
1452  |     J Neurosci Res. 2022;100:1452–1462.wileyonlinelibrary.com/journal/jnr

Received: 14 September 2021  | Revised: 15 February 2022  | Accepted: 22 March 2022

DOI: 10.1002/jnr.25051  

R E S E A R C H  A R T I C L E

Childhood trauma exposure and reward processing in healthy 
adults: A functional neuroimaging study

Chanellé Juanita Hendrikse1  |   Stéfan du Plessis1,2  |   Hilmar Klaus Luckhoff1 |   
Matthijs Vink3 |   Leigh Luella van den Heuvel1,2 |   Freda Scheffler1  |   
Lebogang Phahladira1 |   Retha Smit1  |   Laila Asmal1 |   Soraya Seedat1,2 |   Robin Emsley1

1Department of Psychiatry, Stellenbosch 
University, Cape Town, South Africa
2Genomics of Brain Disorders Research 
Unit, South African Medical Research 
Council / Stellenbosch University, Cape 
Town, South Africa
3Departments of Experimental and 
Developmental Psychology, Utrecht 
University, Utrecht, Netherlands

Correspondence
Chanellé Juanita Hendrikse, Department 
of Psychiatry, Stellenbosch University, 
Cape Town, 8000, South Africa.
Email: cbuckle@sun.ac.za

Funding information
Research reported in this publication 
was supported by the South African 
Medical Research Council (SAMRC) for 
the “Shared Roots” Flagship Project (Grant 
no. MRC- RFA- IFSP- 01- 2013/SHARED 
ROOTS) through funding received from the 
South African National Treasury under its 
Economic Competitiveness and Support 
Package. The work by Leigh van den 
Heuvel (LVDH) and Freda Scheffler (FS) 
reported herein was made possible through 
funding by the SAMRC through its Division 
of Research Capacity Development 
under the following funding programs: (1) 
SAMRC CLINICIAN RESEARCHER (M.D 
PHD) SCHOLARSHIP PROGRAMME 
from funding received from the South 
African National Treasury (LVDH), and (2) 
BONGANI MAYOSI NATIONAL HEALTH 
SCHOLARSHIP PROGRAMME from 
funding received from the Public Health 
Enhancement Fund/South African National 
Department of Health (FS). The content of 
this publication is solely the responsibility 
of the authors and does not necessarily 
represent the official views of the SAMRC.

Abstract
The association between childhood trauma exposure and risk of developing psycho-
pathology may in part be mediated by the effects of chronic stress on dopaminergic 
neurotransmission. However, little is known about the differential effects of distinct 
trauma types on reward processing, particularly in adults without concurrent medi-
cal or psychiatric disorders. We examined the association of childhood trauma expo-
sure, including the differential effects of abuse and neglect, with reward processing 
in healthy adults (n = 114). Functional magnetic resonance imaging during a monetary 
incentive delay task was used to assess neural activity in the ventral striatum and or-
bitofrontal cortex in relation to reward anticipation and reward outcome, respectively. 
Exposure to childhood trauma, including abuse and neglect, was assessed using the 
Childhood Trauma Questionnaire- Short Form. We found a significant effect for abuse 
on ventral striatal activation during reward anticipation, adjusting for age, sex, scan-
ner site, educational level, and household monthly income. There were no effects for 
abuse or neglect, independently or combined, on orbitofrontal cortex activation dur-
ing reward outcome. Our findings suggest differential effects of childhood abuse on 
ventral striatum activation during reward anticipation in healthy adults.
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1  |  INTRODUC TION

