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Background: Essential tremor (ET) is one of the most common movement disorders,

and it has been associated with anxiety and depression, but risk factors for these mental

symptoms are unclear. This study aimed to evaluate the prevalence and potential risk

factors of depression and anxiety in ET patients in China.

Methods: This cross-sectional study involved 245 Han Chinese patients with ET.

Depression was assessed using the Hamilton Depression Rating Scale-24 Items, and

anxiety was assessed using the Hamilton Anxiety Rating Scale. Clinico-demographic

characteristics were compared between patients with or without depression or anxiety.

Results: We revealed that 63.3% of patients had at least mild anxiety and 54.3%

had at least mild depression. Severity of anxiety or depression was correlated with

lower Mini-Mental State Exam score (P = 0.028 and P = 0.002, respectively), higher

self-report functional disability score (P = 0.027 and P = 0.003, respectively), as well as

the presence of tremor in the neck (both P < 0.001), face (P = 0.025 and P < 0.001,

respectively), or voice (both P < 0.001). Binary logistic regression identified female sex,

presence with cranial tremor, and greater functional disability score as risk factors of

anxiety; the last two factors were also the determinants of depression. Neither anxiety

nor depression correlated with physician-assessed severity of arm or leg tremor.

Conclusion: Chinese ET patients show high prevalence of depression and anxiety. ET

patients should be screened for these mental symptoms, especially women and those

with cranial tremor and self-reported functional disability.

Keywords: essential tremor, depression, anxiety, female sex, cranial tremor, functional disability

INTRODUCTION

Essential tremor (ET) is one of the most common movement disorders, with a prevalence of 4–39
cases per 1,000 worldwide (1). ET is characterized by tremor in upper limbs (including postural,
simple kinetic, and intention tremor), and it can involve cranial tremor (including tremor in
the neck, face, or voice tremor), as well as non-motor symptoms such as cognitive and mental
impairment (2).
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ET has been linked to anxiety and depression, with prevalence
of these symptoms higher among ET patients than controls (2).
In fact, the prevalence of moderate to severe depressive or anxiety
symptoms among ET patients can range, respectively, from 5.4
to 48.4% and from 14 to 71.1% (2–6). Depression and anxiety
can reduce quality of life (6–8) and self-reported medication
compliance of ET patients (8). Depression may even contribute
to ET or other important outcomes like embarrassment, rather
than simply be a secondary response to tremor symptom (5, 9).

Despite the high prevalence of depression and anxiety in
ET and their potential contribution to the disorder, few studies
have examined risk factors for these conditions among ET
patients. The few available studies have come to conflicting
conclusions: some have found an association between tremor
severity and depression and/or anxiety in ET, while others
have not (2). These discrepancies may reflect the relatively
small study populations, as well as differences in how tremor
severity and mental symptoms were assessed (3–6, 10–15). ET
is not a homogeneous condition: the disease may manifest with
different non-motor symptoms and involve different pathological
processes depending on the age at onset as well as the type and
locations of tremor (16, 17). Studies aiming to clarify potential
associations of mental symptoms with ET need to take these
issues into account.

As a step in this direction, we undertook the present study
with a relatively large sample of Chinese ET patients in order to
understand the frequency of depression and anxiety symptoms,
their co-occurrence, and the current state of treatment. We also
aimed to identify clinico-demographic characteristics that may
correlate with depression and anxiety symptoms.

METHOD

In this cross-sectional study, a consecutive series of non-
demented ET patients was recruited from the Department
of Neurology at West China Hospital of Sichuan University
(Chengdu, China) between August 2016 and April 2019. None
of the patients had ever been diagnosed or treated for ET. The
protocol of this study was approved by the Ethics Committee of
West China Hospital of Sichuan University. Informed consent
was obtained from all participants.

Patients were included if they fulfilled the criteria for probable
or definite ET in the consensus statement of the Movement
Disorder Society on Tremor (18) based on independent
examinations by two neurologists specializing in movement
disorders. Patients were excluded if they had the disease <3
years or if they had only isolated neck, face, or voice tremor.
Patients were also excluded if they had (a) a medical history
of severe head trauma or head surgery; (b) tremor related to
other central nervous system disease, such as Parkinson’s disease,
multiple system atrophy, Wilson disease, or dystonia; (c) tremor
related to enhanced physiological tremor, psychogenic tremor,
task-specific tremor, orthostatic tremor, drug intake, or alcohol
withdrawal; or (d) neuroimaging-based lesions such as infarcts
or tumors. These patients were identified based on history and
clinical examination.

