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ABSTRACT

Objective: Given the shortage of studies done in this field, our aim was to distinguish offspring of bipolar parents between 
symptomatic and asymptomatic, then to compare neuroimaging findings between groups, thus assessing the early biomarker 
potential of neuroimaging techniques.

Method: In this case-controlled study, we compared an asymptomatic high-risk group and a symptomatic high-risk group 
with a healthy control group. Diffusion tensor imaging (DTI) with region of interest (ROI) was used to analyze mean diffusivity 
(MD) and fractional anisotropy (FA) values in the superior longitudinal fasciculus (SLF) of the frontal cortex, the genu and 
splenium of the corpus callosum (CC), the cingulum bundle of the anterior cingulate cortex (CB-aCC), and the uncinate 
fasciculus (UF).

Results: No differences were found between groups for FA and MD in the CC, SLF, and UF, but MD of the CB-aCC was 
significantly higher in the AHR and SHR groups than in healthy controls. Higher MD values found in the aCC of the high-risk 
groups may represent cellular damage in that region, regardless of symptomatic status.

Conclusion: Results from this study may suggest candidates that could contribute to the neural underpinnings of a bipolar 
prodromal phase. Further longitudinal studies with larger sample sizes are needed to map the association of neural 
development and bipolar disorder-related psychopathology in at-risk youth.
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INTRODUCTION

Bipolar disorder (BD) is defined as a chronic mood 
disorder that may severely disrupt an individual’s 
academic, professional, family, and social functioning 
(1). In general, BD tends to have an onset towards the 
end of adolescence and the beginning of early 
adulthood, affecting 0.6-2.4% of the general population 
(2) and 1.2% of children and adolescents (3,4). 
Although BD is known as a disorder with a strong 

genetic predisposition, no biological marker for the 
diagnosis has yet been identified; the diagnosis mostly 
relies on clinical methods. This may be among the 
reasons for a delay of up to ten years in the correct 
identification of BD following its onset (5) and for 
misdiagnoses in 40-70% of patients (6). Recent studies 
have increasingly emphasized the importance of early 
diagnosis and treatment of psychiatric disorders. 
“Early and correct” diagnosis and treatment in youth 
with mood disorders potentially enable children to 
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follow a normative developmental path, prevent an 
unrecoverable loss in the children’s psychosocial 
development and education, and decrease suicide risk 
(7,8). To determine BD in its early phases and work 
out biological risk factors, various studies have been 
conducted among high-risk (HR) groups, covering 
fields of clinical, genetic, neurocognition, and 
neuroimaging research (9). A positive history for BD 
in first-degree relatives has been identified as the 
biggest single risk factor increasing the odds of 
developing a mood disorder (10,11). In a study (10,12) 
where children of patients diagnosed with BD were 
followed for fifteen years, Duffy et al. (10) found that 
the genetically HR group had higher rates of anxiety, 
sleep, alcohol/substance use, and depressive disorders 
compared to the control group. The same study also 
showed that the risk of developing mood disorders in 
genetically HR groups was 2.1-fold larger for patients 
diagnosed with anxiety disorder and 2.4-fold for those 
with alcohol/substance use disorder. Therefore, 
assessing the offspring of parents diagnosed with BD, 
who are at an increased risk for developing mood 
disorders, may enable us to identify initial 
abnormalities and vulnerability factors within this 
group (10). 