Childhood trauma is a well- known risk factor for psychiatric disorders, 
including posttraumatic stress disorder, depression, substance abuse, 
and schizophrenia (Carr et al., 2013; Curran et al., 2018; McGrath 
et al., 2017; McLaughlin et al., 2012). It is also associated with poor 
academic performance (Artz et al., 2016; Delaney- Black et al., 2002) 
and maladaptive risk- taking behaviors in the general population (Arens 
et al., 2012; Chartier et al., 2009; Danielson et al., 2010). Studies 
over the past few decades have provided important information on 
neurobiological mechanisms that may underlie these associations. 
One possible mechanism is stress- related hypothalamic– pituitary– 
adrenal (HPA) axis dysregulation (Gunnar & Quevedo, 2007; Pechtel & 
Pizzagalli, 2013), linked with abnormal dopaminergic neurotransmission 
(Bogdan et al., 2013; Duval et al., 2006; Pascucci et al., 2007; Piazza 
& Le Moal, 1997) and thus altered reward processing, including re-
ward anticipation and reward outcome- related neural activity (Novick 
et al., 2018). At a neurodevelopmental level, reward processing is char-
acterized by a gradual increase in reward anticipation and a decrease in 
reward outcome from adolescence into adulthood (Geier & Luna, 2009; 
Hoogendam et al., 2013). Childhood trauma exposure could affect 
this trajectory, leading to perturbations in reward- seeking behav-
iors and impulse control (Andrews et al., 2011; Cardinal et al., 2004; 
Vink et al., 2015) as well as increased risk of psychopathology (Birn 
et al., 2017; Casement et al., 2014; Elman et al., 2009; Goff et al., 2013).

It is important to note that distinct types of childhood trauma— 
such as abuse and neglect— could have differential effects on reward 
processing (Cassiers et al., 2018; Dennison et al., 2017; McLaughlin 
& Sheridan, 2016; McLaughlin et al., 2014). On the one hand, ex-
periences involving early life social or cognitive deprivation, such as 
childhood family adversity (Boecker et al., 2014; Holz et al., 2017), in-
stitutionalization (Goff et al., 2013; Mehta et al., 2010), parental loss 
(Hanson, Albert, et al., 2015), or emotional neglect (Hanson, Hariri, 
et al., 2015), have been associated with blunted activation of stria-
tal regions during reward anticipation. On the other hand, childhood 
abuse has been linked to both increased (Dennison et al., 2016) and 
decreased (Dillon et al., 2009) striatal activation in response to re-
warding cues. However, since altered reward processing has also been 
described in various psychiatric disorders (Hart & Rubia, 2012; Zald & 
Treadway, 2017) and medical conditions (Du Plessis et al., 2015, 2018), 
the unique effects of childhood trauma on reward processing in healthy 
controls, relative to patient samples, have not been well characterized. 
Furthermore, prior studies have often failed to account for additional 
environmental risk factors, such as poverty and educational level, that 
may go hand in hand with childhood trauma and are known to influ-
ence neurodevelopment (Gianaros et al., 2011; Gonzalez et al., 2016; 
Marshall et al., 2018; Noble et al., 2013; Romens et al., 2015). This is 
of particular importance in developing countries where issues of social 
and economic inequality are worsening and school dropout rates are 
high (Flisher et al., 2010). Inconsistencies in the literature regarding 
the relationship between childhood trauma and reward processing 
could, therefore, be explained in part by the inclusion of participants 
with diverse rearing environments (Dennison et al., 2017; McLaughlin 

et al., 2014) and varying sociodemographic, medical, and psychiatric 
profiles (Hart & Rubia, 2012; Novick et al., 2018).

The overall aim of this study was to investigate the associations be-
tween childhood trauma exposure, including the differential effects of 
childhood abuse and neglect, and reward processing in adults without co-
morbid general medical or psychiatric disorders. We used a modified ver-
sion of the well- described monetary incentive delay (MID) task (Knutson 
et al., 2000, 2001) to examine neural activation during reward anticipa-
tion in the ventral striatum (VS) and reward outcome in the orbitofrontal 
cortex (OFC) (Du Plessis et al., 2018; Hoogendam et al., 2013; Knutson 
et al., 2000; Van Hell et al., 2010; Vink et al., 2015). We hypothesized 
that childhood trauma exposure would be associated with blunted VS 
activation during reward anticipation (Dillon et al., 2009; Hanson, Albert, 
et al., 2015; Holz et al., 2017) and OFC hyperactivation during reward 
outcome (Boecker- Schlier et al., 2016). Furthermore, we anticipated dif-
ferential effects for abuse and neglect on reward anticipation and reward 
outcome (Dennison et al., 2017; McLaughlin et al., 2014).

