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Abstract

Background: Evidence suggests that both childhood trauma and perceived stress are risk factors 

for the development of psychosis, as well as negative symptoms, such as anhedonia. Previous 

findings link increases in perceived stress to anhedonia in individuals at clinical-high risk for 

psychosis (CHR) and depression; however, the role of childhood trauma in this relationship has 

not yet been explored, despite consistent evidence that it is associated with sensitization to later 

stress.

Aims: This study examined whether perceived stress mediates the relationship between childhood 

trauma and anhedonia in a group of youth at CHR as well as in controls (groups with depression 

and no diagnosed mental health concerns).

Methods: The current study used multi-group mediation to examine the indirect effects of 

childhood trauma on anhedonia via perceived stress for CHR (n = 117), depression (n = 284), and 

non-psychiatric controls (n = 124).

Results: Perceived stress mediated the relationship between childhood trauma and 

consummatory anhedonia regardless of group status. Perceived stress mediated the relationship 

between childhood trauma and anticipatory anhedonia for the CHR and depression groups, but not 

for non-psychiatric controls. Further, groups differed in the magnitude of this relationship, with the 

effects trending toward stronger for those in the CHR group.
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Conclusions: Our findings suggest a potential transdiagnostic pathway through which childhood 

trauma contributes to anhedonia across serious mental illness.

Introduction

Evidence suggests that childhood trauma increases risk for the development of psychosis 

and is associated with symptom severity across the psychosis spectrum (1-3). Childhood 

trauma is also associated with earlier age of onset and higher number of hospitalizations 

in individuals with schizophrenia (4), as well as a higher degree of positive symptoms 

(5,6). Importantly, evidence suggests that childhood trauma predates the onset of psychotic 

symptoms, suggesting a causal relationship (1). In addition to positive symptoms, childhood 

trauma is also associated with negative symptoms, such as anhedonia (7). It is particularly 

important to understand the development of negative symptoms, as they often present prior 

to the onset of positive symptoms (8,9) and are typically associated with worse real-world 

outcomes, such as deficits in social functioning (i.e., level of social contact and ability 

to maintain interpersonal relationships) and role functioning (i.e., level of functioning at 

school or work; (10). These findings indicate that childhood trauma may contribute to 

psychosis-risk, as well as negative symptoms specifically, and thus represents a target for 

early intervention.

Anhedonia has traditionally been defined as an inability to experience pleasure and can be 

further divided into consummatory (i.e. in-the-moment hedonic capacity) and anticipatory 

(i.e., ability to anticipate future enjoyment) anhedonia. Among individuals with frank 

psychosis, those who have experienced childhood trauma or early adversity were more 

likely to report symptoms of anhedonia (11). A similar relationship between childhood 

trauma and anhedonia has been found in those experiencing other forms of psychopathology, 

such as depressive disorders (12,13), as well as in non-psychiatric controls (12). However, 

to our knowledge, the relationship between childhood trauma and anhedonia has yet to 

be examined in individuals at CHR, as prior research on this population has typically 

focused on the relationship between childhood trauma and positive symptoms. Further, it 

remains unclear whether childhood trauma is differentially associated with consummatory or 

anticipatory anhedonia.

One potential explanation for the link between childhood trauma and psychosis is an 

increase in stress sensitivity, which can occur when early exposure to stress or adversity, 

such as childhood trauma, increases sensitivity or reactivity to stressful events later in 

life, as well as increasing the likelihood that daily events will be perceived as stressful 

(14). This impaired stress tolerance may contribute to higher levels of negative emotions 

and psychotic experiences in reaction to daily life stress, which constitutes a vulnerability 

for developing frank psychosis (15). Additionally, perceived uncontrollability of stressful 

events has been linked to both consummatory and anticipatory anhedonia among CHR 

youth (16). Using structural equation modeling, Pelletier-Baldelli and colleagues (17) found 

that perceived stress directly influences both consummatory and anticipatory anhedonia in 

a sample enriched for psychosis (i.e., scoring above cut-offs on psychosis-risk screening 

questionnaires), which in turn predicts deficits in social functioning. Therefore, increases in 

perceived stress may be a contributing factor in the development of anhedonia.
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The role of childhood trauma in the perceived stress-anhedonia relationship has not yet been 

explored, despite consistent evidence that childhood trauma is associated with sensitization 

to later stress and anhedonia (14,18,19). Therefore, the current study aimed to determine 

whether perceived stress mediated the relationship between childhood trauma and both 

forms of anhedonia (anticipatory and consummatory) for CHR individuals. We hypothesized 

that childhood trauma would be associated with anhedonia via perceived stress. Further, 

although we know anhedonia is characteristic of psychosis, it also is a hallmark feature 

of depression, a highly comorbid disorder in CHR individuals. Understanding distinct and 

overlapping risk trajectories will help to pinpoint potential treatment targets. Therefore, we 

examined whether the same mediating relationship is present for individuals with depressive 

disorders, as well as community controls, to assess specificity.

Methods

Participants

Study participants were young adults from three large, racially, ethnically, and 

socioeconomically diverse catchment areas: Philadelphia County, PA, Cook County, IL, and 

Baltimore County, MD. Participants (n = 5944) were recruited from local communities and 

universities through flyers and online sources (e.g., social media, student courses, Craigslist) 

to complete a baseline assessment of self-report questionnaires online using Qualtrics 

(Provo, Utah). A subset of these participants (n = 807) was invited to complete in-person 

semi-structured interviews based on being above the pre-determined cut-off scores on two 

psychosis-risk questionnaires (≥ 8 positive symptom items on the Prodromal Questionnaire 

(20) or ≥ 2 endorsements of “somewhat” or “definitely agree” on the PRIME Screen (21) 

or randomly selected from a pool of participants below both cut-off scores (22). Starting in 

May 2020, interviews were conducted remotely via Zoom with cameras required to be on 

due to the COVID-19 pandemic (n = 244). There were no exclusion criteria for the study 

beyond being fluent in English and being within the age range of 16–30, which is based on 

known risk periods for psychosis.

