1. Methods

Participants
Patients fulfilled criteria for BD type I according to the Diagnostic and Statistical Manual of Mental Disorders, 4th edition, revised (DSM-IV)1 and had no family history (up to second degree) of schizophrenia or schizophrenia spectrum disorders. Healthy controls without a personal or family history of any Axis I DSM-IV disorders were selected to match patients in age, sex and educational level. All participants were screened to exclude past, current and hereditary neurological disorders, DSM-IV lifetime drug or alcohol dependence and drug or alcohol abuse in the preceding six months and contraindications to MR imaging.  All participants derived from the Vulnerability Indicators to Bipolar Disorders (VIBES) study sample2. We have reported previously on brain structural3,4,5, brain functional6 and neurocognitive features7 of this sample. 

Written informed consent was obtained from all subjects before study participation. The study was approved by the Joint Ethics Committee of the Institute of Psychiatry and the South London and Maudsley NHS Foundation Trust. 
Assessment
All participants were assessed with the Structured Clinical Interview for DSM-IV for Axis I diagnoses8,9  and the Family Interview for Genetic Studies (FIGS)10 to establish their diagnostic status and family history of psychiatric disorders. Information about family history, age of onset, number and polarity of previous episodes, number of hospital admissions and current medication (type, dose and duration) was supplemented by medical notes as necessary. The Comparable Daily Dose was calculated for current antipsychotic use when relevant11.  Psychopathology was assessed in all participants using the Hamilton Depression Rating Scale (HDRS) 12, the Young Mania Rating Scale (YMRS)13 and the Brief Psychiatric Rating Scale (BPRS)14 . Level of education was rated on a 5-point scale ranging from 1 (no educational qualification) to 5 (post graduate university level qualifications). For all participants an estimate of current full-scale intelligence quotient (IQ) was obtained on the day of scanning using the Wechsler Adult Intelligence Scale-Revised (WAIS-R)15 while handedness was based on self-report. Prior to scanning patients were assessed weekly over a period of one month to ensure that, at each assessment, their total HDRS and YMRS score was less than 7 and their medication status or regime, as applicable, had remained the same type and dose of medication.

DNA extraction and genotyping

DNA was obtained from buccal swabs using established procedures. The CACNA1C A/G (rs1006737) genotype was determined by a ‘TaqMan’ allelic discrimination assay (Applied Biosystems, Assay ID C_2584015_10). End point analysis was performed on an ABI7900 DNA analyser and genotypes called with the SDS package, with a probability greater than 95%.

Neuroimaging 

Structural images were acquired using a 1.5 T General Electric Signa System scanner at the Maudsley Hospital, London. Images were acquired in the axial plane using a T1-weighted, three-dimensional spoiled gradient recalled echo protocol (echo time = 5.1 ms, repetition time = 18 ms, flip angle = 20°, slice thickness = 1.5 mm, in plane resolution = 0.9375 x 0.9375 mm, number of excitations = 1).
All images were checked manually for gross structural abnormalities before analysis. Analysis was performed with SPM5  (www.fil.ion.ucl.ac.uk/spm/software/spm5) using unified segmentation which performs image registration, magnetic resonance imaging bias field correction, and tissue segmentation in one generative model. To ensure non-brain tissue was excluded from the gray matter segmentations, the standard segmentation option in SPM5 with Clean up partitions set to "Thorough Clean" was used. We produced normalized and modulated gray matter segmented images for each subject. Modulated white matter and CSF images were produced for each subject, and total intracranial volume (TIV) was calculated by summing the total gray matter, white matter, and CSF fractions. ROIs in the basal ganglia (caudate, putamen, globus pallidus, substantia nigra), the amygdala and the hypothalamus were created with the WFU Pick Atlas toolbox16 and non-smoothed gray matter volumes were extracted with the MarsBaR toolbox for further analyses in SPSS 15.0 using TIV as a covariate. We explored the effect of lithium and antipsychotic medication only with respect to ROIs where there were significant effects of diagnosis, genotype or their interaction. The volume of these regions was used as dependent variables in multivariate ANOVAs with medication status (lithium vs nonlithium or antipsychotic vs nonantipsychotics) as independent factors and TIV as covariate. 
2. Results 

The soeciodemographic details and clinical characteristics of the sample are shown in Table 1. Thirty-five patients were on psychotropic medication: 16 received antidepressants, 17 were on anti-psychotics (5 typical and 12 atypical), 33 on mood stabilizers (most commonly lithium, N = 16); 24 patients were taking two or more psychotropics.