All patients were interviewed to obtain demographic data
and medical history. Demographic details included sex, age
at presentation, age at tremor onset, years of education,
employment, marital status, current smoking/drinking, disease
duration, family history, treatment, medication history,
and comorbidities.

Motor Symptom Evaluation
Severity of rest, postural, and simple kinetic limb tremor was
evaluated using the Fahn–Talosa–Marin Tremor Rating Scale
(FTM-TRS), a well-validated tremor scoring system (19). The
patient-assessed tremor score was obtained using part C of the
FTM-TRS, which represents functional disability (19).

Action Limb Tremor

Action arm tremor included postural and simple kinetic arm
tremor. The score was calculated using items 5–6 in part A of
the FTM-TRS (postural and simple kinetic tremor score) as well
as part B of the FTM-TRS (19). Action leg tremor including
postural and simple kinetic leg tremor was evaluated using items
8–9 on part A of the FTM-TRS (postural and simple kinetic
tremor score). If either leg scored at least 1 point, the patient was
classified as having action leg tremor.

Rest Limb Tremor

Rest limb tremor was assessed using items 5–6 and 8–9 on part
A of the FTM-TRS (rest tremor score) (19). Rest tremor was
considered presence if the score is at least 1 point in either limb.

Intention Tremor

Intention tremor was defined as tremor amplitude that increased
during movement close to the target (20). Intention tremor
was assessed by the finger–nose–finger test, which involved
10 repetitions per arm (20). Patients were scored as showing
no intention tremor (0 point), probable intention tremor (0.5
points), definite intention tremor (1 point), and incapacitating
intention tremor (2 points). Patients were classified as having
intention tremor if they scored more than 0.5 points in at least
one arm or 0.5 points in both arms (20).

Cranial Tremor

Cranial tremor included neck, voice, and/or face tremor and the
score was evaluated using the FTM-TRS (19). Tremor in each
location was present if the individual scored at least 1 point at that
location. Patients were classified overall as showing no cranial
tremor (0), cranial tremor at one position (1), or cranial tremor
at multiple positions (2).

Cognition and Mental Symptom Evaluation
We screened cognition impairment by using the Chinese version
of Folstein Mini-Mental State Exam (MMSE) (21). The presence
of depression was assessed using the Chinese version of Hamilton
Depression Rating scale-24 Items (HDRS-24) (22). Scores <8
indicated no depression; 8–20, mild depression; and >20,
moderate to severe depression (22, 23). Presence of anxiety was
assessed using the Chinese version of Hamilton Anxiety Rating
Scale (HARS) (24). Scores <7 indicated no anxiety; 7–14, mild
anxiety; and >14, moderate to severe anxiety (23, 24).
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Statistical Analysis
Continuous data were presented as mean ± SD and median,
while categorical or rank data were reported as numbers and
percentages. Inter-group differences in categorical variables
were assessed for significance using the chi-squared test. Inter-
group differences in continuous variables or rank variables
were assessed using the Kruskal–Wallis H test because the data
were skewed. Post hoc comparisons were Bonferroni-corrected
(P = 0.017).

Correlations between continuous variables were explored
using Spearman’s rho correlation coefficient. The correlation
coefficient (r) value ≤0.19 was defined as a negligible correlation
according to the previous report (25). Dependent variables were
the absence of depression (HDRS score ≤20) or its presence
(HDRS score >20), or the absence of anxiety (HARS score
≤14) or its presence (HARS score >14). We used stepwise
binary logistic regression (forward likelihood ratio) to explore
risk factors of depression and anxiety in ET. Considering
the independent variables had co-linearity and interaction, we
included sex, age at presentation, years of education, MMSE
score, disease duration, cranial tremor (presence/absence), and
self-reported functional disability score (on part C of the FTM-
TRS) as independent variables. Correlations were represented as
odds ratios (ORs) and 95% confidence intervals (CIs). Statistical
analyses were performed in SPSS 23.0 (IBM, Chicago, IL, USA).
All tests were two-sided, and significance was accepted at the 5%
level (α = 0.05).

