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Replication Sample Information (see Table S2) 
 
French sample 

Patients with BD and controls were recruited as part of a large study on genetics of BD in France 

(Paris-Creteil, Bordeaux, Nancy) with a protocol approved by relevant IRBs and with written informed 

consent. Cases were of French descent for more than three generations and were all been assessed by a 

well-trained psychiatrist or psychologist with the DIGS
1
 and the FIGS. Diagnoses were based on structured 

interviews supplemented by medical case notes, mood scales and a self rating questionnaire assessing 

dimensions. Genotyping of controls were provided by the Centre National de Génotypage (M Lathrop, 

Evry). Patients and controls were genotyped on the Illumina platform (HumanHap300, HumanHap550, 

HumanHap 610-quad).  

 

Swedish sample 

SBP Bipolar cases were recruited from St. Göran’s Hospital in Stockholm, Sweden. All participants 

provided written informed consent to participate in a genetic study of BD, and the study was approved by 

the Regional Ethics Committee of Stockholm. Diagnoses were based on physician administered ADE
2
 and 

MINI
3
.  

BD cases were identified from the Swedish Bipolar Quality Assurance Registry. Patient information 

within the registry includes disease sub-classification, psychosis, age at onset, number of manic and 

depressive episodes, number of hospitalizations and family history. Participants provided written informed 

consent to participate in a genetic study of psychiatric disease, and the study was approved by the Regional 

Ethics Committee of Stockholm.   

Hospital Discharge Registry (HDR) Bipolar cases were identified from the Swedish Hospital 

Discharge Registry if they a) have at least two admissions with discharge diagnoses of BD and b) were 

born in Sweden or another Nordic country. The register contains a nearly complete record of all individuals 

hospitalized in Sweden since 1973. Diagnoses were established by an attending physician and were shown 

to have high sensitivity and specificity.
4
 The study was approved by the Regional Ethics Committee of 

Stockholm. All participants provided written informed consent to participate in genetic studies of psychotic 

disorders and were interviewed by a research nurse about other medical conditions.   

The SBP BD cases were recruited from the Stockholm County catchment area. All patients provided 

written informed consent to participate in a genetic study of BD, and the study was approved by the 

Regional Ethics Committee of Stockholm. Diagnoses were made according to the DSM-IV criteria.  

Swedish control samples were obtained from the Swedish Hospital Discharge Registry on the 

condition they had never received discharge diagnoses of BD, schizophrenia and/or schizoaffective 

disorder.  

 

German sample 

Cases were ascertained from consecutive admissions to the inpatient units of the Department of 

Psychiatry and Psychotherapy at the University of Bonn and at the Central Institute for Mental Health in 

Mannheim, University of Heidelberg, as well as at other collaborating psychiatric university hospitals in 

Germany. DSM-IV lifetime diagnoses of BD were assigned using a consensus best-estimate procedure, 

based on all available information, including semi-structured interviews (AMDP), medical records, and 

family history. In addition, the OPCRIT system
5
 was used for the detailed poly-diagnostic documentation 

of symptoms.   

Controls were ascertained from the population-based Heinz Nixdorf Recall Study.
6
 Study protocols 

were reviewed and approved in advance by Institutional Review Boards of the participating institutions. 

All subjects provided written informed consent and were genotyped using the Illumina platform.  

  

Australian sample 

Subjects were ascertained through two studies: 1) a BD pedigree sample (described in McAuley et al.
7
) 

and 2) a specialized Sydney Black Dog Institute BD clinic sample (described in Mitchell et al. 2009
8
). All 

subjects were interviewed by trained research staff using the DIGS or SCID, using best-estimate DSM-IV 

diagnoses derived from those instruments, medical records and FIGS. First, for the pedigree sample, only 

one BD subject per family was included in the case sample. Pedigrees were only included in the original 

genetic study if there was unilineal inheritance, and at least two BD subjects including at least one with 

bipolar I disorder. Subjects were ascertained through clinical presentations to the Mood Disorders Unit at 

the Prince of Wales Hospital in Sydney, direct referrals from Australian clinicians, and BD consumer 
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organizations. Second, for the clinic sample, subjects comprised consecutive subjects referred by 

psychiatrists or general practitioners for specialized clinical review. All patients provided written informed 

consent to participate in this study and the study was approved by the local ethics committee. Patients were 

included in the BOMA study and genotyped at the Life & Brain Centre in Bonn.   

