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Objectives: To investigate the e�ect of regional white matter hyperintensities

(WMHs) on Essential tremor (ET) subtypes and to explore the association

between WMHs load and the severity of motor and non-motor symptoms in

patients with ET.

Methods: A cohort of 176 patients with ET (including 86 patients with pure ET

and 90 patients with ET plus) and 91 normal controls (NC) was consecutively

recruited. Demographic, clinical, and imaging characteristics were compared

between individuals with pure ET, ET plus, and NC. The cross-sectional

association among regional WMHs and the severity of tremor and non-motor

symptoms were assessed within each group.

Results: Compared with the pure ET subgroup, the ET plus subgroup

demonstrated higher TETRAS scores, NMSS scores, and lower MMSE scores

(all P < 0.05). Periventricular and lobar WMHs’ loads of pure ET subgroup

intermediated betweenNC subjects and ET plus subgroup.WMHs in the frontal

horn independently increased the odds of ET (OR = 1.784, P < 0.001). The age

(P = 0.021), WMHs in the frontal lobe (P = 0.014), and WMHs in the occipital

lobe (P= 0.020) showed a significant impact on TETRAS part II scores in the ET

plus subgroup. However, only the disease duration was positively associated

with TETRAS part II scores in patients with pure ET (P = 0.028). In terms of

non-motor symptoms, NMSS scores of total patients with ET were associated

with disease duration (P = 0.029), TETRAS part I scores (P = 0.017), and WMH

scores in the frontal lobe (P= 0.033). MMSE scores were associated with age (P

= 0.027), body mass index (P = 0.006), education level (P < 0.001), and WMHs

in the body of the lateral ventricle (P = 0.005).

Conclusion: Our results indicated that the WMHs in the frontal horn could

lead to an increased risk of developing ET. WMHs may be used to di�erentiate

pure ET and ET plus. Furthermore, WMHs in the frontal and occipital lobes are
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strong predictors of worse tremor severity in the ET plus subgroup. Regional

WMHs are associated with cognitive impairment in patients with ET.

KEYWORDS

essential tremor, white matter hyperintensities, subtypes, severity, non-motor

symptom

Introduction

Essential tremor (ET) is a common movement disorder

affecting∼0.9% of individuals worldwide (Louis and McCreary,

2021). During the last two decades, the conceptualization

of ET has evolved over time. The International Parkinson

and Movement Disorder Society (IPMDS) formulated a new

diagnostic standard for ET and proposed the concept of “ET

plus” in 2018 (Bhatia et al., 2018). ET was adopted to describe

tremor syndrome with isolated action tremors of bilateral upper

limbs of at least 3 years duration. “ET plus” was defined as ET in

the presence of additional “soft neurological” signs of uncertain

significance, such as memory impairment, questionable dystonic

posturing, and impaired tandem gait (Bhatia et al., 2018).

Although the etiology of ET remains unclear, an increasing

number of evidence has shown that pathological oscillations

within the cerebello-thalamo-cortical circuit play an important

role in its pathogenesis.

White matter hyperintensities (WMHs), also known as

white matter lesions (WMLs), are characterized mainly by

hyperintensities on T2-weighted imaging (T2WI) and fluid-

attenuated inversion recovery (FLAIR) images (Gouw et al.,

2011). WMHs are mainly a consequence of axonal loss and

demyelination due to chronic ischemia and blood-brain barrier

dysfunction (Lin et al., 2017). According to magnetic resonance

imaging (MRI) features, WMHs can be classified into lobar

WMHs and periventricular WMHs (Noh et al., 2014). In the

healthy population, the prevalence of WMHs is ∼20% at 60

years, and their prevalence increases exponentially with age

(Smith et al., 2017). WMHs are closely linked to cognitive

impairment, dementia, urinary incontinence, gait disturbance,

andmotor compromise in elderly individuals (Gouw et al., 2011;

Levit et al., 2020).

WMHs have been associated with several neurodegenerative

diseases, including Parkinson’s disease (PD) and Alzheimer’s

disease (AD) (Butt et al., 2021; Gaubert et al., 2021). Two

studies to date have found that WMH is associated with ET

(Oliveira et al., 2012; Becktepe et al., 2021). However, it is still

unclear whether WMHs have different impacts on ET subtypes,

such as pure ET and ET plus. Furthermore, the relationship

between regional WMHs and the severity of motor and non-

motor symptoms in patients with ET has not yet been clarified.

