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Abstract Decreased volumes of subgenual cingulate

(SGC) have been reported primarily among familial bipolar

patients, which is one of the hallmarks of an endophenotype.

In order to investigate specificity of SGC volume abnormal-

ities to familial mood disorders and to test whether SGC

volumes represent an endophenotype for BD, we measured

SGC volumes in young affected and unaffected relatives of

bipolar patients (high-risk design) and in sporadic bipolar

patients. We included 20 unaffected, 15 affected offspring of

bipolar I or bipolar II parents, 18 controls, and 19 sporadic

bipolar patients between 15 and 30 years of age. SGC vol-

umes were measured on 1.5 T 3D anatomical MRI images

using standard methods. We also combined the effect sizes

from all published studies of sporadic patients with mood

disorders (N = 61) and controls (N = 84) using random-

effect models. We found comparable SGC volumes among

unaffected, affected offspring of BD parents and controls

(F = 0.7, df = 2; 50, P = 0.47). Likewise no SGC abnor-

malities were found between sporadic bipolar and control

subjects (F = 2.31, df = 1; 34, P = 0.14). When combining

all available data from sporadic patients, there were no dif-

ferences in left (SDM 0.19, 95% CI -0.13 to 0.51) or right

(SDM -0.11, 95% CI -0.47 to 0.26) SGC volumes between

sporadic bipolar patients and controls. The limitations of the

study are cross-sectional design and inclusion of both bipolar

I and bipolar II probands. In conclusion, SGC volume

abnormalities were absent in unaffected, affected relatives of

bipolar patients as well as sporadic bipolar patients and thus

did not meet criteria for endophenotype.
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Introduction

Converging lines of evidence suggest, that subgenual cin-

gulate (SGC), the first full gyrus beneath the genu of corpus

callosum, is implicated in regulation of emotions [25] and

plays an important role in the pathophysiology of mood

disorders. Patients with unipolar (UD) or bipolar (BD)

disorders have reduced glial counts [24] and lower volumes

of SGC [15]. Functional neuroimaging investigations

showed increased SGC glucose uptake or perfusion during

induction of sadness [21] or depression [22] and normali-

zation of this pattern during successful treatment of

depression with various antidepressant modalities [9, 20].

Based on these studies deep brain stimulation of white

matter tracts adjacent to SGC has successfully been used to

alleviate treatment refractory depression [22].

Volumetric studies of SGC show marked heterogeneity

which likely stems from clinical, demographic, as well as

MRI-related issues [15, 18]. It is for example still not clear

whether structural changes within SGC represent biological

risk factors (endophenotypes in a narrower sense) or

whether they are secondary to burden of illness, comorbid

conditions or treatment [11]. This distinction is important

from the research as well as clinical perspectives, as
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endophenotypic changes are well suited for genetic inves-

tigations and may be used for early objective diagnosis,

whereas changes secondary to the burden of illness may be

targets for preventive measures. Co-segregation of a bio-

logical abnormality with illness in families is one charac-

teristic of an endophenotype. Recent meta-analysis of SGC

volumes in mood disorders showed that decreased SGC is

predominantly found in subjects with family history of

mood disorders [15]. None of the studies in sporadic sub-

jects found abnormal SGC volumes. However, the studies

of sporadic patients were typically underpowered with

small numbers of participants (range 6–15) [2, 17, 27].

In order for a particular biological change to be con-

sidered an endophenotype, presence among unaffected

subjects at genetic risk for developing an illness needs to be

demonstrated [10]. Such high-risk (HR) design (study of

offspring of bipolar parents) is crucial for other reasons as

well. There is an emerging evidence from prospective

follow-up studies of bipolar offspring, that bipolar disor-

ders develop in distinct clinical stages [5]. It appears that

non-specific psychopathology such as anxiety or sleep

disorders among offspring of bipolar patients may in fact

represent early stages of bipolar disorders. Little is known

about the biological underpinnings of such staging. In light

of these facts, there is a great need for studies of early

bipolar disorders. The best way to bypass the diagnostic

controversies and to study early development of BD is

performing a HR study of children of bipolar parents.

