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Abstract

Background—Bipolar disorder (BD) and major depressive disorder (MDD) are highly heritable

and genetically overlapping conditions characterised by episodic elevation and/or depression of

mood. Both demonstrate abnormalities in white matter integrity, measured using diffusion tensor

magnetic resonance imaging (MRI), that are also heritable. However it is unclear how these

abnormalities relate to the underlying genetic architecture of each disorder. Genome-wide

association studies (GWAS) have demonstrated a significant polygenic contribution to BD and

MDD, where risk is attributed to the summation of many alleles of small effect. Determining the

effects of an overall polygenic risk profile score on neuroimaging abnormalities may help to

identify proxy measures of genetic susceptibility and thereby inform models of risk prediction.

Methods—In the current study we determined the extent to which common genetic variation

underlying risk to mood disorders (BD and MDD) was related to fractional anisotropy, an index of

white matter integrity. This was conducted in unaffected individuals at familial risk of mood
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disorder (n=70) and comparison subjects (n=62). Polygenic risk scores were calculated separately

for BD and MDD based on GWAS data from the Psychiatric Genome Consortia.

Results—We report that a higher polygenic risk allele load for MDD was significantly

associated with decreased white matter integrity across both groups in a large cluster with a peak

in the right-sided superior longitudinal fasciculus.

Conclusions—These findings suggest that the polygenic approach to examining brain imaging

data may be a useful means of identifying traits linked to the genetic risk of mood disorders.
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Introduction

Mood disorders, comprising bipolar disorder (BD) and major depressive disorder (MDD),

are common disabling psychiatric conditions characterised by periods of elevated or

depressed mood. These disorders are known to be heritable and share complex overlapping

genetic architecture(1-5). Neuroimaging studies indicate abnormalities in mood-related brain

circuitry in both individuals affected with mood disorder, and in unaffected relatives,

suggesting that these features are heritable and represent trait-related markers of illness(6-8).

Improving the understanding of the relationship between genetic heritability and quantitative

trait features of the disorder, such as neuroimaging measures, may help to identify

biomarkers of genetic susceptibility and thereby inform models of risk prediction for these

conditions.

Evidence from candidate gene and genome wide association studies (GWAS) have

identified a number of single nucleotide polymorphisms (SNPs) that are significantly

associated with mood disorders, particularly BD(9-15), with less success for MDD(16).

Recent evidence however indicates that each individual risk variant makes only a small

contribution to the overall heritability of these disorders(17,18). The modest number of

associated variants, together with small effect sizes, suggests that a large number of causal

variants contribute to overall risk, a hypothesis referred to as the polygenic model of

inheritance(19). A recent study confirmed that a polygenic risk score could differentiate

cases (schizophrenia and BD) from controls in an independent sample, concluding that the

polygenic model could explain a small but significant portion of the total variation in

liability to psychiatric disorders(17).

Similar studies have confirmed that additive genetic variance contributes significantly to

MDD(20), and MDD polygene scores have been able to differentiate MDD cases versus

controls in independent samples(21). We recently employed this approach to examine the

relationship between BD polygene risk scores and functional imaging traits in individuals at

familial risk for mood disorder(22). In the current study we examine the same cohort to

explore relationships between these measures and white matter integrity. Since polygenic

models capture a greater proportion of the overall genetic contribution to these disorders

than individual SNPs, we considered this approach likely to identify brain regions linked to
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additive genetic risk. We previously reported that higher BD polygene scores were related to

increased functional activation of limbic areas of the brain, the anterior cingulate and

amygdala, regions which have consistently been linked to the aetiology of mood

disorders(22). Other studies have successfully employed similar approaches, for example

using symptom dimension scales as the quantitative trait in relation to polygenic risk in

psychotic disorders(23).

Here we examine associations between polygene risk profile scores for mood disorder (BD

and MDD, separately) and structural white matter integrity in a cohort of unaffected young

individuals at high familial risk of mood disorder as previously described(6,7,22). These

individuals were at high familial risk because they had first and/or second degree relatives

with BD. The control subjects had no immediate family history of mood disorder. Since

there is consistent evidence of an increased frequency of both BD and MDD in first degree

relatives of affected bipolar patients, the familial group were considered at high-risk of both

unipolar and bipolar mood disorders, (i.e. BD and MDD)(24), (25).

