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Abstract  

Background: Anhedonia is a cardinal feature of major depression and is hypothesized 

to be driven by low motivation, in particular blunted reward sensitivity. It has been 

suggested to be a marker that represents a genetic predisposition to this disorder. 

However, little is known about the mechanisms underlying this heightened risk in 

unaffected first-degree relatives of patients with major depression. We previously 

demonstrated abnormal reward biases in acutely depressed patients. The present study 

aimed to examine the development of reward bias in first-degree relatives of patients 

with major depression.  

Methods: Forty-seven first-degree relatives of patients with major depression (26 

females, age 18-52) and 60 healthy controls with no family history of depression (34 

females, age 21-48) were recruited. A probabilistically rewarded difficult visual 

discrimination task, in which participants were instructed about the contingencies, 

was used to assess blunted reward sensitivity. A response bias towards the more 

frequently rewarded stimulus (termed “reward bias”) was the primary outcome 

variable in this study. Participants also completed self-reported measures of 

anhedonia and depressive symptoms.  

Results: Compared with the control group, relatives of patients with major depression 

with sub-clinical depressive symptoms displayed a blunted reward bias. Relatives 

without symptoms displayed largely intact motivational processing on both self-report 

and experimental measures. The degree of anhedonia was associated with attenuated 

reward bias in first-degree relatives of patients with major depression, especially in 
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those with sub-clinical symptoms.  

Limitations: The study did not include a depressed patient group, which restricted our 

ability to interpret the observed group differences. 

Conclusions: Blunted reward sensitivity may be largely manifested in a subgroup of 

relatives with high levels of depressive symptoms. 

Key words: Depression, Reward, Anhedonia, Risk factors 
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1. Introduction 

Individuals closely related to patients with major depressive disorder (MDD) are 

at a nearly three-fold greater risk of developing depression than the general population 

(Weissman et al., 2006). Studying unaffected individuals with a family history of 

MDD may provide clues to the mechanisms underlying risk for MDD (Lisiecka et al., 

2013). Several studies have shown that, compared with individuals without a family 

history of psychiatric disorders, unaffected first-degree relatives of MDD patients are 

characterized by elevated neuroticism and depressive cognitive styles, and that these 

traits are stable over time (Lauer et al., 1998). Relatives of MDD patients also display 

a range of neurobiological abnormalities similar to those observed in patients with 

MDD (Baare et al., 2010; Frokjaer et al., 2009; Lisiecka et al., 2012; Mannie et al., 

2011), suggesting a possible genetic basis for these traits.  

Among the various clinical features of patients with MDD, decreased hedonic 

and motivational capacity, or anhedonia, has been proposed as a potential risk factor 

(Hasler et al., 2004). Anhedonia is often prodromal to major depression (Dryman and 

Eaton, 1991), can be relatively stable across episodes (Oquendo et al., 2004), 

commonly occurs in depression and other psychiatric syndromes (Fawcett et al., 1983; 

Loas et al., 1999), and has important implications for understanding the efficacy of 

antidepressant therapy and development of depression (Martinotti et al., 2012; Miller, 

2007). A large body of research has confirmed that depression is characterized by 

deficits in motivational processing and dysregulation of the brain’s reward system 

(Eshel and Roiser, 2010). Behavioural studies have revealed that individuals with 
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depression exhibit deficits in establishing a reward bias (Liu et al., 2011; Pizzagalli et 

al., 2009b), and in reward-related decision-making (Forbes et al., 2007). Disrupted 

reward processing also predicts the future development of depressive symptoms 

(Forbes et al., 2007; Pizzagalli et al., 2005; Vrieze et al., 2013). In addition, 

neuroimaging studies have consistently shown that anhedonic symptoms, but not 

depressive symptoms per se, are negatively correlated with ventral striatal activation 

in patients with MDD (Dowd and Barch, 2010; Epstein et al., 2006; Harvey et al., 

2010; Keedwell et al., 2005; Wacker et al., 2009), with a similar pattern observed in 

non-clinical samples (Chentsova-Dutton and Hanley, 2010; Harvey et al., 2007).  

Preliminary evidence suggests that individuals at genetic risk of depression may 

also experience motivational disturbance, consistent with the hypothesis that it may  

be a trait marker for this disorder. TREK1 genotype is associated with higher levels of 

anhedonic symptoms (Dillon et al., 2010), and results from a twin study (Bogdan and 

Pizzagalli, 2009) support the notion that anhedonia is heritable and a predisposing 

vulnerability factor for depression (Loas, 1996). Familial risk for depression is also 

associated with altered neural responses during reward and punishment processing 

(Foti et al., 2011; Gotlib et al., 2010; Luking et al., 2015; McCabe et al., 2012). 

However, it is also clear that dysfunctional reward processing is also observed in 

other psychiatric disorders, including schizophrenia (Barch et al., 2014; Wang et al., 

2015) and bipolar disorder (Di Nicola et al., 2013; Pizzagalli et al., 2008b). Indeed, 

anhedonia has been reported to be a stable clinical feature in schizophrenic illness 

(Herbener and Harrow, 2002) and a trait-like feature in bipolar disorder, occurring 
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across euthymic and depressive illness states (Di Nicola et al., 2013); although the 

similarities in motivational symptoms could conceivably be driven by different 

pathological mechanisms in different disorders (Whitton et al., 2015). More research 

is needed to understand how specific components of motivational dysfunction relate 

to specific neural and cognitive systems in depression (e.g., the positive valence 

systems construct proposed to underlie anhedonia) (Insel et al., 2010), and to familial 

risk for MDD (Luking et al., 2015).  