Ethics Statement

The authors assert that all procedures contributing to this work comply with the ethical 

standards of the relevant national and institutional committees on human experimentation 

and with the Helsinki Declaration of 1975, as revised in 2008. All procedures were 

approved by the Institutional Review Boards of Temple University (Approval No. 13359), 

Northwestern University (Approval No. STU00205348), and University of Maryland 

Baltimore Country (Approval No. YS17JS20227). Further, written informed consent was 

obtained from all participants.

Measures

Childhood trauma was assessed using the Childhood Trauma Questionnaire Short-Form 

(CTQ; (23). This is a self-report inventory assessing five types of childhood maltreatment 

(Emotional Abuse, Physical Abuse, Sexual Abuse, Emotional Neglect, and Physical 

Neglect) occurring before the age of 16. The CTQ has shown validity in both clinical 

and community samples for ages 12 and up, as well as convergence with the Childhood 
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Trauma Interview (24,25). In the current study, two of the three sites removed items that 

could lead to reportable situations (i.e., physical and sexual abuse) due to the online nature 

of the questionnaire and potential inability to contact participants. Therefore, the remaining 

12 items were summed to create a modified total score (α=.87) which assesses emotional 

abuse, emotional neglect, and physical neglect. A subset of the sample (n = 255) was given 

the full CTQ-Short Form, allowing us to determine a Pearson correlation of 0.89 between 

the full questionnaire and shortened version.

Perceived stress was measured by the Perceived Stress Scale (PSS; (26), which is a 14-item 

self-report scale assessing the extent to which daily life events in the past month are viewed 

as stressful and uncontrollable. The PSS has shown good reliability and validity (27-29) 

and has successfully discriminated between psychosis populations and controls (30-32). The 

total PSS score (α=.89) was used.

Anhedonia was assessed with the Temporal Experience of Pleasure Scale (TEPS: 46). The 

TEPS is a measure of an individual’s disposition to experience pleasure and has subscales 

for both anticipatory pleasure (e.g., pleasure associated with expectation of reward; TEPS-

ANT) and consummatory pleasure (e.g., pleasure derived while engaged in an activity; 

TEPS-CON). The TEPS has exhibited good internal consistency (Cronbach’s alphas of 

0.71-.80; (33-35), high test-retest reliability (33,35) and strong construct and discriminant 

validity (33,34,36). In the current study, the TEPS was used as a measure of anhedonia 

where lower scores indicate higher anhedonia. TEPS-ANT (α = .76) and TEPS-CON (α = 

.72) were our variables of interest.

CHR status was determined by the Structured Interview for Psychosis-Risk Syndromes 

(SIPS; 50). The SIPS is a semi-structured interview which assesses psychosis-risk 

syndromes and has exhibited predictive validity of conversion to psychosis (38), as well 

as specificity and inter-rater reliability (39-41). In the current study, all SIPS interviews were 

administered by individuals who had undergone extensive training led by a SIPS-certified 

trainer and met reliability standards (ICC > .80 on positive symptom ratings). Additionally, 

any CHR status was verified during a weekly cross-site consensus meeting led by a SIPS-

certified trainer. Participants were considered CHR (n = 117) if they met criteria for at least 

one of three psychosis-risk syndromes: attenuated positive symptom syndrome (APSS; n = 

116), brief intermittent psychotic syndrome (BIPS; n = 0), and genetic risk and functional 

decline (GRD; n = 2). To address the issue of comorbidity, participants were excluded from 

the CHR group if they also met for a current depressive disorder (n = 24).

The Structured Clinical Interview for DSM-5, Research Version (SCID; (42) has been 

termed the “gold standard” for determining clinical diagnoses. In the current study, all 

SCID diagnoses were confirmed in weekly meetings with a clinical supervisor. The 

Mood Disorders module was used to determine lifetime history of depression, including 

Major Depressive Disorder, Persistent Depressive Disorder, and Other Specified Depressive 

Disorder. Presence vs. absence of lifetime depressive disorder was the variable of interest to 

determine group status (n = 286). Individuals were considered community controls (n = 124) 

if they did not meet criteria for any current or past SCID diagnosis. Comorbid diagnoses for 

the clinical groups (CHR and depression) can be found in Table 1.

O’Brien et al. Page 4

Br J Psychiatry. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Data Analysis

First, the dependent variables (TEPS-ANT and TEPS-CON) were examined for normality 

statistically by examining skewness and kurtosis values and by visually inspecting the data. 

Next, bivariate analyses using Pearson’s correlations were conducted to determine whether 

there were significant relationships between the main independent variable (childhood 

trauma) and the potential mediator (perceived stress) and the dependent variables (TEPS-

ANT and TEPS-CON), as well as if the potential mediator (perceived stress) was associated 

with the dependent variables (TEPS-ANT, TEPS-CON; (43). Additionally, age and sex 

assigned at birth (termed sex, herein) were tested as potential covariates by determining if 

they were associated with the independent and dependent variables (childhood trauma and 

anhedonia, respectively).