Australian controls were drawn from families participating in the Brisbane Longitudinal Twin Study, 

an unselected community sample recruited to take part in studies of melanoma risk factors, cognition, and 

other phenotypes. Subjects were not screened for any phenotype relevant to BD. The study was approved 

by the ethic committee and all proband gave written informed consent. All subjects were genotyped as a 

single project by deCODE and have been through an extensive QC process including exclusion for 

non-European ancestry. The sample is overwhelmingly of northern European origin, predominately from 

the British Isles.   

 

Polish sample 

All patients were recruited from consecutive hospital admissions and were directly interviewed with 

the Structured Clinical Interview for DSM-IV-TR-Axis I Disorders (Patient Edition). Information provided 

via medical records and interviews of family members was also used in a best estimate procedure of 

diagnosis on the basis of DSM-IV-TR criteria. The control samples were population-based, drawn from the 

same population as the patients. The ethnicity of the patients and control subjects was determined by 

genealogical investigation up to the grandparental generation.  

 

Icelandic sample 

The Icelandic sample consisted of 541 subjects with BD and 34,546 population controls. Patients and 

controls were Icelandic and were recruited throughout the country. Diagnoses were assigned according to 

RDC through the use of the SADS-L for 303 subjects. DSM-IV BD diagnoses were obtained through the 

use of the Composite International Diagnostic Interview (CIDI-Auto) for 82 subjects. In addition, there 

were 150 subjects with ICD-9 or ICD-10 BD diagnoses and nine subjects with DSM-III BD diagnoses.   

The 34,546 controls were recruited as a part of various genetic programs at deCODE and were not 

screened for psychiatric disorders. Approval for the study was granted by the National Bioethics 

Committee of Iceland and the Icelandic Data Protection Authority and written informed consent was 

obtained for all participants.  

 

British sample 

The British sample consists of 1,636 cases of recurrent depression fulfilling DSM-IV or ICD-10 

criteria of at least moderate severity, ascertained from three U.K. centers (London, Cardiff, Birmingham).
9
 

Probands from the Depression Network affected sibling pair linkage study
10,11

 are cases of recurrent 

depression of at least moderate severity. The pharmacogenetic study, the Genome-Based Therapeutic 

Drugs for Depression (GENDEP) study, is comprised of subjects who have been investigated while in an 

episode of depression of at least moderate severity.
12,13

  

All cases were interviewed with the Schedules for Clinical Assessment in Neuropsychiatry (SCAN),
14

 

focusing on their worst and second-worst episodes of depression in the studies and on their current episode 

in GENDEP, with study coordinators for all three studies trained by one investigator, giving a homogenous 

cohort of depression cases. Subjects were excluded if there was a history or family history of schizophrenia 

or bipolar disorder or if mood symptoms were related to alcohol or substance misuse. 

The control subjects were 1,594 individuals contacted via the Medical Research Council general  

practice research framework and screened using a composite index of depressive and anxiety symptoms;
15

 

they were interviewed by telephone using the Past History Schedule.
16

  

 

Munich-German sample 

In total, 640 unipolar depressive inpatients were recruited for the Munich Antidepressant Response 

Signature (MARS) project at the Max Planck Institute of Psychiatry (MPIP) in Munich, Germany.
17,18

 

Briefly, patients were included in the study within 1-3 days of admission to the hospital and diagnosis was 

ascertained according to the Diagnostic and Statistical Manual of Mental Disorders (DSM) IV criteria. 

Patients fulfilling the criteria for at least a moderate depressive episode (HAM-D R 14 on the 21-item 

Hamilton Depression Rating Scale) were included in the analysis. All patients were of European descent. 