In the clinical definition provided by the DSM-IV (APA, 1994), anhedonia, 

namely the loss of interest (i.e. motivation) or pleasure (i.e. hedonic response) in 

previously enjoyable activities, is not a unitary construct. Theoretical models dating 

back to the work of Donald Klein have posited that deficits in hedonic capacity in 

depression encompass both anticipatory and consummatory processing (Klein, 1984). 

Whether deficits in reward processing are driven primarily by low anticipatory 

“wanting” or reduced consummatory “liking” is currently unclear (Berridge and 

Robinson, 1998; Berridge et al., 2009), but recent research probing motivation, 

reinforcement learning and reward-based decision-making suggests that anhedonia is 

most closely linked to abnormalities in reward anticipation rather than consummation 

(Whitton et al., 2015). A study in a student population suggested a link between 

anhedonia and low levels of reward anticipation (Chentsova-Dutton and Hanley, 2010) 

and patients with MDD showed unwillingness to exert effort to obtain rewards, 

suggestive of impairments in motivation and reward-based decision-making 

(Treadway et al., 2012). However, a neuroimaging study in MDD using a monetary 
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task that dissociates the anticipatory and consummatory phases of reward processing 

found reduced striatal activation to reward gains mainly during the consummatory 

phase of reward processing (Pizzagalli et al., 2009a); although notably reward-related 

speeding, often interpreted as reflecting motivation, was also attenuated in MDD in 

this study. 

To further examine the role of reward processing as a potential vulnerability 

factor in depression, it is necessary to establish disrupted reward processing in 

unaffected first-degree relatives of depression (Hasler et al., 2004), which can be 

achieved by using specific clinical anhedonia measures in combination with 

behavioural tasks that tap motivational processing. Similar to our previous study (Liu 

et al., 2011), reward sensitivity was assessed here by participants’ ability to modulate 

their responses to reward (i.e. generate a response bias) on a rewarded signal detection 

task with known reinforcement contingencies. We measured two components of trait 

anhedonia (anticipatory and consummatory anhedonia) using the Temporal 

Experience of Pleasure Scale (TEPS) (Gard et al., 2006), and current anhedonia using 

the Snaith-Hamilton Pleasure Scale (SHAPS) (Snaith et al., 1995).  

The goals of the present investigation were: (i) to test whether deficits in 

establishing a reward bias occur in first-degree relatives of patients with MDD; and (ii) 

to investigate whether such blunted reward sensitivity is associated with anhedonia in 

these individuals. Importantly, individuals at high risk for MDD often show 

subclinical levels of depressive symptoms, which may confer risk for future illness 

(Angold et al., 1987), and anhedonic symptoms are more likely to be reported in 
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participants with depressive symptoms. Therefore we examined reward sensitivity in 

relatives with subclinical depressive symptoms, relatives without depressive 

symptoms and healthy controls at low risk for depression, which facilitated a more 

precise characterization of risk. Based on our hypothesis that the mechanisms driving 

anhedonia are heritable, and prior findings of anticipatory reward processing 

abnormalities in depressed individuals, we hypothesized that first-degree relatives of 

depressed individuals would show a blunted reward bias. We further hypothesized 

that first-degree relatives with fewer depressive symptoms would display blunted 

reward bias and anhedonia to a lesser extent than first-degree relatives with more 

depressive symptoms. Finally, we hypothesized that clinical measures of anhedonia, 

especially anticipatory anhedonia, would be associated with blunted reward bias in 

this sample, over and above associations with general depressive symptoms. 

2. Methods and Materials  

2.1. Participants 

Forty-seven unaffected relatives of patients with MDD (26 females, age 18-52) 

were recruited when they accompanied their depressed relative to attend a doctor’s 

appointment in a psychiatric hospital (Guangzhou Psychiatric Hospital, China). All 

relatives and depressed patients were interviewed by their attending psychiatrists 

(LZW, YHZ). All depressed patients met the diagnostic criteria for MDD according to 

the Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition: DSM-IV) 

(APA, 1994), without any other concurrent Axis I disorders (excepting anxiety), 

current or past psychotic features or manic episodes. Sixty healthy controls (34 
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females, age 21-48) were recruited from the local community by advertisement. All 

participants were further screened to exclude any medical or neurological disorders, 

current or past history of any mental disorder and substance abuse/dependence, or the 

use of psychotropic medications. Healthy controls who reported any psychiatric 

disorders in a first degree relative were also excluded. The Wechsler Abbreviated 

Scale of Intelligence (WAIS) (Gong, 1992) was used to estimate intelligence quotient 

(IQ).  

All participants completed the Chinese Beck Depression Inventory (BDI; (Beck 

et al., 1961; Wang et al., 1999), which is a reliable self-report measure of depression 

severity and has been validated in the Chinese population (Wang et al., 1999). As a 

screening tool in a non-clinical population, the standard BDI cut-off score is 10 (Beck 

et al., 1988), indicating at least mild depression. Healthy volunteers who scored 10 or 

above on the BDI were therefore excluded from the control group. Some relatives had 

a score of 10 or above on the BDI, but had never met the threshold for MDD. We used 

a categorical analysis, creating two subgroups of relatives based on high (BDI score 

10 or above: N=26) and low (BDI score below 10: N=21) levels of depression. The 

study was approved by the Ethics Committee of the Guangzhou Psychiatric Hospital. 