Statistical analyses were conducted in R (44) using version 3.6.2 of RStudio (45). The 

lavaan package (46) was used for analyses. Specifically, a multi-group mediation analysis 

for community controls, CHR, and depression groups was run so that group differences 

in direct and indirect effects could be examined (47). An initial model was estimated 

that permitted regression coefficients of all three paths to differ between groups (i.e., 

freely estimated). Next, a series of models were estimated which introduced constraints 

on individual paths by holding the regression coefficients of the path equal across groups. 

Each constrained model was compared to the initial freely estimated model. If the models 

did not significantly differ in model fit, this indicated that there were no significant 

differences between groups and the constrained path is preferable to the freely estimated 

path. Mediation effects were tested using a bootstrap estimation approach with 5,000 

samples. Significant mediation was determined by the 95% confidence interval not including 

zero (48).

Four sensitivity analyses were run to assess consistency of results after accounting for 

various changes to the model parameters. First, for models in which group was a significant 

moderator, a multi-group mediation model was run in which all CHR individuals with past 

diagnoses of depressive disorders (n = 65) were removed from the CHR group. Next, multi-

group models were run with CHR individuals who also met criteria for a current depressive 

disorder (n = 24) included in the CHR group. These were not run for models which were 

pooled across groups. Third, models were run using only the subset of individuals who 

completed the full CTQ-short form (i.e., including incidences of physical and sexual abuse; 

n = 152). Lastly, due to the potential impact of the COVID-19 pandemic on stress and 

depressive symptomology, models were run with the subset of individuals assessed prior to 

the start of the pandemic (n = 359).

Results

Participant demographics and descriptive characteristics can be seen in Table 1. Compared 

to the depression group, the CHR group had a higher rate of Social Anxiety Disorder (χ2(1) 

= 6.68, p < .01), but there were no other significant differences in comorbid diagnoses 

between the clinical groups.

O’Brien et al. Page 5

Br J Psychiatry. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



All study variables were significantly correlated with each other (see Table 2). Age was 

correlated with TEPS-ANT (r = −0.08, p < 0.05) and CTQ (r = 0.11, p < 0.01) such that 

older age was associated with greater levels of anticipatory anhedonia and more instances 

of childhood trauma. Sex was correlated with TEPS-CON (r = 0.08, p < 0.05) and PSS (r = 

0.09, p < 0.05). Therefore, to take a conservative approach, both age and sex were included 

as covariates in subsequent models.

First, we examined the indirect effect of childhood trauma to TEPS-ANT through perceived 

stress in a freely estimated model (i.e., all three paths were allowed to vary across groups) 

that demonstrated good model fit, χ2(21) = 138.06, p < 0.001; RMSEA < 0.001, 90% 

CI [0.00, 0.07]; CFI = 1.00; SRMR < 0.001. We further examined the specific paths by 

introducing constraints on individual paths and testing for overall differences in model fit. 

Compared to the freely estimated model, a model with the CTQ – PSS path constrained 

and a model with the CTQ – TEPS-ANT path constrained did not show significantly 

worse fit (χ2(2) = 0.62, p=.73 and χ2(2) = 0.74, p=.69, respectively), suggesting no group 

differences in these paths. However, a model with the PSS – TEPS-ANT path constrained 

was a significantly worse fit to the data (χ2(2) = 9.52, p=.01 ), suggesting differences in 

this relationship across groups. Therefore, in the final model, the CTQ – PSS and CTQ – 

TEPS-ANT paths were constrained, and the PSS – TEPS-ANT path was allowed to vary 

across groups (χ2(21) = 138.06, p < 0.001; RMSEA = 0.00, 90% CI [0.00, 0.07]; CFI = 

1.00; SRMR = 0.01). In this model (see Figure 1), perceived stress mediated the relationship 

between childhood trauma and anticipatory anhedonia for the CHR and depression groups, 

but not for community controls. There was a significant difference in indirect effect between 

community controls and CHR (b = .10, SE = .03, z = 2.91, p < 0.01), but not between 

community controls and depression (b = .04, SE = .03, z = 1.72, p = 0.09). The difference 

in indirect effect between the CHR and depression groups was nearly significant (b = −.06, 

SE = .03, t = −1.94, p = 0.05), indicating the effect was stronger for CHR at the trend level. 

The direct paths from CTQ to PSS (b = .26, SE = .03, t = 7.44, p < .001) and from CTQ to 

TEPS-ANT (b = −.16, SE = .04, t = −4.74, p < .001) were significant for all three groups. 

However, the direct path from PSS to TEPS-ANT was significant for the CHR (b = −.42, 

SE = .10, t = −4.40, p < .001) and depression (b = −.20, SE = .06, t = −3.50, p < .001) 

groups, but not for community controls (b = −.03, SE = .08, t = −0.37, p = .71). Further, this 

relationship was significantly stronger for the CHR group compared to the depression group 

(b = −.22, SE = .12, t = −2.01, p < 0.05).

For the consummatory subscale, there was no significant difference in model fit between 

the freely estimated model and one in which all three paths are constrained across groups, 

indicating there is no variation in path coefficients by group. Therefore, a single mediation 

model was estimated for all participants (χ2(21) = 100.342, p < 0.001; RMSEA = 0.00, 90% 

CI [0.00, 0.05]; CFI = 1.0; SRMR = .01). In this model (see Figure 2), perceived stress 

mediated the relationship between CTQ and TEPS-CON. Further, CTQ was associated with 

both PSS (b = .26, SE = .03, t = 7.47, p < .001) and TEPS-CON (b = −.07, SE = .03, t 

= −2.41, p = .02), and PSS was also associated with TEPS-CON (b = −.13, SE = .04, t = 

−3.75, p < .001).
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Sensitivity Analyses