RESULTS

Demographic and Clinical Characteristics
This study involved 245 patients (125 women, 51.0%) with a
mean age at presentation of 53.31± 16.44 years andmean disease
duration of 9.87± 9.74 years. All patients had postural or simple
kinetic tremor, while 26 (10.6%) had rest tremor and 78 (31.8%)
had intention tremor. All patients had arm tremor; 100 (40.8%),
leg tremor; 85 (34.7%), neck tremor; 20 (8.2%), face tremor; and
65 (26.5%), voice tremor. Nearly half the patients (121, 49.4%)
had cranial tremor, of whom 79 (32.2%) had cranial tremor at
one position, 36 (14.7%) at two positions, and 6 (2.4%) at three
positions (Table 1). Treatment of ET is based on the severity of
tremor, tremor-related disability, and largely up to the patient’s
perception of the tremor impact on quality of life. Eventually, 39
(15.4%) patients were treated with β-blockers and 5 (2%) patients
were treated with anticonvulsants.

Clinico-Demographic Correlates of
Depression and Anxiety in ET
A total of 93 patients (38.0%) had symptoms consistent with
mild anxiety, while 62 (25.3%) had symptoms consistent with
moderate to severe anxiety (Tables 2, 3). A total of 98 patients
(40.0%) had symptoms consistent with mild depression, and
35 (14.3%) reported symptoms consistent with moderate to
severe depression.

Univariate analysis showed that severity of anxiety and
depression was significantly higher in women as well as in
patients with neck, face, voice, or cranial tremor. Higher severity

TABLE 1 | Demographic and clinical characteristics of 245 patients with

essential tremor.

VARIABLE

Age at presentation (years) 53.31 ± 16.44 (55.0)

Female gender 125 (51.0%)

Age of tremor onset (years) 43.40 ± 17.79 (45.0)

Disease duration (years) 9.87 ± 9.74 (5.0)

Education in years 10.64 ± 4.60 (9.0)

MMSE score 27.76 ± 2.23 (28.0)

With family history 103 (42.0%)

With neck tremor 85 (34.7%)

With face tremor 20 (8.2%)

With voice tremor 65 (26.5%)

Cranial tremor location

0 124 (50.6%)

1 79 (32.2%)

2 36 (14.7%)

3 6 (2.4%)

With intention tremor 78 (31.8%)

With rest tremor 26 (10.6%)

With action leg tremor 100 (40.8%)

With comorbidity

Hypertension 26 (10.6%)

Heart disease 5 (2.0%)

Diabetes 8 (3.3%)

Respiratory illness 8 (3.3%)

Osteoarthrosis 17 (6.9%)

MMSE, Folstein Mini-Mental State Exam.

Cranial tremor location defined as 0, without cranial tremor; 1, cranial tremor in one

position; 2, cranial tremor in two positions; 3, cranial tremor in three positions.

of anxiety and depression was associated with lowerMMSE score,
higher self-reported functional disability score, and neck, face,
voice, or cranial tremor score (Tables 2, 3).

Correlation analysis identified the following scores as
associated withHARS score:MMSE (r=−0.222, P< 0.001), self-
reported functional disability (r= 0.206, P= 0.001), neck tremor
(r = 0.296, P < 0.001), voice tremor (r = 0.277, P < 0.001), and
cranial tremor (r= 0.390, P < 0.001). The factors were associated
with HDRS score: MMSE (r = −0.272, P < 0.001), self-reported
functional disability (r = 0.235, P < 0.001), neck tremor (r =

0.328, P < 0.001), face tremor (r = 0.204, P = 0.001), voice
tremor (r = 0.269, P < 0.001), and cranial tremor (r = 0.415,
P < 0.001). The correlation coefficient between HARS score and
HDRS score was 0.855, P < 0.001. Scores for neck, face, voice, or
cranial tremor did not correlate with arm or leg tremor score.

Binary logistic regression identified female sex, presence of
cranial tremor, and higher self-reported functional disability
score as risk factors for anxiety in ET patients (Table 4). The
latter two factors were also risk factors for depression. Consistent
with overlap in risk factors, we identified 30 patients who had
concurrent anxiety (HARS score >14) and depression (HDRS
score >20), meaning that 48.4% (30 in 62) of the patients with
anxiety also had depression and 85.7% (30 in 35) of the patients
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TABLE 2 | Relationship between demographic characteristics and severity of anxiety or depression in 245 patients with essential tremor.

