Supplementary information: 
Search strategy and selection criteria

The literature search was undertaken using PubMed with the following search terms: “dopamine”, “bipolar”, “mania”, “psychotic mania”, “euthymia”, “bipolar depression”, “positron emission tomography”, “PET”, “Single photon emission computed tomography”, “SPECT”, “post-mortem”, “antipsychotic”, “dopamine agonist”, “functional magnetic resonance imaging”, “fMRI”, “reward”. We identified 1441 studies from the search. We have reviewed all the post-mortem, positron emission tomography (PET) and functional magnetic resonance imaging (fMRI) studies we identified that reported original data in patients with bipolar disorder diagnosed using established criteria (eg using the Diagnostic and Statistical Manual) and a relevant control group. Seven post-mortem, nine molecular imaging and thirteen fMRI studies were identified. For the pharmacological studies and clinical trial data inclusion of all the studies was not possible due to space constraint. Instead, for these we have used systematic reviews and meta-analyses where available, and where not available have focused on randomised controlled studies.
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Supplementary table 1: Subject and scan characteristics of PET studies 

	Author & year 
	Patients/ Controls (Male: Patients/ controls) 
	Age Patients/ Controls Mean (SD) yrs
	Duration of illness
	ROI studied
	Reference region
	Tracer
	Dose (total)
	PET measure

	Amsterdam  & Newberg2007(Amsterdam and Newberg, 2007)
	5 
/46 (2/22)

	40.9
/40
	Not mentioned 
	Striatum
	Cerebellum 
	SPECT- [99mTc]
TRODAT-1 
	740 MBq
	DVR

	Anand et al 2000(Anand et al., 2000)
	13/13 (5/5)

	36 (7)/ 35 (8)
	14 years
	Striatum
	Cerebellum 
	SPECT- [123I]IBZM 
	10 mCi 
	Bmax/Kd

	Anand et al  2011(Anand et al., 2011)
	11/13 (6/ 5)

	27.3 (9.7)/ 27.5 (7.3)
	10 years 
	Striatum
	Cerebellum
	 [11C]CFT
	740 MBq  
	Bmax/Kd

	Chang et al  2010(Chang et al., 2010)
	17/17 (7/7)
	30.5 (8.1)/ 30.6 (8.3)
	6.9 years
	Striatum
	Occipital cortex
	SPECT- [99mTc] TRODAT-1
	740 MBq
	DVR  

	Pearlson et al 1995(Pearlson et al., 1995)
	14/12 (9/9)

	40.2 (13.2)/ 28 (12.6)
	5.4 months (current episode)
	Caudate
	Cerebellum
	 [11C]N-methylspiperone 
	7.4X1013 Bq/mmol
	Bmax 

	Suhara et al  1992(Suhara et al., 1992)
	10/21 
(10/21)
	Not mentioned/20-72 (range)
	Not mentioned
	Striatum,
Frontal cortex
	Cerebellum 
	[11C]-SCH23390

	385.7-679.69 MBq
	k3/k4

	Wong et al 1997(Wong et al., 1997)
	14/24 (9/19)
	Psychotic 41 (13)
Non psychotic
41 (14)/ 40 (22)
	5.4 months (current episode)
	Caudate
	Cerebellum 
	 N-[11C] methylspiperone
([11C]NMSP)
	1 µCi pmol- I
	Bmax 

	Yatham et al 2002(Yatham et al., 2002b)
	13/14 (6/7)
	32.9 (12)/ 30.9 (11.4)
	4.04 weeks (current episode)
	Striatum
	Temporo-occipital cortex
	 [18F]DOPA
	185 MBq
	Ki 

	Yatham et al 2002(Yatham et al., 2002a)
	13/14 (6/7)
	32.9 (12)/ 30.9 (11.4)
	4.04 weeks (current episode)
	Striatum
	Cerebellum 
	[11C]raclopride
	140 MBq
	Bmax/Kd

	Zubieta et al 2000 (Zubieta et al., 2000)
	16/16 (9/9)
	39 (13)/39(13)
	13.5 years
	Caudate, brainstem and thalamus
	Occipital cortex
	[11C]Dihydrotetrabenazine
	666 MBq
	DVR-1





Supplementary table 2: Subject and study characteristics of fMRI studies
	Author & year
	BD n (%M) / HC n (%M)
	BD age / HC age 
	BD phase n 
	BD medication (n)
	Mania / depression scores
	ROI
	Years of illness
	Reward paradigm
	Feedback contrast