In total, 542 control subjects were matched to the patient sample for age, gender, and ethnicity from a 

randomly selected Munich-based community sample and underwent a strict screening procedure for the 

absence of psychiatric and severe somatic disease.
19

 The overall inclusion rate of all contacted proband 
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was 50.3%. These subjects thus represent a group of individuals from the general population who have 

never been diagnosed as mentally ill. Age, sex, and ethnicity did not differ from the patient sample.  
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Functional Magnetic Resonance Imaging Analysis 
 

Functional magnetic resonance images were obtained from healthy German participants (N=279) of 

European ancestry, as part of a tricentric study on the neurogenetic mechanisms of psychiatric disease.
20-22

 

The study was approved by the local ethics committee of the Universities of Bonn, Mannheim and Berlin. 

All subjects provided written informed consent to participate in the study.  

 

Genotypes for rs2709370 and rs6785 were imputed based on the data from the 1000-Human-Genome 

reference samples
23

 (2010 interim release in NCBI build 37 coordinates; the 1000-Human-Genome Project 

Consortium) and using IMPUTE2.
24

 Post-imputation quality control was applied using an info score of 0.8 

and a minor allele frequency of 0.01. 

 

The allele frequencies for rs2709370 were in the Hardy-Weinberg equilibrium (χ
2
 = 0.022, P = 0.88). 

Genotype distributions did not differ between sites (P = 0.77). Sex, age, handedness and level of education, 

did not significantly differ between genotype groups (Table S6).  

 

Blood oxygenation level-dependent (BOLD) functional magnetic resonance imaging (fMRI) was 

performed on a Siemens TRIO 3T scanner at each site (33 slices, slice thickness 2.4 mm + 0.6 mm gap, 

FOV 192 mm, TR 1.96 sec, TE 30 ms). Quality assurance (QA) measures were conducted on every 

measurement day at all sites according to a multicenter QA protocol revealing stable signals over time.
25

 

During scanning, participants completed three consecutive blocks of memory tasks (encoding, recall and 

recognition of face-profession pairs), as previously reported.
20-22

 Image processing and statistical analyses 

were conducted using statistical parametric mapping methods as implemented in Statistical Parametric 

Mapping 8 (SPM8) and included realignment, slice timing, normalization to a standard EPI template and 

smoothing. The regression model at the first level consisted of two regressors (memory and control) 

convolved with the hemodynamic response function and six regressors describing residual motion. In the 

second level group, individual regionally specific effects of the contrast memory > contour were compared 

using a multiple regression model including the three allelic groups and age, sex and site as covariates. 

T-statistics for each voxel were threshold at P < 0.05 family wise error (FWE) corrected for multiple 

comparisons across the region of interest (hippocampus).  
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Cognitive Performance Analyses 

 

Irish sample 

This sample consisted of 88 healthy individuals recruited on the basis of responses to local media 

advertisements and were reported previously.
26,27

 Participants were included only if they were aged 18 to 

65 years and satisfied, based on clinical interview, the criteria of having no history of major mental health 

problems, intellectual disability, or acquired brain injury and also no self-reported history of substance 

misuse in the preceding 6 months. Participants were also excluded from the study if they reported having a 

first-degree relative with a history of psychosis. All the subject assessments were conducted in accordance 

with the relevant ethics committee approval from each participating site. All subjects were of Irish ancestry 

(i.e., 4 grandparents born in Ireland), and all provided written informed consent. 

 

Cognitive Assessment 

General Cognitive Functioning (IQ). IQ was measured using selected subtests (vocabulary, 

similarities, block design, and matrix reasoning) from the Wechsler Adult Intelligence Scale, third edition, 

yielding full-scale, verbal, and performance IQs.  

Episodic Memory recall. Verbal episodic memory and visual episodic memory were assessed using 

the logical memory and faces subtests respectively, from the Wechsler Memory Scale, third edition.  

Working Memory. Verbal working memory and spatial working memory were assessed using the 

letter-number sequencing task from the Wechsler Memory Scale, third edition, and the spatial working 

memory task from the Cambridge Neuropsychological Test Automated Battery, Expedio Version.  