We previously published the first study of SGC volumes

among affected as well as unaffected relatives of bipolar

patients [12]. SGC volumes in this study were comparable

among the groups. In order to further elucidate the role of

SGC in development of BD, we now present the second

independent study of SGC volumes among offspring of

bipolar parents. If SGC volumes are an endophenotype for

BD, then affected offspring should show significantly

lower SGC volumes relative to controls with unaffected

subjects having intermediate volumes. In order to assess

specificity of SGC changes to familial patients, we also

included a group of bipolar patients without family history

of mood disorders. This is the second HR study of SGC

volumes in mood disorders and the largest study of SGC

volumes in sporadic bipolar patients.

Methods

Subjects

Probands

The HR offspring were identified through adult probands

with bipolar I or II disorders who participated in Czech

Bipolar Disorder Case Registry (CZ-BDCR). CZ-BDCR is

a database of patients with bipolar disorder confirmed by

Schedule for affective disorders and schizophrenia—life-

time version (SADS-L) interview [8] when entering. The

participants are then prospectively followed up. Thirty-two

families in which one parent was affected with bipolar

disorder (27 BD I, 5 BD II), participated in this study. In

nine cases the parent was not available for direct interview

(death, health complications). Diagnosis of the parent in

these instances was established based on available hospital

charts and information from treating psychiatrist and

family members.

Offspring of bipolar parents

The offspring of bipolar parents were interviewed using

SADS-L interview conducted by experienced research

psychiatrists (T.N, M.K.) and where available, hospital

records were also reviewed. The offspring of bipolar

parents were divided into two subgroups: (1) Unaffected

offspring with no Axis I diagnosis, N = 20. These sub-

jects were considered to be at an increased risk for

development of BD, because they had one parent affected

with BD. (2) Offspring of bipolar parents affected with

Axis I diagnosis of mood disorders, i.e. personal history of

at least one episode of depression, hypomania or mania

meeting full DSM IV criteria, N = 15 (5 BD I, 4 BD II

and 6 UD).

Sporadic patients

Nineteen patients (12 females) with sporadic bipolar dis-

order were identified through hospital database and out-

patient clinics at the Prague Psychiatric Centre. Each thus

identified subject underwent SADS-L interview conducted

by experienced research psychiatrists (T.N, M.K.) Negative

psychiatric family history was evaluated by acquiring

family history from the patient and if possible also from

one of the parents. We focused on family history of mood

disorders in first degree relatives.

Offspring of healthy parents (controls)

Control subjects consisted of 18 healthy offspring of

healthy parents recruited through advertisement from

similar sociodemographic areas as the patients. Each sub-

ject underwent SADS-L interview conducted by experi-

enced research psychiatrists (T.N, M.K.) and was deemed

to have no lifetime history of Axis I psychiatric disorders.

The control subjects were selected to closely match HR

subjects by age and sex. Negative psychiatric family his-

tory was evaluated by acquiring family history from the

control subject and if possible also from one of the parents.
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The inclusion criterion for all groups was age range 15–

30 years. Subjects were excluded if they met MRI exclu-

sion criteria (pacemaker, metal implants), had any serious

medical illness (e.g. Cushing’s disease, conditions treated

with corticosteroids), neurological disorder (e.g., epilepsy,

head trauma with loss of consciousness, demyelinating

disorders) or fulfilled criteria for substance abuse or

dependence during last 6 months except nicotine depen-

dence. Additional exclusion criteria for the control group

were personal or family history of psychiatric disorders.

Subjects were allowed to continue with their psychotropic

medications at the time of scanning. All subjects were

deemed euthymic during MRI assessment by psychiatrist

according to current symptoms description in SADS-L

interview, which was conducted ±1 week from MRI.

After complete description of the study to the subjects,

written informed consent was obtained, prior to inclusion

in the study. The study was reviewed and approved by The

Prague Psychiatric Centre Institutional Review Board and

has been performed in accordance with 1964 Declaration

of Helsinki.