We examined the relationship between polygene scores for BD and MDD in relation to

white matter integrity as measured using diffusion tensor MRI (DTI). DTI measures the

random motion of water molecule protons within white matter fibre tracts in the brain. The

parallel organisation of white matter axons and the surrounding myelin sheaths in major

tracts causes water molecules to diffuse predominantly along, rather than across, the

principal fibre direction. The magnitude of this diffusion anisotropy is commonly quantified

as the fractional anisotropy (FA), and is thought to reflect white matter integrity(26).

Differences in FA between different groups can be identified using voxel-based methods, in

particular Tract-based Spatial Statistics (TBSS)(27,28), a technique designed to maximise

inter-subject registration. TBSS projects each individual subject’s FA data onto a common

FA skeleton before applying between-subject voxel statistics. In this way it improves the

probability that a given voxel contains information from the same region of the same white

matter tract within each individual(27,29,30).

Although there is some inconsistency, in general, DTI studies in BD patients have reported

reductions in white matter integrity in a number of brain regions including the superior

longitudinal fasciculus (SLF), inferior fronto-occipital fasciculus (IFOF), inferior

longitudinal fasciculus (ILF), thalamic radiations, uncinate fasciculus (UF), and corpus

callosum (CC)(31,32), with some replication in individuals at familial risk(6,33). DTI

studies of MDD have yielded more heterogenous results, however a recent meta-analysis

implicated the SLF, and IFOF, where there was also a correlation between low FA and

increasing severity of illness and with increased duration of illness(34). Studies on

individuals at familial risk of depression have also reported FA reductions in the SLF(35). In

the current study we therefore hypothesised that there would be a negative relationship

between FA values in regions previously linked to BD and MDD and the polygenic risk

score for these mood disorders.
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Methods and materials

Study population

The two groups examined in this study comprised a group of individuals at familial risk of

mood disorder and comparison group of healthy comparison subjects(7). In brief,

individuals at high genetic risk of mood disorder because of a close family history of bipolar

disorder (BD I) and control subjects were recruited as part of the Scottish Bipolar Family

Study as described previously(6,7). Since there is an increased risk of both BD and MDD in

unaffected first degree relatives of BD patients, we considered these individuals at enhanced

familial risk of both MDD and BD and we refer to them throughout as being at high risk of

mood disorder. To identify high-risk participants, caseloads of psychiatrists across Scotland

were searched for individuals diagnosed with BDI. Diagnoses were confirmed with the

Structural Clinical Interview for DSM-IV-TR Axis I Disorders (SCID-I)(36) or the symptom

checklist of the Operational Criteria (OPCRIT)(37). Subsequently, subjects affected by BD

were asked to identify a first or second-degree relative aged 16-25 years not suffering from

the disorder. These unaffected individuals were invited to participate in this study providing

that they had at least one first degree, or two second-degree relatives suffering from BDI.

Control subjects with no personal history of BD or family history of a mood disorder in

first-degree relatives were identified from the personal contacts of the bipolar high-risk

subjects. Only unrelated individuals were included in the current analysis. Exclusion criteria

for all groups included a personal history of major depression, mania or hypomania,

generalised anxiety disorder, panic disorder, eating disorder, psychosis, substance

dependence, an IQ < 70 or clinical diagnosis of learning disability, any major neurological

disorder or history of head injury that included loss of consciousness, and any

contraindications to MRI. A total of 70 high risk and 62 control subjects provided genetic

and DTI data. All participants provided written informed consent and the study was

approved by the multicentre research ethics committee for Scotland. We would also like to

note that, to the best of our knowledge, none of the participants in the current study were

related to individuals within the GWAS discovery sample.

Genotyping and derivation of polygenic scores

Genomic DNA was extracted from venous blood. Genotyping was conducted at the

Wellcome Trust Clinical Research Facility, Edinburgh, United Kingdom

(www.wtcrf.ed.ac.uk) and used the Illumina OmniExpress 730K SNP array. SNPs were

excluded where the minor allele frequency was less than 1%, or if the call rate was less than

95% or if the X2 test for Hardy Weinberg Equilibrium was less than 1×10−3. Strand

ambiguous SNPs were also removed. The resulting SNP set was then used to calculate four

multidimensional scaling (MDS) components to assess and adjust for population

stratification in later analyses. The data was then imputed to HapMap Version 3 (HM3;

http://hapmap.ncbi.nlm.nih.gov) in Mach software(38) and then converted back to Plink

(http://pngu.mgh.harvard.edu/~purcell/plink; map/ped) format for later analysis(39).