The aim of our study was to investigate whether regionalWMHs

are associated with ET subtypes and to examine the relationship

between WMHs load and severity of motor and non-motor

symptoms among patients with ET.

Methods

Subjects

Our study was conducted on 176 patients with ET and

91 normal controls (NC) consecutively recruited from the

inpatients and outpatients of the Department of Neurology,

Xiangya Hospital of Central South University, between 1

September 2020 and 30 December 2021 on Parkinson’s

Disease & Movement Disorders Multicenter Database and

Collaborative Network in China (PD-MDCNC, http://pd-

mdcnc.com). Ethical approval was obtained from the Medical

Ethics Committee of Xiangya Hospital. NC was neurologically

normal on the exam. They have never had a history of

neurologic, psychiatric, or other major medical illnesses.

Diagnosis of ET was confirmed by at least two experienced

neurologists according to the 2018 International Movement

Disorder Society Tremor Group’s essential tremor diagnostic

criteria. Patients with ET with any of the following clinical

characteristics: questionable dystonic postures, impaired

tandem gait, memory impairment, rest tremor, or mild

neurological signs of unknown significance were diagnosed

with ET plus. Other patients with ET without these symptoms

were classified as pure ET. Patients were excluded from our

study if they had (1) tremor associated with other central

nervous system diseases, such as PD, dystonic tremor, Wilson

disease (WD), stroke, and encephalitis; (2) tremor associated

with physiological tremor, orthostatic tremor, isolated vocal

tremor, and task-specific tremor; and (3) other secondary

tremor syndromes.

Assessments

Demographic and clinical data including gender, age, body

mass index (BMI), family history, age at onset (AAO), disease

duration, motor symptoms, and non-motor symptoms were

collected and entered into the database. Vascular risk factors,

such as smoking, hypertension, diabetes, and hyperlipidemia,
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were also assessed. All patients underwent neurological

examinations and neuropsychological assessments.

Tremor severity was evaluated by the Tremor Research

Group Essential Tremor Rating Assessment Scale (TETRAS)

(Elble et al., 2012). TETRAS part I (items 1–12) was used

to evaluate tremor’s impact on activities of daily living

(0–4 scoring). TETRAS part II (items 1–9) was used to

evaluate tremor types (including postural and kinetic tremor),

distributions (including head, face, voice, limbs, and trunk

tremors), and tremor severity. The Non-Motor Symptoms

Scale (NMSS) was used to evaluate the severity of non-motor

symptoms. Cognitive function was evaluated by the Mini-

Mental State Examination (MMSE).

MRI scans and WMH grading

All recruits including patients with ET and NC underwent

an MRI examination. Additionally, all MRI images were

acquired using a 3.0-T scanner (Prisma, Siemens Healthcare,

Erlangen, Germany), and a 64-channel head receiver coil

was used. The FLAIR sequence images (repetition time/echo

time/inversion time, 9,000/83/2,500ms; section thickness 5mm)

were used for scoring. Periventricular WMHs and lobar WMHs

were evaluated separately according to the semiquantitative

visual rating system proposed by Scheltens (Scheltens et al.,

1993). Periventricular WMHs in the frontal horn, occipital

horn, and the body of the lateral ventricle were scored as 0

point (absent), 1 point (≤5mm), or 2 points (5–10mm), and

total periventricular WMHs score (0–6 points) was calculated.

Lobar WMHs in the frontal, parietal, temporal, and occipital

lobes were scored as 0 point (absent), 1 point (≤5 lesions

measuring <3mm), 2 points (≥6 lesions measuring <3mm),

3 points (≤5 lesions measuring 4–10mm), 4 points (≥6 lesions

measuring 4–10mm), 5 points (≥1 lesion measuring ≥11mm),

or 6 points (confused lesions), and the total lobar WMHs score

(0–24 points) was calculated (Refer to Figure 1). WMHs were

scored blindly by two radiologists with more than 3 years of

neuroimaging diagnostic experience, and interrater reliability

was evaluated by calculating the intraclass correlation coefficient

(ICC). If the score was discordant between raters, the final score

was determined by consensus. Participants who had lesions such

as cerebral hemorrhage, infarction, infection, or brain tumor on

MRI were excluded from the study. Images that failed quality

control because of movement artifacts of patients with ET also

were excluded.