2  |  METHODS AND MATERIAL S

2.1  |  Participants

Participants were drawn from the healthy control group of a cross- sectional 
project investigating the genomic, neural, cellular, and environmental sig-
natures common to neuropsychiatric disorders and cardiovascular disease 
risk (“Shared Roots” study, MRC- RFA- UFSP- 01- 2013). The study was ap-
proved by the Health Research Ethics Committee (HREC, N13/08/115) 
of the Faculty of Medicine and Health Sciences, Stellenbosch University 
(Cape Town, South Africa). Participants were recruited through purposive 
sampling in Cape Town between 2014 and 2017 and provided written 
informed consent. All participants were of mixed ancestry, based on self- 
report, as the parent study excluded other ethnic groups to avoid the ef-
fects of population stratification on genetic analyses.

Of 310 healthy adults originally recruited for the healthy control 
group, we included 114 in the present study. Inclusion criteria were 

Significance

This is the first study to assess the differential associations 
of distinct childhood trauma types (including abuse and 
neglect) with reward processing changes in healthy adults 
living in a developing country. Contrary to prior studies 
which suggest an association between childhood trauma 
and decreased reward anticipation in the brain, we found 
an association between abuse exposure specifically and 
increased reward anticipation in the ventral striatum. This 
finding demonstrates a need for future studies to examine 
the associations of distinct trauma types with specific re-
ward processing changes and how these changes may con-
tribute to psychopathology risk or resilience in adulthood.
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the completion of neuroimaging and clinical assessments, including 
screening for childhood trauma. Reasons for exclusion were as fol-
lows: (i) incomplete or unsuccessful processing of magnetic resonance 
imaging (MRI) scans (n = 16); (ii) age above 70 years (n = 15) (Vink 
et al., 2015); (iii) current diagnosis of a significant general medical con-
dition or clinically relevant structural MRI brain abnormality (n = 33); 
(iv) current diagnosis of a psychiatric disorder or use of psychiatric 
medications (n = 61); (v) positive (n = 32) or missing (n = 3) urine tox-
icology result for opiates, benzodiazepines, cannabis, methamphet-
amine, or methaqualone on the day of scanning (Van Hell et al., 2010); 
(vi) incomplete primary schooling (n = 21); and (vii) missing sociode-
mographic data (n = 7). These exclusions left us with 160 healthy in-
dividuals, of whom we excluded a further 46 due to poor functional 
MRI scan quality (n = 21) or MID task performance (n = 26) (see 
Section 2.3.3 for further details).

2.2  |  Clinical assessments

All participants completed a demographic questionnaire, the MINI 
International Neuropsychiatric Interview, version 6.0 (Sheehan 
et al., 1997), for current and lifetime psychiatric disorders, the World 
Health Organization STEPwise approach to surveillance (STEPS) in-
strument (World Health Organization, 2008), and a general medi-
cal questionnaire to assess personal medical history and record the 
use of concomitant medications. Handedness was measured using 
the Edinburgh Handedness Inventory (Oldfield, 1971). All measures 
were administered by study clinicians and nurses.

2.2.1  |  Childhood trauma assessment

Childhood trauma exposure was assessed using the Childhood 
Trauma Questionnaire- Short Form (CTQ- SF) (Bernstein & 
Fink, 1998), which is a self- report 28- item Likert- type scale designed 

to assess past exposure to five types of trauma including physical, 
sexual, and emotional abuse, and physical and emotional neglect. 
The CTQ- SF has good criterion- related validity and can be used reli-
ably across various samples (Bernstein et al., 2003).

Participants were categorized according to trauma exposure for 
descriptive purposes. Categorization was done as follows: The five 
subscales of the CTQ- SF were first scored separately, and individ-
ual participants were categorized by level of exposure to each of the 
trauma subtypes according to established subscale- specific thresh-
olds (Bernstein & Fink, 1998) outlined in Table S1. The five subscales 
of the CTQ- SF were then collapsed into two overarching catego-
ries, namely abuse and neglect, for two reasons: First, we expected 
there to be a high degree of overlap between the different trauma 
subtypes. Second, we did not anticipate that we would have a large 
enough sample size to assess the unique contribution(s) of the five 
trauma subtypes to reward processing changes, while controlling for 
the potential influence of additional trauma subtypes in statistical 
models. Therefore, abuse exposure was determined by a score above 
the “moderate” threshold for any one of the three abuse- specific 
subscales, whereas neglect exposure was similarly inferred from the 
two neglect- specific subscales. Participants with abuse and/or ne-
glect exposure were grouped under the broader category of “child-
hood trauma- exposed,” whereas those without abuse and/or neglect 
exposure were categorized as “childhood trauma- unexposed.”