Attention. Attention was assessed using the continuous performance test, identical pairs version. 

Social cognition. Social cognition was measured using both the Eyes of the mind and the Hinting task 

to index theory of mind, while the Interpersonal and situational attribution task (IPSAQ) was used to index 

attributional style. 

 

Statistical Analysis 

To inform appropriate adjustments in the primary cognitive analyses, the associations of CREB1 with 

demographic variables were investigated using 1-way analysis of variance. There was no difference in age, 

years of education, or sex distribution between the genotype groups. Association of CREB1 with the 

phenotypes of IQ, episodic memory, working memory, attention and social cognition was conducted using 

a general factorial design in SPSS statistical software v14.0 (SPSS Inc, Chicago, Illinois). In a series of 

analyses of variance, scores for each neuropsychological subtest were entered as dependent variables, with 

age and sex included as covariates as appropriate.  
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Table S1. Description of individual samples included in replication analysis 

 

Sample Ancestry Cases Case diagnosis Controls Genotyping Platform λ Ref. 

France French 451 BD1,BD2,BD-NOS 1,631 Illumina platform 1.03 28,29 

Sweden Swedish 836a BD1,BD2,BD-NOS 2,093 Affymetrix 6.0 1.07 28 

Germany German 181 BD1,BD2,SAB,BD-NOS 527 Illumina platform 1.00 30,31 

Australia Australian 330 BD1,BD2,SAB,BD-NOS 1,811 Illumina platform 1.00 8,30,32,33 

Poland  Polish 411 BD1,BD2 504 Illumina platform / 30 

Iceland Icelandic 544b BD1,BD2,BD-NOS 34,426 Affymetrix 6.0 1.11 34 

U.K. British 1,636 MDD 1,594 Illumina HumanHap610 1.02 35 

Munich-Germany German 640 MDD 542 Illumina HumanHap300 1.02 36 

Total / 5,029 / 43,128 / / / 
 

a 
Diagnoses were made from hospital discharge records 226 of the samples, and thus DSM-IV subtypes are 

unavailable. Subtypes are given for 599 of the cases. 
b 

DSM-IV diagnoses were not available for 150 subjects who had been collected under earlier diagnostic 

criteria and described above. 

λ = genomic control lambda. 

Abbreviations: BD1, bipolar disorder type 1; BD2, bipolar disorder type 2; BD-NOS, bipolar disorder not 

otherwise specified; SCZ, schizophrenia; MDD, major depressive disorder; SAB, schizoaffective disorder 

(bipolar type). 
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Table S2. Demographic details of samples in the Stanley Neuropathology Consortium Integrative 

Database 

 

 Schizophrenia Bipolar Disorder Major Depression Normal Controls 

Age(y) 44.2 (25~62) 42.3 (25~61) 46.4 (30~65) 48.1 (29~68) 

Sex 9M, 6F 9M, 6F 9M, 6F 9M, 6F 

Race 13C, 2A 14C, 1AA 15C 14C, 1AA 

PMI (hs) 33.7 (12~61) 32.5 (13~62) 27.5 (7~47) 23.7 (8~42) 

pH 6.1 (5.8~6.6) 6.2 (5.8~6.5) 6.2 (5.6~6.5) 6.3 (5.8~6.6) 

Side of Brain Frozen 6R, 9L 8R, 7L 6R, 9L 7R, 8L 

 

Note: 

M, male; F, female; C, Caucasian; AA, African American; R, right; L, left. 
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Table S3. Bioinformatics screen of the cis-eQTL SNPs in CREB1 using the Regulome DB tools 
 

SNP Position Regulome DB score 
 Motifs 

 

Protein binding 

 

Chromatin structure 

 

