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Abstract - Specific brain regions, hippocampus and thalamus, were segmented and characterized to understand the effects of 
bipolar disorder (BD) and schizophrenia (SZ), which are mental disorders with abnormal brain development during late 
adolescence or early adulthood. Structural magnetic resonance imaging data (obtained on 1.5 Tesla) of brain scans of 103 
youths (4-17 years old) were segmented for desired brain regions using FSL program and its features. Diagnostic categories 
of BD with psychosis (BDwP; N = 19), BD without psychosis (BDwoP; N = 35), SZ (N = 20), and healthy controls (HC; 29) 
were analyzed using ANCOVA along with gender and sides of desired brain region while controlling for age and total brain 
volume (obtained using ANOVA). Significant reduction of average total brain volumes were observed for BDwP and 
BDwoP compared to HC and significant gender difference was found as males had greater volumes. Hippocampal volumes 
was smaller for only BDwoP, while BDwP and BDwoP showed smaller thalamic volumes. SZ group did not show any 
significant reductions. Interactions were also found for diagnostic categories and gender for whole brain volumes as well as 
sides of hippocampal volumes and gender. Reduction of hippocampus and thalamus volumes in youths’ brains with BD or 
SZ provides insight into understanding the developmental patterns of neural deficits in mental disorders during a crucial 
growth stage. 
 
 
I. INTRODUCTION 
 
Bipolar disorder (BD) and Schizophrenia (SZ) are 
characterized by the abnormalities in the nervous 
system as well as their onset period of late 
adolescence. Most psychiatric patients are not violent. 
Nevertheless, there is a general consensus that severe 
mental illness, particularly SZ and BD, does increase 
violence risk(Jan Volavka, 2013). BD is also termed 
manic-depressive illness which describes highly 
unusual shifts in mood and behavior that arise during 
late teens or early adulthood. The key difference 
between BD and healthy, developing child is the 
extreme level of mania (excited state) and depression 
that inhibit the child’s ability to perform daily 
activities (NIMH, 2012). SZ on the other hand, is 
characterized by more diverse combinations of 
positive (hallucinations, delusions, thought disorders, 
and/or movement disorders), negative (flat affect, 
anhedonia, lack of planning, and/or lack of speaking), 
and cognitive (poor executive functioning, attention, 
and memory) symptoms. In patients with 
schizophrenia, abnormalities in recognizing emotions 
from facial expressions of other people have been 
observed(Anna Bodnar et al, 2014). Atrial fibrillation 
(AF) could occur in schizophrenia patients after 
medication or electroconvulsive therapy(Hung-Yu 
Yang et al, 2014). It is not uncommon for patients 
with schizophrenia to have symptoms of 
depression(Cherise Rosen et al, 2012). SZ also 
presents during similar developmental stage as BD 
and their commonalities and differences give insight 
into understanding the nature and behavior of the 
disorders (NIMH, 2009). Schizophrenia and bipolar 
disorder have similar clinical symptoms, and 
overlapping genetic factors have been implicated, 

Further, impairment of cognitive functions such as 
working memory is seen in both disorders(Christine 
Lycke Brandt et al, 2014) Both disorders indicate the 
abnormal development of the brain, as portrayed by 
the early onset times. Previous study on declarative 
memory impairment in BD studied and established 
that BD patients are consistent with deficits in 
learning and memory (Bearden et al., 2005). 
Interestingly, another study made similar connections 
of deficits in learning and memory in SZ patients 
(Preston, 2005). These results give evidence of 
hippocampal dysfunction since the gland associates 
with learning and memory significantly. Furthermore, 
another brain region, the thalamus, was taken into 
focus by Cronenwett and Csernansky (2010). The 
study found differences of thalamus between healthy 
and SZ patients, and was able to conclude the 
presence of disrupted neural circuitry and structural 
abnormalities of the thalamus (Cronenwett and 
Csernansky, 2010). These past studies identified 
some features of abnormal brain development in the 
BD and SZ patients during their important period of 
puberty and growth. 
Frazier et al. (2008) characterized specific brain 
regions of BD and SZ patients that showed significant 
deviations from otherwise healthy subjects and 
discovered differences in the subcortical brain 
volumes. The study discovered no limbic differences, 
but smaller thalamus and smaller amygdala were 
associated with SZ while smaller hippocampal 
volumes was found for BD patients (Frazier et al., 
2008). Similar to Frazier et al. (2008) study, we will 
be analyzing the whole brain volumes as well as left 
and right side of hippocampal volume and thalamic 
volume. However, instead of the manual segmenting 
the brain regions, we will utilize the FSL computer 
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program (Jenkinson, 2015) to segment the desired 
regions and analyze the volume from the same 
magnetic resonance imaging data of brains of 
children with BD, SZ, and healthy controls (HC) as 
Frazier et al. studied (Kennedy et al., 2012). Based on 
the knowledge provided by the previous experiments, 
and from understanding the characteristics of the two 
disorders, we predict significant smaller hippocampal 
volume in both BD and SZ patients as well as smaller 
thalamic volume only in SZ patients. 
 