2.3  |  Neuroimaging assessments

2.3.1  |  Monetary incentive delay functional 
MRI task

Participants completed a modified version of a well- known and reli-
able reward processing task (Figure 1), namely the monetary incen-
tive delay (MID) task (Knutson et al., 2000, 2001). This task is used to 
study neural (i.e., blood- oxygen- level- dependent [BOLD] activation) 

F I G U R E  1  Schematic representation of the monetary incentive delay task (Knutson et al., 2000, 2001; Vink et al., 2015)
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and behavioral responses to the anticipation and receipt of reward 
separately, while engaging subregions of the reward system such as 
the VS and OFC. At the start of each trial, a cue was presented signal-
ing whether the participant could win money (potentially rewarding 
trials, n = 30) or not (neutral trials, n = 30). This cue was followed by a 
fixation star, target stimulus, and feedback screen. Participants were 
required to respond as rapidly as possible to each target by pressing 
a button. They were awarded 10 South African Rand (ZAR) for re-
sponding in time during reward, but not neutral, trials. The feedback 
screen indicated whether the participant responded in time (green 
lettering) or not (red lettering), whether money was won or not, as 
well as the cumulative reward won. Importantly, the duration of the 
target stimulus was variable across all trials and was adapted accord-
ing to each individual participant’s task performance during an ini-
tial practice session. This ensured that all participants had an equal 
amount of rewarded and unrewarded trials (i.e., equal task perfor-
mance of about 50%) and won the same amount of money (i.e., ap-
proximately 150 ZAR) by the end of the task.

2.3.2  |  Image acquisition

MRI scans were acquired at two scan sites on either a 3T Siemens 
Allegra (Erlangen, Germany) or a 3T Siemens Skyra (Erlangen, 
Germany). Scan parameters for the functional MRI scan were as fol-
low: 360 whole- brain 2D- EPI images acquired in 9 min 35 s, repeti-
tion time (TR) = 1,600 ms, echo time (TE) = 23 ms, flip angle =72.5°, 
field of view (FoV) = 256 x 256 mm, 30 slices, and 4 mm isotropic 
voxels. High- resolution T1 ME- MPRAGE- weighted structural MRI 
scans were also acquired for image registration (van der Kouwe 
et al., 2008) and for excluding participants with clinically significant 
intracranial pathology (as evaluated by a radiologist and neurologist). 
The Siemens Allegra parameters were as follows: TR = 2,530 ms, 
TE1 = 1.53 ms, TE2 = 3.21 ms, TE3 = 4.89 ms, TE4 = 6.57 ms, flip 
angle = 7°, FoV = 256 mm, 128 slices, and 1 isotropic voxel size. 
The Siemens Skyra parameters were as follows: TR = 2,530 ms, 
TE1 = 1.63 ms, TE2 = 3.47 ms, TE3 = 5.31 ms, TE4 = 7.15 ms, flip 
angle = 7°, FoV = 280 mm, 128 slices, and 1 isotropic voxel size.

2.3.3  |  Image preprocessing and quality assurance

Statistical Parametric Mapping, version 12 (www.fil.ion.ucl.ac.uk/
spm/, RRID:SCR_009537) was used for preprocessing and first- level 
statistical analysis of functional MRI scans (Hoogendam et al., 2013), 
which involved: (i) slice- time correction, (ii) realignment to correct for 
head motion, (iii) spatial normalization to the Montreal Neurological 
Institute T1- template brain, and (iv) spatial smoothing using an 8 mm 
full- width at half- maximum Gaussian kernel to accommodate in-
terindividual differences in neuroanatomy. We utilized an in- house 
quality assurance tool (based on Friedman & Glover, 2006; Geissler 
et al., 2007; Stöcker et al., 2005), which generated region- of- 
interest- based signal- to- noise- ratios (SNRs), as well as whole- brain 

