the TRAILS study. Eur. Child Adolesc. Psychiatry 23, 579–586. doi: 10.1007/s00787-013-0481-z 
	 Berridge,K. C., and Robinson,T. E. (2003). Parsing reward. Trends Neurosci. 26, 507–513. doi: 10.1016/S0166-2236(03)00233-9
	 Bitsko,R. H. (2022). Mental health surveillance among children — United States, 2013–2019. MMWR Suppl. 71, 1–42. doi: 10.15585/mmwr.su7102a1 
	 Blomqvist,I., Ekbäck,E., Dennhag,I., and Henje,E. (2021). Validation of the Swedish version of the Reynolds adolescent depression scale second edition (RADS-2) in a normative sample. Nord. J. Psychiatry 75, 292–300. doi: 10.1080/08039488.2020.1850858 
	 Bolton,J. L., Molet,J., Regev,L., Chen,Y., Rismanchi,N., Haddad,E., et al. (2018). Anhedonia following early-life adversity involves aberrant interaction of reward and anxiety circuits and is reversed by partial silencing of amygdala Corticotropin-releasing hormone gene. Biol. Psychiatry 83, 137–147. doi: 10.1016/j.biopsych.2017.08.023 
	 Chapman,D. P., Whitfield,C. L., Felitti,V. J., Dube,S. R., Edwards,V. J., and Anda,R. F. (2004). Adverse childhood experiences and the risk of depressive disorders in adulthood. J. Affect. Disord. 82, 217–225. doi: 10.1016/j.jad.2003.12.013 
	 Cohen,J. R., McNeil,S. L., Shorey,R. C., and Temple,J. R. (2019). Maltreatment subtypes, depressed mood, and anhedonia: a longitudinal study with adolescents. Psychol. Trauma 11, 704–712. doi: 10.1037/tra0000418 
	 Craske,M. G., Meuret,A. E., Echiverri-Cohen,A., Rosenfield,D., and Ritz,T. (2023). Positive affect treatment targets reward sensitivity: a randomized controlled trial. J. Consult. Clin. Psychol. 91, 350–366. doi: 10.1037/ccp0000805 
	 Crouch,E., Probst,J. C., Radcliff,E., Bennett,K. J., and McKinney,S. H. (2019). Prevalence of adverse childhood experiences (ACEs) among US children. Child Abuse Negl. 92, 209–218. doi: 10.1016/j.chiabu.2019.04.010 
	 Fan,J., Liu,W., Xia,J., Li,S., Gao,F., Zhu,J., et al. (2021). Childhood trauma is associated with elevated anhedonia and altered core reward circuitry in major depression patients and controls. Hum. Brain Mapp. 42, 286–297. doi: 10.1002/hbm.25222
	 Felitti,V. J., Anda,R. F., Nordenberg,D., Williamson,D. F., Spitz,A. M., Edwards,V., et al. (1998). Relationship of childhood abuse and household dysfunction to many of the leading causes of death in adults: the adverse childhood experiences (ACE) study. Am. J. Prev. Med. 14, 245–258.
	 Fernie,G., Peeters,M., Gullo,M. J., Christiansen,P., Cole,J. C., Sumnall,H., et al. (2013). Multiple behavioural impulsivity tasks predict prospective alcohol involvement in adolescents. Addiction 108, 1916–1923. doi: 10.1111/add.12283 
	 Foulkes,L., and Blakemore,S.-J. (2016). Is there heightened sensitivity to social reward in adolescence? Curr. Opin. Neurobiol. 40, 81–85. doi: 10.1016/j.conb.2016.06.016 
	 Gabbay,V., Ely,B. A., Li,Q., Bangaru,S. D., Panzer,A. M., Alonso,C. M., et al. (2013). Striatum-based circuitry of adolescent depression and anhedonia. J. Am. Acad. Child Adolesc. Psychiatry 52, 628–641.e13. doi: 10.1016/j.jaac.2013.04.003 
	 Gabbay,V., Johnson,A. R., Alonso,C. M., Evans,L. K., Babb,J. S., and Klein,R. G. (2015). Anhedonia, but not irritability, is associated with illness severity outcomes in adolescent major depression. J. Child Adolesc. Psychopharmacol. 25, 194–200. doi: 10.1089/cap.2014.0105
	 Galvan,A. (2010). Adolescent development of the reward system. Front. Hum. Neurosci. 4:6. doi: 10.3389/neuro.09.006.2010 
	 Galvan,A., Hare,T. A., Davidson,M., Spicer,J., Glover,G., and Casey,B. J. (2005). The role of ventral Frontostriatal circuitry in reward-based learning in humans. J. Neurosci. 25, 8650–8656. doi: 10.1523/JNEUROSCI.2431-05.2005 