First, a follow-up analysis of the multi-group TEPS-ANT model was run in which all 

individuals with past diagnoses of depression were removed from the CHR group. Although 

the CHR group size was significantly reduced (n = 52), the indirect effect from childhood 

trauma to TEPS-ANT through perceived stress was significant. Further, there was a 

significant difference in indirect effects between the CHR and depression groups (b = −.11, 

SE = .04, t = −2.846, p < 0.01), indicating that the indirect effect was stronger for the CHR 

group. Next, the TEPS-ANT model was run with CHR individuals who also met criteria 

for a current depressive disorder (n = 24) included in the CHR group. In this model, there 

was a significant difference in indirect effect between community controls and CHR (b = 

.10, SE = .03, t = 3.08, p < 0.01) and between the CHR and depression groups (b = −.06, 

SE = .03, t = −2.15, p =.03), with the effect being strongest for the CHR group. These 

follow-up analyses were not run for TEPS-CON, as group was not a significant moderator 

for TEPS-CON models and the mediation model was pooled across groups. Third, both 

the TEPS-ANT and TEPS-CON models were run using only the subset of individuals who 

completed the full CTQ-short form (i.e., including incidences of physical and sexual abuse) 

and the indirect effect of childhood trauma on TEPS-CON through perceived stress was no 

longer significant, which may have been due to loss of power. Lastly, both models were run 

with the subset of individuals assessed prior to the start of the pandemic and all substantive 

conclusions remained the same. Full results of the sensitivity analyses can be seen in the 

supplemental materials.

Discussion

We demonstrated that childhood trauma is associated with higher levels of consummatory 

and anticipatory anhedonia via the indirect effect of perceived stress for individuals at 

CHR and those with depression. These findings extend existing stress-anhedonia models 

by including childhood trauma in the model, suggesting a transdiagnostic pathway through 

which childhood trauma contributes to anhedonia across the psychosis-spectrum, as well 

as in depressive disorders. Childhood trauma was independently associated with increases 

in perceived stress and anhedonia, regardless of group status. In contrast, group status 

moderated the relationship between perceived stress and anticipatory anhedonia, with 

this association being strongest for CHR individuals. Our findings provide evidence that 

increases in perceived stress may constitute an important target for early intervention, 

particularly for individuals at risk for developing psychosis who have a history of trauma.

Early adversity likely contributes to the development of psychosis in part through 

dysregulating the hypothalamic-pituitary-adrenal (HPA) axis, which is integral in the body’s 

response to stress (15,18). Further, it has been suggested that altered HPA functioning, and 

resulting increases in stress sensitivity, may contribute to anhedonia through the release of 

corticotropin-releasing factor (CRF), which interferes with mesolimbic functioning, thereby 

reducing reward motivation (19). The findings of the current study align with previous work 

utilizing time-lagged multilevel modeling, which found activity-related stress (i.e., one’s 

appraisal of their capability, control, and enjoyment of the current activity) is associated 

with increases in anhedonia for both CHR and first-episode psychosis (16). Similarly, 
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perceived uncontrollability of stressful events has been linked to anhedonia, as well as 

blunted midbrain dopamine responses, for individuals with depression (49). The current 

study adds to this literature by providing evidence that increases in perceived stress may 

constitute a potential mechanism through which early trauma contributes to anhedonia. 

Further, although this mechanism appears to be transdiagnostic, our findings suggest the 

relationship is strongest for CHR individuals with respect to anticipatory anhedonia.

Interestingly, there were no significant group differences in any of the paths involving 

consummatory anhedonia. One potential explanation would be due to limitations of the 

TEPS, which is prospective and hypothetical in nature. While most self-report measures 

require thinking retrospectively to report past incidences, the TEPS requires the participant 

to imagine a specific situation and predict a future emotional response, which utilizes 

semantic rather than experiential knowledge about emotions (50). We utilized the TEPS 

in the current study because it is used extensively in the psychosis-risk literature and has 

been recommended by the National Institute of Mental Health RDoC (Research Domain 

Criteria) initiative. However, it has been noted that the TEPS may reflect cognitive processes 

involved in the appraisal of hedonic experience as opposed to actual consumption of rewards 

(50). Alternatively, our findings may indicate that childhood trauma leads to consummatory 

anhedonia via increases in perceived stress regardless of psychopathology. It has been 

suggested that different neural mechanisms are involved in anticipatory and consummatory 

anhedonia. For example, consummatory pleasure involves initial responsiveness to reward 

and is mediated by opioid and GABAergic connections of the mesolimbic circuit, with 

projections starting in the nucleus accumbens, while anticipatory pleasure relies on reward 

prediction (i.e., the ability to attribute incentive value, or salience to reward-predicting 

cues to guide decisions; (51), which is partly moderated by dopaminergic projections from 

the ventral tegmental area (VTA; (52). It has been suggested that CRF interferes with 

mesolimbic functioning by influencing dopamine release in the VTA (19). Although we did 

not examine these neural mechanisms directly in this study, this body of literature could 

potentially explain why HPA-axis dysfunction, and associated increases in perceived stress, 

are particularly relevant to anticipatory anhedonia. Previous findings have established that 

individuals with schizophrenia show intact responsiveness to reward (i.e., consummatory 

pleasure), but show deficits in anticipatory pleasure (50), potentially due to difficulty 

integrating salient information during decision making (53). However, this distinction is 

less clear among CHR samples, as previous research has found individuals at CHR exhibit 

deficits in both consummatory and anticipatory pleasure (54,55) . It has been suggested 

that anhedonia may not be specific to CHR, but rather associated with depression and 

other comorbid psychopathology (56). It should also be noted that the CC group exhibited 