II. METHODS 
 
Subjects 
Subject data was retrieved from the Child and 
Adolescent NeuroDevelopment Initiative 
(CANDIShare): A Resource for Pediatric 
Neuroimaging Data (Kenndy et al., 2012). The data 
set is comprised of T1-weighted MRI scans of brain 
of children (N = 103, 57 males, 46 females, age range: 
4-17 years old) with four diagnostic groups: BD with 
Psychosis (BDwP, N = 19), BD without Psychosis 
(BDwoP, N = 35), Schizophrenia Spectrum (N = 20), 
and Healthy Controls (N = 29). Significant 
abnormalities of brain structure from the disorders 
were ruled out by neuroradiologists. 
 
Design 
Between-subjects ANOVA analysis was performed to 
study the differences of whole brain volumes 
(cerebrum, brainstem, and cerebellum) of the four 
diagnostic categories (BDwP, BDwoP, SZ, and HC). 
Also, the analysis were done between genders of each 
diagnostic groups. In characterizing the hippocampal 
and thalamic volumes, two independent variables 
were taken account: gender and side of the brain 
region. ANCOVA analysis was used to identify the 
volumes of desired brain regions; the analysis 
allowed us to control for covariates of age and whole 
brain volume. Additionally, effect of side 
representations of thalamus and hippocampus from 
left or right handed traits were eliminated by only 
taking into account the right handed subjects. 
 
Procedure 
The MRI scans acquired from CANDIShare were 
made from 1.5 Tesla General Electric Signa Scanner. 
We used T1-weighted (anatomical, gray and white 
matter) series and T2-weighted (anatomical, fluids 
such as cerebral spinal fluid) series instead of T2* 
(fMRI, functional imaging) series to study the brain 
regions. Each slice of brain had 1.5 mm thickness and 
the TE (echo time) was 3 milliseconds. Additionally, 
all brain scans were normalized to Talairach 
orientation, which reduced inter-subject anatomical 
variability of the brains. 
Contrarily to Frazier et al. (2008), we utilized FSL, a 
comprehensive library of analysis tools for MRI brain 
imaging data, to segment and analyze the desired 
brain volumes. All steps were performed to segment 

the whole brain volume first, then repeated again for 
segmentation and characterization of the 
hippocampus and thalamus. First, the whole brain 
MRI image was viewed using FSL View and the 
skull was eliminated using the Brain Extraction Tool 
(BET). Next, FSL First was used to segment aspects 
of the brain and FSL Maths computed thresholds of 
segmented structures. After the desired brain region 
was segmented (Figure 1), FSL Stats calculated the 
volumetric measures of left and right side of 
hippocampus and thalamus in mm3. Lastly, FSL 
FAST Segmenting separated gray and white matters 
and the whole brain volume were summated from the 
gathered data (Jenkinson, 2015). 
 