Summary results from the most recent international GWAS of BD and MDD were obtained

from the publicly available data published by the Psychiatric GWAS Consortia (PGC)

(17,21). Polygenic scores were calculated according to the methods by Purcell et al(17), and
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as reported in our previous study(22). Four lists of significant SNPs were generated from the

PGC-BD and PGCMDD association data at significance thresholds of p=0.5, p=0.1, p=0.05

and p=0.01. These were then used to select common SNPs from our imaging-GWAS

datasets resulting in four separate files (for BD and MDD) that contained the genotype of

each individual. Our primary analyses concerned those SNPs from PGC-BD/MDD that met

a significance level of p=0.5 or less, as this was the level that most efficiently discriminated

individuals with and without BD in an independent test set(17). Full details of findings for

the other thresholds are presented in supplementary information (Supplementary Table 1). In

order to identify polygenic effects due to independent SNPs in linkage disequilibrium (LD)

with one another, each SNP set was then pruned using a published method based on the

variance inflation factor (VIF)(39). LD based SNP pruning was conducted in a sliding

window of 50 SNPs with each calculation performed iteratively by moving the window by 5

SNPs. SNPs were conservatively selected on the basis of a VIF of 2 or less. Finally, these 4

SNP sets were then scored using the sum of the number of reference alleles multiplied by

the logarithm of the odds ratio across the whole genome. All analyses were performed in

Plink(39) with the exception of imputation to HM3 and data manipulation which were

performed in Mach and R respectively(38,40).

Demographic and clinical assessments

All participants were interviewed by one of two experienced psychiatrists (AMM, JES)

using the SCID(36) to confirm the absence of any lifetime axis I disorders. Current manic

and depressive symptoms were rated using the Young Mania Rating Scale(41) and Hamilton

Rating Scale for Depression (HAM-D)(42). Estimates of temperamental variations in minor

affective symptoms were assessed using the Temperament Evaluation of Memphis, Pisa,

Paris and San Diego Auto-questionnaire (TEMPS-A)(43), providing measures of

cyclothymic, depressive, hyperthymic, irritable, and anxious temperament. Intelligence was

measured using the National Adult Reading Test (NART) IQ. Statistical analysis of

demographic characteristics was conducted using independent t-tests or chi-square (X2)

tests. For the clinical assessments and measures of temperament, comparison of groups was

conducted using Mann-Whitney U tests.

Scan Acquisition and Pre-processing

Scan acquisition and preprocessing details have been presented previously(6). Imaging was

carried out at the Brain Research Imaging Centre (http://www.sbirc.ed.ac.uk) on a GE Signa

1.5 T clinical scanner (GE Medical, Milwaukee, USA). Whole brain DTI data were acquired

using a single-shot pulsed gradient spin-echo echo-planar imaging (EPI) sequence with

diffusion gradients (b = 1000 s/mm2) applied in 64 non-collinear directions, and 7 T2-

weighted EPI baseline scans. Fifty-three 2.5 mm contiguous axial slices were acquired

(field-of-view 240 × 240 mm, acquisition matrix 96 × 96, and zero-filled to 128 × 128),

giving an isotropic acquisition voxel dimension of 2.5 mm. In addition, a T1-weighted

volume was acquired (inversion time 500 ms, echo time 4 ms, flip angle 8°, acquisition

matrix 192 × 192, 180 slices, giving voxel dimension 1.25 × 1.25 × 1.20 mm). The diffusion

MRI data were converted to 4D NIfTI volumes and pre-processed using standard tools

available from FSL (http://www.fmrib.ox.ac.uk/fsl). This included (i) correction for eddy

current induced distortions and bulk subject motion by registering the diffusion weighed
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volumes to the first T2-weighted volume for each individual, (ii) brain extraction, and (iii)

calculation of diffusion tensor characteristics including principal eigenvectors and FA values

using DTIFIT.

Tract-Based Spatial Statistics

TBSS was carried out according to standard FSL procedures (http://www.fmrib.ox.ac.uk/fsl)

(6,27,30). Initially, all subject’s FA volumes were linearly and non-linearly registered to a

standard FA template. A mean of all registered FA volumes was then calculated and a white

matter “skeleton” created. A threshold of FA > 0.25 was applied to the FA skeleton to

exclude predominantly non-white matter voxels. For each subject’s FA volume, at each

point on the skeleton the maximum voxel perpendicular to the local skeleton direction was

projected onto the skeleton. This resulted in one FA skeleton map per subject, assumed to

contain anatomically corresponding centres of white matter structure. Initial group

comparison findings have been presented previously(6).