TEPS-CON scores similar to that of the depression group. This may be reflective of rising 

rates of depression among young adults (57), despite not meeting clinical criteria for a 

depressive disorder, and highlights an important finding that should be followed up in 

epidemiological samples. Further, more research is needed to disentangle the mechanisms 

underlying anhedonia subtypes across diagnoses. However, our findings provide evidence 

that the link between perceived stress and anticipatory anhedonia is stronger for CHR 

individuals than those with depression alone.
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A strength of the study was utilizing a large community sample from highly diverse 

populations. However, it should be noted that the current study employed community 

resources, such as flyers and internet sources, rather than targeting treatment-seeking 

populations, such as clinics or hospitals. While recruiting from non-clinical populations 

has been shown to reduce true risk for psychosis (58), our study used validated psychosis-

risk questionnaires to select participants for clinical interviews. Further some important 

limitations should be noted. First, due to high comorbidity between psychosis-risk and 

depression, it is difficult to determine specificity of underlying mechanisms. Although 

it significantly reduced group size, a sensitivity analysis was conducted after removing 

individuals with a lifetime history of depression from the CHR group. In this sensitivity 

test, there was a significant difference in indirect effects between groups, indicating that 

the indirect effect was stronger for the CHR group. Further, the same was found when 

individuals with current comorbid depression were included in the CHR group, which may 

be a more naturalistic reflection of the CHR state. A second limitation of the study is 

the removal of reportable items from the CTQ (i.e., physical and sexual abuse), leaving a 

modified total score to be calculated using items that primarily assess neglect. However, 

sensitivity analyses were conducted with the subset of individuals who were given the 

full short form-CTQ, and the results remained the same. Additionally, among those who 

completed the full questionnaire, the correlation between the excluded and included items 

was very high (r = .89). Third, this study relied on retrospective reporting of childhood 

trauma. Although the CTQ is a well-validated measure of early trauma (24,25), it has 

been reported that only 52% of individuals who reported traumatic events in prospective 

studies reported having experienced trauma when asked retrospectively (59). Therefore, the 

prevalence of childhood trauma may be underreported in the current study. Fourth, it is 

possible that our findings are not specific to anhedonia but may also apply to other negative 

symptoms not examined in the current study, such as motivational deficits. Finally, although 

the occurrence of childhood trauma precedes the other variables examined in the study, 

cross-sectional data does not allow for establishing temporal precedence, particularly for 

perceived stress and anhedonia. Longitudinal or time-lagged studies may be better able to 

provide support for a causal relationship between perceived stress and anhedonia. However, 

the temporal sequence of our study variables would be difficult to parse apart, even in a 

longitudinal study, given that both perceived stress and anhedonia are common responses 

to trauma and therefore could occur simultaneously. The current study suggests they are 

important constructs related to experiences of childhood trauma across groups, not only in 

psychosis populations.

Our findings provide evidence that childhood trauma may contribute to anhedonia via 

increases in perceived stress. Although this mechanism is likely transdiagnostic, it appears 

that the association between perceived stress and anticipatory anhedonia is strongest among 

CHR individuals. Therefore, the early identification and treatment of high perceived stress 

may represent an important intervention target, particularly for individuals at risk for 

developing psychosis. Cognitive-behavioral interventions, such as cognitive reappraisal and 

coping skills training, may be particularly beneficial, as they have been shown to reduce 

perceived stress (60).
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Funding

This work was supported by the National Institute of Mental Health (5R01MH112612-05 to JS, 
5R01MH112545-05 to VAM, 5R01MH112613-05 to LME, F31MH119720 to AE).

References

1. Read J, van Os J, Morrison AP, Ross CA. Childhood trauma, psychosis and schizophrenia: 
a literature review with theoretical and clinical implications. Acta Psychiatrica Scandinavica. 
2005;112(5):330–50. [PubMed: 16223421] 

2. Loewy RL, Corey S, Amirfathi F, Dabit S, Fulford D, Pearson R, et al. Childhood trauma and 
clinical high risk for psychosis. Schizophr Res. 2019 Mar;205:10–4. [PubMed: 29779964] 

3. Ered A, Gibson LE, Maxwell SD, Cooper S, Ellman LM. Coping as a mediator of stress and 
psychotic-like experiences. Eur Psychiatry. 2017 Jun;43:9–13. [PubMed: 28365470] 

4. Rosenthal A, Meyer MS, Mayo D, Tully LM, Patel P, Ashby S, et al. Contributions of childhood 
trauma and atypical development to increased clinical symptoms and poor functioning in recent 
onset psychosis. Early Interv Psychiatry. 2020 Dec;14(6):755–61. [PubMed: 32043308] 

5. Uyan TT, Baltacioglu M, Hocaoglu C. Relationships between childhood trauma and dissociative, 
psychotic symptoms in patients with schizophrenia: a case–control study. Gen Psychiatr. 2022 Jan 
27;35(1):e100659. [PubMed: 35146333] 

6. Wang Z, Xue Z, Pu W, Yang B, Li L, Yi W, et al. Comparison of first-episode and chronic 
patients diagnosed with schizophrenia: symptoms and childhood trauma. Early Interv Psychiatry. 
2013 Feb;7(1):23–30. [PubMed: 22947390] 

7. Kirkpatrick B, Fenton WS, Carpenter WT, Marder SR. The NIMH-MATRICS Consensus Statement 
on Negative Symptoms. Schizophr Bull. 2006 Apr;32(2):214–9. [PubMed: 16481659] 

8. Mason O, Startup M, Halpin S, Schall U, Conrad A, Carr V. Risk factors for transition to first 
episode psychosis among individuals with “at-risk mental states.” Schizophr Res. 2004 Dec 1;71(2–
3):227–37. [PubMed: 15474894] 