	 Galvan,A., Hare,T., Voss,H., Glover,G., and Casey,B. J. (2007). Risk-taking and the adolescent brain: who is at risk? Dev. Sci. 10, F8–F14. doi: 10.1111/j.1467-7687.2006.00579.x 
	 Gutkovich,Z. (2014). “Anhedonia in children and adolescents” in Anhedonia: A comprehensive handbook volume I: Conceptual issues and neurobiological advances. ed. M. S. Ritsner (Dordrecht: Springer Netherlands), 65–80.
	 Hanson,K. L., Thayer,R. E., and Tapert,S. F. (2014). Adolescent marijuana users have elevated risk-taking on the balloon analog risk task. J. Psychopharmacol. 28, 1080–1087. doi: 10.1177/0269881114550352 
	 Hayes,A. F. (2013). Introduction to mediation, moderation, and conditional process analysis: A regression-based approach. New York, NY, US: Guilford Press.
	 Helton,J. J., Vaughn,M. G., and Schiff,M. (2022). The accrual of parent reported adverse childhood experiences following a child protective services investigation: a prospective approach. Child Abuse Negl. 124:105447. doi: 10.1016/j.chiabu.2021.105447 
	 Kathleen Holmes,M., Bearden,C. E., Barguil,M., Fonseca,M., Serap Monkul,E., Nery,F. G., et al. (2009). Conceptualizing impulsivity and risk taking in bipolar disorder: importance of history of alcohol abuse. Bipolar Disord. 11, 33–40. doi: 10.1111/j.1399-5618.2008.00657.x 
	 Kirshenbaum,J. S., Pagliaccio,D., Pizzagalli,D. A., and Auerbach,R. P. (2024). Neural sensitivity following stress predicts anhedonia symptoms: a 2-year multi-wave, longitudinal study. Transl. Psychiatry. 14, 1–9. doi: 10.1038/s41398-024-02818-x
	 Koita,K., Long,D., Hessler,D., Benson,M., Daley,K., Bucci,M., et al. (2018). Development and implementation of a pediatric adverse childhood experiences (ACEs) and other determinants of health questionnaire in the pediatric medical home: a pilot study. PLoS One 13:e0208088. doi: 10.1371/journal.pone.0208088 
	 Kuhlman,K. R., Cole,S. W., Craske,M. G., Fuligni,A. J., Irwin,M. R., and Bower,J. E. (2022). Enhanced immune activation following acute social stress among adolescents with early life adversity. Biolog. Psychiatry: Global Open Sci. 3, 213–221. doi: 10.1016/j.bpsgos.2022.03.001
	 Kuhlman,K. R., Cole,S. W., Irwin,M. R., Craske,M. G., Fuligni,A. J., and Bower,J. E. (2023). The role of early life adversity and inflammation in stress-induced change in reward and risk processes among adolescents. Brain Behav. Immun. 109, 78–88. doi: 10.1016/j.bbi.2023.01.004 
	 Lejuez,C. W., Read,J. P., Kahler,C. W., Richards,J. B., Ramsey,S. E., Stuart,G. L., et al. (2002). Evaluation of a behavioral measure of risk taking: the balloon analogue risk task (BART). J. Exp. Psychol. Appl. 8, 75–84. doi: 10.1037/1076-898X.8.2.75 
	 Lumley,M. N., and Harkness,K. L. (2007). Specificity in the relations among childhood adversity, early maladaptive schemas, and symptom profiles in adolescent depression. Cogn. Ther. Res. 31, 639–657. doi: 10.1007/s10608-006-9100-3
	 MacPherson,L., Magidson,J. F., Reynolds,E. K., Kahler,C. W., and Lejuez,C. W. (2010). Changes in sensation seeking and risk-taking propensity predict increases in alcohol use among early adolescents. Alcohol. Clin. Exp. Res. 34, 1400–1408. doi: 10.1111/j.1530-0277.2010.01223.x 
	 McLaughlin,K. A. (2016). Future directions in childhood adversity and youth psychopathology. J. Clin. Child Adolesc. Psychol. 45, 361–382. doi: 10.1080/15374416.2015.1110823 