Variable HARS1 (<7) HARS2 (7–14) HARS3 (>14) P P1 P2 P3 HDRS1 (<8) HDRS2 (8–20) HDRS3 (>20) P P1 P2 P3

Number 90 (36.7%) 93 (38.0%) 62 (25.3%) 112 (45.7%) 98 (40.0%) 35 (14.3%)

Sex (male/female) 56.7%/43.3% 54.8%/45.2% 29.0%/71.0% 0.001* 0.803 0.001* 0.002* 59.8%/40.2% 42.9%/57.1% 31.4%/68.6% 0.004* 0.018 0.004* 0.315

Age at presentation (years) 53.38 ± 16.54

(56.0)

51.31 ± 18.55

(52.0)

56.21 ± 12.19

(56.0)

0.415 52.52 ± 17.51

(55.0)

52.60 ± 16.59

(54.0)

57.83 ± 11.35

(58.0)

0.372

Age at tremor onset (years) 44.26 ± 17.50

(46.5)

42.73 ± 19.59

(45.0)

43.16 ± 15.42

(44.5)

0.883 43.61 ± 18.40

(45.0)

42.29 ± 18.00

(44.5)

45.86 ± 15.19

(48.0)

0.617

Disease duration (years) 9.11 ± 9.00 (4.5) 8.49 ± 7.69 (5.0) 13.02 ± 12.57

(8.0)

0.057 8.86 ± 8.89 (5.0) 10.28 ± 9.42

(6.0)

11.94 ± 12.68

(5.0)

0.167

Education in years 10.77 ± 4.63

(10.0)

11.23 ± 4.50

(12.0)

9.60 ± 4.62 (9.0) 0.11 10.97 ± 4.56

(12.0)

10.80 ± 4.68

(9.0)

9.17 ± 4.34 (9.0) 0.122

Employment 0.788 0.301

Employed 46 (51.1%) 51 (54.8%) 32 (56.5%) 57 (50.9%) 52 (53.1%) 23 (65.7%)

Unemployed or retirement 44 (48.9%) 42 (45.2%) 27 (43.5%) 55 (49.1%) 46 (46.9%) 12 (34.3%)

Marriage 0.078 0.318

Single or divorced 15 (16.7%) 22 (23.7%) 6 (9.7%) 21 (18.8%) 19 (19.4%) 3 (8.6%)

Married 75 (83.3%) 71 (76.3%) 56 (90.3%) 91 (81.3%) 79 (80.6%) 32 (91.4%)

With family history 38 (42.2%) 38 (40.9%) 27 (43.5%) 0.945 47 (42.0%) 45 (45.9%) 11 (31.4%) 0.329

Currently smoking 18 (20.0%) 19 (20.4%) 9 (14.5%) 0.609 25 (22.3%) 16 (16.3%) 5 (14.3%) 0.412

Currently drinking 14 (15.6%) 11 (11.8%) 9 (14.5%) 0.756 18 (16.1%) 13 (13.3%) 3 (8.6%) 0.570

With comorbidity

Hypertension 8 (8.9%) 14 (15.1%) 4 (6.5%) 0.188 13 (11.6%) 9 (9.2%) 4 (11.4%) 0.846

Heart disease 2 (2.2%) 2 (2.2%) 1 (1.6%) 1.000 2 (1.8%) 3 (3.1%) 0 (0.0%) 0.700

Diabetes 4 (4.4%) 3 (3.2%) 1 (1.6%) 0.676 5 (4.5%) 2 (2.0%) 1 (2.9%) 0.706

Respiratory illness 1 (1.1%) 5 (5.4%) 2 (3.2%) 0.285 2 (1.8%) 4 (4.1%) 2 (5.7%) 0.319

Osteoarthrosis 6 (6.7%) 7 (7.5%) 4 (6.5%) 1.000 8 (7.1%) 6 (6.1%) 3 (8.6%) 0.787

Values are mean ± standard deviation (median) or number (percentage).

Abbreviations: HDRS, Hamilton Depression Rating Scale; HARS, Hamilton Anxiety Rating Scale.
aChi-squared or Fisher’s exact test.
bKruskal–Wallis H test.

P1: Pairwise comparisons of variables between (HDRS1 or HARS1) and (HDRS2 or HARS2).

P2: Pairwise comparisons of variables between (HDRS1 or HARS1) and (HDRS3 or HARS3).

P3: Pairwise comparisons of variables between (HDRS2 or HARS2) and (HDRS3 or HARS3).