Written informed consent was obtained from all participants.  

2.2. Mood and anhedonia assessments 

Participants completed questionnaire assessments in a quiet room in the hospital. 

The Snaith-Hamilton Pleasure Scale (SHAPS) was used to measure current anhedonia 

(Snaith et al., 1995). The Chinese version used for the present study includes 14 items 
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and has been shown to possess adequate reliability (Liu et al., 2012). Higher scores 

indicate more anhedonic symptoms. The Cronbach’s alpha in this sample was 0.85. 

The Revised Temporal Experience of Pleasure Scale (TEPS) - Chinese Version  

was used to evaluate trait anticipatory (TEPS-ANT) and consummatory anhedonia 

(TEPS-CON) (Chan et al., 2010). The scale has been validated in clinical and 

non-clinical samples (Chan et al., 2012; Gard et al., 2006). The Chinese version 

includes 20 items and a lower total score indicates a higher level of anhedonia. The 

scale had acceptable internal validity in this sample, with Cronbach’s alphas of 0.75 

for the TEPS-ANT and 0.76 for the TEPS-CON. 

The BDI is widely used to assess the severity of depressive symptoms (Beck et 

al., 1961). The Cronbach’s alpha in the present sample was 0.94. 

2.3. Probabilistic reward task 

After completing the questionnaires, participants performed a probabilistic 

reward task. The task was developed based on signal-detection theory (Pizzagalli et 

al., 2005) and used an asymmetrical reward schedule design, in which one of two 

difficult-to-distinguish stimuli (based on features of cartoon faces) was presented and 

the participants were asked to respond by indicating which of the two stimuli they had 

seen. Stimuli were presented on a Dell 520 latitude laptop computer (with a 15 inch 

screen) using stimulus presentation software (E-prime 2, Psychology Software Tools, 

Inc.). Participants viewed the stimuli at a distance of about 50 cm.  

One stimulus type was rewarded for correct responses three times more often 

than the other type. Creating this asymmetric reward schedule between the two types 
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of stimuli reliably produces a systematic preference (response bias) for the more 

frequently rewarded stimulus.(Pizzagalli et al., 2005) This reward response bias has 

previously been suggested to provide a behavioural measure of “hedonic capacity” or 

reward sensitivity (Bogdan and Pizzagalli, 2006; Pizzagalli et al., 2005), although in 

those studies participants had to learn which stimulus was rewarded more frequently, 

which may complicate the interpretation of the results (Huys et al., 2013). Therefore 

in the present task, participants were instructed about the reward asymmetry explicitly, 

meaning that any differences observed were unlikely to be related to learning ability. 

Rewards were scheduled according to a pseudo-randomized sequence, with 

correct responses being rewarded on 60% of the trials for the more frequently 

rewarded (‘rich’) stimulus and on 20% of the trials for the less frequently rewarded 

(‘lean’) stimulus. Faces with long mouths or short noses were more frequently 

rewarded, while those with short mouths or long noses were less frequently rewarded. 

In each block, the first 10 trials presented one facial feature (e.g., mouth) and the 

second 10 trials presented another facial feature (e.g., nose), and so on alternately. 

The stimulus lengths for the long and short mouth were 11 mm and 10 mm, 

respectively, and the lengths for the long and short nose were 5.5 mm and 5 mm, 

respectively. These stimulus lengths had been demonstrated to be effective in 

ensuring adequate task difficulty in our previous study (Liu et al., 2011).  

Participants were instructed that they should try to win as much money as 

possible but were also informed that rewards would not be provided for correct 

responses on every trial. They were also instructed regarding the contingencies. On 
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each trial, after a central fixation point (1000 ms), a mouth-less cartoon face was 

presented (500 ms). Then, a cartoon face with either a long or short mouth (or nose) 

was displayed briefly in the middle of monitor (100 ms) and then disappeared, leaving 

the mouth-less face on the screen (1500 ms). During this period, participants were 

asked to identify whether a cartoon face with a long or short mouth (or nose) had been 

shown by pressing the “1” or the “4” key, respectively. When a response was correct 

on a rewarded trial, the participant received a 1500 ms feedback display 

(“Congratulations!! You’ve got 20 cents (RMB)!”), which was followed by a blank 

screen for 250 ms. If no accurate response was given or the response was accurate but 

no reward was scheduled, a blank screen was presented for 1750 ms. The task 

included three blocks of 80 trials and lasted approximately 20 minutes. 

After completing the reward task, the participants were debriefed and were given 

their “winnings” for performing the task (although the same amount (50 Chinese 

Yuan, about 8 USD) was given to each participant). 