SNR maps. SNR values were compared between groups to ensure 
similar level of quality. Movement was evaluated using multiple 
parameters (Van Dijk et al., 2012) and participants were excluded 
based on excessive head motion (>3 mm in any direction between 
subsequent scans; Vink et al., 2015). Edge cases were re- evaluated 
and included if the SNR values were comparable and did not prove to 
be an outlier in our analysis. Only one such edge case was identified 
(head motion = 3.36 mm) and was retained as a leave- out analysis 
did not significantly change our findings. Finally, good region- of- 
interest fit was evaluated using a custom masking tool. Additionally, 
participants with poor MID task performance were excluded, as de-
termined by a response count <11 for either neutral or potentially 
rewarding trials, or >16 correct responses for potentially rewarding 
trials (indicating that the participant frequently began to rapidly 
press the response button before, during, and after the target).

The preprocessed time- series data for all participants were an-
alyzed using a general linear model analysis. We elected a priori to 
assess reward anticipation in the VS and reward outcome in the 
OFC, based on previous findings (Haber & Knutson, 2010; Ikemoto 
& Panksepp, 1999; Knutson et al., 2001, 2003; Oldham et al., 2018; 
Schultz et al., 1992). We chose to conduct a region- of- interest rather 
than a whole- brain voxel- wise analysis to limit the amount of multi-
ple comparisons we were making. Whole- brain voxel- wise analyses 
with cluster- wide correction are particularly vulnerable to this issue 
and was recently criticized as resulting in many false positive findings 
(Eklund et al., 2016). Regions- of- interest were based on definitions 
of the AAL atlas (RRID:SCR_003550) (Tzourio- Mazoyer et al., 2002) 
and the Oxford- GSK- Imanova Striatal Connectivity Atlas for the VS 
(Tziortzi et al., 2014). Reward anticipation was assessed by comparing 
average hemodynamic change across the left and right VS over the 
two task conditions, that is, during and after the presentation of (i) a 
neutral cue across all neutral trials (i.e., neutral anticipation), and (ii) 
a reward cue across all potentially rewarding trials (i.e., reward an-
ticipation). Reward outcome was assessed by comparing average he-
modynamic change across the left and right OFC over the two task 
conditions, that is, during all feedback trials when (i) the button was 
pressed in time during a neutral trial (i.e., neutral correct outcome), 
and (ii) money was received for a successful reward trial (i.e., reward 
outcome). The onset of the factors modeling anticipation (duration 
range 1,529– 7,479 ms) was at the presentation of the cue, while the 
onset of the factors modeling feedback (duration 2,000 ms) was at the 
presentation of the target, including the button press to the target and 
subsequent feedback. Motion parameters from the realignment pro-
cedure were included as factors of no interest. Low- frequency drifts 
were removed from the signal by applying a high- pass filter with a 
cut- off frequency of 128 s (Du Plessis et al., 2018).

2.4  |  Statistical analysis

Statistical analyses were performed using the Statistical Package for the 
Social Sciences software, version 26 (www.ibm.com/produ cts/spss- 
stati stics, RRID:SCR_019096). Prior to performing the main analyses, 

http://www.fil.ion.ucl.ac.uk/spm/
http://www.fil.ion.ucl.ac.uk/spm/
https://scicrunch.org/resolver/RRID:SCR_009537
https://scicrunch.org/resolver/RRID:SCR_003550
http://www.ibm.com/products/spss-statistics
http://www.ibm.com/products/spss-statistics
https://scicrunch.org/resolver/RRID:SCR_019096
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we used chi- square tests and t tests, as appropriate, to examine poten-
tial differences in key sample characteristics between participants with 
and without childhood trauma exposure. Thereafter, we evaluated the 
effectiveness of the MID task in the total sample using repeated meas-
ures analysis of variance (RMANOVA) models assessing the average in- 
scanner response time change, as well as hemodynamic changes during 
reward anticipation in the VS and reward outcome in OFC, over the two 
task conditions (i.e., neutral and potentially rewarding trials), adjusting 
for scanner site. No additional covariates were included in this perfor-
mance analysis, since any potential between- subject variability in task 
performance was already accounted for by adjusting for individual per-
formance levels. However, we used partial correlations, adjusting for 
scanner site, to assess the associations of relevant sociodemographic 
variables with the response times and accuracies (i.e., the number of 
correct responses) for each task condition. We anticipated faster and 
more accurate responses for potentially rewarding compared to neutral 
trials for all participants (Knutson et al., 2000, 2001).