	Abler et al., 2008 (Abler et al., 2008)
	12 BD1 (58.3) /12 HC (58.3)
	33.9 (11.2) /36.2 (11.2) 
	Manic 8, hypomanic 1, mixed 3, Psychotic 9.
	AP: 12 (1 FGA) [CLPZ 375mg (397)]; Mood stab: 12; BZD: 5; AD: 0
	YMRS 21.8 (9.0) / MADRS 11.8 (15.4)
	VS, VTA, brainstem
	12.8 (11.7)
	Monetary incentive task with no monetary ‘loss’ condition
	Reward> omission

	Bermpohl et al., 2010(Bermpohl et al., 2010)
	15 BD1 (53.3) / 26 HC (57.7)
	38.6  (13.7) /38.7 (13.7)
	Manic 15
	AP: 10  (1 FGA); Lithium: 8; Valproic acid: 5; Carbamazepine: 1; L-thyroxine: 3 
	YMRS 18.9 (6.2)

	VS, medial PFC, OFC
	16.2 (9.1)
	MID
	Reward> omission

	Yip et al., 2015(Yip et al., 2015)
	20 BD2/NOS (60) / 20 HC (50)
	22.59 (4.0)/ 22.1 (2.6)
	Euthymic
	AP & MS naïve.  
	YMRS 1.2 (2.0) / HDRS 9.2 (6.9)
	VS and DS
	Not stated
	MID
	Reward > neutral condition

	Caseras et al., 2013(Caseras et al., 2013)
	17 BD1 (36) / 15 BD2 (40) / 20 HC (35)
	BD1: 42.8 (7.3) / BD2: 40.5 (8.1) / HC: 42.4 (6.0)
	Euthymic
	AP: (BD1=9. CLPZ= 428mg; BD2=3. CLPZ = 259mg ; MS: (BD1=12; BD2=10); AD: (BD1=6; BD2=6); Nil: (BD1=1; BD2=5) 
	YMRS BD1=3.2 (2.3)  BD2=1.8 (2.8)  / HDRS BD1=3.9 (3.9); BD2= 2.7 (2.9)
	VS
	BD1: 25.3
BD2: 21.6 
	Card guessing task
	Positive outcome > baseline

	Mason et al., 2014(Mason et al., 2014)
	20 BD (18=BD1, 2=BD2) (50) / 20 HC (45)
	36.0 (8.3) / 33.3 (9.3)
	Euthymic
	AP: 0; Lithium: 8; Valproate: 5; Lamotrigine: 2; SSRI: 3; SSNRI: 3; BZD: 1; z-drug: 3; Nil: 4
	MAS12 3.2 (2.8) / HDRS 3.8 (3.0)
	VS, VMPFC, DLPFC
	Not stated
	Roulette task
	↑>↓ reward magnitude; ↓ >↑ prob rewards.

	Trost et al., 2014(Trost et al., 2014)
	16 BD1 (37.5) / 16 HC (43.8)
	35.6 (9.2) / 35.4 (9.9)
	Euthymic 7, Mild dep. 8, mixed 2
	SGA: 8 (CLPZ 148.4 (191.7)); MS: 6; Lithium: 7; MS+Lithium:  1; AD 9;  BZD: 0; Nil: 2.
	YMRS 2.3 (5.6)/MADRS 10.0 (8.9)
	VS, VTA, VLPFC
	11.1 (7.2)
	Desire-reason dilemma
	Reward cue in ‘desire context’

	Nusslock et al., 2012(Nusslock et al., 2012)
	21 BD1 (42.9) / 20 HC (40)
	31.5 (8.7) / 31.6 (6.9)
	Euthymic
	AP: 12; MS: 15; AD: 8; Dopaminergic AD: 3; BZD: 3
	YMRS 2.3 (2.5)/HDRS-25 6.4 (4.2)
	OFC, VS
	13.4 (8.1)
	Card guessing task
	Reward> no-reward

	Dutra et al., 2015(Dutra et al., 2015)
	24 BD1 (37.5) / 25 HC (40)
	31.4 (11.9) / 29.4 (8.8)
	Euthymic
	Medicated 
	YMRS 1.5 (1.7)/IDS-C 3.6 (2.1) 
	VS, OFC
	14.8 (11.5)
	MID with no monetary ‘loss’ condition
	Reward> omission