2.4. Data analysis 

Trials with reaction times more than 3 SD away from the mean, or premature/no 

response trials, were excluded (3.59%). Reward response bias (or simply reward bias, 

Log b) and discriminability (Log d) were computed using the method described in 

previous studies (Bogdan and Pizzagalli, 2006; Pizzagalli et al., 2005). Reward bias 

(towards the ‘rich’, i.e. more frequently rewarded, stimulus) was our main 

behavioural outcome measure, while discriminability acted as a control measure for 

overall task performance. Reward bias and discriminability were computed as: 
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    As shown in the formula, a high reward bias (Log b) emerges with (i) large 

numbers of correct identifications of the frequently rewarded stimulus and misses for 

the infrequently rewarded stimulus, and (ii) small numbers of misses for the 

frequently rewarded stimulus and correct identifications of the infrequently rewarded 

stimulus. Therefore a straightforward interpretation of a positive score on this 

measure is a systematic preference for the response paired with the more frequent 

reward. Discriminability (Log d) is calculated from the log transformed difference 

between the proportion of hits (correct identifications of the frequently rewarded and 

infrequently rewarded stimulus) and misses (incorrect identifications of the frequently 

rewarded and infrequently rewarded stimulus). Therefore a straightforward 

interpretation of a positive score on this measure is the ability to distinguish between 

the two stimuli. This can be used to rule out group differences in the ability to 

perform the visual discrimination. In cases where any of the scores entering these 

equations had a value of zero, these formulas were adjusted to add 0.5 to every value 

prior to calculation of the bias and discriminability scores (Pizzagalli et al., 2007). 

Reaction times and response rates were recorded for every trial type. We also 

report reaction times for correct responses, the proportion of ‘rich’ hits (correct 

responses on ‘rich’ stimulus trials) and the proportion of ‘rich’ false alarms (incorrect 

responses on ‘lean’ stimulus trials). 
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Statistical analysis was performed using SPSS 15.0 software (SPSS Inc., 

Chicago, IL, USA). Repeated measures analysis of variance (ANOVA) with Group 

(controls, relatives with low depression-rating scores, relatives with high 

depression-rating scores) as a between-subject factor and Block (1, 2, 3) as a 

within-subject factor was performed for all outcome measures. Greenhouse-Geisser 

correction was used where appropriate and Bonferroni corrected post-hoc contrasts 

were used to identify differences between groups when significant main effects or 

interactions were identified. For accuracy (percent correct) and reaction time, 

ANOVAs included Stimulus Type (frequently rewarded – ‘rich’, infrequently 

rewarded – ‘lean’) as an additional within-subject factor.  

Pearson correlation coefficients were calculated to examine the relationship 

between behavioural measures and questionnaires. To test a possible specific link 

between anhedonia and reward bias, further hierarchical regression analysis was 

conducted to determine if one type of anhedonia component (measured by the SHAPS 

and TEPS) uniquely predicted the overall reward bias during the task after controlling 

for overall depression severity (BDI score: entered in the first step), both in the 

complete sample and within each group separately. 

 

3. Results 

3.1. Group characteristics 

Table 1 summarizes demographic information and ratings on the questionnaire 

measures. There were no significant differences between the three groups on 



 

16 
 

measures of gender, education, and estimated IQ. Since the relatives groups were 

older than the healthy controls, we repeated all analyses including age as covariate, 

but this did not alter the results. Relatives with high BDI scores had higher state 

anhedonia (measured by the SHAPS) than relatives with low BDI scores and healthy 

controls (all ps<0.001). Relatives with high BDI scores also had higher trait 

anhedonia (measured by the TEPS and the TEPS-ANT subscale) than healthy controls 

(all ps<0.05). Relatives with low BDI scores were similar to healthy controls on all 

symptom scales. 

INSERT TABLE 1 & TABLE 2 ABOUT HERE 

3.2. Behavioural analysis: reward bias  

There was no main effect of Group on reward bias (F(1,104)=1.68, p=0.19, 

partial η2=0.03), but the main effect of Block on reward bias was significant 

(F(2,208)=13.80, p<0.001, partial η2=0.12), which was qualified by a significant 

Block × Group interaction (F(4,208)=2.91, p=0.024, partial η2=0.05). Relatives with 

high BDI scores had a blunted reward bias, which was similar across all three blocks 

(simple main effect of block: F(2,40)=2.06, p=0.14, partial η2=0.09). Healthy controls 

and relatives with low BDI scores both showed decreased reward bias over blocks 

(simple main effect of block in the relatives with low BDI scores: F(2,50)=8.93, 

p<0.005, partial η2=0.26 in healthy controls: F(2,118)=8.55, p<0.001, partial η2=0.13). 

In comparison with relatives with low BDI scores and healthy controls, relatives with 

high BDI scores had a lower reward bias in block 1 (all ps<0.05) (see Figure 1). 

ANCOVA including age as covariate on reward bias showed a similar significant 
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Block × Group interaction (F(4,206)=2.92, p=0.02, partial η2=0.05), indicating that 

these results were not influenced by the age difference between groups.  

We conducted an additional exploratory repeated-measures ANOVA, with all 

relatives constituting a single high-risk group compared with healthy controls, to test 

whether blunted reward bias was a general feature in relatives of depressed patients. 

There was a similar main effect of Block on reward bias (F(2,210)=15.61, p<0.001, 

partial η2=0.13) and a trend towards a main effect of Group (F(1,105)=2.83, p=0.096, 

partial η2=0.03), with relatives having a relatively reduced reward bias (mean±SEM: 

0.11±0.03) compared with healthy controls (0.18±0.03). There was no Block × Group 

interaction (F(2,210)<0.56, p>0.57, partial η2<0.01). 