Diffusion tensor imaging (DTI) has been 
increasingly used in recognition of its superior ability to 
provide a very detailed exploration of micro-structural 
characteristics of the brain’s white matter (13). DTI is 
an MRI-based neuroimaging technique that allows 
estimating the location, orientation, and anisotropy of 
the brain’s white matter by measuring the diffusion 
capacity of the water molecules in the brain. The most 
important data obtained by the use of DTI are fractional 
anisotropy (FA) and mean diffusivity (MD) values, 
which reflect the myelinization and integrity of the 
pathways in the white matter. Lower FA values and 
higher MD values may indicate myelinization damage 
within zones and pathways that constitute the white 
matter or disrupted connections (14). DTI studies 
conducted to gain a better understanding of BD 
pathophysiology generally indicate decreased levels of 
FA within the frontal area (15-17), the corpus callosum 
(18-20), and the cingulum (20). In a meta-analysis that 
covered the voxel-based DTI studies by Ellison-Wright 
and Bullmore (21), the anterior cingulate cortex (aCC) 
was identified as one of the most prominent brain 
regions to be affected in BD patients. Apart from many 
critical functions, including learning, emotion control, 
and consciousness, the most relevant and identifiable 
roles of the aCC are error detection and conflict 

monitoring. In studies evaluating responses to 
emotional stimuli, the aCC was found to be much more 
active in BD patients than in healthy controls (22). It 
has been postulated that disruptions in emotional 
regulation developing as a result of hyperactivation of 
the aCC are related to BD (20). 

The aCC is considered to be a part of the ventral-
limbic connections undergoing limited inhibition by 
the cognitive network. The uncinate fasciculus (UF) has 
been identified as the pathway that links limbic system 
regions (e.g., the amygdala and the hippocampus) to 
certain parts of the frontal lobe, including the ventral 
prefrontal cortex (vPFC) and the orbitofrontal cortex 
(OFC). Moreover, the UF is also responsible for 
connecting the aCC to regions of the amygdala and 
hippocampal areas that are linked to attention (19), 
memory (23), and emotional regulation (24,25). 
Neuroimaging studies conducted with adult BD 
patients have demonstrated an increased fiber density 
specifically in the left UF of BD patients, compared to a 
control group (26,27). This measured increase in UF 
density may be suggestive of extreme affective 
conditions and, in general, an overactive emotional 
neural system related to emotional instability. Since the 
UF is significant as a connection between regions that 
are important in the pathophysiology of BD, it may be 
one of the structural white-matter regions affected in 
the course of BD.

Although there have been numerous DTI studies of 
BD patients, research exploring DTI characteristics of 
HR offspring of BD patients has been scarce. A very 
recent study by Versace et al. done using a tract-based 
spatial statistic method found higher FA and lower MD 
values for the corpus callosum and right inferior 
longitudinal fasciculus (ILF) in HR groups than in 
healthy controls (28). Another study including HR 
offspring along with BD-diagnosed children and 
healthy controls showed that BD children had lower FA 
values in the cingulate-paracingulate cortex than those 
in the HR group, whereas the HR group had lower FA 
values in the superior longitudinal fasciculus (SLF) than 
the healthy controls (17). The study by Versace et al. 
(28) quoted above compared the diffusion imaging 
markers between offspring of BD parents, offspring of 
parents diagnosed with other psychopathologies (major 
depression and attention-deficit/hyperactivity 
disorder), and healthy controls. They found lower FA 
values in the left cingulum, left ILF, and left forceps 
minor and higher FA values in right UF and IFL of both 
offspring groups compared the healthy controls, 
whereas lower FA values in SLF compared to healthy 
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controls were observed only in the offspring of BD 
parents (28). 

Given the shortage of studies in this field, our 
primary objective was to compare the symptomatic and 
asymptomatic offspring of bipolar parents (at least one 
parent with BD) with healthy controls to identify 
differences between groups in brain white matter. The 
aim was to identify structural biomarkers of illness that 
would help in the early recognition of BD among 
children at a high risk of developing BD. The hypotheses 
for the study were: 1) we expected finding lower FA 
values and MD values in the superior longitudinal 
fasciculus (SLF) of the frontal cortex and in the genu 
and splenium regions of the corpus callosum in the HR 
groups compared to the healthy controls due to cellular 
damage playing an important role in the 
pathophysiology of BD; 2) differences in FA and MD 
should be much more conspicuous in the symptomatic 
high-risk (SHR) group than in the asymptomatic high-
risk (AHR) group; and 3) FA values should be higher 
and MD values lower in HR groups than in healthy 
controls, being much more pronounced in the SHR 
than in the AHR group, due to hyperactivation of 
related pathways through possible compensatory 
mechanisms caused by hyperstimulation of aCC and 
UF regions, which is defined as the major 
psychopathological disruption in BD according to the 
literature. 

