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Abstract 

Schizophrenia is a severe mental disorder that causes a series of symptoms that affect 

how a person perceives the world around them. There have been many studies 

researching the way that connectivity between specific brain regions are altered due to 

the onset of schizophrenia, and many have concluded that the thalamus is one of the most 

important brain regions associated with altered functional connectivity in patients with 

schizophrenia. The purpose of this review is to evaluate this altered functional 

connectivity and to determine how different connectivity patterns determine different 

symptoms that are typically associated with schizophrenia. Through conducting a 

literature search in PubMed on articles relating to schizophrenia, the thalamus, and 

independent component analysis, we found that hyper-connectivity between the thalamus 

and areas of the brain such as the auditory, motor, and visual networks is associated with 

the “positive” symptoms of schizophrenia such as hallucinations and delusions. We also 

found that hypo-connectivity between the thalamus and areas like prefrontal regions of 

the brain is correlated with the “negative” symptoms such as deficits in working memory 

and decision-making. This information could lead to further studies looking into how 

thalamo-cortical connections influence the perception of different stimuli.  
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1. Introduction 

1.1. Schizophrenia 

Schizophrenia is a chronic and severe mental disorder that affects how a person perceives 

the world around them. They think, feel, see, and behave differently than that of a 

normal, healthy person. People with schizophrenia seem like they have lost touch with 

reality. Signs and symptoms of the mental disorder usually appear between the ages of 16 

and 30, although early and late onset schizophrenia has also been observed. Symptoms of 

schizophrenia can range from mild to severe. They can also appear as both “positive” and 

“negative” symptoms.  

Positive symptoms are symptoms that are not usually seen in a healthy person, but are 

exhibited by a person with schizophrenia. Positive symptoms include psychotic behaviors 

such as hallucinations, delusions, disorganized speech, thought disorders, and movement 

disorders. Hallucinations can involve a variety of senses including sight, hearing, taste, 

smell, and even touch. These psychotic “positive” symptoms are the ones that are 

typically thought of when thinking about schizophrenia, as they include hearing people’s 

voices, and seeing things that are not real. Delusions can come in many different varieties 

as well. For example, a tormenting delusion instills a sense of paranoia in the individual, 

making them feel as though they are being stalked or hunted. Somatic delusions are 

another type of delusions that cause the individual to believe that they have a terrible 

illness, such as bugs crawling under their skin, or that they have been infected by a 

supernatural being. These delusions can also range to ones that make the individual 

believe that they are a significant and superior being (grandiose delusions), or they have a 

special relationship with God, or even that they are God themselves (religious delusions).  
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Negative symptoms are associated with behaviors and actions that are normally seen in a 

healthy individual, but are not present in a patient with schizophrenia. Negative 

symptoms include disruptions to normal emotions and behaviors such as reduced feelings 

of pleasure, reduced speaking, and reduced expression of emotions. An example of these 

symptoms is referred to as “Avolition-Apathy” (Andreasen 1982). Andreasen 

characterizes avolition as a lack of energy and interest. However, it is usually not 

accompanied by a feeling of sadness or depression. Avolition can lead to poor grooming 

and hygiene habits, such as infrequent bathing or no care for hair and teeth. Avolition can 

also be demonstrated through impersistence at work or school, which can lead to bad 

grades, dropping out of school altogether, or even losing a job. Negative symptoms also 

include impaired decision making and deficits in working memory.  

1.2. The Thalamus 

The thalamus is a sub-cortical structure, located between the brainstem and the forebrain. 

It makes up most of the mass of the diencephalon. The function of the thalamus is to 

regulate the body’s voluntary motor control, consciousness and its sleep/wake cycle. It 

also decides which signals from the ears, eyes, mouth, and skin to relay to its area in the 

cerebral cortex (Giraldo-Chica, et al., 2016). The thalamus plays a key role in filtering 

information and has extensive interconnectivity with other brain regions.  

Some studies have used diffusion tensor imaging in order to perform probabilistic 

tractography in order to find which thalamic voxels have the highest connection 

probability with different cortical regions. These studies have found that the thalamus has 

voxels that connect to cortical regions such as the prefrontal cortex (PFC), primary motor 

cortex (M1), premotor (lateral and medial) (PMC), temporal, posterior parietal (PPC), 
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primary and secondary somatosensory (S1/S2), and occipital corticals (Johansen-Berg, et 

al., 2004). Diffusion tensor imaging has also been used in some studies to investigate 

white matter abnormalities in patients with schizophrenia. They have found that these 

white matter abnormalities cause disruptions in the connections between brain regions 

and functional networks, which can lead to many different symptoms that are associated 

with schizophrenia (Fitzsimmons, et al., 2013).  

1.3. Purpose of this Review 

Recent studies have found that patients with schizophrenia show large-scale disruption in 

thalamo-cortical connectivity, including hyper and hypo activity between brain regions. 

The purpose of this review is to further evaluate these disruptions in thalamo-cortical 

connectivity and determine how the hyper and hypo activity between brain regions 

influence the several different symptoms that are seen in patients with schizophrenia.  