III. RESULTS 
 
Significant average whole brain volume difference 
were found between diagnostic categories: F (3, 95) = 
3.183, p = 0.027. Another main effect, also from 
ANOVA analysis, was also found as a big whopper 
effect between the genders: F (1, 95) = 41.474, p < 
0.01. Males had significant greater whole brain 
volumes than females (Figure 2). Additionally, 
significant interaction was found between diagnostic 
categories and gender: F (1, 95) = 2.838, p =0.042. 
Further analysis of pair-wise comparison was 
performed and the significant effects were between 
BDwP vs. HC and BDwoP vs. HC (Figure 2). In 
order to conclude the direction of the significant 
effects, LSD (least significant difference) corrected 
test was done, and HC had greater average whole 
brain volume than both of the BDwP (p = 0.004) and 
BDwoP (p = 0.017). Significant main effects were 
not found between any other groups. 
Hippocampal volumetric analysis was performed 
using ANCOVA, and significant main effect was 
found for diagnostic categories only: F (3, 93) = 
3.355, p = 0.022. Pair-wise comparisons indicated 
significant differences in average hippocampal 
volumes between BDwoP vs. HC only (Figure 3). 
Adjustment for multiple comparison was achieved via 
LSD corrected test: HC had greater average 
hippocampal volume than BDwoP (p = 0.002). 
Significant main effects were not found between any 
other groups. No additional main effects were 
observed between other variables, but an interaction 
between sides of average hippocampus volume and 
gender were found: F (1, 93) = 4.534, p = 0.036. The 
significant interaction showed that males have more 
asymmetry in right and left hippocampal volumes 
than females. 
ANCOVA analysis was also performed to 
characterize the average thalamic volumes. One main 
effect was observed between diagnostic categories: F 
(3, 93) = 2.144, p = 0.100. Further analysis of pair-
wise comparisons presented significant differences in 
average thalamic volumes between BDwP vs. HC and 
BDwoP vs. HC (Figure 4). LSD test produced the 
direction of the relationships: HC had greater 
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thalamic volume than both BDwP (p = 0.031) and 
BDwoP (p = 0.044). Although significant differences 
were not found between any other diagnostic 
categories, thalamic volume differences between SS 
and HC showed a strong trend (p = 0.068). No 
interactions among other variables, such as side of 
thalamus or gender, were observed for thalamic 
volume analysis. 
 
DISCUSSION 
 
The results weakly supported the prediction made 
before the experiment was carried out. The HC group 
had greater average whole brain, hippocampal, and 
thalamic volumes than BDwoP, and greater average 
whole brain and thalamic volumes than BDwP group. 
Contrary to the predictions made, only the BDwP and 
BDwoP groups displayed reduced average thalamic 
volume. Also, males showed larger whole brain 
volumes than females in average whole brain analysis 
within diagnostic categories and without diagnostic 
categories. Although smaller hippocampal volume in 
both BD and SZ were expected, no significant 
difference of average volume of desired regions were 
found for schizophrenia groups compared to other 
groups, except for a trend of smaller average thalamic 
volume than healthy controls. Lastly, an interaction 
between sides of averages hippocampal volumes and 
gender represented the greater asymmetry of average 
hippocampal volumes in males. 
The predictions were heavily based on Frazier et al. 
(2008) since the experiment replicated the Frazier 
study with the same data. Even though the average 
whole brain volumes obtained in this experiment 
included the brainstem and cerebellum with cerebrum 
while Frazier segmented the cerebrum only, similar 
results of smaller cerebral volumes in BD groups, no 
significant difference in SZ group, and same sex 
difference (males’ volume > females’ volume) were 
found. Hippocampal analysis produced parallel 
results of no significant difference in SZ groups to 
other diagnostic categories, while smaller average 
hippocampal volume in BDwoP group than HC group 
showed contrary results. Additional difference to 
Frazier study included absence of interaction between 
diagnostic categories and gender in hippocampal 
volumes. Furthermore, Frazier found smallest 
thalamic volumes, and not significant average volume 
difference, in SZ which corresponds to the trend 
found in the experiment. Frazier also found no 
reduced thalamic volume difference in BD groups 
while the current experiment found the opposite. The 
difference in the results of Frazier and current 
experiment can be explained by the additional 
components of whole brain volume in the latter, and 
the methodology of segmenting the desired brain 
regions. The average whole brain volume differences 
affect the computations from ANCOVA since 
covariates are controlled to produce linear results. 