Histone modifications 

Method Motif Method Bound protein Method Chromatin structure Method Histone Mark 

rs2709370 208382602 6 PWM 2 motifs / / / / ChIP-seq multiple 

rs2709371 208384687 No data / / / / / / / / 

rs2709373 208386024 6 PWM 2 motifs / / FAIRE 1 chromatin structure ChIP-seq multiple 

rs2709374 208386604 6 PWM 5 motifs / / FAIRE 1 chromatin structure ChIP-seq multiple 

rs2551660 208386799 No data / / / / / / / / 

rs2709375 208388923 5 / / / / 
FAIRE 2 chromatin structures 

ChIP-seq multiple 
DNase-seq 2 chromatin structures 

rs2551637 208392132 No data / / / / / / / / 

rs2709377 208393907 4 / / ChIP-seq 4 bound proteins 
FAIRE 4 chromatin structures 

ChIP-seq multiple 
DNase-seq multiple 

rs2464976 208394531 2b 
PWM 1 motif 

ChIP-seq multiple 
FAIRE multiple 

ChIP-seq multiple 
Footprinting multiple DNase-seq multiple 

rs2551639 208396187 3a PWM 1 motif ChIP-seq 1 bound protein 
FAIRE 8 chromatin structures 

ChIP-seq multiple 
DNase-seq 2 chromatin structures 

rs889895 208398929 5 
PWM 2 motifs 

/ / DNase-seq 9 chromatin structures ChIP-seq multiple 
Footprinting 3 motifs 

rs2551641 208410267 5 / / ChIP-seq 1 bound protein / / ChIP-seq multiple 

rs2709356 208412092 5 PWM 1 motif / / 
FAIRE 2 chromatin structures 

ChIP-seq multiple 
DNase-seq 1 chromatin structure 

rs2709357 208412532 6 PWM multiple / / / / ChIP-seq multiple 

rs2551642 208413497 6 PWM 1 motif / / / / ChIP-seq multiple 

rs2709398 208417937 No data / / / / / / / / 

rs2709399 208418101 No data / / / / / / / / 

rs2709400 208418313 No data / / / / / / / / 

rs2551917 208418332 No data / / / / / / / / 

rs2709402 208420977 No data / / / / / / / / 

rs2709403 208422263 6 PWM 2 motif / / / / ChIP-seq multiple 

rs2709404 208422335 No data / / / / / / / / 

rs2709378 208423429 No data / / / / / / / / 

rs2709381 208429159 No data / / / / / / / / 

rs2551919 208430383 No data / / / / / / / / 

rs2551920 208431830 1f / / / / DNase-seq 1 chromatin structure ChIP-seq multiple 

rs2709385 208434645 No data / / / / / / / / 

rs2551921 208435555 4 / / ChIP-seq 1 bound protein 
FAIRE 1 chromatin structure 

ChIP-seq multiple 
DNase-seq 1 chromatin structure 

rs2551643 208437433 6 PWM 1 motif / / / / ChIP-seq multiple 

rs2551644 208440724 6 PWM multiple / / / / ChIP-seq multiple 

rs2551923 208441776 No data / / / / / / / / 

rs2709387 208442095 6 / / / / / / ChIP-seq multiple 

rs2709388 208443011 6 PWM 5 motifs / / FAIRE 1 chromatin structure ChIP-seq multiple 

rs2551924 208443372 6 PWM 1 motif / / / / ChIP-seq multiple 

rs2709389 208448995 5 PWM 3 motifs / / DNase-seq 1 chromatin structure ChIP-seq multiple 
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rs34903544 208449146 No data / / / / / / / / 

rs2551646 208451166 No data / / / / / / / / 

rs2551647 208451238 No data / / / / / / / / 

rs2709392 208454639 No data / / / / / / / / 

rs2247053 208457063 No data / / / / / / / / 

rs2952766 208457362 6 PWM 1 motif / / / / ChIP-seq multiple 

rs2464978 208457918 No data / / / / / / / / 

rs34775277 208458129 6 PWM 1 motif / / / / ChIP-seq multiple 

rs2709362 208459822 No data / / / / / / / / 

rs13029936 208465544 5 / / / / 
FAIRE 1 chromatin structure 

ChIP-seq multiple 
DNase-seq 1 chromatin structure 

rs2551928 208465778 No data / / / / / / / / 

rs1806584 208466270 6 PWM 4 motifs / / / / ChIP-seq multiple 

rs1045780 208467150 No data / / / / / / / / 

rs6785 208467997 6 / / / / / / ChIP-seq multiple 

 

 

Note:  

when the number of predicted transcription factor binding motifs (or protein binding sequences, chromatin structures, histone marks) is more than 10, we indicated it 

as “multiple” instead. 