2. Methods 

2.1. Literature Search 

A search in PubMed/MedLine and Google Scholar was performed in English reporting 

on resting-state functional connectivity in schizophrenia, using “resting-state”, “fMRI”, 

“Schizophrenia”, “thalamus”, and “independent component analysis”. A total of 32 

articles were found with the use of those keywords. Papers were selected when they (1) 

included a connection between schizophrenia and the thalamus using Independent 

Component Analysis (ICA), (2) made comparisons to matched healthy controls, (3) used 

English language, (4) were full-text articles that have been published in peer-review 

journals. Given my interest in large-scale brain networks, I chose to include papers that 

used independent component analysis (ICA). I chose to focus on this measure so that the 
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data from the different articles would have been measured in a similar manner to assess 

connectivity.  

3. Results 

3.1. Hyper-Connectivity in Brain Networks 

Across literature, many researchers found hyper-connectivity between the thalamus and 

the lingual gyrus and middle occipital gyrus, both of which are located in the occipital 

lobe of the brain, which controls the visual cortex (Wang, et al., 2015). Other studies 

found hyper-connectivity between the thalamus and nodes within the auditory, motor, 

and visual networks, as well as an increase in connectivity between the thalamus and the 

somatosensory cortical regions of the brain (Damaraju, et al., 2014; Chen, et al., 2013; 

Ferri, et al., 2018); Tregellas, et al., 2007; Wang, et al. 2015; Woodward, et al., 2013). 

For example, Wang and associates found increased thalamus-based functional 

connectivity with the bilateral precentral gyrus, which is responsible for controlling 

voluntary movements of skeletal muscles.  

They also found increased thalamus-based functional connectivity in the dorsal medial 

frontal gyrus, which is the area of the brain that is involved in detecting interference 

between responses that are competing with each other, which signals the need for control 

(Grinband, et al., 2011). Researchers who found increased functional connectivity 

between the thalamus and the dorsal medial frontal gyrus think it might be related to the 

impaired decision-making found in schizophrenics.  

3.2. Hypo-Connectivity in Brain Regions 

Researchers also found decreased brain functional connectivity between the thalamus and 

brain regions such as the prefrontal cortex and other prefrontal-stratial-cerebellar regions 
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of the brain (Damaraju, et al., 2014; Wang, et al., 2015). Woodward and associates found 

that prefrontal cortex connectivity was significantly lower and was specifically restricted 

to the anterior thalamus (2013). Andreason and associates called this disruption in 

circuitry between the thalamus and the prefrontal regions of the brain “cognitive 

dysmetria”, and believed that the “poor mental coordination” accounted for a broad 

variety of symptoms associated with schizophrenia (1998).  

Wang and associates also found a decrease in functional connectivity between the 

thalamus and the bilateral superior frontal gyrus and the inferior parietal lobe (2015). The 

superior frontal gyrus is responsible for self-awareness and its coordination with the 

sensory system. The inferior parietal lobe is involved in the interpretation of sensory 

information and the perception of emotions in facial stimuli.  

Decreases in functional connectivity were also observed between the thalamus and 

regions of the brain such as the cingulo-opercular network, the dorsal default-mode 

network, the ventral default-mode network, the left frontoparietal networks, and the right 

frontoparietal networks (Chen, et al., 2013). A study by Damaraju, et al., in 2014 found 

an interesting correlation between the regions that showed hyper-connectivity versus 

brain regions that showed hypo-connectivity with the thalamus. They found that subjects 

that showed the lowest thalamo-prefrontal-cerebellar coupling were the ones that showed 

the highest thalamo-sensory-motor coupling, perhaps showing an anti-correlation 

between those specific brain networks.   

4. Discussion 

4.1. Hyper/Hypo-Connection and Symptom Correlation 
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All of the studies that researched altered connectivity between the thalamus and other 

brain regions using resting-state fMRI in patients with schizophrenia showed very similar 

results. Many studies found that there was hyper-connectivity between the thalamus and 

regions of the sensory networks and motor networks. This increase in connectivity 

between networks is thought to correlate with the “positive” symptoms of schizophrenia 

such as hallucinations, delusions, and movement disorders. The increase in connectivity 

between the thalamus and the dorsal medial frontal gyrus may also be responsible for the 

overflow of information that a person with schizophrenia can experience. This can also 

tie into the decrease in connectivity between the thalamus and the inferior parietal lobe 

that was found by Wang and associates. The decreased in connectivity to the inferior 

parietal lobe may cause difficulties with the interpretation of sensory information, which 

can cause the individual to not be able to discern what is real and what is not.  

The studies reviewed also all agreed on that there was hypo-connectivity between the 

thalamus and the prefrontal cortex. This decrease in connectivity is correlated with the 

“negative” symptoms of schizophrenia, which include deficits in the central executive 

component of working memory and impairments in decision-making.  

4.2. Limitations 

A limitation of this review is that there is no way of determining the severity and time 

period of the disorder in each patient, therefore some patients in the studies may be 

further advanced than others. The age and progression of the disease in each patient could 

potentially affect the functional connectivity between brain regions, so this information 

would be beneficial to know in order to better understand thalamo-cortical connections in 

schizophrenia.  
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Another limitation is that with ICA, there is no clear consensus on a “correct” number of 

components to identify, and this directly influences the possible outcomes.  

4.3. Future Directions 

A future study that could be done is doing a task-based fMRI study on the same 

population of patients with schizophrenia. It would be interesting to see how the visual 

cortex in patients perceives a visual stimulus with schizophrenia in comparison with a 

healthy control, especially with the research that has been done proving that patients with 

schizophrenia exhibit increased connectivity between the thalamus and the visual cortex.  
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