The difference in average brain region volumes 
indicate abnormalities of brain development in 
pediatrics with bipolar and schizophrenic disorders. 
Bipolar disorders are characterized by extreme 
fluctuations of mood and behavior as well as learning 
and memory. Thus, smaller hippocampus in bipolar 
disorder without psychosis leads to deficits in its 
function, and smaller thalamus in both bipolar 
disorder groups, which is heavily connected to many 
other regions including the limbic system that 
controls mood, conveys the altered brain circuit to 
cause the unusual mania and depression. Greater 
reduction of brain regions of bipolar disorder without 
psychosis group suggest that psychosis is more 
excitatory than inhibitory in the brain and the 
abnormal activation cause a greater faulty growth of 
brain. Schizophrenia, on the other hand, is 
characterized by greater range of symptoms and the 
only relation found in the experiment of smaller 
thalamus provide an understanding of the diverse 
abnormal symptoms. Thalamus plays a widespread 
role as senses relay by thalamus to reach their cortical 
areas, and disruption in relaying the sensory 
information can cause confusion that project to many 
brain regions. 
 
Further comprehension of the development of mental 
disorder and brain growth associated with 
abnormalities can be achieved by characterizing 
additional brain regions that correspond more to 
specific symptoms of the disorders, such as pre-
frontal cortex’s role in cognitive deficits in 
schizophrenia and bipolar disorders. 
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Figure 1a (left) – FSL View program: Hippocampal Representation of Bipolar Disorder without Psychosis 
Figure 2b (right) – FSL View program: Thalamic Representation of Bipolar Disorder without Psychosis 

 
 

 
Figure 2 – Average Whole Brain Volume Graph. BPDwoPsy (Bipolar Disorder without Psychosis), BPDwPsy (Bipolar Disorder 
with Psychosis), HC (Healthy Controls), and SS (SZ; Schizophrenia) represented the Diagnostic Categories with separate mean 

brain volume representation for genders. Error bars show the standardized error computed from ANOVA analysis. The asterisk 
indicates the significant average whole brain difference between HC and BPDwoPsy/BPDwPsy. 
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Figure 3 – Average Hippocampal Volume Graph. BPDwoPsy (Bipolar Disorder without Psychosis), BPDwPsy (Bipolar Disorder 
with Psychosis), HC (Healthy Controls), and SS (SZ; Schizophrenia) represented the Diagnostic Categories. Error bars show the 

standardized error computed from ANCOVA analysis. The asterisk indicates the significant average hippocampal difference 
between HC and BPDwoPsy. 

 

 
Figure 4 – Average Thalamic Volume Graph. BPDwoPsy (Bipolar Disorder without Psychosis), BPDwPsy (Bipolar Disorder with 

Psychosis), HC (Healthy Controls), and SS (SZ; Schizophrenia) represented the Diagnostic Categories. Error bars show the 
standardized error computed from ANCOVA analysis. The asterisk indicates the significant average hippocampal difference 

between HC and BPDwoPsy/BPDwPsy. 
 
ADDENDUM 
 
ANCOVA analysis, a general linear model, is a statistical method used to observe significant mean differences 
while controlling for covariates that influence the dependent variable. This combination of ANOVA analysis 
and regression allows elimination of variance by assuming a linear relationship between the dependent variable 
and covariates. Regression will control for extraneous variables. 
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ANCOVA analysis is used when there are two or more measurement variables and also continuous variables 
that are not main experimental variable, but influence the output of results. 
 
A study which would want to use an ANCOVA can be effects food type and gender on weight gain. The 
dependent variable is the weight difference measured at a specific time upon consuming food. The independent 
variable is the type of ‘pure’ food (only carbs, only proteins, and only fats) and gender. ANCOVA analysis will 
be desired to eliminate the influence of current weight, as different weights of subjects will affect the metabolic 
rates, and age, as different age groups will also affect the metabolic rates. Thus, only the weight gain effects 
from type of food and different gender will cause the weight differences while individual metabolic rates will be 
eliminated. Conclusively, the researcher will discover the weight gain effects based solely on food type and 
gender. 
 

 
 
 
 
 
 
 
 
 
 
 
 

 