Statistical analysis

Continuous variables were expressed as mean ± standard

error, while percentages and frequencies were used for

describing categorical variables. Values were expressed as

median (Q1, Q3) for the Scheltens scale. Differences in

demographic characteristics among pure ET subgroup, ET

plus subgroup, and NC subjects were compared by the

analysis of variance with the Kruskal–Wallis test (for non-

parametric variables) or the Tukey’s test as a post-hoc

analysis (for parametric variables). Clinical characteristics were

compared using the general linear mode. Age, gender, disease

duration, smoking status, presence of hypertension, presence

of hyperlipidemia, and presence of diabetes were included as

confounding variables. The Mann–Whitney U test was used

to compare the WMHs rated by the Scheltens scale. Logistic

regression analysis was used to evaluate the factors associated

with ET. Partial correlation analysis was performed to study the

relationship betweenWMHs and tremor severity (TETRAS part

I and TETRAS part II scores). Multiple linear regression models

were compiled to examine whether WMHs are associated with

tremor severity and non-motor symptoms in patients with ET.

P < 0.05 were considered statistically significant. All analyses

were performed using SPSS for Windows Version 24.0 (IBM).

Results

Clinical characteristics

The characteristics of the participants are shown in Table 1.

Using the new consensus statement of tremor classification,

90 of the 176 ET patients with additional “soft neurological

signs” of uncertain significance (e.g., questionable dystonic

postures, impaired tandem gait, etc.) were labeled as ET plus

subgroup, others (n = 86) were classified as pure ET subgroup.

Patients with ET plus were older than pure ET and NC subjects

(P = 0.019, P < 0.001, respectively). The AAO of patients with

ET plus was significantly older than pure ET (P = 0.032).

There were no significant differences among the three groups

in terms of gender, BMI, family history of tremor, smoking

status, hypertension, diabetes, and hyperlipidemia (all P > 0.05).

Patients with ET plus had higher TETRAS part II scores

(P = 0.020) and NMSS scores (P = 0.002), but lower MMSE

scores (P < 0.001) than patients with pure ET even after

correction for gender, age, disease duration, smoking status,

and presence of hypertension, hyperlipidemia, and diabetes.

TETRAS part I scores were not statistically different between

pure ET and ET plus subgroups (P = 0.066).

E�ects of regional WMHs on ET subtypes

Compared to the NC group, pure ET subtype had higher

WMHs’ load in the frontal horn, occipital horn, the body of the

lateral ventricle, frontal lobe, and parietal lobe (all P < 0.05).

The WMHs’ loads in the frontal horn, occipital horn, the body

of the lateral ventricle, frontal lobe, and parietal lobe of the ET
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FIGURE 1

Examples of axial FLAIR images of WMHs’ score in frontal horn and frontal lobe. (A) Scored 0 point since there were no PWMHs in the frontal

horn and occipital horn. (B) Scored 1 point since the PWMHs in the frontal horn and occipital horn were <5mm. (C) Scored 2 points since the

PWMHs in the frontal horn and occipital horn were between 5 and 10mm. (D) Scored 1 point since the number of lesions in the frontal lobar

was <5 and the largest one was smaller than 3mm. (E) Scored 2 points since the number of lesions in the frontal lobar was more than 5 and the

largest one was smaller than 3mm. (F) Scored 3 points since the number of lesions in the frontal lobar was <5 and measured between 4 and

10mm. (G) Scored 4 points since the number of lesions in the frontal lobar was more than 6 and measured between 4 and 10mm. (H) Scored 5

points since there was a lesion measured larger than 11mm. (I) Scored 6 points since there were confused lesions in the frontal lobar.
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TABLE 1 Characteristics of the study population (N = 267).