MRI methods

MRI acquisition parameters

All MR acquisitions were performed with a 1.5 T General

Electric Signa scanner and a standard single-channel head

coil. After a localizer scan, a T1-weighted SPGR (spoiled

gradient) scan was prescribed with the following parame-

ters: flip angle = 40�, TE = 5 ms, TR = 25 ms, field

of view = 24 cm 9 18 cm, matrix = 256 9 160 pixels,

NEX = 1, no inter-slice gap, 124 images 1.5 mm thick.

MRI volumetry

Anatomical measurements were conducted using the AFNI

software for Linux [3], in a single batch, according to a

well-established procedure [4]. Prior to volumetric mea-

surements, all scans were reoriented perpendicular to bic-

omissural line. Subsequently the gray matter of the first full

gyrus beneath the corpus callosum was manually traced in

all coronal slices between the most anterior point of the

corpus callosum and the slice where the internal capsule no

longer divided the striatum. In addition we used the sagittal

plane to check for accuracy of the superior inferior land-

marks and the axial plane to better delineate the left from

the right SGC. Segmentation was performed by one

investigator (E.G) blinded to the diagnosis and group

assignment of subjects. The intra-class correlation coeffi-

cients established by tracing ten scans by two independent

raters (E.G, T.H) were r = 0.95 for both the right and left

SGC (inter-rater reliability). Intra-class correlation

coefficient for ten randomly selected SGCs of the study

subjects measured twice by the same rater (E.G) was

r = 0.98 and r = 0.97 for the left and right SGC, respec-

tively (intra-rater reliability).

Calculation of intracranial volumes was performed

automatically using 3dAnhist command in AFNI software

[3].

Statistical analyses

Following statistical analyses were done using the BMDP

(Biomedical Package, Statistical Solutions, Saugus, MA)

statistical software. For comparison of offspring of bipolar

parents and control subjects, we performed repeated mea-

sures analysis of variance (ANOVA) with SGC volumes as

the dependent variable, side as the repeated measure and

status (affected offspring, unaffected offspring, control

subjects) as the grouping variable. We also repeated these

analyses with intracranial volumes and age as covariates.

Since the sporadic patients differed from healthy controls

in age, we performed repeated measures analysis of

covariance (ANCOVA) with SGC volumes as the depen-

dent variable, side as the repeated measure, status (sporadic

bipolar patients, control subjects) as the grouping variable

and age as covariate for comparison of these two groups.

We also repeated these analyses with intracranial volumes

as covariates. To compare continuous variables (intracra-

nial volumes, age) between three groups (affected off-

spring, unaffected offspring, control subjects) we used one-

way analysis of variance. To compare continuous variables

(intracranial volumes, age, duration of illness, duration of

treatment, number of episodes) between two groups (spo-

radic bipolar patients vs. healthy controls or affected off-

spring of bipolar parents vs. sporadic bipolar patients) we

used independent samples t tests. Categorical demographic

variables (sex, handedness, personal, family history of

psychosis, personal history of exposure to medications)

were compared using Pearson V2 test. To test for associ-

ation between age, duration of illness, duration of treatment

and SGC volumes we used Pearson’s correlation coeffi-

cient (module 8D in BMDP statistical software). We report

nominal, two tailed P values.

We performed two types of power analyses. (1) In order

to make our study directly comparable to previous studies

of familial patients, we calculated number of subjects

needed for comparison of two groups in order to achieve

80% statistical power to detect Cohen’s d (Cohen’s

d = M1 - M2/s pooled) similar to that found in previous

positive studies of affected familial and control subjects.

(2) In order to take into account the HR design of this

study, we also calculated the minimum effect size detect-

able as statistically significant for comparisons between

three groups of 53 subjects—unaffected offspring, affected
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offspring, controls. This effect size was calculated as root

mean square standardized effect size (RMSSE), which is

the square root of the sum of squared standardized effects

divided by the number of degrees of freedom for the effect.