9. Yung AR, Yuen HP, McGorry PD, Phillips LJ, Kelly D, Dell’Olio M, et al. Mapping the onset of 
psychosis: the Comprehensive Assessment of At-Risk Mental States. Aust N Z J Psychiatry. 2005 
Dec;39(11–12):964–71. [PubMed: 16343296] 

10. Devoe DJ, Braun A, Seredynski T, Addington J. Negative Symptoms and Functioning in Youth 
at Risk of Psychosis: A Systematic Review and Meta-analysis. Harv Rev Psychiatry. 2020 
Dec;28(6):341–55. [PubMed: 33156155] 

11. Sweeney S, Air T, Zannettino L, Galletly C. Gender Differences in the Physical and Psychological 
Manifestation of Childhood Trauma and/or Adversity in People with Psychosis. Front Psychol. 
2015;6:1768. [PubMed: 26635676] 

12. Fan J, Liu W, Xia J, Li S, Gao F, Zhu J, et al. Childhood trauma is associated with elevated 
anhedonia and altered core reward circuitry in major depression patients and controls. Hum Brain 
Mapp. 2021 Feb 1;42(2):286–97. [PubMed: 33030766] 

13. Sonmez A, Lewis C, Athreya A, Shekunov J, Croarkin P. Preliminary Evidence for Anhedonia as a 
Marker of Sexual Trauma in Female Adolescents. Adolescent Health, Medicine and Therapeutics. 
2021 Jun 1;Volume 12:67–75. [PubMed: 34163277] 

14. Collip D, Myin-Germeys I, Van Os J. Does the Concept of “Sensitization” Provide a Plausible 
Mechanism for the Putative Link Between the Environment and Schizophrenia? Schizophrenia 
Bulletin. 2008 Mar 1;34(2):220–5. [PubMed: 18203757] 

15. Myin-Germeys I, van Os J. Stress-reactivity in psychosis: evidence for an affective pathway to 
psychosis. Clin Psychol Rev. 2007 May;27(4):409–24. [PubMed: 17222489] 

O’Brien et al. Page 10

Br J Psychiatry. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



16. Gerritsen C, Bagby RM, Sanches M, Kiang M, Maheandiran M, Prce I, et al. Stress precedes 
negative symptom exacerbations in clinical high risk and early psychosis: A time-lagged 
experience sampling study. Schizophrenia Research. 2019 Aug 1;210:52–8. [PubMed: 31248749] 

17. Pelletier-Baldelli A, Strauss GP, Kuhney FS, Chun C, Gupta T, Ellman LM, et al. Perceived stress 
influences anhedonia and social functioning in a community sample enriched for psychosis-risk. J 
Psychiatr Res. 2021 Mar;135:96–103. [PubMed: 33460840] 

18. Raymond C, Marin MF, Majeur D, Lupien S. Early child adversity and psychopathology 
in adulthood: HPA axis and cognitive dysregulations as potential mechanisms. Prog 
Neuropsychopharmacol Biol Psychiatry. 2018 Jul 13;85:152–60. [PubMed: 28751271] 

19. Stanton CH, Holmes AJ, Chang SWC, Joormann J. From Stress to Anhedonia: Molecular 
Processes through Functional Circuits. Trends Neurosci. 2019 Jan;42(1):23–42. [PubMed: 
30327143] 

20. Loewy RL, Bearden CE, Johnson JK, Raine A, Cannon TD. The prodromal questionnaire (PQ): 
preliminary validation of a self-report screening measure for prodromal and psychotic syndromes. 
Schizophr Res. 2005 Nov 1;79(1):117–25. [PubMed: 16276559] 

21. Miller T, Cicchetti D, Markovich P, McGlashan T, Woods S. The SIPS screen: a brief self-report 
screen to detect the schizophrenia prodrome. Schizophrenia Research. 2004;70:78–78.

22. Ellman LM, Schiffman J, Mittal VA. Community Psychosis Risk Screening: An Instrument 
Development Investigation. J Psychiatr Brain Sci. 2020;5:e200019. [PubMed: 32944657] 

23. Bernstein DP, Fink L, Handelsman L, Foote J, Lovejoy M, Wenzel K, et al. Initial reliability 
and validity of a new retrospective measure of child abuse and neglect. Am J Psychiatry. 1994 
Aug;151(8):1132–6. [PubMed: 8037246] 

24. Bernstein DP, Stein JA, Newcomb MD, Walker E, Pogge D, Ahluvalia T, et al. Development and 
validation of a brief screening version of the Childhood Trauma Questionnaire. Child Abuse Negl. 
2003 Feb;27(2):169–90. [PubMed: 12615092] 

25. Bernstein DP, Fink L. Childhood trauma questionnaire: A retrospective self-report. Psychological 
Corporation; 1998.

26. Cohen S, Kamarck T, Mermelstein R. A Global Measure of Perceived Stress. Journal of Health and 
Social Behavior. 1983;24(4):385–96. [PubMed: 6668417] 

27. Cohen S. Psychosocial models of the role of social support in the etiology of physical disease. 
Health Psychol. 1988;7(3):269–97. [PubMed: 3289916] 

28. Cohen S, Tyrrell DA, Smith AP. Negative life events, perceived stress, negative affect, and 
susceptibility to the common cold. J Pers Soc Psychol. 1993 Jan;64(1):131–40. [PubMed: 
8421249] 

29. Hewitt PL, Flett GL, Mosher SW. The Perceived Stress Scale: Factor structure and relation 
to depression symptoms in a psychiatric sample. J Psychopathol Behav Assess. 1992 Sep 
1;14(3):247–57.