For the main statistical analyses, we calculated total scale scores 
for the CTQ- SF for all participants. These total scale scores were used 
in RMANOVA models to examine the associations of overall childhood 
trauma exposure with reward anticipation and reward outcome sepa-
rately. Thereafter, we ran the same RMANOVA models to assess the 
differential effects of childhood abuse and neglect exposure on each re-
ward processing component. We calculated composite scores for abuse 
by summing the physical, sexual, and emotional abuse subscale scores, 
and composite scores for neglect were calculated by summing the phys-
ical and emotional neglect subscale scores (Sheridan et al., 2017). First, 
we entered the separate composite scores for abuse and neglect simul-
taneously in the RMANOVA models, replacing the CTQ- SF total scale 
score, as previously recommended (McLaughlin & Sheridan, 2016). 
Thereafter, we reran the same models entering the composite scores 
of each trauma type exclusively. This approach allowed us to identify 
reward processing changes unique to childhood abuse and not neglect, 
as well as demonstrate that these reward processing changes vary in 
relation to the severity of exposure (McLaughlin & Sheridan, 2016). We 
elected a priori to adjust for age, sex, educational level, monthly house-
hold income, and scanner site in all models.

3  |  RESULTS

3.1  |  Sample characteristics

After exclusions, the final sample (n = 114) comprised 57 healthy 
adults with a history of childhood trauma and 57 without a his-
tory of childhood trauma. These groups were similar in terms of 
age, sex, educational level, monthly household income, handed-
ness, scanner site, and the amount of reward won during the MID 
task (Table 1). The childhood trauma- exposed group comprised 
36 participants with abuse exposure only, six participants with 
neglect exposure only, and 15 participants with both abuse and 
neglect exposure. As expected, overlap of exposure to the five 
trauma subtypes was high, with 39 participants (i.e., 68% of the 

trauma- exposed group) reporting a history of more than one of 
the trauma subtypes (Table S2). For a detailed breakdown of the 
sociodemographic characteristics according to the five trauma 
subtypes, see Table S3.

3.2  |  Task performance

Participants (n = 114) responded significantly faster to the target 
during potentially rewarding trials compared to neutral trials, as indi-
cated by a main effect of task condition on response time, adjusting 
for scanner site [F(1, 112) = 7.235, p = 0.008, partial η2 = 0.061]. 
Similarly, we found an expected increase in hemodynamic activity 
of the VS during reward anticipation [F(1, 112) = 7.311, p = 0.008, 
partial η2 = 0.061] (Table S4, RMANOVA 1). In contrast, we did not 
initially observe a significant change in hemodynamic activity of the 
OFC during reward outcome [F(1, 112) = 2.503, p = 0.116] (Table S4, 
RMANOVA 2). However, given the potential impact of income on 
participants' interpretation of reward outcomes, we added house-
hold monthly income [F(1, 111) = 4.716, p = 0.032, partial η2 = 0.041] 
as a covariate to this model, which rendered it significant [F(1, 
111) = 6.219, p = 0.014, partial η2 = 0.053]. In particular, participants 
showed increased activation of the OFC during positive outcome 
compared to neutral outcome trials.

Partial correlations adjusting for scanner site revealed significant 
positive associations between age and average response times during 
both neutral [r(111) = 0.328, p = 0.000) and potentially rewarding trials 
[r(111) = 0.273, p = 0.003]. Furthermore, educational level was pos-
itively correlated with response accuracy during potentially reward-
ing [r(111) = 0.224, p = 0.017), but not neutral trials [r(111) = 0.058, 
p = 0.543], indicating that participants with a higher educational level 
made more correct responses when they had the opportunity to win 
money. This, in turn, lead to greater total rewards among partici-
pants who completed secondary or tertiary education (M = 143 ZAR, 
SD = 12 ZAR) compared to those with partial secondary education 
(M = 136 ZAR, SD = 15 ZAR) [t(112) = −2.664, p = 0.009]; neverthe-
less, in reality this 7 ZAR difference is small.

