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Results
Reaction times
Mean reaction times were based on correctly predicted trials. Comparison of non-depressed and depressed PD patients revealed no significant interactions with GROUP as a between-subject factor, but there was a significant DRUG*REVERSAL interaction (F(1,39)=5.65, p=0.022) across groups. This interaction was driven by a simple main effect of DRUG on reversal trials (F(1,39)=6.89, p=0.012). Patients responded more slowly on reversal trials when they were tested ON versus OFF medication. There was no drug effect on non-reversal trials (p=0.2). There was also a main effect of REVERSAL (F(1,39)=5.69, p=0.022). Patients responded significantly faster on reversal trials compared with non-reversal trials. And a main effect of DRUG (F(1,39)=5.50, p=0.024). Patients responded significantly faster when they were ON versus OFF medication. There were no significant interactions with VALENCE as factor en no significant main effects of GROUP or VALENCE. 

Outcome-general reversal related brain signal
Unexpected outcomes (collapsed across reward and punishment, both patient groups and drug sessions) revealed significant BOLD signal changes (p<0.05 cluster-level FWE-corrected threshold across the whole-brain combined with a cluster-forming threshold of p<0.001 uncorrected) in the bilateral anterior insular cortex, the bilateral middle frontal cortex and the anterior cingulate cortex relative to expected outcomes (Figure S1 and Table S2). 

Valence-specific BOLD signal changes during expected outcomes
Whole brain analyses revealed differences in BOLD signal changes during expected outcomes [expected reward – expected punishment] between depressed and non-depressed patients. There was a significant (p<0.05 cluster-level FWE-corrected threshold across the whole-brain combined with a cluster-forming threshold of p<0.001 uncorrected) group difference in BOLD signal in the bilateral ventral anterior cingulate cortex (x=12, y=48, z=10, T=4.58, pwb_fwe=0.012). Decomposition of this interaction revealed that expected reward induced significantly greater increases in BOLD signal in the ventral anterior cingulate cortex than expected punishment in depressed patients (x=-1, y=48, z=8, T=4.64, pwb_fwe<0.001). This effect was not observed in non-depressed patients (Figure S2). 

Discussion
In addition to the between-group difference in striatal BOLD signal elicited by unexpected outcomes reported in the main text, we also observed between-group differences in BOLD signal elicited by expected outcomes in the ventral anterior cingulate cortex (ACC). Specifically, in contrast to non-depressed patients, depressed patients exhibited significantly greater increases in ventral ACC BOLD signal elicited by expected reward relative to expected punishment. The ventral ACC is part of the brain’s limbic system and tightly connected with for instance the amygdala, hypothalamus and nucleus accumbens (Bush et al., 2000, Etkin et al., 2011). Aberrant ventral ACC function has been a consistent finding in depressed individuals (non-PD) ((Rive et al., 2013, Drevets and Savitz, 2008), for a meta-analysis see (Pizzagalli, 2011)). Interestingly, enhanced activation of the ventral ACC has been particularly observed in studies where depressed individuals or individuals with a remitted depression performed at the same level as healthy controls (Rose et al., 2006, Walter et al., 2009, Wagner et al., 2006, Schoning et al., 2009) and was hypothesized to reflect over-recruitment of these areas as compensatory mechanism (Pizzagalli, 2011). Similarly in our sample, enhanced recruitment of the ventral ACC in patients with a PD-related depression (history) was accompanied by unimpaired performance on expected reward relative to expected punishment trials. Together, this would concur with the hypothesis that patients with PD-related depression (history) exhibit a general reward learning deficit, which surfaces more readily on reversal trials due to its higher demands for learning. Thus, it is possible that over-recruitment of the ventral ACC enables them to overcome this deficit during the less demanding non-reversal trials, while they fail to do so during the more demanding reversal trials. 
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Table S1. Depression diagnosis and antidepressant use
	Subject
	Age
	DD*
	Current diagnosis
	Past diagnosis
	Antidepressant use