30. Horan WP, Brown SA, Blanchard JJ. Social anhedonia and schizotypy: The contribution of 
individual differences in affective traits, stress, and coping. Psychiatry Research. 2007;149(1–
3):147–56. [PubMed: 17109970] 

31. Mondelli V, Dazzan P, Hepgul N, Di Forti M, Aas M, D’Albenzio A, et al. Abnormal cortisol 
levels during the day and cortisol awakening response in first-episode psychosis: The role of stress 
and of antipsychotic treatment. Schizophrenia Research. 2010 Feb 1;116(2):234–42. [PubMed: 
19751968] 

32. Palmier-Claus JE, Dunn G, Lewis SW. Emotional and symptomatic reactivity to stress in 
individuals at ultra-high risk of developing psychosis. Psychol Med. 2012 May;42(5):1003–12. 
[PubMed: 22067414] 

33. Gard DE, Gard MG, Kring AM, John OP. Anticipatory and consummatory components of the 
experience of pleasure: A scale development study. Journal of Research in Personality. 2006 Dec 
1;40(6):1086–102.

34. Gard DE, Gard MG, Mehta N, Kring AM, Patrick CJ. Impact of motivational salience on 
affect modulated startle at early and late probe times. International Journal of Psychophysiology. 
2007;66(3):266–70. [PubMed: 17566577] 

O’Brien et al. Page 11

Br J Psychiatry. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



35. Strauss GP, Wilbur RC, Warren KR, August SM, Gold JM. Anticipatory vs. Consummatory 
Pleasure: What is the Nature of Hedonic Deficits in Schizophrenia? Psychiatry Res. 2011 May 
15;187(1–2):36–41. [PubMed: 21295860] 

36. Favrod J, Ernst F, Giuliani F, Bonsack C. [Validation of the Temporal Experience of Pleasure 
Scale (TEPS) in a French-speaking environment]. Encephale. 2009 Jun;35(3):241–8. [PubMed: 
19540410] 

37. McGlashan T, Walsh BC, Woods SW. Structured Interview for Psychosis-Risk Syndromes. Yale 
School of Medicine; 2001.

38. Cannon TD, Cadenhead K, Cornblatt B, Woods SW, Addington J, Walker E, et al. Prediction of 
psychosis in youth at high clinical risk: a multisite longitudinal study in North America. Arch Gen 
Psychiatry. 2008 Jan;65(1):28–37. [PubMed: 18180426] 

39. Miller TJ, McGlashan TH, Rosen JL, Somjee L, Markovich PJ, Stein K, et al. Prospective 
diagnosis of the initial prodrome for schizophrenia based on the Structured Interview for 
Prodromal Syndromes: preliminary evidence of interrater reliability and predictive validity. Am 
J Psychiatry. 2002 May;159(5):863–5. [PubMed: 11986145] 

40. Miller TJ, McGlashan TH, Rosen JL, Cadenhead K, Cannon T, Ventura J, et al. Prodromal 
assessment with the structured interview for prodromal syndromes and the scale of prodromal 
symptoms: predictive validity, interrater reliability, and training to reliability. Schizophr Bull. 
2003;29(4):703–15. [PubMed: 14989408] 

41. Woods SW, Addington J, Cadenhead KS, Cannon TD, Cornblatt BA, Heinssen R, et al. Validity 
of the prodromal risk syndrome for first psychosis: findings from the North American Prodrome 
Longitudinal Study. Schizophr Bull. 2009 Sep;35(5):894–908. [PubMed: 19386578] 

42. First MB, Williams JBW, Karg RS, Spitzer R. Structured Clinical Interview for DSM-5—
Research Version (SCID-5 for DSM-5, Research Version; SCID-5-RV). Arlington, VA, American 
Psychiatric Association; 2015.

43. Baron RM, Kenny DA. The moderator-mediator variable distinction in social psychological 
research: conceptual, strategic, and statistical considerations. J Pers Soc Psychol. 1986 
Dec;51(6):1173–82. [PubMed: 3806354] 

44. R Development Core Team. R: A Language and Environment for Statistical Computing. R 
Foundation for Statistical Computing; 2019.

45. RStudio Team. RStudio: Integrated Development for R. Boston, MA: RStudio; 2020.

46. Rosseel Y. lavaan: An R Package for Structural Equation Modeling. Journal of Statistical Software. 
2012 May 24;48:1–36.

47. Ryu E, Cheong J. Comparing Indirect Effects in Different Groups in Single-Group and Multi-
Group Structural Equation Models. Frontiers in Psychology. 2017;8:747. [PubMed: 28553248] 

48. Preacher KJ, Hayes AF. Asymptotic and resampling strategies for assessing and comparing 
indirect effects in multiple mediator models. Behavior Research Methods. 2008 Aug;40(3):879–
91. [PubMed: 18697684] 

49. Pizzagalli DA. Depression, Stress, and Anhedonia: Toward a Synthesis and Integrated Model. 
Annu Rev Clin Psychol. 2014 Mar 28;10:393–423. [PubMed: 24471371] 

50. Strauss GP, Gold JM. A new perspective on anhedonia in schizophrenia. Am J Psychiatry. 2012 
Apr;169(4):364–73. [PubMed: 22407079] 

51. Waltz JA, Frank MJ, Robinson BM, Gold JM. Selective reinforcement learning deficits in 
schizophrenia support predictions from computational models of striatal-cortical dysfunction. Biol 
Psychiatry. 2007 Oct 1;62(7):756–64. [PubMed: 17300757] 