Since none of the previous studies of sporadic subjects

showed statistically significant differences between

patients and controls at P = 0.05, meaning that the 95%

confidence intervals for effect size contained 0, calculating

a priori power would thus not be meaningful for these

comparisons.

In order to maximize power, we also performed a meta-

analysis of SGC volumes in available studies of sporadic

bipolar patients relative to control subjects using Com-

prehensive Meta Analysis, Version 2. As a measure of

effect size, we also used Cohen’s d. Because we cannot

expect constant population effect size across studies (fixed

effects), we decided to use the random-effects model, with

‘‘study’’ as the random effect. This assumes that the pop-

ulation of studies has variable true effects that are normally

distributed. We adopted a significance level of P = 0.05,

two-tailed for these analyses.

Results

Offspring of bipolar parents versus healthy controls

Demographics

We recruited 20 unaffected offspring, 15 affected offspring

and 18 controls and the details are given in Table 1. The

groups were matched by age, sex, handedness. The affected

and unaffected HR offspring did not differ in sex of the

affected parent, parental diagnosis or lifetime history of

psychosis among parents.

Volumetric results

There were no differences among the groups in intracranial

volumes. Likewise the unaffected, affected offspring

of bipolar parents and controls showed comparable SGC

volumes (F = 0.7, df = 2; 50, P = 0.47), with no main effect

of side (F = 1.48, df = 1; 50, P = 0.23), and no side by

group interaction (F = 0.14, df = 2; 50, P = 0.87). The

largest effect size of Cohen’s d = 0.39 was found for a smaller

LSGC in affected offspring of bipolar parents relative to

controls—for details see Fig. 1. These results remained

comparable when we covaried for age or ICV.

We would need 16 subjects in 2 groups to detect Cohen’s d

of 0.93, the lowest ES reported for SGC volume decrease in

previous positive studies, as statistically significant. With 53

subjects we have 80% power to detect RMSSE of 0.55

between 3 groups as statistically significant.

Sporadic bipolar versus control subjects

Demographics

Relative to affected offspring of bipolar parents, the spo-

radic BD subjects were older, had longer duration of ill-

ness, greater current and lifetime exposure to lithium and a

trend for differences in several other relevant variables

(treatment exposure at the time of scanning, treatment

duration, number of manic episodes, number of episodes),

for details see Table 1. Because of these differences, which

could confound the results, we did not compare these two

groups directly but rather performed comparisons between

sporadic BD and control subjects. The sporadic BD versus

control subjects were comparable in proportion of women,

but were significantly older, with no left handed subjects

among controls and 4/19 left-handed subjects among spo-

radic BD patients (V2 = 4.2, df = 1, P = 0.04).

Volumetric results

There were no differences among the groups in intracranial

volumes. Due to differences between groups in age, we

covaried for age in subsequent analyses. There was no

difference between the sporadic BD and control subjects

(F = 2.31, df = 1; 34, P = 0.14), with no effect of side

(F = 0.03, df = 1; 35, P = 0.87), or interaction between

group and side (F = 0.06, df = 1; 35, P = 0.81). The

largest effect size was Cohen’s d = 0.37 for larger LSGC

among sporadic patients relative to controls—for details

see Fig. 2. These results remained comparable when we

covaried ICV.

None of the previous studies of sporadic bipolar patients

showed significant difference in SGC volumes between

sporadic bipolar and control subjects. In order to increase

statistical power, we combined the effect sizes from this

and the previous studies comparing sporadic patients with

mood disorders (overall N = 61) and controls (overall

N = 84). There were no differences in SGC volumes

between sporadic BPD and control subjects for the left

(SDM 0.19, SE 0.16, 95% CI -0.13 to 0.51, z = 1.17,

P = 0.24) or right SGC (SDM -0.11, SE 0.18, 95%

CI -0.47 to 0.26, z = -0.58, P = 0.56), see Fig. 3 for

details.