ET plus subtype Pure ET subtype NC

(n = 90) (n = 86) (n = 91)

Demographic characteristics

Male, n (%) 40 (44.4%) 47 (54.7%) 44 (47.8%)

Age (year) 58.38± 15.71*↑ 53.58± 14.90 53.62± 8.93

BMI (kg/m2) 22.91± 3.94 23.52± 3.31 23.12± 3.63

Education (y) 9.38± 4.56* 10.98± 4.44 –

AAO (y) 48.27± 17.78* 43.71± 16.23 –

Duration (y) 10.11± 10.84 9.87± 9.29 –

Family history of tremor (%) 47 (52.2%) 50 (58.1%) –

Smoking 14 (15.6%) 18 (20.9%) 18 (19.8%)

Hypertension 16 (17.8%) 25 (29.1%) 21 (23.1%)

Diabetes 8 (8.9%) 6 (7.0%) 9 (9.9%)

Hyperlipidemia 16 (17.8%) 19 (22.1%) 17 (18.7%)

Clinical characteristics

TETRAS part I 16.12± 9.64* 12.40± 9.96 –

TETRAS part II 20.47± 8.30* 16.99± 7.53 –

NMSS 17.00± 19.73* 8.50± 12.34 –

MMSE 26.64± 3.16* 28.45± 1.72 –

Neuroimaging characteristics

Periventricular WMHs scores 3 (2,3.75)*↑ 2 (0,3)↑ 0 (0,2)

Frontal horn 1 (1,1)*↑ 1 (0,1)↑ 0 (0,1)

Occipital horn 1 (1,1)*↑ 1 (0,1)↑ 0 (0,1)

The body of the lateral ventricle 1 (0,1)*↑ 0 (0,1)↑ 0 (0,0)

Lobar WMHs score 4 (1,6.75)*↑ 1 (0,2)↑ 0 (0,1)

Frontal lobe 2 (1,3)*↑ 1 (0,1)↑ 0 (0,1)

Parietal lobe 1 (0,3)*↑ 0 (0,1) 0 (0,0)

Temporal lobe 0 (0,1)↑ 0 (0,0) 0 (0,0)

Occipital lobe 0 (0,0)↑ 0 (0,0) 0 (0,0)

*P < 0.05, vs. Pure ET. ↑P < 0.05, vs. NC.

ET, essential tremor; NC, normal controls; BMI, body mass index; AAO, age at onset; TETRAS, Tremor Research Group Essential Tremor Rating Assessment Scale; NMSS, non-motor

symptom assessment scale; MMSE, mini-mental state examination; WHM, white matter hyperintensity.

plus subtype were higher than those of the pure ET subtype

(all P < 0.05) (Table 1). Regarding MR imaging characteristics,

the distribution frequency of periventricular WMHs’ scores

(P < 0.001) and lobar WMHs’ scores (P < 0.001) are shown in

Figure 2. PeriventricularWMHs’ scores and lobarWMHs’ scores

in the ET plus subgroup varied across a wider range than those

in the pure ET subgroup and NC group. As shown in Figure 3,

WMHs in all brain lobes appearedmost frequently in the ET plus

subtype, followed by the pure ET subtype and NC group (P <

0.001). Binary logistic regression analysis was used to investigate

whether the impact of WMHs on the development of ET

would depend on the regional WMH distribution (Table 2). The

results indicated that WMHs in the frontal horn (OR= 1.784,

P < 0.001) were significantly associated with ET occurrence.

Relationship between regional WMHs
and tremor severity

We examined the relationship between WMHs’ load and

tremor severity in total ET, pure ET subtype, and ET plus

subtype, after adjusting for gender, age, BMI, and disease

duration (Table 3). The partial correlation analysis showed

that TETRAS part I scores were significantly associated with

frontal horn scores (rs = 0.219, P = 0.004), occipital horn

scores (rs = 0.160, P = 0.035), frontal lobe scores (rs = 0.194,

P = 0.011), and TETRAS part II scores were associated with

frontal horn scores (rs = 0.155, P = 0.042), frontal lobe

scores (rs = 0.243, P = 0.001), parietal lobe scores (rs = 0.180,

P = 0.018), and occipital lobe (rs = 0.245, P = 0.001) in total
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FIGURE 2

The distribution frequency of periventricular WMHs’ scores (A) and lobar WMHs’ scores (B).