METHOD

Participants
High-Risk (HR) Group
In this case-control study, the high-risk (HR) group 
included 13-18-year-old children of parents with BD 
Type I or II who were followed by the Adult Psychiatry 
Department of Dokuz Eylul University, and 13-18-year-
old offspring of parents with BD Type I or II who had 
presented to the Child and Adolescent Psychiatry 
Department of Dokuz Eylul University. All parents 
were assessed by a Structured Clinical Interview for the 
DSM-IV Axis I Disorders (SCID-I) (29) to confirm a 
diagnosis of BD or to diagnose any other psychiatric 
disorders. Children aged 13-18 years who had at least 
one parent diagnosed with BD Type I or II were 
administered the Schedule for Affective Disorders and 
Schizophrenia for School Aged Children – Present and 
Lifetime Version (K-SADS-PL) (30), and according to 
the collected data, the HR group was divided into two 
subgroups: symptomatic high-risk (SHR) and 
asymptomatic high-risk (AHR).

Symptomatic High-Risk (SHR) Group
This group comprised high-risk individuals that had a 
diagnosis of a psychiatric disorder or relevant history 
of symptoms determined by K-SADS-PL completed 
within the past six months, not including substance/
alcohol abuse or dependency, BD (type I or II), 
schizophrenia, delusional disorder, schizoaffective 
disorder, schizophreniform disorder, and pervasive 
developmental disorder. These SHR children had to 
be in remission for at least three months. For 
individuals with a history of depressive disorder, a 
score on the Children’s Depression Rating Scale–
Revised (CDRS-R) ≤54 was used as a cutoff point; for 
children with an anxiety disorder, a State Trait Anxiety 
Inventory (STAI) score <39; and for participants with 
a history of BD-NOS, a CDRS-R score ≤54 and a 
Young Mania Rating Scale (YMRS) score ≤7. This 
requirement allowed for a better distinction between 
the early psychopathology of BD and other 
p s y c h o p a t h o l o g i e s  a n d  f u l l - b l o w n  B D 
psychopathology (31,32).

Asymptomatic High-Risk (ASH) Group
This group comprised high-risk individuals who were 
not diagnosed with any psychiatric disorder at the time 
of the study and had not met any criteria for a 
psychiatric diagnosis during their lifetime, as 
determined by the K-SADS-PL interview. 

Healthy Control (HC) Group
This group comprised children who did not meet the 
criteria for any psychiatric disorder according to the 
K-SADS-PL interview, whose parents did not have any 
psychiatric disorder according to the SCID-I interview, 
and who did not have any history of headache, head 
trauma, or neurological disease. They were matched by 
gender and educational level to the offspring of bipolar 
parents. To recruit healthy volunteers to participate in 
the study, written announcements and notices 
providing more information on the study were posted 
around the hospital. All children who applied were 
assessed, reviewing inclusion and exclusion criteria for 
each volunteer, and persons who met the criteria were 
included in the study. In addition, upon giving written 
consent, residents of the catchment area of the study 
who had presented to other outpatient units for non-
related health problems and met the inclusion criteria 
while not falling under the exclusion criteria were also 
assigned to the HC group. 

This study was approved by the Institutional 
Review Board (Ethics Committee) of Dokuz Eylul 
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University School of Medicine (Izmir, Turkey) and 
has been carried out in accordance with the ethical 
standards laid down in the revised version of the 
World Medical Association’s Declaration of Helsinki–
Ethical Principles for Medical Research Involving 
Human Subjects and its later amendments. All parents 
of the children had given assent and written consent 
for the children to participate in the study as either 
healthy volunteers or case group members after the 
procedures had been fully explained.