With the obtained TBSS skeletons we performed separate statistical analyses for each

polygene score (BD and MDD). All analyses modelled the above four multidimensional

scaling factors to control for population stratification effects. Our analysis plan consisted of

firstly looking for evidence of polygene by group interaction effects. If these were not

significant then we would assume that the relationship did not differ between groups and we

would examine effects across all subject irrespective of group. Firstly, to test for group ×

polygene interaction effects we modelled the polygene scores as two separate regressors in

the design matrix, i.e one per group. Secondly, we examined associations between the

polygene scores and FA values across all subjects, irrespective of group, where each

polygene score was modelled as a single regressor. To fully explore whether any effects

seen across all subjects were influenced by group effects we performed an additional

analysis modelling ‘group’ as a regressor in the statistical design.

All analyses were performing using the “randomise” functions in FSL. Threshold-free

cluster enhancement (TFCE) was applied to obtain cluster-wise statistics corrected for

multiple comparisons. The current analyses therefore present p-values corrected for whole

brain using family-wise error via permutation testing with 20,000 permutations. The TFCE

corrected p-maps were thresholded at pFWE < 0.05, and we report sizes of contiguous

clusters of supra-threshold voxels (clusters > 10 voxels). Significant results were localized to

white matter tracts/structures using the John Hopkins University (JHU) DTI-based white

matter atlas and the JHU white matter tractography atlas (53) digitally available in FSL.

Results

Demographic, clinical, temperament and behavioural measures

Subject details are presented in Table 1. There were no significant differences between the

groups in terms of age, gender, handedness, or NART IQ. The groups did however differ in

terms of clinical measures, where the high-risk group scored significantly higher on the

HAM-D than the comparison group (p=0.05), a finding we have reported previously(6,7).
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There were no other significant differences between the groups in terms of the remaining

clinical or temperament measures as described in Table 1.

Polygene scores

There was a significant difference between the groups in terms of the BD polygene score

(t=2.55, p=0.01), however no group difference was found for the MDD polygene score

(t=0.71, p=0.48). There were also no significant correlations between the BD or MDD

polygene scores and clinical or temperament measures as described in Table 1.

Table 2 presents the number of loci for each polygene threshold and the percentage of

shared loci. This indicated an overlap in the order of 26% for the number of loci shared

between the MDD and BD polygene risk sets at the threshold used in the current study.

Relationship between polygenic scores and white matter integrity

There were no statistically significant polygene × group interaction effects for either the BD

or MDD polygene score on FA. For the BD polygene score there was no significant

association with FA, either positive or negative, across both groups. In contrast, there was a

significant negative association between the MDD polygene risk score and FA values across

all individuals in a large cluster encompassing both hemispheres with a peak in the right

SLF, ILF and IFOF in the parietal region (35,025 voxels at pFWE<0.05, co-ordinates: x =

30, y = −48, z = 27), see Figure 1. A third of these voxels (k = 11,252) remained significant

when the corrected significance level was made more stringent (pFWE<0.01) resulting in 14

smaller clusters (see supplementary Table 2). These clusters included peaks within the

bilateral SLF, IFOF, ILF, posterior thalamic radiation, cingulum and splenium and body of

the corpus callosum. There were no regions of positive relationship between MDD polygene

score and FA.

To explore whether differences in group status could have been contributing to the

association between FA values and polygenic loading we repeated the analysis modelling

‘group’ in the statistical design. The results of this analysis were similar to the above

involving a large cluster across both hemispheres with a peak in a similar region to the

above findings (39,467 voxels at pFWE<0.05, co-ordinates: x = 32, y = −46, z = 29).

Discussion

In this paper we report a significant relationship between polygenic risk for mood disorder,

specifically MDD, and reduced white matter integrity in a large cluster encompassing

regions previously implicated in these disorders which was not accounted for by group

status. The effects were seen across all individuals, regardless of family history and in the

absence of confounding disease and medication effects. Overall, therefore, these findings

indicate a polygenic contribution to decreased white matter integrity reported in patients and

in those at risk of mood disorders thereby providing a link between genetic predisposition to

mood disorder and neuroimaging markers of illness.

