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1. Introduction 

Successful emotion and behavior regulation are both fundamental for 

mental health. These abilities are responsible for maintaining goal 

orientated functioning, impulse control, and adequate social behavior. On 

the other hand, emotion and behavior dysregulation are present in a variety 

of psychiatric and neurological disorders enhancing symptom severity and 

impairments in everyday life rather than being disorder specific aspects. For 

the better understanding of how people regulate and control their behaviors 

and emotions, modern neuroscience provides important insights into brain 

mechanisms related to (both adaptive and disturbed) emotional and 

behavioral regulation. This thesis is focused on neuroanatomical and 

neurobiological findings related to this topic. 

While our knowledge about structural bases of individual differences 

was primarily based on group of patients with well-defined, circumscribed 

lesions and postmortem studies, recent developments in structural magnetic 

resonance imaging (MRI) techniques (e.g. MRI volumetry, voxel-based 

morphometry, and diffusion tensor imaging) made it possible to investigate 

the macro- and microstructural bases of inter-individual differences in 

healthy subjects. Both macro- and microstructural variability have been 

found to be related to a wide range of factors that can possibly contribute to 

disturbed psychological processes. These factors include age, gender, 

habits, experiences, behavior regulation, and variations in emotion 

regulation. 

On the neurobiological level, neurosteroids play a significant role in the 

neurodevelopment and maintenance of a variety of psychopathological 

processes primary through neurotransmitter modulation, and may also be 

related to brain structural variations. Evidence shows that inter-individual 
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variability in neurosteroid concentrations is also related to gender, age, 

habits, experiences, behavior regulation, and disturbances in emotional 

regulation. 

Such neuroanatomical and neurobiological variations in healthy 

population may carry functional and behavioral consequences that possibly 

mediate vulnerability to psychopathology. Investigating such variations in 

healthy subjects may extend our knowledge about normal patterns, which in 

turn contribute to the better understanding of abnormalities in clinical 

groups. 

2. Objectives 

This thesis aimed to investigate psychological correlates of neuroanatomical 

and neurobiological variability in a large set of healthy normal volunteers 

using self-reported measures of emotion and behavior regulation with the 

latest neuroimaging methods (such as automated MRI volumetry and voxel-

based morphometry) and serum blood analysis. 

Our first study investigated whether there is a direct link between a 

neurosteroid hormone, vitamin D, and alexithymia, a personality trait 

defined by impaired emotion regulation processes. Although both 

vitamin D deficiency and alexithymia were described as a correlate of a 

variety of pathological conditions, their specific interrelation has not yet 

been studied.  

In our second study, we aimed to investigate the structural brain 

correlates of a newly identified condition defined by poor behavior 

regulation, problematic Internet use, in habitual Internet user females 

using both automated MRI volumetry and voxel-based morphometry 

(VBM) as complementary approaches. Based on previous neuroimaging 

findings and the known role of brain reward system in addictions, we 
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hypothesized that regions of the fronto-striatal circuit (orbitofrontal cortex, 

caudate, putamen, nucleus accumbens) and amygdala -that provides 

important inputs to the striatum -would be associated with problematic 

Internet use. 

3. Materials and Methods 

3.1 Alexithymia and vitamin D level 

Eighty-nine healthy, right-handed Caucasian university students without 

history of substance abuse, chronic illnesses, neurological and psychiatric 

disorders, aged between 18 and 30 years were included in this study (59 

females and 30 males; mean age: 23.1 years, SD= 2.1).  

To assess vitamin D level, fasting blood samples were analyzed for 

serum 25(OH)D. Alexithymia was measured by the Hungarian version of 

the 20-item Toronto Alexithymia Scale (TAS-20). Actual level of 

depression was measured by the Hungarian version of Beck Depression 

Inventory (BDI), while actual level of anxiety was measured by the 

Hungarian version of Spielberger State Anxiety Inventory (STAI-S). 

Handedness was measured with Edinburgh Handedness Inventory (EHI). 

Subjects also completed an exploratory questionnaire on lifestyle factors, 

mental and physical health.  

3.2 Problematic Internet use and the brain reward system 

Eighty-two healthy, right-handed Caucasian female university students 

without history of substance abuse, chronic illnesses, neurological and 

psychiatric disorders, aged between 18 and 30 took part in this study. Mean 

age was 22.83 (SD = 2.3) and all participants used the internet on a daily 

basis. 



6 

 

T1-weighted Magnetic Resonance (MR) images were collected from all 

subjects. Structural brain measures were investigated using both automated 

MR volumetry and voxel based morphometry (VBM). 