Exclusion Criteria
Excluded From the Study Were
•	 Patients with neurodegenerative diseases, mental 

retardation (IQ below 70), epilepsy, cerebral tumor 
or cerebro-vascular diseases, or a history of blackout 
due to head trauma,

•	 Patients with psychiatric disorders who were not in 
remission during the study, had taken drugs in the 
last 48 hours that might affect neurocognitive tests 
(benzodiazepines, psychostimulants, alcohol) or had 
health issues that interfere with the MR process 
(pacemakers), 

•	 Patients with a diagnosis of BD type I or II, 
schizophrenia, delusional disorder, schizoaffective 
disorder or schizophreniform disorder, and

•	 Patients who did not give written consent.

MRI Acquisition and Processing
All MRI data were acquired with a 1.5 T unit 
(Gyroscan Achieva, release 8.1; Philips Medical 
Systems, Lakewood, CO, USA), including three-
dimensional T1-weighted (3D T1) spoiled gradient-
recalled (time to repetition [TR]/time to echo [TE], 
25/30; flip angle, 30º; field of view [FOV], 200x200 
mm2; slice thickness, 2 mm; gap, 1 mm), 3D T1 
inversion recovery (IR) (TR/TE, 2016/14; IR delay, 
390 ms; FOV, 200x200 mm2; slice thickness, 2 mm; 
gap, 1 mm), and DTI sequences. DTI was obtained by 
using a dedicated 8-channel head coil and a multi-
repetition single-shot echo-planar sequence with a 
section thickness of 5 mm without a gap. The DTI 
images were obtained in 32 gradient directions with a 
sensitivity of b=1000 s/mm2, TR=3464 ms, TE=89 ms, 
NEX=1, FOV=230x230 mm2, and a matrix of 112x128. 
Acquisition time was 7 minutes 42 seconds.

DTI processing and correction for motion and eddy 
currents was done with FMRIB software, which is 
included in FSL (FMRIB Software Library, http://www.
fmrib.ox.ac.uh/fsl/). To remove non-brain tissue images 
from the brain images, 0.3 fractional intensity was set as 

a threshold on the Brain Extraction Tool (BET). FA 
maps and diffusion tensor matrices were created with 
BioImage Suite Software (http://www.bioimagesuite.
org). The FA and MD values were measured with the 
region of interest (ROI) method from the points located 
in brain white matter. The ROI zones were chosen a 
priori according to the literature (15-20), then defined 
bilaterally and sized symmetrically according to the 
anatomical regions, with ROIs of voxel sizes of 10-15 
pixels in width. These width sizes were similar to those 
in other DTI studies in which ROI was used (33). 
Circular ROI of specific sizes were manually placed in 
predetermined anatomic locations in both hemispheres, 
including SLF, genu and splenium of the corpus 
callosum, the cingulum bundle of aCC (CB-aCC), and 
UF (Figures 1 and 2). 

Statistical Analysis
Statistical Analysis of Socio-demographic and Clinic 
Data 
All statistical analyses were performed using SPSS 
version 24. Pearson’s chi-square (χ2) test was used to 
determine differences of categorical variables between 
groups and for the evaluation of continuous variables. 
Shapiro-Wilk and Levene tests were used to assess 
whether the data fit normal distribution, and 
according to their appropriateness to normal 

Figure 1. Anterior Cingulate Cortex and Corpus Callosum areas 
on the DTI image.
Yellow circle: Cingulum Bundle of Anterior Cingulate Cortex
Green circle: Genu of Corpus Callosum
White circle: Splenium of Corpus Callosum
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distribution, Kruskal-Wallis or ANOVA was used for 
multiple-group comparisons. An independent two-
tailed t-test or Mann-Whitney U test was used for the 
analysis of paired groups. When a statistical difference 
was found between the means of triadic groups, to 
determine the main group that had caused the 
difference, pair-wise analysis was used for the Kruskal-
Wallis test, while Bonferroni analysis was performed 
for the ANOVA method. Bonferroni correction was 
applied when calculating the p value for statistical 
significance in multiple comparisons. Pearson’s 
correlation coefficient test was used to compare the 
normally distributed data and Spearman’s rank 
correlation coefficient test was used to compare the 
non-normally distributed data. Multiple linear 
regression analysis was used to investigate the effect of 
the possible confounding factors on the statistically 
significant correlations.