One of the main findings from the current study is a reduction of FA in relation to higher

polygene risk scores for MDD with a peak in the parietal portion of the SLF, a long white-

Whalley et al. Page 7

Biol Psychiatry. Author manuscript; available in PMC 2014 October 05.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



matter tract strongly implicated in previous studies of MDD (34,44-46). A meta-analysis of

DTI findings in MDD patients reported reductions in the SLF in parietal regions in patients

versus controls using data from 7 studies involving a total of 188 patients and 221

controls(34). In addition, a recent study of unaffected individuals at familial risk of unipolar

depression also identified reductions in FA in the SLF(35). It should be noted however that

deficits in FA in this region are not specific to MDD or mood disorders(47,48). The SLF is a

bidirectional long association fiber pathway anatomically subdivided into 4 sub-

components(49). Autoradiographic studies have shown that these sub-regions connect

distinct parts of tempero-parietal association corticies with frontal regions and vice

versa(50). The SLF is therefore assumed to be important in a broad range of behavioural and

cognitive functions, integrating regions involved in working memory, somatosensory

processing, spatial attention, language and motor function and emotional regulation. It is

therefore central to many associative and higher order cognitive brain functions and may

relate to cognitive deficits seen in patients and inherited traits in unaffected relatives(50,51)

It is increasingly understood however that the complex disruptions in mood and cognitive

functioning seen in mood disorders are unlikely to be attributable to deficits in a single white

matter tract(52). Consistent with this, we report widespread regions of reduced FA that were

significantly negatively associated with polygenic risk for MDD. This large cluster included

the ILF, IFOF, thalamic radiations and uncinate fasciculus. Deficits in white matter integrity

in these regions have previously been reported in patients with MDD(46,53), where

associations between reduced FA and increasing symptom severity were also found(46). It is

suggested that dysfunction in these tracts may affect cortico-limbic and thalamo-cortical

networks, and that this in turn may impact cognitive control of emotional stimuli, which is

considered to underlie symptoms of MDD(54). Reductions in white matter integrity could be

due to a number of factors including reduced axonal density, reduced axonal diameter,

dysmyelination, or indeed the crossing of fibre tracts. It should also be noted that FA values

represent summary measures derived from diffusion tensor eigenvalues. They are influenced

by a number of factors relating to the number of dominant fiber directions in each voxel,

partial volume effects of nearby grey matter, and by the complex preprocessing steps using

in analysis(55). Further study using techniques complementary to DTI, such as

magnetization transfer imaging and postmortem studies, would be necessary to provide

additional information regarding the nature of these deficits.

One of the main issues in general for psychiatric research has been the lack of robust,

validated endophenotypic markers of illness. Endophenotypes are described as measurable

traits that are more proximal to the underlying genetic cause of a disorder than the clinical

manifestations of illness. They are therefore more stable and more sensitive to genetic

variation than the clinical phenotype. Their role in identifying risk associated genetic

variants, and in understanding aetiological processes, has long been emphasised(56).

Although there are varying definitions, the properties of an endophenotype are generally that

the trait must be associated with illness, must be heritable and co-segregate with illness in

families, and must occur irrespective of clinical status(56). In the current study we have

demonstrated reductions in white matter integrity in regions previously implicated in mood

disorders(53), that were significantly related to genetic liability for MDD, and which

occurred in unaffected relatives, therefore fulfilling 3 of the 4 criteria above. Previous
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studies have indeed reported that whole brain white matter integrity is under strong genetic

control(8), and several studies of various risk genes for BD have reported reduced FA values

in those carrying risk variants(57-59). Further, quantitative trait linkage analysis studies of

FA maps in healthy controls have indicated linkage with genetic markers previously

implicated in MDD(8). Overall therefore these findings suggest that these disruptions in

white matter integrity may be a suitable candidate as an endophenotypic marker of genetic

susceptibility for mood disorder, specifically MDD.

An important consideration in terms of the current results is that we did not report any

association between FA and BD polygene scores, either across all subjects, or as an

interaction. This may seem initially surprising, given our previous finding of reduced FA in

BD and their unaffected relatives(6). Also, given previous studies indicating disrupted

structural connectivity in bipolar patients(60), and alterations in FA in carriers of various

risk associated variants for BD, including ANK3, NRG1 and ErbB4, notably in the anterior

limb of the internal capsule(57-59). It is however the case that the majority of the heritability

of BD remains obscured from current GWAS(17). This is in apparent contrast to MDD

where a recently published study indicated that up to 80% of the heritability to MDD could

be attributed to common SNPs(18). This may explain why the search for imaging

biomarkers of MDD was apparently more successful in the current study than for BD.