*Significant difference.

F
ro
n
tie
rs

in
N
e
u
ro
lo
g
y
|
w
w
w
.fro

n
tie
rsin

.o
rg

4
N
o
ve
m
b
e
r
2
0
1
9
|V

o
lu
m
e
1
0
|A

rtic
le
1
1
9
4

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


H
u
a
n
g
e
t
a
l.

D
e
p
re
ssio

n
a
n
d
A
n
xie

ty
A
m
o
n
g
E
T

TABLE 3 | Relationship between clinical characteristics and severity of anxiety or depression in 245 patients with essential tremor.

Variable HARS1 (<7) HARS2 (7–14) HARS3 (>14) P P1 P2 P3 HDRS1 (<8) HDRS2 (8–20) HDRS3 (>20) P P1 P2 P3

Number 90 (36.7%) 93 (38.0%) 62 (25.3%) 112 (45.7%) 98 (40.0%) 35 (14.3%)

MMSE scoreb 28.11 ± 2.09

(29.0)

27.85 ± 2.11

(29.0)

27.13 ± 2.53

(28.0)

0.028* 0.396 0.008* 0.059 28.17 ± 2.04

(29.0)

27.71 ± 2.16

(28.0)

26.60 ± 2.67

(27.0)

0.002* 0.088 0.001* 0.021

With neck tremora 22 (24.4%) 25 (26.9%) 38 (61.3%) <0.001* 0.706 <0.001* <0.001* 25 (22.3%) 40 (40.8%) 20 (57.1%) 0.001* 0.004* <0.001* 0.096

Neck tremor scoreb 0.36 ± 0.76 (0.0) 0.47 ± 0.87 (0.0) 1.08 ± 1.03 (1.0) <0.001* 0.474 <0.001* <0.001* 0.34 ± 0.75 (0.0) 0.70 ± 0.97 (0.0) 1.06 ±1.06 (1.0) <0.001* 0.002* <0.001* 0.053

With face tremora 6 (6.7%) 4 (4.3%) 10 (16.1%) 0.025* 0.705 0.062 0.012* 4 (3.6%) 6 (6.1%) 10 (28.6%) <0.001* 0.588 <0.001* 0.001*

Face tremor scoreb 0.09 ± 0.42 (0.0) 0.08 ± 0.40 (0.0) 0.23 ± 0.58 (0.0) 0.020* 0.736 0.021 0.008* 0.05 ± 0.35 (0.0) 0.09 ± 0.41 (0.0) 0.40 ± 0.74 (0.0) <0.001* 0.375 <0.001* <0.001*

With voice tremora 14 (15.6%) 21 (22.6%) 30 (48.4%) <0.001* 0.227 <0.001* 0.001* 17 (15.2%) 30 (30.6%) 18 (51.4%) <0.001* 0.007* <0.001* 0.028

Voice tremor scoreb 0.19 ± 0.52 (0.0) 0.26 ± 0.57 (0.0) 0.69 ± 0.97 (0.0) <0.001* 0.349 <0.001* 0.001* 0.17 ± 0.47 (0.0) 0.38 ± 0.49 (0.0) 0.80 ± 1.08 (0.0) <0.001* 0.018 <0.001* 0.013*

With cranial tremora 28 (31.1%) 42 (45.2%) 51 (82.3%) <0.001* 0.051 <0.001* <0.001* 34 (30.4%) 56 (57.1%) 31 (88.6%) <0.001* <0.001* <0.001* <0.001*

Cranial tremor scoreb 0.69 ± 1.40 (0.0) 0.80 ± 1.11 (0.0) 2.03 ± 1.71 (2.0) <0.001* 0.173 <0.001* <0.001* 0.60 ± 1.27 (0.0) 1.19 ± 1.35 (1.0) 2.29 ± 1.79 (2.0) <0.001* <0.001* <0.001* 0.001*

Cranial tremor gradeb <0.001* 0.207 <0.001* <0.001* <0.001* <0.001* <0.001* 0.002*

0 62 (68.9%) 51 (54.8%) 11 (17.7%) 78 (69.6%) 42 (42.9%) 4 (11.4%)

1 17 (18.9%) 35 (36.6%) 28 (45.2%) 24 (21.4%) 37 (37.8%) 18 (51.4%)

2 11 (12.2%) 8 (8.6%) 23 (37.1%) 10 (8.9%) 19 (19.4%) 13 (37.1%)