Statistical Analysis of DTI Data
To calculate the between-group differences of FA 
values assessed for each pathway, ROI data were 
examined for normalcy. Then Kruskal Wallis or 
ANOVA test were used within triadic groups, while 
Independent t-test or Mann-Whitney U analyses were 
performed in paired groups. When a statistical 
difference was found between the means of triadic 
groups, to determine the main group that had caused 

the difference, pair-wise analysis was used for the 
Kruskal-Wallis test, while Bonferroni analysis was 
performed for the ANOVA method. 

For all statistical analyses, a p value <0.05 was set as 
statistically significant. Bonferroni correction was applied 
when calculating the p value for statistical significance in 
multiple comparisons. Means and standard deviations 
are given for normally distributed variables. Medians and 
interquartile ranges are presented for non-normally 
distributed variables. Numbers and percentages are given 
for categorical variables.

RESULTS

Demographic Characteristics of the Participants
A total of 15 SHR and 9 AHR offspring were referred 
and assessed during the six-month referral period of the 
study. Two subjects from the SHR group were excluded 
because they met the criteria for major depressive 
disorder at the time of the interviews. One subject from 
the AHR group and one subject from the SHR group 
had dental braces, so DTI could not be performed on 
them. For one subject from the AHR group, the 
neuroimaging data was corrupted and could not be 
analyzed. In the end, neuroimaging data of 12 SHR and 
7 AHR offspring (a total of 19 subjects in the HR 
groups) were included in the study. A total of 19 
subjects in the HC group participated in the study. Age 
(months and years), sex, educational level, socio-
economic status, and hand dominance were analyzed 
between groups and the results are shown in Tables 1 
and 2. Significant differences in age were found between 
paired groups (HR/HC; p=0.027; Table 2). Upon pair-
wise analysis, it was found that the actual age difference 
between the three groups originated from the AHR/HC 
comparison (p=0.016, AHR<HC). When age groups 
were regarded as categorical data, statistically significant 
differences were found between the triadic groups 
(p<0.01) but not between dyadic groups (p=0.072; 
Tables 1 and 2). Consistent with these age differences 
between groups, all subjects in the AHR group were at 
the pre-high school educational level, thus leading to a 
statistically significant difference between the three 
groups in educational level (p=0.003; Table 1).

Psychiatric Characteristics of the Participants
In the assessment period of the study, the psychiatric 
status and background of subjects in the SHR group 
were determined, including current and past diagnoses/
symptoms and medications that had been/were being 
used. Most frequently seen in SHR subjects, both in the 

Figure 2. Superior Longitudinal Fasciculus and Uncinate 
Fasciculus on the DTI image.
Red circle: Uncinate Fasciculus
Blue circle: Superior Longitudinal Fasciculus
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past and at the time of the study, were subsyndromal 
symptoms (33% and 66,5% respectively), followed by a 
diagnosis of major depressive disorder in the past 
(42%). The majority of the SHR subjects were 
unmedicated (75%) (Table 3).