FIGURE 3

The distribution frequency of WMHs in di�erent brain regions among participants.
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patients with ET. In the pure ET subtype, TETRAS part I

scores were significantly associated with occipital horn scores

(rs = 0.231, P = 0.037) and occipital lobe scores (rs = 0.249,

P = 0.024). TETRAS part II scores were associated with frontal

lobe scores (rs = 0.218, P = 0.049), parietal lobe scores

(rs = 0.261, P = 0.018), and occipital lobe scores (rs = 0.235,

P = 0.033). In ET plus, neither periventricular WMHs nor

lobar WMHs’ scores were associated with TETRAS part I scores.

TETRAS part II scores were associated with frontal lobe scores

(rs = 0.213, P = 0.049) and occipital lobe scores (rs = 0.267,

P = 0.013) in the ET plus subtype.

The results of the multivariate regression models used for

evaluating the associations between tremor severity (TETRAS

part II) and WMHs are shown in Table 4. Statistical analysis

revealed that older age (β = 0.186, P = 0.036) and higher

occipital lobe scores (β = 0.186, P = 0.015) were significantly

associated with higher TETRAS part II scores in total patients

with ET. In patients with pure ET, only the disease duration

(β = 0.237, P = 0.028) was a significant factor in increasing the

tremor severity (TETRAS part II), while age and WMHs’ scores

were not significant (all P > 0.05). In patients with ET plus,

age (β = 0.289, P = 0.021), frontal lobe scores (β = 0.521,

P = 0.014), and occipital lobe scores (β = 0.256, P = 0.020)

showed significant impacts on tremor severity (TETRAS part II),

while disease duration was not significant (all P > 0.05).

Factors correlated with non-motor
symptoms in ET

Regression models using NMSS score as an independent

variable revealed that higher NMSS scores in total patients with

ET were associated with longer disease duration (β = 0.161,

P = 0.0293), higher TETRAS part I scores (β = 0.149,

P = 0.017), and higher WMHs’ scores in the frontal lobe

(β = 0.161 P = 0.033). In addition, MMSE scores were

significantly associated with age (β = −0.173, P = 0.027), BMI

(β = 0.170, P = 0.006), education level (β = 0.300, P < 0.001),

and WMHs in the body of the lateral ventricle (β =−0.276,

P = 0.005) (Table 5).

Discussion

To the best of our knowledge, this is the first study to

explore the effects of regionalWMHs on the ET subtypes, tremor

severity, and non-motor symptoms in pure ET subtype and ET

plus subtype.

Our results were in agreement with previous neuroimaging

reports that both periventricular WMHs and lobar WMHs

are larger in patients with ET compared with NC subjects

(Oliveira et al., 2012; Becktepe et al., 2021). WMHs may

disturb white matter fibers that connect the cortex to subcortical

TABLE 2 Binary logistic regression analysis of factors associated with

NC and ET.

Variables Univariate Multivariate Multivariate

P-value* OR (95% CI) P-value

Gender 0.736 – Not included

Age 0.210 – Not included

Duration (y) – – Not included

BMI 0.851 – Not included

Smoking 0.595 – Not included

Hypertension 0.968 – Not included

Diabetes 0.594 – Not included

Hyperlipidemia 0.437 – Not included

Frontal horn <0.001 1.784 <0.001

Occipital horn <0.001 – 0.561

The body of the

lateral ventricle

<0.001 – 0.086

Periventricular

WMHs scores

<0.001 – 0.143

Frontal lobe <0.001 – 0.321

Parietal lobe <0.001 – 0.603

Temporal lobe 0.009 – 0.917

Occipital lobe 0.172 – Not included

Lobar WMHs score 0.029 0.463

Significant P-values are in bold.

OR, odd ratio; NC, normal controls; ET, essential tremor; BMI, body mass index; WHM,

white matter hyperintensity.