INSERT FIGURE 1 ABOUT HERE 

3.3. Relationship between reward bias and self-report measures  

Across the whole sample, SHAPS score was negatively associated with a lower 

reward bias overall (r=-0.25, p<0.01), in block 1 (r=-0.31, p<0.001) and in block 3 

(r=-0.25, p<0.01). Total TEPS and TEPS-ANT scores (note that lower values indicate 

greater anhedonia) were associated with a higher reward bias in block 3 (TEPS: 

r=0.24, p<0.05; TEPS-ANT: r=0.20, p<0.05). TEPS-CON was associated with a 

higher reward bias overall (r=0.20, p<0.05), in block 1 (r=0.22, p<0.05) and in block 

3 (r=0.24, p<0.05). Higher BDI score was associated with a lower reward bias in 

block 1 (r=-0.24, p<0.05) (see Table 3).  

Regression analysis showed that only the SHAPS measure of anhedonia 

predicted overall reward bias in the whole sample after controlling for BDI score 
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(ΔR2=0.07, ΔF(2,106)=3.67, p<0.05). 

Exploratory ANCOVAs were performed on reward bias scores with 

questionnaire measurements entered as covariates to examine whether the above 

associations with anhedonia differed between the groups. Significant interactions with 

Group were identified for all anhedonia measurements (SHAPS, TEPS, TEPS-ANT 

and TEPS-CON: all Fs>2.28, all ps<0.05). Thus, we further explored the association 

between reward reward bias and anhedonia in each group separately.  

For healthy controls and relatives with low BDI scores, no significant association 

was found.  

For relatives with high BDI scores, anhedonia measured by the SHAPS (r=-0.53, 

p<0.05) and trait consummatory anhedonia measured by the TEPS-CON (r=0.43, 

p=0.05) were associated with a lower overall reward bias (see Figure 2). In addition, 

there were significant associations between anhedonia and low reward bias for 

SHAPS in block 2 (r=-0.48, p<0.05) and block 3 (r=-0.47, p<0.05), for TEPS in block 

3 (r=0.52, p<0.05), and for TEPS-CON in block 3 (r=0.58, p<0.01).  

Regression analysis showed that only the SHAPS measure of anhedonia 

predicted overall reward bias in relatives with high BDI scores after controlling for 

BDI score (ΔR2=0.31, ΔF(2,20)=4.07, p<0.05).  

In summary, we found that the association between anhedonia and attenuated 

reward bias was mainly driven by the group of relatives with high BDI scores, and 

that there was a specific association between low reward bias and anhedonia over and 

above sub-clinical depressive symptoms. 
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INSERT Table 3 & Figure 2 ABOUT HERE 

3.4. Control analyses: discriminability and other measures 

Other behavioural data (discriminability, accuracy, reaction time for correct 

responses, hits and false alarms for the more frequently rewarded stimulus) are 

reported in Table 2. For the sake of brevity, only statistical details for effects 

involving Group are reported.  

Discriminability: No effects involving Group were identified (all Fs<1.26, all 

ps>0.28). The results were similar when age was included as a covariate (all ps>0.34). 

Accuracy: A pattern consistent with that for reward bias was observed. The 

Stimulus Type × Group interaction showed trend towards significance (F(2,104)=2.87, 

p=0.06, partial η2 =0.05), with lower accuracy for the more frequently rewarded 

stimulus in relatives with high BDI scores compared with healthy controls (p=0.02). 

No other effects involving Group were identified (all Fs<1.26, all ps >0.28). 

Reaction time for correct responses: No effects involving Group was identified 

(all Fs<1.06, all ps>0.37). 

4. Discussion 

We explored behavioural responsiveness to reward in first-degree relatives of 

patients with MDD and healthy controls, and investigated the relationship between 

reward response bias and anhedonic symptoms in these participants. We observed two 

distinct patterns in the relatives, according to whether they reported high or low 

(sub-clinical) levels of depressive symptoms. Relatives with low BDI scores could 

successfully establish a reward bias, and were statistically indistinguishable from 



 

20 
 

controls. However, they showed a marked decrease in reward bias over blocks, 

exhibiting substantial attenuation by block 3. In contrast, relatives with high BDI 

scores, who also exhibited significantly higher anhedonia than healthy controls, had 

significantly lower reward bias scores from the very first block. Finally, low reward 

bias was associated with questionnaire-measured anhedonia across all participants, 

and specifically in the relatives with high BDI scores, over and above the severity of 

subclinical depressive symptoms. 

This study demonstrated a deficit in establishing a reward bias only in relatives 

with high BDI scores, but not in relatives with low BDI scores. The finding cannot be 

explained by difficulty in performing the task, because no group differences in 

discriminability and reaction time were observed. Possibly, relatives with low 

depression-rating scores have the ability to seek out reward actively like individuals 

without depressed relatives, since they possess a largely intact motivational system 

(according to our questionnaire and behavioural measures). Current evidence for 

reward processing abnormalities in individuals with elevated MDD risk mainly comes 

from neuroimaging studies with small sample sizes (Gotlib et al., 2010; McCabe et al., 

2012; Olino et al., 2014). Findings from a small number of behavioural studies with 

high-risk samples have reported that individual differences in depression-related 

symptoms are related to reward responsiveness. For example, blunted gain approach 

was reported to be associated with elevated negative mood in children at high risk of 

depression (Luking et al., 2015). Rawal et al (2013) reported that diminished reward 

seeking on a value-based choice task can predict the onset of depression in 
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adolescents with a family history of MDD. Moreover, the severity of parental 

depression was associated with alterations in reward processing in two high-risk 

samples (Luking et al., 2015; Rawal et al., 2014). Interestingly, only high-risk 

adolescents with a current depressive disorder displayed less reward seeking 

behaviour (Rawal et al., 2013).  