Participants’ Neuroimaging Characteristics
FA values of all relevant brain regions showed no 
statistically significant difference when comparing two 
groups (HR/HC) or three groups (SHR/AHR/HC). 
Similarly, no significant difference in MD values was 

Table 2: Comparing the demographic characteristics between paired groups

HR (n=19) HC (n=19) χ2 p

Median values of age in months 
(Interquartile range) 171 (38) 209 (43.5) 4.900 0.027a

Age categories (Years)

	 12-15 12 7
3.209 0.072b

	 16-18 7 12

Sex

	 Male 10 13
1.943 0.163b

	 Female 9 6

Education

	 <High-School 11 6
3.802 0.051b

	 >High-School 8 13

Socio-economic status

	 Good 3 4

4.035 0.133b	 Average 12 6

	 Bad 4 9

Hand dominance

	 Right 14 13
0.043 0.835b

	 Left 5 6
HR: High-risk group, HC: Healthy control group, aKruskal - Wallis test was used for data analysis, bPearson Chi Square test was used for data analysis

Table 1: Comparing the demographic characteristics between triadic groups

SHR AHR HC χ2 p*

Number of participants 12 7 19

Median values of age in months 
(Interquartile range) 193 (47) 161 (13) 209 (43.5) 7.772 0.021a

Age categories (Years)

	 12-15 5 7 7
9.256 0.01b

	 16-18 7 0 12

Sex

	 Male 7 3 13
2.395 0.302b

	 Female 5 4 6

Socio-economic status

	 Good 3 1 9

4.350 0.361b	 Average 7 5 6

	 Bad 2 1 4

Education

	 <High-School 4 7 6
11.787 0.003b

	 >High-School 8 0 13

SHR: Symptomatic high-risk group, AHR: Asymptomatic high-risk group, HC: Healthy control group, aKruskal-Wallis test was used for data analysis, bPearson Chi Square 
test was used for data analysis, p<0.016 was accepted as statistically significant after Bonferroni correction
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found when two groups (HR/HC) or three groups 
(SHR/AHR/HC) were compared by relevant brain 
regions, except for CB-aCC MD values (Table 4). 
Mann-Whitney U analysis of CB-aCC MD values 
showed that there was a statistically significant 
difference between values for SHR and HC subjects 
(SHR MD values>HC MD values; p=0.014) and 
between values for HR and HC (HR MD values > HC 
MD values; p=0.01). Even though no statistically 
significant difference of CB-aCC MD values was found 
between SHR and AHR groups (p=0.837), there may be 
a trend towards a significant difference between AHR 
and HC groups (AHR values>HC values; p=0.037) 
(Table 4). No relationship between significantly 
different data of the groups (age and education level) 
and CB-aCC MD values was found in correlation and 
regression analyses (Spearman’s rank correlation 
coefficient test, p=0.072 for age and p=0.062 for 
education level; multiple linear regression analysis, 

p=0.471 and 95% confidence interval: -0.352-0.167 for 
age; p=0.933 and 95% confidence interval: -0.006-0.005 
for education level).

DISCUSSION

The aim of this study was to determine the DTI 
characteristics (including MD and FA values) of five 
brain regions in offspring of BD patients and to 
establish if these values can distinguish between 
symptomatic and asymptomatic high-risk children, 
thus defining the potential for a use of neuroimaging 
methods as a biomarker that would help in early 
recognition of BD among children at a high risk of 
developing the disease. FA values of SLF, corpus 
callosum (splenium and genu), CB-aCC, and UF 
regions were compared between groups; however, it 
was not possible to reach a statistically significant result. 
MD values were also assessed for the same regions. MD 
is calculated by dividing the total quantity of diffusion 
covered by water molecules within a three-dimensional 
medium in all three axes (eigenvector) by three. MD 
values are, in general, inversely correlated with FA 
values; water molecules are found in higher quantities 
in regions with myelin damage or disrupted 
connectivity, as they diffuse more easily. Our hypothesis 
was that FA values would be higher and MD values 
lower in CB-aCC and UF regions of HR compared to 
healthy controls, being much more pronounced among 
SHR compared to AHR. By contrast, we found 
significantly higher MD values of CB-aCC in HR 
offspring. MD values for the SHR group were 
significantly higher than those of the HC group, and 
MD values of the HR group were significantly higher 
than those of the HC group. These higher CB-aCC MD 
values found in SH and HR may indicate myelinization 
damage within the aCC pathway, which may result in 
emotional dysregulation (11, 20).