The methods for the bioinformatics screen on ENCODE data have been described previously, which can be found from Boyle et al study.
37
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Table S4. Association results of SNPs spanning CREB1 region with BD in the PGC BD GWAS 

samples and their allele frequencies in three major populations 

 

SNP ID Position Location Allele P-values OR 
Allele Frequency 

CEU CHB YRI 

rs2709370 208382602 5' near gene C 1.80×10-3 1.094 0.224 0 0.142 

rs2709371 208384687 5' near gene G 2.93×10-3 1.091 0.212 0 0.148 

rs2709373 208386024 5' near gene C 2.15×10-3 1.094 0.212 0 0.142 

rs2253206 208391978 5' near gene A 0.704 1.010 0.494 0.402 0.324 

rs2551639 208396187 intron G 9.15×10-4 1.103 0.212 0 0.142 

rs889895 208398929 intron G 8.20×10-4 1.104 0.212 0 0.142 

rs2551640 208407893 intron A 0.529 0.985 0.376 0.402 0.33 

rs2709356 208412092 intron T 9.35×10-4 1.102 0.206 0 0.142 

rs2709399 208418101 intron T 9.84×10-4 1.102 0.206 0 0.142 

rs2709402 208420977 intron A 9.98×10-4 1.102 0.206 0 0.142 

rs10932201 208426257 intron A 1.04×10-3 0.925 0.463 0.604 0.127 

rs11904814 208426798 intron G 0.326 1.025 0.341 0.402 0.165 

rs6740584 208429351 intron C 9.07×10-4 0.924 0.418 0.598 0.057 

rs2551919 208430383 intron T 9.24×10-4 1.103 0.206 0 0.148 

rs2551920 208431830 intron G 9.79×10-4 1.102 0.206 0 0.142 

rs2551921 208435555 intron C 8.85×10-4 1.103 0.206 0 0.142 

rs17811997 208440836 intron C 3.09×10-3 0.834 0.065 0 0 

rs2551923 208441776 intron T 1.22×10-3 1.101 0.206 0 0.148 

rs2709387 208442095 intron A 8.61×10-4 1.103 0.206 0 0.205 

rs2254137 208444028 intron A 0.448 0.982 0.629 0.598 0.392 

rs2464978 208457918 intron A 1.00×10-3 1.102 0.206 0 0.142 

rs2551928 208465778 3'UTR A 6.74×10-4 1.106 0.212 0 0.244 

rs1806584 208466270 3'UTR G 5.54×10-4 1.107 0.206 0 0.011 

rs1045780 208467150 3'UTR A 5.62×10-4 1.107 0.206 0 0.142 

rs6785 208467997 3'UTR A 3.38×10-4 1.111 0.206 0 0.142 

 

SNP position is defining according to the NCBI, GRCh37.p5 version. 

The risk and cis-eQTL SNPs are marked in red color and bold. 
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Table S5. Association results of risk SNPs in CREB1 in each European replication sample 

 

Study group (N cases/N controls) 
rs2709370 [C]  rs6785 [A] 

P value OR (SE)  P value OR (SE) 

France (451/1,631) 0.4111 1.083 (0.0970)  0.5095 1.066 (0.0962) 

Sweden (836/2,093) 0.5008 1.050 (0.0720)  0.5084 1.051 (0.0753) 

Germany (181/527) 0.2414 1.180 (0.1532)  0.1445 1.235 (0.1521) 

Australia (330/1,811) 0.4666 0.927 (0.1058)  0.6623 0.956 (0.1084) 

Poland (411/504) 0.0536 1.208 (0.1077)  0.0891 1.186 (0.1081) 

Iceland (544/34,426) 0.8618 1.012 (0.0735)  0.8655 0.987 (0.0773) 