These prior findings and those from the present study raise the possibility that 

disrupted reward processing may be a consequence of more severe depressive 

symptoms, as opposed to reflecting a trait marker. Another possibility is that because 

the participants were explicitly informed about the reward probabilities, relatives with 

low BDI scores might be able to use this information intentionally as a compensatory 

strategy to improve their behavioural performance. Due to habituation during this 

quite repetitive task, healthy controls may show a decreasing reward bias towards the 

end of the task. Indeed, this was reported in a previous study (Pizzagalli et al., 2009b), 

and may explain why a significant difference between healthy controls and relatives 

with high BDI scores was only observed at the beginning of task. Notably, relatives 

with low BDI scores showed a numerically greater reduction in response bias over the 

course of the task than healthy controls (with no significant bias in this group in the 

final block), which suggests that they might be unable to maintain this adaptive 

behaviour over time. However, we note that this effect did not achieve statistical 

significance and therefore needs to be interpreted with caution. 

Consistent with our hypothesis, we detected anhedonic features and blunted 

reward bias in relatives with elevated depressive symptoms. Although a genetic 
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predisposition to hedonic deficits might leave individuals vulnerable to the 

development of depression, other factors such as exposure to stressful life events 

(Bogdan et al., 2013) also likely contribute substantially to individual variation in 

reward-related behaviour. Anhedonia is more common in clinically severe depression 

(Pelizza and Ferrari, 2009): Only about 37% of individuals diagnosed with depression 

experience clinically significant anhedonia (Pelizza and Ferrari, 2009), and less than 

25% of patients with remitted unipolar depression are considered to have a significant 

reduction in hedonic capacity (Di Nicola et al., 2013). While it would be interesting to 

compare anhedonic and non-anhedonic participants directly, if we had split the 

relatives and healthy controls into high and low hedonic groups according to the 

SHAPS clinical cut-off (Snaith et al., 1995), only nine relatives and three healthy 

controls would be characterized as experiencing “clinically significant” anhedonia, 

which would preclude meaningful statistical analysis.  

In this study, relatives with high BDI scores also had high levels of trait 

anhedonia, possibly constituting a trait abnormality. However, we cannot exclude the 

possibility that the relatives with high BDI scores recruited in this study may 

represent a subsyndromally depressed sample, despite the negative DSM-IV diagnosis. 

Nonetheless, failing to establish a reward bias in relatives with high BDI scores might 

lead to difficulty in engaging in reward-related behaviour and might contribute to the 

development of diminished motivation, thereby increasing risk for depression. 

Similarly attenuated reward responses have been reported in clinically depressed 

individuals (Liu et al., 2011; Pechtel et al., 2013; Pizzagalli et al., 2009b), in particular 
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those with marked anhedonia (Vrieze et al., 2013) and melancholic features (Fletcher 

et al., 2015). It would be of interest in future work to follow relatives with high BDI 

scores and test whether attenuated reward bias is associated with the subsequent 

development of MDD. 

A weakness of our study is that the design of the task we employed may limit 

comparison with findings from previous work. Different constructs of reward, 

including 'liking' (hedonic impact), 'wanting' (valuation, or motivational salience), and 

learning (generating predictive associations), have both overlapping and distinct 

neurobiological substrates, and have been argued to be dissociable (Berridge, 2012; 

Berridge and Robinson, 1998; Berridge et al., 2009). A meta-analytic study using a 

computational approach to dissect reward-related cognitive processes in data from 

previous studies that used a similar signal-detection task (but without explicit 

instruction) (Bogdan and Pizzagalli, 2006; Pizzagalli et al., 2008a; Pizzagalli et al., 

2008b; Pizzagalli et al., 2009b; Pizzagalli et al., 2005), reported that the response bias 

measured by the task reflects at least two separable components: one is the learning 

rate, i.e. the extent to which stimulus-reward associations change following feedback; 

the other is reward sensitivity, i.e. the value placed on the outcome by the participants 

(Huys et al., 2013). Importantly, this computational analysis demonstrated that 

anhedonia and MDD are predominantly associated with low reward sensitivity (i.e. 

value), not learning rate (Huys et al., 2013). To remove the potential confound of 

learning in the present study, the participants were informed of the reward asymmetry, 

which allowed us to focus on measuring reward sensitivity. However, this does 
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preclude a direct comparison with findings from previous studies in which 

participants had to learn the probabilistic outcomes associated with stimuli by 

trial-and-error. 