In a meta-analysis of ten DTI studies conducted in 
adults with BD (33), two studies specifically reported 
decreased levels of FA in the CB-aCC and increased 
values of MD (34,35). In a DTI tractography study 

Table 3: Psychiatric assessment of the symptomatic  
high-risk group

SHR (n=12) In the past At the time 
of the study

Psychiatric diagnosis

	 ADHD - 2 (16.75%)

	 MDD 5 (42%) -

	 AD 2 (16.5%) -

	 CD 1 (8.5%) -

	 DMDD - 2 (16.75%)

	 Subsyndromal symptoms 4 (33%) 8 (66.5%)

Medications used

	 Antidepressant 2 (16.75%) -

	 AAP 2 (16.75%) 1 (8.33%)

	 MS+AAP - 1 (8.33%)

	 Stimulant 3 (25%) 1 (8.33%)

	 Unmedicated 5 (41.5%) 9 (75%)
SHR: Symptomatic high-risk group, ADHD: Attention deficit/hyperactivity 
disorder, MDD: Major depressive disorder, AD: Anxiety disorder, CD: Conduct 
disorder, DMDD: Disruptive mood dysregulation disorder, AAP: Atypical 
antipsychotics, MS: Mood stabilizer

Table 4: Mean Diffusivity Values for the Anterior Cingulate Cortexa

Median values (Interquartile range) Z p

SHR/AHR 0.912 (0.095)/0.909 (0.055) -0.254 0.837

SHR/HC 0.912 (0.095)/0.873 (0.018) -2.068 0.014 (SHR>HC)

AHR/HC 0.909 (0.055)/0.873 (0.018) -1.862 0.037

HR/HC 0.909 (0.073)/0.873 (0.018) -2.360 0.010 (HR>HC)
SHR: Symptomatic high risk group, AHR: Asymptomatic high-risk group, HC: Healthy control group, HR: High risk group, aMann Whitney–U test was used for data 
analysis, p<0.016 was accepted as statistically significant after Bonferroni correction
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exploring pathways of white matter in patients with BD, 
there was an observed statistical trend (although not 
statistically significant) towards lower FA levels within 
the cingulate cortexes of the case group subjects and in 
turn, higher MD levels in this group (36). A DTI study 
of 33 adult patients with BD compared to 40 healthy 
controls obtained lower FA values within the CB-aCC 
(20). Another DTI study conducted among children 
and adolescents to evaluate early-onset BD and unipolar 
depression cases found lower FA and higher MD values 
for the BD group, specifically in the subgenual region of 
the CB-aCC (37). A study conducted in pediatric BD 
patients using gray matter voxel-based morphometry 
(VBM) and white matter tract-based spatial statistics 
(TBSS) methodology detected lower values of FA and 
higher values of MD within the CB-aCC (38). 

A meta-analysis by Vederine et al. (2011) (33) also 
reported two other studies (22,39) that described 
increased FA values, especially in the right CB-aCC, 
and decreased values of MD. A review of the literature 
suggests contradicting results regarding MD and FA 
values of CB-aCCs in BD cases, although only a limited 
number of studies covering this issue in a BD risk group 
sample exist. Regarding the pathophysiological 
mechanisms of BD (hyperactivation of related pathways 
through possible compensatory mechanisms caused by 
hyperstimulation of aCC), we hypothesized that MD 
values of CB-aCC would be lower in the high-risk 
individuals. Along with the findings in the literature, 
the results of our study contradict this hypothesis; 
however, our results are consistent with some other 
studies quoted above in this matter (20,37). 

This study was designed specifically for high-risk 
offspring of BD patients; therefore, the results found 
here may indicate the early signals of the disorder itself. 
It can be speculated that later in life, when these 
individuals happen to develop full-blown BD, similar 
findings in DTI characteristics of BD may emerge. The 
statistical trend of MD values of CB-aCC compared 
between AHR and HC becomes statistically significant 
when we compare MD values of SHR and HC. This 
may be an indicator of DTI findings emerging during 
the development of BD.