3.3  |  Reward anticipation in the ventral striatum

There was no main effect of overall childhood trauma exposure [F(1, 
107) = 1.264, p = 0.263] on reward anticipation in the VS (Table 
S4, RMANOVA 3). Moreover, no main effects of either childhood 
abuse [F(1, 105) = 1.465, p = 0.229] or neglect [F(1, 105) = 0.386, 
p = 0.536] were found when investigating the independent effects 
of these exposures (entered in the same model simultaneously as 
separate continuous variables together with an interaction term be-
tween the two) on reward anticipation in the VS. Moreover, no inter-
action effect of abuse and neglect on reward anticipation was found 
[F(1, 105) = 0.004, p = 0.952] (Table S4, RMANOVA 5).

We additionally assessed the independent effect of childhood 
abuse on reward anticipation in the VS without including childhood 
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neglect or the interaction between abuse and neglect in the model, 
given that overall neglect scores were low in participants who 
did not report a history of abuse, resulting in only six participants 
with neglect exposure without concurrent abuse. We found a sig-
nificant main effect for childhood abuse on reward anticipation 
[F(1, 107) = 4.167, n = 114, p = 0.044, partial η2 = 0.037] (Table 
S4, RMANOVA 7), showing an increase in VS activity during re-
ward anticipation with increased severity of abuse, adjusting for all 
elected confounders (Figure 2). Additionally, to confirm this unique 
association between childhood abuse and reward anticipation, we 
reran this model with childhood neglect included as a nuisance co-
variate. This model revealed a stronger association between child-
hood abuse and reward anticipation in the VS [F(1, 106) = 6.064, 
p = 0.015, partial η2 = 0.054], whereas childhood neglect was not 
significant [F(1, 106) = 2.004, p = 0.160, partial η2 = 0.019] (Table 
S4, RMANOVA 9).

3.4  |  Reward outcome in the orbitofrontal cortex

There was no main effect of overall childhood trauma exposure [F(1, 
107) = 0.971, p = 0.327] on reward outcome in the OFC. However, 
household monthly income was an important predictor of reward 
outcome in the OFC [F(1, 107) = 5.803, n = 114, p = 0.018, partial 
η2 = 0.051] (Table S4, RMANOVA 4). Furthermore, no main effects 
of either childhood abuse [F(1, 105) = 0.063, p = 0.802] or neglect 
[F(1, 105) = 0.138, p = 0.711] on reward outcome were found, and 
there was no interaction effect of abuse and neglect on reward out-
come [F(1, 105) = 0.386, p = 0.536] (Table S4, RMANOVA 6). When 
removing childhood neglect from the model, no main effect of child-
hood abuse [F(1, 107) = 0.724, p = 0.397] on reward outcome in 
the OFC was found, adjusting for all elected confounders (Table S4, 
RMANOVA 8).

4  |  DISCUSSION

In the present study, we found a significant effect of childhood 
abuse on reward anticipation in the VS, adjusting for age, sex, edu-
cational level, monthly household income, and scanner site. We did 
not demonstrate the effects of overall childhood trauma and child-
hood neglect exposure on either reward anticipation in the VS or on 
reward outcome in the OFC. To the best of our knowledge, this is the 
first study to examine the associations between childhood trauma, 
including distinct trauma types, and reward processing in healthy 
adults recruited from a developing country.

The lack of main effects for either overall childhood trauma score 
and childhood neglect score on reward anticipation in the VS was 
unexpected considering prior evidence suggesting an association be-
tween various types of childhood stress and decreased reward antic-
ipation in striatal regions during adolescence or adulthood (Boecker 
et al., 2014; Boecker- Schlier et al., 2016; Casement et al., 2014; Holz 
et al., 2017; Mehta et al., 2010; Morgan et al., 2014). However, an 
examination of overall childhood trauma might have obscured the 
differential effects of distinct trauma types on reward anticipation in 
our sample (McLaughlin & Sheridan, 2016). Indeed, childhood abuse 
was associated with increased VS activation during reward anticipa-
tion, suggesting increased reward sensitivity with increased levels of 
childhood abuse exposure. Nevertheless, the direction of this associa-
tion was unexpected, since prior studies have mostly reported blunted 
reward anticipation in individuals with a history of childhood trauma 
(Boecker et al., 2014; Boecker- Schlier et al., 2016; Dillon et al., 2009; 
Mehta et al., 2010).