Excessive internet use was measured with Problematic Internet Use 

Questionnaire (PIUQ), which consists of three subscales: (1) Obsession 

(obsessive thinking about the Internet and withdrawal symptoms caused by 

the lack of Internet use), (2) Neglect (neglecting everyday activities, social 

life and essential needs), and (3) Control disorder (difficulties in controlling 

time spent on the Internet). Additional questions were administered to 

assess hours weekly spent on the Internet. Similar to our previous study, 

TAS-20, BDI, STAIT and EHI were also administered. 

4. Results 

4.1 Alexithymia and vitamin D 

Spearman’s rank correlation analysis revealed a marginally insignificant 

negative correlation between TAS-20 score and 25(OH)D levels (rs = −.20; 

p = .06) 

A control for age and gender in a multiple linear regression model 

resulted in a significant inverse relation between 25(OH)D level and TAS-

20 score (β = −.29; p = .03). Neither age (β = −.06; p = .6) nor gender (β = 

−.16; p = .17) contributed significantly to TAS-20 score. The inclusion of 

BDI and STAIS scores as additional independent variables in a second 

linear regression model did not essentially change the significant 

relationship between 25(OH)D level and TAS-20 score (β = −.21; p = .03), 

while BDI and STAIS scores also showed a significant relation with TAS-

20 (β = .26; p = .01 and β = .28; p = .008, respectively).  
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4.2 Problematic Internet use and the brain reward system 

MR volumetry 

Significant positive associations were found between Control disorder and 

both left and right putamen (β = .229; p <.05 and β = .237; p <.05, 

respectively) and between Obsession and right nucleus accumbens  

(β = .238; p <.05). Obsession also showed a significant negative association 

with both left and right OFC (β = -.226; p <.05 and β = -.297; p <.01, 

respectively) while Neglect was negatively related to left OFC (β = -.232; p 

<.05). To test its possible confounding effect, average time spent online was 

also entered to each model as an additional independent variable. However, 

it did not essentially change the significant associations between PIUQ 

subscales and the volume of the investigated regions. 

Voxel Based Morphometry (VBM) 

Subscales of PIUQ were used separately to predict the absolute amount of 

grey matter of the investigated brain regions in separate general linear 

models while controlling for intracranial volume and age. A significant 

negative correlation was found between Neglect with the absolute amount 

of grey matter in left OFC, and between Control disorder and the absolute 

amount of grey matter in right OFC, while showed no significant 

association with Obsession OFC. Other regions of interest were not 

predicted significantly by any of the PIUQ subscales. 
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5. Conclusions 

5.1 Alexithymia and vitamin D 

Our first experiment aimed to investigate whether there is a direct link 

between vitamin D and alexithymia. Although both vitamin D deficiency 

and alexithymia were described as a correlate of a variety of pathological 

conditions, their specific interrelation has not yet been studied. Controlling 

for age, gender, depression, and anxiety, we found a significant inverse 

correlation between actual levels of vitamin D and alexithymia in young 

healthy volunteers. We suggest that the association between alexithymia 

and vitamin D reflects a trait-like relationship between two conditions that 

is rather stable longitudinally. Such a correlation may be interpreted as a 

reflection of early life vitamin D deficiency determining life-long 

alexithymia. Since alexithymia and vitamin D deficiency are highly 

prevalent in a range of psychiatric and neurological disorders, future cross-

sectional and longitudinal studies should investigate whether the direct link 

revealed by our study in healthy controls are also present in certain patient 

groups and whether comorbidity factors play a significant role. Our results 

may contribute to the development of more efficient therapy strategies in 

patient groups with difficulties in understanding affective experiences. 
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5.2 Problematic Internet use and the brain reward system 

Our second experiment investigated the structural brain correlates of 

problematic Internet use in a large non-clinical sample of habitual Internet 

user females using both automated MRI volumetry and voxel-based 

morphometry as complementary approaches. We demonstrated structural 

brain correlates of problematic Internet use in regions of the fronto-

striatal circuit in females with both techniques. MRI based volumetry 

revealed increased grey matter volume of bilateral putamen and right 

nucleus accumbens and decreased grey matter volume of orbitofrontal 

cortex to be associated with Problematic Internet Use questionnaire’s 

subscales. The significant negative associations between the absolute 

amount of grey matter of the bilateral orbitofrontal cortex and Problematic 

Internet Use questionnaire’s subscales were also present in the voxel based 

morphometry analysis. Taken together, our results suggest that problematic 

Internet use has structural brain correlates in the fronto-striatal circuit in 

healthy habitual Internet user females. Since similar associations have been 

identified in the fronto-striatal circuit in habitual Internet user males, our 

findings can be interpreted as a proof for morphological brain alterations 

related to excessive Internet use in both genders. Our results may offer new 

insights into neuroanatomy of problematic Internet use.  
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