The correlations between anhedonia and dysfunctional reward processing in our 

study are noteworthy. Consistent with our hypothesis, we identified significant 

correlations between clinical measures of anhedonia and blunted reward bias across 

the whole sample. When each group was considered individually, there was no 

significant relationship between the level of anhedonia and reward response bias in 

relatives with low BDI scores and healthy controls. Instead, the association between 

anhedonia and attenuated reward bias was mainly driven by relatives with higher (but 

sub-clinical) depressive symptoms. Importantly, even after controlling for general 

depressive symptoms, anhedonia measured by the SHAPS still predicted reward bias, 

both in the whole sample and in the high BDI relatives group. The SHAPS evaluates 

hedonic experience or positive valence, which is a related, but conceptually distinct 

construct to depression (Franken et al., 2007; Franz et al., 1998; Leventhal et al., 2006; 

Liu et al., 2012; Nakonezny et al., 2015). This result suggests that altered behavioural 

responsiveness to reward may be specifically relevant to the positive valence system 

in relatives with high BDI scores, who are at high risk of developing depression.  

There are controversies in the extant literature as to which component of 

anhedonia is most important in depression (Baskin-Sommers and Foti, 2015; Chen et 

al., 2015; Whitton et al., 2015). While some researchers emphasize that MDD is 

mainly characterized by an impaired anticipatory component in reward processing 
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(‘wanting’), emerging evidence (including the present study) suggests a link between 

blunted reward sensitivity and consummatory anhedonia (‘liking’) (Bress and Hajcak, 

2013; Liu et al., 2011; Liu et al., 2014), at least as assessed by the TEPS-CON. 

However, the SHAPS, which was the only measure of anhedonia that predicted 

reward bias after accounting for general depressive symptoms, is generally considered 

a unidimensional instrument (Liu et al., 2012; Nakonezny et al., 2010) that captures 

both recent hedonic tone and trait anhedonia (Di Nicola et al., 2013). In addition, it 

should be noted that TEPS-CON scores did not differ between the groups in the 

present study. Therefore more research is needed to disentangle the relationships 

between specific components of anhedonia and reward response bias.  

Researchers have recently begun to explore reward-related deficits in different 

subtypes of depression. One study, using a similar signal-detection approach to that 

employed here, showed that attenuated reward bias is primarily associated with 

melancholic depression, and not observed in non-melancholic patients (Fletcher et al., 

2015). Another study using a multimodal neuroimaging approach to record neural 

responses to positive outcomes during a gambling task showed that feedback 

negativity (FN), an ERP component thought to index reward evaluation, and ventral 

striatal activation were blunted only in the MDD subgroup with impaired mood 

reactivity to positive events, independent of DSM-defined melancholic or atypical 

MDD subtypes (Foti et al., 2014). These findings indicate substantial heterogeneity in 

reward processing between individuals with MDD. Future studies should consider the 

multiple facets of anhedonia in depression, and specifically develop instruments to 
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measure the different components of hedonic capacity, compare their dysregulation in 

different psychiatric disorders, and explore how these different facets might change as 

a function of having experienced a depressive episode. 

Our study had several limitations. First, we were able to include only a relatively 

small sample and did not formally evaluate global cognitive function in our 

participants. Moreover, a depressed patient group was not included. Future studies 

should evaluate dysfunctional reward response between MDD patients and relatives in 

larger samples. Second, this sample recruited the first-degree relatives of depressed 

individuals, but we did not limit whether the first-degree relatives were parents, 

children or siblings of patients with depression. We also did not collect information 

on whether the relatives were living with the patients or whether they were their 

primary caregivers. How these factors may have affected hedonic capacity in the 

relatives is unclear in present study. Third, due to the limitations of our clinical 

interview, this study might have included some healthy controls who were related to 

people with a history of major depressive disorder but did not report it. Furthermore, 

some relatives were excluded because they met criteria for a DSM-IV diagnosis, 

which precludes generalization of our results to relatives with comorbid mental 

disorders, in particular anxiety. Finally, this study used a trial-average analysis within 

each block; as a result, we were unable to determine whether the observed 

behavioural differences were the result of processes that evolve in a trial-by-trial 

manner. An alternative approach, beyond the scope of the present report, would be to 

construct a computational model of performance in this reinforcement task to evaluate 
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the temporal evolution of reward processing (Chase et al., 2010; Philiastides et al., 

2010; Steele et al., 2007). Using such an analysis, it would be possible to simulate 

how latent variables such as reward value change over time and explore whether 

clinical symptoms influence model-estimated reward processing across participants. 

Notwithstanding these limitations, our findings suggest that a subgroup of 

first-degree relatives of patients with MDD who experience subclinical depressive 

symptoms display blunted reward sensitivity, which is associated with clinical 

measures of anhedonia over and above general depressive symptoms. Blunted reward 

sensitivity may therefore constitute a risk marker for MDD. These data also support 

the notion that the existing clinical characterization of anhedonia in depression may 

represent an aggregation of several underlying cognitive constructs, and requires 

refinement. 
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Figure 1: Response bias in the relatives with high depression-rating scores, relatives 

with low depression-rating scores and healthy controls from block 1 to block 3. 

Error bars represent standard errors of the mean. The solid lines and asterisks 

indicate significant differences between groups (Bonferroni corrected p<0.05).  



 

 

 

Figure 2.Top: Scatterplot depicting the relationship between overall response bias (RB) and anhedonia questionnaire measurements in the whole 

sample. Bottom: Regression lines depicting the relationship separately for the healthy controls, relatives with low depression-rating 

scores and relatives with high depression-rating scores. Higher anhedonia (SHAPS) and trait consummatory anhedonia (TEPS-CON) 

were associated with a lower overall response bias in the whole sample and in the relatives with high depression-rating scores (all 



 

 

ps<0.05).  