	 McMakin,D. L., Olino,T. M., Porta,G., Dietz,L. J., Emslie,G., Clarke,G., et al. (2012). Anhedonia predicts poorer recovery among youth with selective serotonin reuptake inhibitor treatment–resistant depression. J. Am. Acad. Child Adolesc. Psychiatry. 51, 404–411. doi: 10.1016/j.jaac.2012.01.011
	 Molet,J., Heins,K., Zhuo,X., Mei,Y. T., Regev,L., Baram,T. Z., et al. (2016). Fragmentation and high entropy of neonatal experience predict adolescent emotional outcome. Transl. Psychiatry 6:e702. doi: 10.1038/tp.2015.200 
	 Nguyen,H. T. T., Tran,B. X., Luu,H. N., Boyer,L., Fond,G., Auquier,P., et al. (2024). Prevalence of depressive symptoms among urban school adolescents in Vietnam: the role of youth, family, and school relationships. J. Epidemiol. Popul. Health 72:202758. doi: 10.1016/j.jeph.2024.202758 
	 Oh,D. L., Jerman,P., Purewal Boparai,S. K., Koita,K., Briner,S., Bucci,M., et al. (2018). Review of tools for measuring exposure to adversity in children and adolescents. J. Pediatr. Health Care 32, 564–583. doi: 10.1016/j.pedhc.2018.04.021 
	 Parsons,C. E., Young,K. S., Kumari,N., Stein,A., and Kringelbach,M. L. (2011). The motivational salience of infant faces is similar for men and women. PLoS One 6:e20632. doi: 10.1371/journal.pone.0020632 
	 Pechtel,P., and Pizzagalli,D. A. (2011). Effects of early life stress on cognitive and affective function: an integrated review of human literature. Psychopharmacology 214, 55–70. doi: 10.1007/s00213-010-2009-2 
	 Peciña,S., Cagniard,B., Berridge,K. C., Aldridge,J. W., and Zhuang,X. (2003). Hyperdopaminergic mutant mice have higher “wanting” but not “liking” for sweet rewards. J. Neurosci. 23, 9395–9402. doi: 10.1523/JNEUROSCI.23-28-09395.2003 
	 Pine,D. S., Cohen,E., Cohen,P., and Brook,J. (1999). Adolescent depressive symptoms as predictors of adult depression: moodiness or mood disorder? AJP 156, 133–135.
	 Pizzagalli,D. A. (2014). Depression, stress, and anhedonia: toward a synthesis and integrated model. Annu. Rev. Clin. Psychol. 10, 393–423. doi: 10.1146/annurev-clinpsy-050212-185606 
	 Purewal,S. K., Bucci,M., Wang,L. G., Koita,K., Marques,S. S., Oh,D., et al. (2016). Screening for adverse childhood experiences (ACEs) in an integrated pediatric care model. Zero to Three 36, 10–17.
	 Ramos-Vera,C., Callo,G. Q., Delgado,M. B., Saldarriaga,J. V., and Saintila,J. (2023). Factorial and network structure of the Reynolds adolescent depression scale (RADS-2) in Peruvian adolescents. PLoS One 18:e0286081. doi: 10.1371/journal.pone.0286081 
	 Rao,H., Korczykowski,M., Pluta,J., Hoang,A., and Detre,J. A. (2008). Neural correlates of voluntary and involuntary risk taking in the human brain: an fMRI study of the balloon analog risk task (BART). NeuroImage 42, 902–910. doi: 10.1016/j.neuroimage.2008.05.046 
	 Reynolds,W. M. (2004). Reynolds Adolescent Depression Scale – 2nd Edition. In Comprehensive handbook of psychological assessment, Volume 2: Personality assessment and psychopathology. (Eds.). M. Hersen, D. L. Segal, and M. Hilsenroth, (New York: John Wiley & Sons), pp 224–236.
	 Rømer Thomsen,K. (2015). Measuring anhedonia: impaired ability to pursue, experience, and learn about reward. Front. Psychol. 6:1409. doi: 10.3389/fpsyg.2015.01409
	 Salamone,J. D., Cousins,M. S., McCullough,L. D., Carriero,D. L., and Berkowitz,R. J. (1994). Nucleus accumbens dopamine release increases during instrumental lever pressing for food but not free food consumption. Pharmacol. Biochem. Behav. 49, 25–31.
	 Spear,L. P. (2011). Rewards, aversions and affect in adolescence: emerging convergences across laboratory animal and human data. Dev. Cogn. Neurosci. 1, 390–403. doi: 10.1016/j.dcn.2011.08.001 
