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Introduction

Essential Tremor (ET) is one of the most common movement
disorders, primarily characterized by rhythmic tremors, especially
during voluntary movements like writing or holding objects. While its
exact cause remains largely unclear, research suggests that both
genetic and environmental factors contribute to its development.
Recent studies have increasingly focused on the polygenic nature of
ET, meaning that multiple genetic variants, each contributing a small
effect, together play a role in the disorder’s onset. Understanding the
relationship between these genetic factors and brain imaging
phenotypes is crucial for advancing our understanding of ET and
improving diagnostic and therapeutic strategies.

Polygenic risk for ET has been identified through Genome-Wide
Association Studies (GWAS), which have pinpointed several genetic
loci that appear to be associated with the disorder. These genetic
variants likely influence the brain's neural networks, particularly in
areas involved in motor control and tremor regulation, such as the
cerebellum, thalamus, and basal ganglia. Brain imaging techniques,
such as Magnetic Resonance Imaging (MRI) and Positron Emission
Tomography (PET), allow researchers to observe the structural and
functional abnormalities in these regions, providing insights into the
phenotypic expressions of ET linked to genetic risk.

Description

One of the most consistent brain imaging findings in ET is altered
cerebellar morphology. The cerebellum, responsible for coordinating
voluntary movement, is often implicated in the pathophysiology of
tremors. Studies have demonstrated that individuals with ET tend to
have smaller cerebellar volumes compared to healthy controls,
particularly in the superior cerebellar peduncle, a key structure that
connects the cerebellum to the rest of the brain. This structural
atrophy is thought to disrupt cerebellar-thalamic communication,
leading to the tremors characteristic of ET. Interestingly, polygenic
risk for ET is associated with more pronounced cerebellar
abnormalities, suggesting that genetic predisposition may exacerbate
cerebellar damage and contribute to the disorder's onset and severity.

In addition to cerebellar changes, the thalamus is another critical
brain region affected in ET. The thalamus acts as a relay station for
sensory and motor signals, and its dysfunction can contribute to the
motor disturbances seen in ET. Functional imaging studies, such as
PET and functional MRI (fMRI), have shown abnormal thalamic
activity in individuals with ET, including altered thalamocortical
connectivity. Research indicates that polygenic risk for ET may
enhance this dysfunction, further impairing the coordination of
movement. Moreover, thalamic involvement is often linked to tremor
severity, with more significant abnormalities correlating with more
pronounced tremors.

Basal ganglia, which include structures like the putamen and globus
pallidus, are also implicated in the motor control disruptions in ET. The
basal ganglia are crucial for regulating movement and are involved in
the execution and suppression of voluntary actions. Structural and
functional imaging studies have highlighted abnormalities in the basal
ganglia of individuals with ET, such as altered volume and disrupted
connectivity. Polygenic risk may contribute to these abnormalities,
either by directly affecting the genetic pathways governing basal
ganglia function or by exacerbating the effects of age-related
degeneration. Imaging phenotypes of the basal ganglia have been
linked to both the clinical presentation of ET and its progression, with
patients showing a greater degree of basal ganglia dysfunction as
their tremors worsen over time.

The relationship between brain imaging phenotypes and polygenic
risk for ET is further complicated by the fact that essential tremor
often co-occurs with other neurological conditions, such as
Parkinson’s disease and dystonia. Therefore, imaging studies must
carefully differentiate between the unique features of ET and those
associated with other movement disorders. In this context, polygenic
risk scores derived from genetic studies offer a tool to better
understand individual susceptibility to these disorders and their
specific imaging signatures. For example, individuals with a higher
genetic risk for ET might exhibit more pronounced structural and
functional changes in the cerebellum, thalamus, and basal ganglia,
distinguishing them from those with tremor due to other causes.
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Conclusion

In conclusion, brain imaging phenotypes linked to polygenic risk for
Essential Tremor highlight the complex relationship between genetic
factors and brain structure and function. Structural abnormalities in the
cerebellum, thalamus, and basal ganglia, along with functional
disruptions in thalamocortical circuits, provide valuable insights into
the neurobiological underpinnings of the disorder. As genetic research
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on ET continues to evolve, the integration of brain imaging data with
polygenic risk profiles will likely enhance our understanding of the
disorder's pathophysiology, helping to identify individuals at risk and
paving the way for more targeted treatments.
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