U.K. (1,636/1,594) 0.28971 1.072 (0.0655)  0.30982 1.069 (0.0658) 

Munich-Germany (640/542) 0.0903 1.187 (0.1011)  0.1246 1.171 (0.1030) 

 

Abbreviations:  

OR, odds ratio; SE, standard error. 
1
rs2709373 (the 1000-Human-Genome, CEU r

2
=0.93 with rs2709370) 

2
rs2551949 (the 1000-Human-Genome, CEU r

2
=1.00 with rs6785) 
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Table S6. Association of rs2709370 with demographic characteristics in the German fMRI sample 

 

 CC (N=14) AC (N=99) AA (N=166) P value 

Age (y) 33.5 (19~48) 34.0 (18~50) 34.8 (18~51) 0.77 

Sex (M/F) 4M, 10F 46M, 53F 83M, 83F 0.29 

Handedness (L/R)* 0/14 3/83 10/151 0.38 

School education (y) 6.21 (4~7) 6.04 (3~7) 6.25 (3~7) 0.30 

 

y=years, M=male, F=female, L=left, R=right,* 7 data points missing 
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Table S7. Analyses on cognitive performance by rs2709370 genotype in the Irish sample 

 

Cognitive 

performance 
Test or Subscale N 

Mean (SD) 
FMain effect P value 

AA AC CC 

IQ 

Abbreviated Full Scale IQ 87 124.4 (13.2) 125 (14.1) 126 (15.6) 0.027 0.974 

WTAR (Adult reading test) 87 110.2 (4.6) 110.5 (4.5) 109.5 (4.9) 0.112 0.894 

Verbal IQ 87 126.7 (14.6) 125.5 (14.9) 133.5 (16.2) 0.294 0.746 

Performance IQ 87 118.8 (15.6) 120.4 (17.5) 115 (8.5) 0.157 0.855 

        

Working 

Memory 

LN sequence 86 12.8 (2.8) 11.8 (3.5) 15 (2.8) 1.49 0.23 

CANTAB SWM (Between error) 87 0.19 (0.86) 0.3 (0.7) 0.8 (0.2) 0.678 0.511 

        

Episodic 

Memory 

Logical Memory Immediate 88 13.3 (2.7) 12.6 (2.7) 15 (1.4) 1.132 0.327 

Logical Memory Delayed 88 13.9 (2.6) 13.1 (3.47) 14.5 (.707) 0.81 0.448 

CANTAB PAL 

(Adjusted Standard score) 
85 0.42 (0.8) -0.03 (1.5) 0.13 (0.38) 1.627 0.203 

Faces 1 87 11.9 (2.8) 10.5 (2.6) 10 (0) 2.619 0.079 

Faces 2 87 11.5 (2.3) 10.6 (2.7) 9.5 (3.5) 1.614 0.205 

        

Attentional 

Control 

IDED (8 shapes adjusted) 84 9.1 (9.8) 5.1 (6.3) 7.5 (3.5) 1.85 0.164 

IDED (6 shapes adjusted)) 84 0.87 (2.9) 0.62 (1.21) 1 (0) 0.091 0.913 

        

Social 

Cognition 

Hinting Task 82 16.8 (1.8) 16.7 (1.7) 17.5 (2.1) 0.171 0.84 

Reading the Eyes in the mind 82 26.6 (3.1) 25.2 (2.3) 26.5 (3.5) 2.3 0.1 

IPSAQ (externalizing bias) 82 0.26 (4.2) 1.2 (3.1) 1 (2.8) 0.52 0.59 

IPSAQ (personalizing bias) 82 0.59 (0.23) 0.59 (0.25) 0.65 (0.21) 0.056 0.95 
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Table S8. Analyses on cognitive performance by rs6785 genotype in the Irish sample  

 

Cognitive 

function 
Test or Subscale N 

Mean (SD) 
FMain effect P value 

AA AG GG 

IQ 

Abbreviated Full Scale IQ 87 126 (5.6) 125 (14) 124 (13.2) 0.048 0.95 

WTAR (Adult reading test) 87 109.5 (4.9) 110.2 (4.6) 110.2 (4.6) 0.029 0.97 

Verbal IQ 87 133.5 (16.2) 124 (15.1) 127.1 (14.4) 0.62 0.54 

Performance IQ 87 115 (8.5) 122 (17.2) 118.2 (15.6) 0.57 0.56 

        