	1
	62
	2,51
	
	Dysthymic disorder around PD diagnosis
	0

	2
	60
	2,51
	
	Adjustment disorder with depressed mood after receiving PD diagnosis
	0

	3
	59
	12,76
	
	Minor depressive disorder around PD diagnosis
	0

	4
	59
	2,84
	
	Minor depressive disorder around PD diagnosis
	0

	5
	54
	1,84
	Minor depressive disorder
	
	0

	6
	54
	5,08
	
	Minor depressive disorder after receiving PD diagnosis
	0

	7
	46
	1,75
	
	Minor depressive disorder 3 years before PD diagnosis
	0

	8
	63
	2,92
	
	Minor depressive disorder 2 years before PD diagnosis
	0

	9
	64
	4,09
	
	Major depressive disorder during puberty, MDD 1 year before PD diagnosis
	0

	10
	65
	7,26
	
	Minor depressive disorder after receiving PD diagnosis
	0

	11
	58
	8,01
	
	Minor depressive disorder 6 months before PD diagnosis
	0

	12
	56
	7,26
	
	Major depressive disorder 6 years after PD diagnosis
	0

	13
	54
	2,75
	Minor depressive disorder
	Postnatal depression
	0

	14
	64
	5,34
	
	Major depressive disorder around PD diagnosis
	1

	15
	55
	3,51
	
	Minor depressive disorder after PD diagnosis
	1

	16
	51
	2,51
	Major depressive disorder
	
	1

	17
	64
	6,76
	Major depressive disorder
	Four past major depressive episodes, first episode at 44 years of age, 2 episodes within 5 years before PD diagnosis, one episode 4 years after diagnosis
	1

	18
	58
	7,34
	
	Minor depressive disorder at 38 years of age, minor depressive disorder 6 years after PD diagnosis
	1

	19
	65
	14,52
	Minor depressive disorder
	
	1


* DD = disease duration Parkinson’s disease (years from diagnosis)
Table S2. Outcome-general reversal related brain signal
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Outcome-general reversal-related [unexpected outcomes – expected outcomes] increases in BOLD signal across patient groups and drug sessions. Peaks at p<0.001 uncorrected.


Figure S1. Outcome-general reversal related BOLD signal
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Fig. S1 Outcome-general, reversal-related [unexpected outcomes – expected outcomes] increases in BOLD signal. Results presented at a p<0.05 cluster-level FWE-corrected threshold across the whole-brain combined with a cluster-forming threshold of p<0.001 uncorrected.














Figure S2. BOLD signal during expected outcomes
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Fig. S2 Valence-specific [expected reward – expected punishment] BOLD signal changes in the ventral anterior cingulate cortex for the contrast [depressed - non-depressed patients] and for both groups separately (non-depressed patients and depressed patients). Data presented at p<0.001 uncorrected (blue) and at p<0.005 uncorrected (red). The group difference in the ventral anterior cingulated cortex survives a p<0.05 cluster-level FWE-corrected threshold across the whole-brain combined with a cluster-forming threshold of p<0.001 uncorrected.
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Label MNI coordinates T Cluster
(x,y,2) size
(K)
Left anterior insula 30230 20.85 14332
Rightanterior insula 34 20 -2 18.56
Right middle frontal gyrus 47 28 25 13.89
44 20 35 11.69
42 8 55 11.42
52 13 38 11.04
42 13 35 10.89
Left inferior frontal gyrus -53 16 8 13.82
-48 23 30 12.34
-56 10 20 iz
Left precentral gyrus -46 6 30 13.27
Left paracingulate gyrus -6 16 50 12.72
Left middle frontal gyrus -46 28 25 12.61
43 640 12.51
Right thalamus 7-220 11.51
Left frontal pole -36 50 8 11.21
Left superior parietal lobule -30 -57 40 14.30 7873
Left lateral occipital cortex -33 -60 42 13.81
Right superior parietal lobule 34 -52 40 13.63
Left supramarginal gyrus -50 -47 50 13.56
-43 -44 45 13.47
-50 -40 50 12.98
-48 -40 45 12.61
-58 -52 30 11.37
Rightangular gyrus 37 -54 45 13.34
54 -47 30 12.49
Left angular gyrus -38 -52 45 12.84
-48 -52 38 12.19
Left precuneus cortex -8 -67 48 13.09
Left superior parietal lobule -33-50 42 12.93
Right precuneus cortex 7 -67 50 11.36
Rightlateral occipital cortex 12 -70 55 11.16
Right middle temporal gyrus 62 -27 -8 10.01 835
57 -27 -8 9.97
Rightinferior temporal gyrus 60 -47 -12 6.79
Right temporal occipital fusiform cortex 40 -54 -20 4.29
Left posterior cingulate gyrus -3 -30 28 7.31 219
Rightanterior cingulate gyrus 4828 5.49 37
Left anterior cingulate gyrus -6 6 30 4.43
Left intracalcarine cortex -13 -74 10 4.21 67
-10 -87 2 3.90
Rightintracalcarine cortex 14 -67 10 3.86 19
2-74 10 320
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