Exploratory analyses

Significantly more sporadic patients had current and life-

time exposure to Li. However, there were no differences

between patients with versus without current or lifetime

exposure to Li. There were no differences in SGC volumes

between unipolar, bipolar I, bipolar II and control subjects.

There was no correlation between age, duration of illness,
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duration of treatment, number of episodes, number of

hospitalizations and SGC volumes.

Discussion

We found comparable SGC volumes among the affected,

unaffected offspring of bipolar parents and controls. With

20 unaffected, 15 affected offspring of bipolar parents and

18 controls, this study was sufficiently powered to detect

effect sizes similar to those found in previous positive

studies of SGC volumes in bipolar patients [4, 17, 27]. In

fact, the largest ES in our present study was 0.39, which is

well beneath the previously reported ES ([0.9 and up to

1.3) in previous positive studies of SGC volume in familial

bipolar patients [4, 17, 27]. There was not even a trend for

Table 1 Demographic, clinical and neuroimaging description of included subjects

Unaffected

offspring

Affected

offspring

Controls Affected no FH P (3 groups:

unaffected HR,

affected HR,

controls)

P (affected

HR vs.

affected

no FH)

N 20 15 18 19 N/A N/A

Sex, N (%) female 11 (55.0) 11 (73.3) 11 (61.1) 12 (63.2) NS NS

Age, years, mean (SD) 20.2 (4.2) 22.1 (4.8) 23.0 (3.5) 26.5 (3.4) NS 0.004

Age range (years) 15.0–30 15.0–30.0 16.0–29.0 17.0–30.0 N/A N/A

Diagnosis N/A 6 MD, 5 BD I, 4

BD II

N/A 16 BD I, 3 BD II N/A 0.003

Family history (bipolar I

parent, bipolar II parent)

16, 4 13, 2 0, 0 0, 0 N/A N/A

Parent psychosis, N (%) 6 (30) 5 (33.3) N/A N/A N/A N/A

Treatment at the time of

scanning, N (%)

N/A 11 (73.3)

(AP = 6,

AC = 3,

AD = 5,

Li = 1)

N/A 18 (94.7) (AP = 11,

AC = 8, AD = 2,

Li = 8)

N/A 0.08

Treatment duration (month),

mean (SD)

N/A 26.7 (36.0) N/A 50.6 (38.9) N/A 0.08

Illness duration (month),

mean (SD)

N/A 37.9 (41.6) N/A 75.2 (48.2) N/A 0.02

N episodes, mean (SD) N/A 2.8 (3.0) N/A 4.8 (3.4) N/A 0.08

N hospitalizations, mean

(SD)

N/A 1.8 (1.7) N/A 2.3 (2.0) N/A NS

N manic episodes, mean (SD) N/A 1.1 (1.9) N/A 2.1 (1.5) N/A 0.09

Lifetime history of substance

abuse, N (%)

0 (0) 3 (20) (alcohol

abuse = 2,

cannabis

abuse = 1)a

0 (0) 1 (5.3) (alcohol

abuse)a
N/A NS

Anxiety DO, N (%) 0 (0) 3 (20) 0 (0) 3 (15.8) N/A NS

Psychosis ever, N (%) 0 (0) 5 (33.3) 0 (0) 9 (47.4) N/A NS

Li ever, N (%) N/A 3 (20) N/A 12 (63.2) N/A 0.01

Li current, N (%) N/A 1 (6.7) N/A 8 (42.1) N/A 0.02

Right handed (%) 93.7 100 100 78.9 NS 0.06

Intracranial volume (mm3),

mean (SD)

1.3520E?6

(182,129.0)

1.2349E?6

(329,649.6)

1.2814E?6

(357,010.7)

1.3347E?6

(126,148.0)

NS NS

Left SGC volume (mm3),

mean (SD)

305.8 (116.5) 299.2 (100.0) 345.2 (131.5) 396.2 (159.0) NS N/A

Right SGC volume (mm3),

mean (SD)