However, since our sample did not meet criteria for any psychi-
atric disorder, they might represent a resilient group in terms of the 
effects of childhood trauma on their mental health. Therefore, the in-
creased reward sensitivity demonstrated by our participants in terms 
of childhood abuse exposure may not be a pathological insult (Novick 

F I G U R E  2  Left: Anatomical mask of the ventral striatum. Right: Change in average blood- oxygen- level- dependent (BOLD) activation in 
the ventral striatum from neutral to potentially rewarding trials (i.e., reward anticipation) as a function of childhood abuse severity with a 
linear trend line
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et al., 2018), but may rather represent an adaptive change to adversity 
(McLaughlin & Lambert, 2017). This notion is supported by previous 
studies which demonstrated weaker associations between childhood 
trauma exposure and anhedonia or depression in individuals with 
greater VS reactivity to reward (Corral- Frias et al., 2015; Dennison 
et al., 2016). Conversely, other studies reported associations between 
VS hyperactivation during reward anticipation and increased risk- 
taking behaviors (Kuhnen & Knutson, 2005), impulsivity (Andrews 
et al., 2011), depression (Casement et al., 2014), or bipolar disorder 
(Nusslock et al., 2012). Consequently, abnormally elevated levels of 
VS activation during reward anticipation could be a neural basis for 
the emergence of psychopathology and may have important implica-
tions for the development of preventive or therapeutic interventions 
(Nusslock et al., 2012). It is of course possible that those individuals 
with a history of childhood abuse who exhibited increased reward 
sensitivity in our study may have been experiencing subthreshold 
psychiatric symptoms or maladaptive behaviors and may be at risk of 
developing mental health problems in future. Furthermore, although 
not previously considered, educational level had an influence on task 
performance. The effect of childhood abuse on reward anticipation re-
mained, however, when accounting for educational level. Interestingly, 
we observed a significant effect of household monthly income on re-
ward outcome- related activity in the OFC. Although a thorough explo-
ration of this finding is beyond the scope of this study, further study of 
sociodemographic factors that could affect neurodevelopment and in 
turn reward processing is recommended.

Our study has several limitations. First, participants reported 
on their childhood experiences retrospectively which may have 
introduced a recall bias into the data used for this study (Hardt & 
Rutter, 2004). Second, even though our sample size was greater 
than or comparable to other studies, a larger sample size would 
have improved our ability to detect more subtle effects. Moreover, 
since participants were recruited from the same catchment area, 
our results cannot necessarily be generalized to other populations. 
Third, our sample had few participants who reported experiences 
of neglect in the absence of abuse, undermining our ability to 
assess the independent effects of childhood neglect on reward 
processing. Fourth, since this study was cross- sectional in nature, 
we did not consider the associations of childhood trauma expo-
sure with changes in reward processing over time, and causality 
cannot be inferred. Additionally, we did not consider the timing 
of childhood trauma exposure. This may be important, since dif-
ferences in reward processing from childhood through adoles-
cence into adulthood would be anticipated (Geier & Luna, 2009; 
Hoogendam et al., 2013). Therefore, the particular influence of 
childhood trauma exposure on reward processing might depend 
on the specific neurodevelopmental window in which the trauma 
is experienced (Andersen et al., 2008).

However, the strength of our study lies in the meticulous charac-
terization of a healthy adult population with exclusion of psychiatric 
illnesses and medical comorbidities, not always considered in prior 
studies (Birn et al., 2017; Casement et al., 2015; Dillon et al., 2009; 
Holz et al., 2017; Morgan et al., 2014). To our knowledge, this is 

the first study to demonstrate the differential effects of childhood 
abuse and neglect exposure on reward processing in healthy adults 
living in a developing country, while considering important poten-
tial confounders. Future studies could examine the association of 
specific reward processing changes and distinct trauma types and 
how these associations contribute to psychopathology risk or re-
silience across critical stages of development. Such information 
may provide unique insights into the pathophysiology of trauma- 
related psychopathology (Nikolova et al., 2012) as well as aid in the 
identification of targets for preventive interventions (McLaughlin & 
Lambert, 2017).
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