nuclei and other distant brain territories, resulting in structural

and functional abnormalities of neural circuits and eventually

leading to tremor (Zhu et al., 2021). Several electrophysiological

and imaging studies have strongly confirmed the major role of

the cerebello-thalamo-cortical network in the pathogenesis of

ET (Schnitzler et al., 2009; Lenka et al., 2017; Nicoletti et al.,

2020). Furthermore, a large number of studies confirmed the

important role of a neural circuit involving frontal and parietal

areas in movement sequencing (Bortoletto and Cunnington,

2010; Benito-León et al., 2018). The frontoparietal network was

thought to be associated with ET (Oliveira et al., 2012; Benito-

León et al., 2015; Cao et al., 2018). Fibers from the corpus

callosum and corona radiata run through the frontal horn,

and WMHs in the frontal horn might relate to the disruption

of neural loops and potentially affect frontal lobe function

(Toda et al., 2019; Louis et al., 2020). Our study provides

important evidence supporting the diagnostic significance of

WMHs in ET. We found that the presence of WMHs in

the frontal horn was a significant predictor of ET. As we all

know, severe WMHs are associated with cognitive impairment,

gait impairment, and neuropsychiatric disorders. Compared

to the pure ET subtype, our research indicates that ET plus

subtype with soft neurological signs has higher WMHs’ load.
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TABLE 3 Association of WMHs and tremor severity in total ET, pure ET subtype, and ET plus subtype.

Frontal Occipital The body of the Frontal Parietal Temporal Occipital

horn horn lateral ventricle lobe lobe lobe lobe

rs P rs P rs P rs P rs P rs P rs P

Total ET

TETRAS part I 0.219 0.004 0.160 0.035 0.141 0.065 0.194 0.011 0.104 0.175 0.051 0.504 0.104 0.174

TETRAS part II 0.155 0.042 0.105 0.169 0.144 0.059 0.243 0.001 0.180 0.018 0.114 0.136 0.245 0.001

Pure ET

TETRAS part I 0.213 0.055 0.231 0.037 0.156 0.162 0.167 0.134 0.138 0.215 0.158 0.155 0.249 0.024

TETRAS part II 0.160 0.150 0.179 0.107 0.104 0.352 0.218 0.049 0.261 0.018 0.121 0.280 0.235 0.033

ET plus

TETRAS part I 0.128 0.242 −0.018 0.868 0.057 0.601 0.156 0.152 0.041 0.707 −0.052 0.635 0.061 0.574

TETRAS part II 0.074 0.498 −0.061 0.576 −0.091 0.406 0.213 0.049 0.88 0.418 0.095 0.383 0.267 0.013

Significant P-values are in bold.

ET, essential tremor; BMI, body mass index; TETRAS, Tremor Research Group Essential Tremor Rating Assessment Scale.

WMHs’ load may be used to differentiate pure ET and

ET plus.

Our study suggested that there might be some heterogenicity

in different subtypes of ET. Yet no other studies have explored

the association between WMHs and the subtypes of ET. Our

study for the first time suggested that patients with ET plus

subtype have higher TETRAS scores and carried more serious

WMHs in five regions than pure ET subtype after adjusting

for age, disease duration, and vascular risk factors. Our study

found a predominant association among WMHs in frontal, and

tremor severity in patients with ET plus subtype compared

with pure ET. The cortical changes in the caudal middle

frontal gyrus are thought to be associated with tremor, as

this region act on motor output through direct or indirect

connections with the primary motor cortex and the spinal

cord (Picard and Strick, 2001; Karabanov et al., 2012). WMHs

in the occipital lobe may also be involved in some way with

the modulation of tremor. Visual association areas have been

implicated to be involved in tremor generation (Tuleasca et al.,

2018). Lobar WMHs in the occipital lobe may interrupt the

occipital cortical interaction with the frontal cortex (Kravitz

et al., 2011; Wan et al., 2019). Moreover, older age was linked

with a more severe tremor in patients with ET plus. In our

opinion, tremor severity is exacerbated by increased WMHs

in the frontal and occipital lobes in patients with ET plus.

Patients with pure ET whose clinical symptoms and WMHs’

loads were milder than ET plus were found only to have

an association between disease duration and tremor severity,

while WMHs had no significant effect. Tremor severity is

exacerbated by increased disease duration in patients with

pure ET.

We found that patients with the ET plus subtype

presented a more serious cognitive impairment and more

severe non-motor symptoms, compared to the patients of the

TABLE 4 Multivariable linear regression analysis of clinical and

imaging factors associated with tremor severity (TETRAS part II) in

total ET, pure ET subtype, and ET plus subtype.