Working 

Memory 

LN sequence 86 15 (2.8) 119 (3.6) 12.7 (2.8) 1.29 0.27 

CANTAB SWM (Between error) 87 0.81 (0.2) 0.37 (0.64) 0.17 (0.87) 1.03 0.36 

        

Episodic 

Memory 

Logical Memory Immediate 88 15 (1.4) 12.5 (2.6) 13.4 (2.7) 1.48 0.232 

Logical Memory Delayed 88 14.5 (0.71) 12.9 (3.5) 14 (2.6) 1.3 0.27 

CANTAB PAL 

(Adjusted Standard score) 
85 0.13 (0.38) -0.02 (1.6) 0.39 (0.8) 1.2 0.29 

Faces 1 87 10 (0) 10.7 (2.6) 11.4 (2.5) 1.1 0.35 

Faces 2 87 9.5 (3.5) 10.7 (2.6) 11.4 (2.5) 1.1 0.35 

        

Attentional 

Control 

IDED (8 shapes adjusted) 84 7.5 (3.5) 5.3 (6.7) 8.7 (9.6) 1.2 0.304 

IDED (6 shapes adjusted)) 84 1 (0) 0.67 (1.3) 0.84 (2.8) 0.049 0.952 

        

Social 

Cognition 

Hinting Task 82 17.5 (2.1) 16.7 (1.7) 16.8 (1.7) 0.19 0.83 

Reading the Eyes in the mind 82 26.5 (3.5) 25.2 (2.3) 26.5 (3.1) 1.5 0.22 

IPSAQ (externalizing bias) 82 1 (2.8) 1.3 (3.1) 0.23 (4.1) 0.76 0.46 

IPSAQ (personalizing bias) 82 0.65 (0.21) 0.56 (0.24) 0.6 (0.23) 0.36 0.69 
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Table S9. Results of SNP association analyses with CREB1 expression in brain samples of the Stanley 

Neuropathology Consortium Integrative Database 

 

 Frontal Cortex Cerebellum Thalamus Hippocampus 

rs2709370 3.63×10-8 4.22×10-6 / 2.22×10-9 

rs2709373 1.23×10-7 / 2.34×10-6 1.62×10-9 

rs6785 7.45×10-7 / 2.34×10-6 5.17×10-10 

rs2551949 7.45×10-7 / 2.34×10-6 5.17×10-10 
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Figure S1. Linkage disequilibrium (LD) structure of the risk SNPs spanning CREB1 in Europeans, 

and the LD value of tested SNPs were calculated using the r
2
 algorithm.  
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Figure S2. Association of risk SNPs with adjacent gene mRNA expression in Europeans in Dimas et 

al. study.
38
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Figure S3. Prediction of binding affinity with microRNA using the mirSNP database.
39
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Figure S4. Global distribution of a risk SNP rs2709370 allele in major world populations 

 

 

   

*The ancestral allele C is the risk allele 
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Figure S5. mRNA expression analyses of CREB1 in the brain of bipolar disorder patients and 

controls in an online database (https://www.stanleygenomics.org) 

 

 

 
Spots indicate the mean fold change of CREB1 mRNA expression in bipolar disorder patients as compared 

with normal controls in individual studies and the combined analysis (labeled by the red box). Among the 

41 individual studies, 19 studies reported up-regulation of CREB1 in bipolar disorder patients as compared 

with normal controls, with 7 of them reaching statistical significance (P < 0.01 [red spot]), and 21 studies 

found down-regulations of CREB1 in bipolar disorder patients compared with normal controls, but none of 

them reached statistical significance (P < 0.01). The combined analysis indicated a slight increase in 

CREB1 expression in BD patients than controls, though not significantly (combined P = 0.2406). 

https://www.stanleygenomics.org/
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