Generalization of our findings to the entire BD risk 
group would not be appropriate, since we need to bear 
in mind possible limitations or methodological errors. 
One factor that might have affected this study is the 
child’s or adolescent’s history of psychotropic drug 
use in the past and/or at the time of assessment (Table 
3). While a limited number of studies that evaluated 
direct effects of drug use on MD levels of specific brain 

regions exist, to the best of our knowledge, no study 
has explored a high-risk BD group with respect to this 
feature. However, it may be possible that drugs used 
for the purpose of medication could affect MD values 
in certain brain regions (for example; aCC, vPFC). 
Two reviews exploring the effects of drugs on brain 
structure in patients with BD reported that mood-
stabilizing agents (specifically lithium) increased gray-
matter volumes in the hippocampus, aCC, and 
amygdala (40,41). However, none of these studies 
employed DTI. The limited and inconsistent nature of 
the literature indicates that further studies in this field 
are warranted. 

Although we hypothesized FA differences between 
brain regions, none of the results were statistically 
significant. This result may have been due to the small 
sample size or methodological errors that might have 
arisen at the time of mask formations (which is 
explained in the method section) during ROI 
evaluation. The MD difference of CB-aCC between 
groups is at a chance level; so it is hard to say if the null 
finding in the FA values of CB-aCC is real or due to the 
small sample size. It is also important to consider the 
age differences between case and control groups, since 
the structure of certain brain regions (for example, aCC 
or Prefrontal Cortex) tend to change with age, 
independently of developing psychiatric disorders. 
However, to our knowledge, no studies have examined 
what these certain brain regions are, how they develop 
throughout the age span of BD emergence, or how they 
relate to BD.

The Bipolar Offspring Study (BIOS) of Pittsburg 
University found that 75% of children whose parents 
had been diagnosed with BD met the criteria for 
BD-Not Otherwise Specified (BD-NOS) or major 
depressive disorder (MDD) before the age of 12 years 
(42). Other studies have shown that HR children may 
have subsyndromal manic symptoms that can disrupt 
functioning and quality of life as much as ten years 
before they are diagnosed with BD (43,44). This study 
was initially designed to match the HR and HC groups 
by age. However, in accordance with the literature, we 
found that most of the subjects in the AHR group 
presented subsyndromal manic symptoms during the 
time of the study and had a diagnosis of MDD before 
the study took place (Table 3). These subjects were 
shifted into the SHR group, resulting in a lower mean 
age of the AHR group. The mean age in the AHR and 
HR groups is much lower than in the control group 
(Tables 1 and 2), which can be attributed to the 
development of psychiatric symptoms at an age as early 
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as 10-12 years. This finding is important because it may 
reflect a possible onset period and developmental 
symptomatology for the concept of a prodromal period 
of BD. 

Using DTI methods, we found that the SHR group 
of offspring of patients with BD had higher CB-aCC 
MD values than the HC group, which may be an 
indication of cellular damage. We also observed a 
statistical trend towards higher MD values in the AHR 
group compared to those in the HC group, which may 
be interpreted as the cellular damage being a process 
that starts at younger ages and continues throughout 
the development of BD. To our knowledge, this is the 
first DTI study that compares neuroimaging 
characteristics between AHR and SHR groups. Since 
this is a preliminary study, it needs to be pointed out 
that basic DTI analysis (FA, MD) of five brain regions 
should be taken further by analyzing radial and axial 
diffusions or using a tractography method. Regardless, 
the findings of this study add a perspective for a better 
understanding of the psychopathological processes in 
HR offspring, and potentially offer a means for an 
earlier diagnosis of BD. There is a great need for more 
longitudinal studies with larger sample sizes in this 
area to reach a better understanding of the 
pathophysiology of BD and to determine a psychiatric 
approach towards the HR offspring of patients with 
BD.
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