332.2 (87.2) 323.5 (121.5) 353.2 (104.3) 394.7 (107.7) NS N/A

a No subject had a history of substance abuse within the last 12 months. The last episode meeting criteria for substance abuse happened more

than 1 year prior to inclusion in the study in all of these subjects

AC Anticonvulsants, AD antidepressants, AP antipsychotics, BD bipolar disorder, Li lithium, MD major depression, mm3 cubic millimeter, N/A
not applicable, NS not significant, SD standard deviation, FH family history, HR high risk
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difference and the SGC volume distributions in the three

groups markedly overlapped. It is thus unlikely that these

results were false negative. When considering the extent of

differences, effect size of 0.39 represents 73.3% overlap

between two distributions. The biological significance of

such a small difference is questionable especially since

interpretation of volumetric findings with low effect size in

terms of underlying pathophysiology is not clear. In any

case, if there are biologically meaningful differences in HR

subjects relative to controls, these are only of 1/2 to almost

1/3 extent of changes reported in previous positive studies

of familial bipolar subjects.

Our findings are consistent with the single previous HR

study of SGC volumes, which also found comparable SGC

volumes between unaffected, affected relatives of bipolar

patients and healthy controls [12]. They are also congruent

with lack of neurocognitive [7, 19] or volumetric changes

in other regions of interest [13, 14, 23] among unaffected

relatives of bipolar patients. The lack of changes among

affected offspring of bipolar parents is contrary to some [4,

17, 27], but not all [2, 12, 26], previous studies of familial

bipolar and unipolar patients. There are notable differences

between the present investigation and previous positive

reports of decreased SGC among familial patients. These

include method of recruitment, age, medication status,

diagnostic composition, setting, but also methodological

factors regarding SGC volume tracings.

The seminal study of SGC volumes, which also reported

the largest SGC volume differences, did not provide

detailed information about medication and recruited cur-

rently symptomatic (both manic but also depressed) sub-

jects. Pertinent information about burden of illness in these

patients, including duration of illness, number of episodes,

length of treatment, presence of psychosis were missing,

making it difficult to evaluate the extent of differences in

clinical burden between this and our study [4]. A second

study found smaller SGC volumes in a small sample of six

euthymic, mostly medicated familial outpatients with

longer duration of illness (average illness length 12 vs.

3.2 years) and older age (average age 38.3 vs. 22.1 years)

relative to patients in our study. The authors of that study

did not provide information about blinding of raters and

about interrater reliability for MRI volumetry of SGC [27].

Manual tracing of region of interest requires subjective

input. Blinding and demonstration of replicable method is

thus crucial, to prevent experimenter bias. Furthermore,

this study was the only investigation to have reported right

SGC volume decrease, whereas all other positive studies

found left SGC volume abnormalities. The third positive

Fig. 1 Left and right subgenual cingulate volumes in offspring of

bipolar parents and healthy controls (mean values and standard

deviations)

Fig. 2 Left and right subgenual cingulate volumes in sporadic

bipolar patients and healthy controls (mean values and standard

deviations)

Fig. 3 Forest plot of effect sizes for differences in subgenual

cingulate volumes between sporadic patients with mood disorders

and healthy controls in previously published and our study. LSGC
Left subgenual cingulate, RSGC right subgenual cingulate, U unipolar

subjects, B bipolar subjects, FH family history
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study reported SGC volume decreases in 14 currently

symptomatic, antipsychotic-treated patients hospitalized

for psychotic mood disorder. These subjects suffered their

first psychotic episode and were of comparable age to our

participants. No information about previous number of

non-psychotic episodes of mood disorders was provided

[17]. In general when relevant information was provided,

the previous positive studies among familial patients found

abnormalities only in older patients with longer duration of

illness and a greater severity of illness as manifested by

presence of psychosis.

When investigating the above-mentioned potential

sources of SGC volume abnormalities, we found no asso-

ciation between total SGC volumes and length of illness

expressed by duration of illness, duration of treatment,

number of episodes, number of manic episodes. This is not

surprising considering the truncated, narrow range of val-

ues caused by the fact, that we recruited young subjects at

the early stages of the illness. Also there were no differ-

ences between patients with versus without personal his-

tory of psychotic symptoms during episodes of mood

dysregulation, however due to small number of such

patients, these analyses were underpowered.