	Linke et al., 2012(Linke et al., 2012)
	19 BD1 (42.1) / 19 HC (42.1)
	45 (10) / 45 (10)
	Euthymic
	Lithium: 4 ; Valproic acid: 2;  Clomipramine: 1; Duloxetine 2; Sertraline & lithium 1; Venlafaxine & pregabalin: 1; opipramol & lithium 1; Nil: 7
	YMRS 0.9 (1.1) / HDRS 1.0 (1.5), BDI 2.9 (2.9)
	Striatum, OFC, ACC, amygdala
	15.4
	Probabilistic reversal learning task 
	Reward> neutral trials

	Chase et al., 2013(Chase et al., 2013)
	23 BD1 (17.4) / 37 HC (32.4)
	33.9 (8.5) / 33.1 (6.2)
	Depressed
	AP: 11; AD: 9; bupropion 2; MS: 13; anxiolytic: 5
	YMRS 4.0 (2.5)/HDRS-25 24.7 (8.0)
	VS, left VLPFC, ACC
	17.3 (8.1)
	Card guessing task
	Parametric regressor: signed RPE 

	Satterthwaite et al., 2015(Satterthwaite et al., 2015)
	23 BD (21 BD1, 2 BD2) (37) / 32 HC (51)
	36.5 (11.9) / 39.5 (11.6)

	Depressed
	AP: 12 [CLPZ 342mg]; AD: 6; BZD: 7; Stimulants: 1; Lithium: 13; Lamotrigine: 8; Valproic Acid: 1.
	BDI 21.8 (7.7)

	VS, VMPFC, PCC, ACC, thalamus, insula
	Not stated
	Monetary reward task
	Reward> loss outcome

	Redlich et al., 2015(Redlich et al., 2015)
	33 BD1 (51.5) / 34 HC (52.9)
	38.1 (12.6) / 38.6, (12.3)
	Depressed
	AP: 24; MS: 17; SSNRI: 8; SSRI: 5; SNRI: 1; TCA: 2; MOAI: 2,; agomelatine: 1; Nil: 1
	YMRS 2.5 (2.4)/BDI 24.9 (8.6), HDRS 22.9 (4.6)
	VS
	11.5 (10.3)
	Card guessing task
	Reward> control condition

	Singh et al., 2013(Singh et al., 2013)
	24 adolescent BD1 (54) / 24 HC (37)
	15.7 (1.7)/ 15.0 (1.4)

	Manic 6, mixed 5, depressed 9, euthymic 4
	SGA: 17; Lithium: 8; AD: 12; stimulants: 7 , Nil: 4. (Mean lifetime exposure 15.5 weeks)
	YMRS 17.8(8.1)/CDRS 44.0 (14.8)
	VS, ACC, amygdala, insula
	0.5 (0.3)
	MID
	Reward> omission 



Values given as mean (SD) unless stated otherwise. Abbreviations: ACC=anterior cingulate cortex, AD=antidepressant, AP=antidopaminergic, BD(I/II)=bipolar disorder (I/II), BDI= Beck depression inventory,  BZD=benzodiazepine, CDRS=Childhood Depression Rating Scale, CLPZ=chlorpromazine-equivalent dose, DLPFC=dorsolateral prefrontal cortex, DS=dorsal striatum, FGA=first generation antidopaminergic, HC= healthy controls, HDRS(-25) = Hamilton Depression Rating Scale (25 item version), IDS-C=Inventory of Depressive Symptomatology, MDD=major depressive disorder, MADRS= Montgomery–Asberg Depression Rating Scale, MAOI = monoamine oxidase inhibitor,  MID = monetary incentive delay task, MS=Mood stabilizer, NOS=not otherwise specified, OFC=orbitofrontal cortex, PCC=posterior cingulate cortex, PFC=prefrontal cortex, RPE=reward prediction error, SGA=second generation antidopaminergic, SNRI= Selective noradrenaline reuptake inhibitor, SSNRI=selective serotonin noradrenaline reuptake inhibitor, SSRI= Selective serotonin reuptake inhibitor, TCA=tricyclic antidepressant, VL/VM-PFC = ventrolateral/ventromedial prefrontal cortex, VS=ventral striatum, VTA=ventral tegmental area, YMRS=Young Mania Rating Scale
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