We also do not report interaction effects with regard to associations of white matter integrity

with the MDD polygene score. Our results therefore suggest that effects of these multiple

and common alleles on white matter integrity were similar across both groups irrespective of

background familial liability, i.e. that there was no evidence for a fundamentally different

action in each of the groups. We also did not report differences in polygenic loading for

MDD between the groups. However, this study concerned individuals at familial risk for

mood disorder, hence a composite of individuals who will become ill (with MDD or indeed

BD) along with others who will remain well. It may be the case therefore that group

differences in polygenic loading for MDD, or associations with BD loading, will emerge

once final clinical group status is established after completion of longitudinal assessments.

Alternatively, although this study is relatively large in terms of neuroimaging, it is relatively

small in terms of genetic studies. It may be the case therefore that differences in MDD

polygene scores are not apparent due to reduced power related to sample sizes. The

difficulties of recruiting individuals at high familial risk of mood disorders unfortunately

also result in there being no replication dataset on which to independently test these

findings. Finally, it should be considered that the polygene risk scoring method may not

fully account for the effects of rare variants, or for epistasic effects, although there is little

positive evidence for these effects in MDD or BD in whole genome studies. Overall,

however, the association between genetic risk and biological markers of illness

progressively informs models of risk prediction. Whole genome assessment, in conjunction

with intermediate quantitative traits that reflect the impact of susceptibility variants on brain

structure or function, may eventually enable risk stratification and personalised treatment.

In conclusion, we have presented evidence for the aggregate effect of multiple SNPs

associated with risk for mood disorder on white matter integrity in individuals at familial
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risk. These findings lend weight to the hypothesis that MDD is a disorder of neurocircuitry,

where impaired connectivity is considered to underlie affective dysregulation. It further

extends this model to indicate a genetic origin of these deficits. These findings may in turn

help to identify mechanistic biological pathways involved in the illness.
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Figure 1. Negative association between FA and MDD polygene scores
TBSS results for the effects of a negative association between the MDD polygene scores and

FA values across all individuals. Images displayed at peak co-ordinate of large cluster (60,

78, 99). Threshold pFWE<0.05
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Table 1
Participant details

Comparison
subjects
(n =62 )

High-risk
(n =70 ) t/Z p

Demographics

Mean age (yrs)
(std dev)

21.16 (2.27) 21.56 (2.77 0.89 0.38

Gender
(M:F)

30:32 - 34:36 - 0.00# 0.98

Handedness
(R:L+Mixed)

57:5 - 63:7 - 0.15# 0.70

Mean NART IQ (std dev) 109.43 (7.33) 108.47 (10.56) 0.59 0.55

Polygene Score

BD polygene
Score

0.2126 (0.05) 0.2359 (0.06) 2.55 0.01

MDD polygene
Score

−0.1861 (0.05) −0.1802 (0.05) 0.71 0.48

Clinical measures* (median (interquartile range))

Young Mania Rating Scale
score

0 (0) 0 (0) 1.44 0.15

Hamilton Depression Scale
score

0 (1) 0 (3) 1.94 0.05

Temperament measures*

TEMPS-A (median (interquartile range))

Cyclothymia 1 (3) 2 (3) 1.66 0.10

Depressive 0 (2) 0 (1) 0.50 0.62

Irritability 1 (2) 1 (2) 0.61 0.54

Hyperthymia 2 (3) 1.5 (3.25) 1.22 0.22

Anxious 1 (1.25) 0 (2) 0.33 0.74

Total score 7 (8.25) 7 (7.50) 0.21 0.83

Alcohol use

Alcohol (U/week)
Mean (std dev)

17.27 (19.16) 13.98 (14.80) 1.04 0.30

#
Chi squared test

*
Mann-Whitney tests, median and interquartile range presented for skewed variables. P values < 0.05 are in bold
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Table 2
Number of loci for each polygene threshold for MDD and BD and percentage shared

Polygene thresholds:

p=0.5 p=0.1 p=0.05 p=0.01

MDD
total 97,923 31,915 18,259 4,619

BD
total 95,591 32,677 19,290 5,401

Shared
(%)*

25,807 (26.35) 2,205 (6.90) 781 (4.28) 70 (1.52)

*
percentage of shared loci represented as a proportion of the total number of loci for MDD
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