52. Barch DM, Pagliaccio D, Luking K. Mechanisms Underlying Motivational Deficits in 
Psychopathology: Similarities and Differences in Depression and Schizophrenia. Curr Top Behav 
Neurosci. 2016;27:411–49. [PubMed: 26026289] 

53. Heerey EA, Bell-Warren KR, Gold JM. Decision-making impairments in the context of intact 
reward sensitivity in schizophrenia. Biological Psychiatry. 2008;64(1):62–9. [PubMed: 18377874] 

54. Schlosser DA, Fisher M, Gard D, Fulford D, Loewy RL, Vinogradov S. Motivational deficits 
in individuals at-risk for psychosis and across the course of schizophrenia. Schizophr Res. 2014 
Sep;158(0):52–7. [PubMed: 25008792] 

O’Brien et al. Page 12

Br J Psychiatry. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



55. Strauss GP, Ruiz I, Visser KH, Crespo LP, Dickinson EK. Diminished Hedonic response in 
neuroleptic-free youth at ultra high-risk for psychosis. Schizophr Res Cogn. 2017 Dec 23;12:1–7. 
[PubMed: 29928593] 

56. Akouri-Shan L, Schiffman J, Millman ZB, Demro C, Fitzgerald J, Rakhshan Rouhakhtar PJ, et al. 
Relations Among Anhedonia, Reinforcement Learning, and Global Functioning in Help-seeking 
Youth. Schizophrenia Bulletin. 2021 Nov;47(6):1534–43. [PubMed: 34240217] 

57. Goodwin RD, Dierker LC, Wu M, Galea S, Hoven CW, Weinberger AH. Trends in U.S. 
Depression Prevalence From 2015 to 2020: The Widening Treatment Gap. American Journal of 
Preventive Medicine. 2022 Sep;S0749379722003336.

58. Fusar-Poli P, Schultze-Lutter F, Cappucciati M, Rutigliano G, Bonoldi I, Stahl D, et al. The 
Dark Side of the Moon: Meta-analytical Impact of Recruitment Strategies on Risk Enrichment in 
the Clinical High Risk State for Psychosis. Schizophr Bull. 2016 May;42(3):732–43. [PubMed: 
26591006] 

59. Baldwin JR, Reuben A, Newbury JB, Danese A. Agreement Between Prospective and 
Retrospective Measures of Childhood Maltreatment: A Systematic Review and Meta-analysis. 
JAMA Psychiatry. 2019 Jun 1;76(6):584–93. [PubMed: 30892562] 

60. Yusufov M, Nicoloro-SantaBarbara J, Grey NE, Moyer A, Lobel M. Meta-analytic evaluation of 
stress reduction interventions for undergraduate and graduate students. International Journal of 
Stress Management. 2019 May;26(2):132–45.

O’Brien et al. Page 13

Br J Psychiatry. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Multi-group structural equation model predicting anticipatory anhedonia for community 

controls, CHR, and depression groups. Significant indirect effect was determined by the 

95% confidence interval not including zero.

p < .001***.
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Figure 2. 
Structural equation model, pooled across groups, predicting consummatory anhedonia. 

Significant indirect effect was determined by the 95% confidence interval not including 

zero.

p < .001***.
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Table 1.

Sample Characteristics by Group

Control (n = 124) CHR (n = 117) Depression (n = 284)

Age (years) M (SD) [range] 20.38 (2.82) [16-30] 20.36 (2.35) [16-30] 21.19 (2.95) [16-30]

Sex % (n) Male 30.65% (38) 29.1% (34) 16.55% (47)

Ethnicity % (n) Hispanic 13.71% (17) 10.26% (12) 20.07% (57)

Race % (n)

 American Indian/Alaska Native 0 0.9% (1) 0

 Asian 29.03% (36) 17.1% (20) 22.2% (63)

 Native Hawaiian/Pacific Islander 0 0.9% (1) 0.35% (1)

 Black/African American 16.12% (20) 16.2% (19) 11.6% (33)

 White 46.0% (57) 56.4% (66) 54.6% (155)

 More than One race 7.26% (9) 3.41% (4) 8.45% (24)

 Unknown/Not reported 1.61% (2) 5.13% (6) 2.81% (8)

CTQ Total Score M (SD) [range] 20.40 (6.81) [13-47] 29.17 (10.76) [13-61] 27.24 (11.06) [13-59]

PSS Total Score M (SD) [range] 23.14 (8.08) [5-50] 32.83 (8.41) [11-51] 31.79 (8.05) [6-55]

TEPS – ANT M (SD) [range] 47.38 (7.06) [22-60] 42.93 (9.36) [13-57] 44.49 (8.22) [14-60]

TEPS- CON M (SD) [range] 38.33 (6.55) [19-48] 35.98 (6.75) [20-48] 38.14 (6.37) [14-48]

Lifetime DSM-5 Diagnoses % (n)

 Alcohol Use Disorder - 23.1% (27) 19.7% (56)

 Cannabis Use Disorder - 19.7% (23) 19.0% (54)

 Panic Disorder - 13.7% (16) 13.0% (37)

 Social Anxiety Disorder - 50.4% (59) 36.6% (104)

 Generalized Anxiety Disorder - 41.9% (49) 39.1% (111)

 Obsessive-Compulsive Disorder - 14.5% (17) 10.6% (30)

 Post-Traumatic Stress Disorder - 17.1% (20) 20.8% (59)
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Table 2.

Correlations Among Study Variables

TEPS-ANT TEPS-CON CTQ PSS

TEPS-ANT 1 - - -

TEPS-CON .55** 1 - -

CTQ −.31** −.20** 1 -

PSS −.23** −.13** .36** 1

Note.

**
p < .01
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