There was no effect of genotype or diagnosis or their interaction on demographic variables but carriers of the CACNA1C rs1006737 risk allele had higher symptom scores with this effect being more pronounced in patients (Table 1). There was no significant effect of CACNA1C (F3, 87 =1.19, p=0.28) or diagnosis (F3, 87=0.03, p=0.86) or their interaction F3,87=0.31, p=0.58) on TIV. Irrespective of genotype, the left caudate was smaller while the globus pallidus bilaterally and right hypothalamus were bigger in patients (p<0.02). Irrespective of diagnosis, there was a signicant effect of genotype in the volume of the right amygdala and the right hypothalamus (p<0.03), were bigger in carriers of the CACNA1C rs1006737 risk allele. A genotype by diagnosis interaction was noted in the left putamen (F3, 87=4.612, p =0.035) where patients with the risk allele had the smallest volumes. No significant effect of medication was identified in any of these regions. 
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Table 1. Demographic and clinical characteristics of the sample by diagnosis, genotype and diagnosis by genotype
	
	Effect of Diagnosis
	Effect of Gene
	Diagnosis x Genotype Interaction

	
	Controls

(n = 50)
	Bipolar Disorder  Patients

(n = 41)
	AA + AG

(n = 46)
	GG

(n = 45)
	Bipolar Disorder Patients  AA+AG

(n = 24)
	Controls AA+AG

(n = 22)
	Bipolar Disorder Patients GG

(n = 17)
	Controls GG

(n = 28)

	Age


	34.96 (13.20)
	44.29 (11.87)
	40.22 (13.13)
	38.09 (13.70)
	44.42 (12.30)
	35.64 (12.71)
	44.12 (11.59)
	34.43 (13.77)

	Sex (Male/Female)


	27/23
	20/21
	29/17
	18/27
	14/10
	15/7
	6/11
	12/16

	Educational level
	3.52 (0.95)
	3.46 (0.98)
	3.70 (0.92)
	3.29 (0.97)
	3.63 (0.92)
	3.77 (0.92)
	3.24 (1.03)
	3.32 (0.94)

	IQ
	118.00 (16.55)


	117.94 (17.91)


	119.37 (17.24)


	116.46 (16.97)


	118.65 (20.15)


	120.17 (13.85)


	116.85 (14.49)


	116.23 (18.61)



	HAMD total score
	0.22 (0.58)
	4.77 (5.33)a
	2.78 (5.07)b
	1.76 (3.20)
	6.82 (6.48) c
	0.09 (0.43)
	3.29 (3.84)
	0.32 (0.67)

	YMRS total score
	0.12 (0.44)
	1.44 (2.96)d
	0.52 (1.72)
	0.91 (2.44)
	2.41 (3.54) e
	0.27 (0.63)
	0.75 (2.31)
	0.00 (0.00)

	BPRS total score
	24.36 (0.66)
	27.49 (3.99)g
	26.11 (3.88) f
	25.43 (2.15)
	29.12 (5.04)h
	24.46 (0.74)
	26.33 (2.60)
	24.29 (0.60)

	GAF Score


	-
	76.38 (14.42)
	
	
	78.00 (15.41)
	-
	73.67 (12.76)
	-

	Age of onset (years)
	-
	24.67 (7.97)
	
	
	26.39 (9.33)
	-
	22.19 (4.72)
	-

	Duration of illness (years)
	-
	20.15 (10.49)
	
	
	18.96 (11.07)
	-
	21.88 (9.69)
	-

	Depressive episodes (n)
	-
	5.74 (7.53)
	
	
	4.67 (3.71)
	-
	7.89 (12.13)
	-

	Manic episodes (n)
	-
	5.62 (7.69)
	
	
	4.00 (3.48)
	-
	8.20 (11.49)
	-

	History of Psychosis (n)
	-
	27


	
	
	14
	-
	13
	-


aF3, 87 = 43.88, p<0 .001; bF3, 87= 6.59, p=0 .01; cF3, 87 = 5.08, p=0 .02; dF3, 87 = 12.07, p=0.001; eF3, 87 =5.41, p=0.02 fF3, 87=5.62, p=0 .02; gF3, 87 = 37.04, p< 0.001; 
h F3, 87=7.17, p=0.009  