Our affected group, which consisted of outpatients, was

similar to familial mostly euthymic subjects, with compa-

rable duration of illness to our patients from studies by

Soares and colleagues [2, 26], which also found compa-

rable SGC volumes between patients and controls. The

present study is virtually identical in design to our previous

study from an independent, completely unrelated sample of

relatives of bipolar patients and controls [12]. There is no

overlap in patients between these two studies. The affected

subjects included in this study had a slightly higher burden

of illness than subjects in our previous investigation, as

evidenced by greater percentage of medicated subjects,

greater percentage of bipolar patients (60 vs. 30%) in this

versus our previous study. Having already experienced

manic or hypomanic episodes, more subjects included in

this second study belonged to a more progressed stage in

the development of bipolar illness. It is encouraging from

the clinical perspective that even these more medicated

subjects with greater proportion of subjects with personal

history of mania/hypomania also had comparable SGC

volumes to healthy controls and unaffected relatives. It

thus appears that initial manic episodes (mean 1.1,

SD = 1.9) do not exert toxic effects on the brain. This is in

keeping with our metaanalysis, where actually unipolar

subjects showed greater SGC volume decreases than

bipolar patients [15].

We also found comparable volumes of SGC between

sporadic bipolar patients and healthy controls. This is in

keeping with all other previous studies in sporadic bipolar

[2, 17, 27], but also unipolar subjects [2]. Since previous

comparisons of sporadic and control subjects showed small

effect sizes, we combined data from all previous studies of

sporadic patients with mood disorders and this comparison

also yielded comparable volumes of SGC between sporadic

patients and healthy controls and very low, clinically or

biologically insignificant effect sizes (\0.2).

There are several limitations of this study. A prospective

design would better allow us to capture changes in neu-

roanatomy related to neurodevelopment. Clinical hetero-

geneity may decrease effect sizes and increase risk of type

II error [18]. Some of the affected offspring suffered from

unipolar depression. This is however most typically the

first manifestation of an illness even in patients, who later

develop BD [6, 16]. Also about 70% of depressed first-

degree relatives of bipolar probands are in fact bipolar [1]

and if we want to study early manifestations of bipolar

disorders, inclusion of these likely pseudo-unipolar sub-

jects with family history of bipolar disorders is inevitable.

Aside from bipolar I subjects, we included probands with

conservatively defined bipolar II disorders. There were no

volumetric differences between relatives of bipolar I and II

subjects. We thus feel that clinical heterogeneity did not

affect our data, especially as our patient sample did not

contain comorbid conditions, such as ADHD, which may

influence brain volumes. The differences between sporadic

bipolar and affected offspring of bipolar parents in relevant

clinical and demographic variables did not allow for direct

comparison of these two groups.

A clear strength of this study lies in the fact that we used

hypothesis-driven ROI measurements using previously

validated methods and careful controls against experi-

mental bias (blinding of rater, tests of interrater reliability).

This study used a HR design, i.e. investigation of affected

as well as unaffected offspring of bipolar patients around

the age of illness onset. Since participants were included

based on clear-cut bipolar disorders in parents, this design

allowed us to bypass the diagnostic issues around bipolar

disorders in young subjects.

In summary, this study found comparable volumes of

SGC among affected, unaffected offspring of bipolar par-

ents and healthy controls. SGC changes were also absent in

affected offspring of bipolar parents at the early stages of

illness. This is in keeping with the only previous HR design

study and further supports the notion that SGC volume

abnormalities do not meet criteria for endophenotype.

Currently it is not clear at which stage of illness do the

SGC volume changes appear and this warrants further

investigation. Also similar to previous studies of sporadic

patients, we report a lack of SGC volume abnormalities in

bipolar patients without family history at the early stages of

illness. Even when combining data from all existing studies

of sporadic patients, SGC volumes are comparable between

these patients and controls.
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