 



 

 

Table 1. Demographic characteristics and self-reported measures of symptoms  
 

 Relatives with 

high 

depression-rating 

scores (N=21) 

Relatives with 

low 

depression-rating 

scores (N=26) 

Healthy 

control 

group 

(N=60) 

Analysis 

Demographic 

characteristics 

    

Gender (M/F) 9/12 12/14 26/34 χ2 = 1.94,df=2,p>0.05  

Age (years) 36.1±11.8 34.7 ±12.2 30.3±6.4 F(2,106)=4.63,p<0.05 

Education (years) 12.9±3.1 13.3± 3.2 13.6±2.9 F(2,106)=1.14,p=0.32 

Estimated IQ 102.5±9.3 108.6±11.5 106.1±14.6 F(2,106)=1.25,p=0.29 

Self-reported experience of 

symptoms 

    

BDI (0-63) 15.5±4.8 2.5±2.5 2.8±2.4 F(2,106)=156.27, p<0.001*�

SHAPS (14-56) 27.2±4.9 21.0±5.5 22.0±5.5 F(2,106)=8.97,p<0.001*� 

TEPS-ANT (11-66) 38.2±9.1 43.7±8.6 44.7±7.7 F(2,106)=4.93,p<0.01� 

TEPS-CON (9-54) 32.3±8.6 36.5±8.2 36.1±7.2 F(2,106)=2.17,p>0.05 

TEPS total score 70.9±16.1 80.1±14.7 80.8±12.9 F(2,106)=4.43,p<0.05� 

Data are presented as n or mean ± SD. 
Notes: BDI: Beck Depression Inventory; SHAPS: Snaith-Hamilton Pleasure Scale; 
TEPS-ANT: Temporal Experience of Pleasure Scale – Anticipatory Pleasure Subscale; 
TEPS-CON: Temporal Experience of Pleasure Scale – Consummatory Pleasure 
Subscale. 
* Post-hoc tests revealed differences between the relatives with high depression-rating 
scores and the relatives with low depression-rating scores. 
† Post-hoc tests revealed differences between the relatives with high 
depression-rating scores and the healthy controls. 
 



 

 

Table 2. Behavioural data 
Behavioral measures Relatives with high 

depression-rating scores 

(N=21) 

Relatives with low 

depression-rating 

scores (N=26) 

Healthy 

control group 

(N=60) 

Block 1    
Discrimination (log d) 0.4±0.4 0.5±0.3 0.5±0.3 

Accuracy for frequently 

rewarded stimulus (%) 

0.7±0.2 0.8±0.2 0.8±0.1 

Accuracy for infrequently 

rewarded stimulus (%) 

0.6±0.2 0.6±0.2 0.6±0.2 

Reaction time for correct 

responses (ms)  

517.1±179.5 504.5±147.9 473.1±125.8 

Hits (%) 69.7±20.9 80.1±16.9 80.9±11.6 

False alarms (%) 38.8±20.4 39.0±15.9 38.1±16.5 
Block 2    
Discrimination (log d) 0.5±0.5 0.6±0.3 0.6±0.3 

Accuracy for frequently 

rewarded stimulus (%) 

0.7±0.2 0.8±0.2 0.8±0.1 

Accuracy for infrequently 

rewarded stimulus (%) 

0.6±0.2 0.7±0.2 0.7±0.2 

Reaction time for correct 

responses (ms)  

474.0±159.6 472.3±115.6 447.8±111.1 

Hits (%) 75.1±22.1 78.1±15.7 82.1±11.6 
False alarms (%) 34.2±19.3 30.1±17.1 31.6±14.8 
Block 3    
Discrimination (log d) 0.5±0.4 0.6±0.3 0.5±0.3 

Accuracy for frequently 

rewarded stimulus (%) 

0.7±0.2 0.8±0.1 0.8±0.1 

Accuracy for infrequently 

rewarded stimulus (%) 

0.7±0.2 0.7±0.2 0.7±0.2 

Reaction time for correct 

responses (ms)  

456.2±151.9 474.2±103.7 445.3±120.4 

Hits (%) 71.3±19.2 78.2±13.5 79.5±12.0 
False alarms (%) 30.8±16.4 25.3±17.3 31.0±16.0 

 Data are presented as mean ± SD. 
 
 
 
 



 

 

Table 3. Pearson correlations between questionnaire measures and response bias 
across all participants (N=107) 
 

 Overall RB RB in block1 RB in block 2 RB in block 3 

SHAPS -0.25**  

p=0.009 

-0.31**  

p<0.001 

-0.07  -0.25**  

p=0.009 

TEPS 0.14  

 

0.14  

 

-0.02  0.24*  

p=0.01 

TEPS_ANT 0.06  0.04  -0.06  0.20*  

p=0.04 

TEPS_CON 0.20*  

p=0.04 

0.22*  

p=0.02 

0.03 0.23*  

p=0.02 

BDI -0.15 -0.24*  

p=0.01 

-0.03 -0.11 

Notes: * Indicates p<0.05; ** Indicates p<0.01; RB: Response Bias. 
 
 