	 Stice,E., Shaw,H., Bohon,C., Marti,C. N., and Rohde,P. (2009). A Meta-analytic review of depression prevention programs for children and adolescents: factors that predict magnitude of intervention effects. J. Consult. Clin. Psychol. 77, 486–503. doi: 10.1037/a0015168 
	 Thakur,N., Hessler,D., Koita,K., Ye,M., Benson,M., Gilgoff,R., et al. (2020). Pediatrics adverse childhood experiences and related life events screener (PEARLS) and health in a safety-net practice. Child Abuse Negl. 108:104685. doi: 10.1016/j.chiabu.2020.104685 
	 Thapar,A., Collishaw,S., Pine,D. S., and Thapar,A. K. (2012). Depression in adolescence. Lancet 379, 1056–1067. doi: 10.1016/S0140-6736(11)60871-4 
	 Treadway,M. T., Buckholtz,J. W., Schwartzman,A. N., Lambert,W. E., and Zald,D. H. (2009). Worth the “EEfRT”? The effort expenditure for rewards task as an objective measure of motivation and anhedonia. PLoS One 4:e6598. doi: 10.1371/journal.pone.0006598 
	 van der Gronde,T., Los,L., Herremans,A., Oosting,R., Zorzanelli,R., and Pieters,T. (2020). Toward a new model of understanding, preventing, and treating adolescent depression focusing on exhaustion and stress. Front. Psychol. 11. doi: 10.3389/fpsyt.2020.00412 
	 Wang,X., Lu,J., Liu,Q., Yu,Q., Fan,J., Gao,F., et al. (2022). Childhood experiences of threat and deprivation predict distinct depressive symptoms: A parallel latent growth curve model. J. Affect. Disord. 319, 244–251. doi: 10.1016/j.jad.2022.09.061
	 Wang,P., Zhang,N., Ma,S., Kang,L., Wang,W., Zong,X., et al. (2022). Dysfunctional Attitudes Mediate the Relationship Between Childhood Emotional Neglect and Anhedonia in Young Adult Major Depression Patients. Front. Psychiatry. 13:791230. doi: 10.3389/fpsyt.2022.791230
	 Wang,M., Zhang,S., Suo,T., Mao,T., Wang,F., Deng,Y., et al. (2022). Risk-taking in the human brain: An activation likelihood estimation meta-analysis of the balloon analog risk task (BART). Hum. Brain Mapp. 43, 5643–5657. doi: 10.1002/hbm.26041
	 Whitton,A. E., Treadway,M. T., and Pizzagalli,D. A. (2015). Reward processing dysfunction in major depression, bipolar disorder and schizophrenia. Curr. Opin. Psychiatry 28, 7–12. doi: 10.1097/YCO.0000000000000122 
	 Wolitzky-Taylor,K., Dour,H., Zinbarg,R., Mineka,S., Vrshek-Schallhorn,S., Epstein,A., et al. (2014). Experiencing Core symptoms of anxiety and unipolar mood disorders in late adolescence predicts disorder onset in early adulthood. Depress. Anxiety 31, 207–213. doi: 10.1002/da.22250 
	 Zald,D. H., and Treadway,M. T. (2017). Reward processing, Neuroeconomics, and psychopathology. Annu. Rev. Clin. Psychol. 13, 471–495. doi: 10.1146/annurev-clinpsy-032816-044957 


Copyright
 © 2025 Tran, Rao, Bower, Fuligni and Kuhlman. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Reward-seeking behaviors moderate the association between early life adversity and anhedonia 12 months later



		1 Introduction



		2 Materials and methods



		2.1 Participants



		2.2 Procedures



		2.3 Measures



		2.4 Data analysis









		3 Results



		4 Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/fnbeh-19-1672103-g001.jpg
Moderating Effect of Reward-Seeking Behavior in the
Assocation between ELA and 12-month Anhedonia
25

2

= Low Reward-Secking Behaviors

= = Average Reward-Secking
10 Behaviors

12-month Anhedor

«eeee+ High Reward-Secking Behaviors

-1sD 0SD +1SD
ACEs





OPS/images/cover.jpg
& frontiers | Frontiers in Behavioral Neuroscience

Reward-seeking behaviors
moderate the association
between early life adversity and
anhedonia 12 months later












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Behavioral Neuroscience