Total Pure ET ET plus

ET subtype subtype

Beta P Beta P Beta P

Gender 0.053 0.457 0.108 0.294 0.085 0.418

Age 0.186 0.036 0.134 0.305 0.289 0.021

BMI −0.096 0.179 −0.182 0.098 −0.020 0.843

Duration (y) 0.100 0.169 0.237 0.028 0.226 0.822

Frontal horn scores 0.110 0.336 −0.085 0.667 0.156 0.246

Occipital horn scores −0.060 0.593 0.189 0.287 −0.282 0.051

Frontal lobe scores 0.283 0.062 −0.089 0.683 0.521 0.014

Parietal lobe scores −0.143 0.337 0.285 0.172 −0.410 0.057

Occipital lobe scores 0.186 0.015 0.202 0.064 0.256 0.020

Significant P-values are in bold.

ET, essential tremor; BMI, body mass index; TETRAS, Tremor Research Group Essential

Tremor Rating Assessment Scale.

pure ET subtype. Non-motor symptoms in patients with ET

often worsen as the disease duration increases, exacerbated

tremor severity, and increased WMHs in the frontal lobe.

Frontal lobe function has been considered to be directly

associated with non-motor symptoms (Kwon et al., 2016).

Impairments in the frontal-cerebellar circuit were identified

to be the most prominent risk factor for cognitive decline in

patients with ET (Gasparini et al., 2001; Benito-León et al.,

2015). Our study pointed toward a direct link between WMHs

and cognitive impairment. Cognitive performance negatively

correlated with WMHs in the body of the lateral ventricle,

but not with lobar WMHs. The damage to neural pathways

in the periventricular white matter has more influence on
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TABLE 5 Multivariable linear regression analysis of NMSS and MMSE

scores associated with clinical and imaging factors in total patients

with ET.

NMSS MMSE

Beta P Beta P

Gender −0.094 0.193 0.074 0.237

Age −0.071 0.386 −0.173 0.027

BMI −0.085 0.240 0.170 0.006

Education (y) −0.089 0.258 0.300 <0.001

Duration (y) 0.161 0.029 −0.034 0.589

TETRAS part I 0.184 0.017 −0.182 0.102

TETRAS part II −0.027 0.832 0.572 0.599

Frontal horn 0.038 0.679 −0.022 0.723

Occipital horn 0.087 0.320 −0.199 0.050

The body of the lateral ventricle 0.031 0.742 −0.276 0.005

Frontal lobe 0.161 0.033 0.247 0.074

Parietal lobe −0.066 0.662 −0.228 0.089

Temporal lobe −0.088 0.339 0.014 0.903

Occipital lobe 0.052 0.494 0.019 0.837

Significant P-values are in bold.

NMSS, Non-motor symptom assessment scale; MMSE, Mini-Mental State Examination;

BMI, body mass index; TETRAS, Tremor Research Group Essential Tremor Rating

Assessment Scale.

cognitive decline than the damage to subcortical pathways (De

Groot et al., 2002; Yoshita et al., 2006). The WMHs in the

body of the lateral ventricle disrupt the connection integrity

of the temporal lobe with other lobes such as the occipital

lobe, which is associated with memory function (Chen et al.,

2020). The WMHs in the body of the lateral ventricle are a

prelude to cognitive deficits in patients with ET. As a result,

preventing and decreasing the periventricular WMHs can be an

important strategy to prevent cognitive impairment in patients

with ET.

Our study identified WMHs in the frontal horn as

a significant contributor to the neuropathogenesis of ET.

The pathology of WMHs might not be involved in the

pathophysiology of ET subtypes. We further demonstrated that

age, WMHs in the frontal, and occipital lobe are associated

with worse tremor severity in the ET plus subgroup. We also

found a close association between the non-motor symptoms

and disease duration, TETRAS part I scores, and WMHs’

load in the frontal lobe. Given that WMH has several

modifiable vascular risk factors, interventions aimed at reducing

vascular risk factors may be beneficial in reducing tremor

symptoms in patients with ET plus. On the other hand,

this study has some limitations. Our study was a cross-

sectional study, and the sample size was relatively small.

Therefore, a larger longitudinal study is needed to reveal

the association between WMHs and disease progression in

the future.

Conclusion

We identified that the WMHs in the frontal horn could

lead to an increased risk of developing ET. WMHs load may

be used to differentiate pure ET and ET plus. Furthermore, our

results indicated that age and WMHs in frontal and occipital

lobes are strong predictors of worse tremor severity in the ET

plus subgroup. WMHs in the body of the lateral ventricle are

associated with cognitive impairment in patients with ET.
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