Action arm tremor scoreb 17.84 ± 8.87

(16.5)

19.30 ± 9.43

(19.0)

19.90 ± 11.54

(16.5)

0.645 17.85 ± 8.51

(17.0)

19.03 ± 10.62

(18.0)

21.26 ± 11.09

(18.0)

0.422

Action leg tremor scoreb 1.28 ± 1.90 (0.0) 1.41 ± 2.07 (0.0) 1.06 ± 1.72 (0.0) 0.503 1.23 ± 1.89 (0.0) 1.39 ± 2.07 (0.0) 1.11 ± 1.59 (0.0) 0.857

With action leg tremora 37 (41.1%) 42 (45.2%) 21 (33.9%) 0.374 45 (40.2%) 41 (41.8%) 14 (40.0%) 0.984

Intention tremor scoreb 0.55 ± 0.61 (0.5) 0.70 ± 0.73 (0.5) 0.76 ± 1.03 (0.5) 0.474 0.55 ± 0.59 (0.5) 0.72 ± 0.89 (0.5) 0.83 ± 0.92 (0.5) 0.528

With intention tremora 25 (27.8%) 32 (34.4%) 21 (33.9%) 0.581 31 (27.7%) 34 (34.7%) 13 (37.1%) 0.424

Rest tremor scoreb 0.27 ± 0.94 (0.0) 0.30 ± 1.41 (0.0) 0.29 ± 0.82 (0.0) 0.535 0.31 ± 1.40 (0.0) 0.22 ± 0.73 (0.0) 0.43 ± 1.00 (0.0) 0.150

With rest tremora 9 (10.0%) 8 (8.6%) 9 (14.5%) 0.490 9 (8.0%) 10 (10.2%) 7 (20.0%) 0.172

Functional disability scoreb 6.23 ± 4.33 (6.0) 7.12 ± 4.02 (7.0) 8.58 ± 5.64 (7.0) 0.027* 0.101 0.008* 0.239 6.17 ± 3.90 (6.0) 7.25 ± 4.37 (7.0) 1.09 ± 6.28 (9.0) 0.003* 0.084 0.001* 0.034

Values are mean ± standard deviation (median) or number (percentage).

HDRS, Hamilton Depression Rating Scale; HARS, Hamilton Anxiety Rating Scale; MMSE, Folstein Mini-Mental State Exam.

Cranial tremor grade defined as 0, without cranial tremor; 1, cranial tremor in one position; 2, cranial tremor in multiple positions.
aChi-squared or Fisher’s exact test.
bKruskal–Wallis H test.

P1: Pairwise comparisons of variables between (HDRS1 or HARS1) and (HDRS2 or HARS2).

P2: Pairwise comparisons of variables between (HDRS1 or HARS1) and (HDRS3 or HARS3).

P3: Pairwise comparisons of variables between (HDRS2 or HARS2) and (HDRS3 or HARS3).

*Significant difference.
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TABLE 4 | Analysis of potential risk factors of anxiety and depression in essential tremor patients.

Anxiety Depression

Variable OR (95% CI) P Variable OR (95% CI) P

Female gender 2.777 (1.391–5.545) 0.004* Cranial tremor 9.507 (3.197–28.275) <0.001*

Cranial tremor 6.601 (3.172–13.735) <0.001* Functional disability score 1.137 (1.052–1.227) 0.001*

Functional disability score 1.098 (1.024–1.178) 0.009*

*Significant difference.

with depression also had anxiety. Unfortunately, our data did not
allow us to determine whether anxiety or depression symptoms
occurred first and the sequence in which anxiety and depression
occur with tremor.

Only five patients in our sample had a history of anti-
anxiety or anti-depression therapy: one patient was taking
benzodiazepines; two patients, a combination of selective
serotonin reuptake inhibitors and benzodiazepines; one patient,
serotonin and noradrenaline reuptake inhibitor; and one patient,
tricyclic antidepressants. For patients with moderate to severe
depression and/or anxiety symptoms in our initial evaluation, we
recommended them to go to psychiatric outpatient clinics for
further assessment, treatment, and to regular follow-up in our
department and psychiatric department.

DISCUSSION

To our knowledge, this is the first large study focused on
depression and anxiety in Chinese ET patients. We found that
female sex, cranial tremor, and higher self-reported functional
disability score may be risk factors of anxiety among these
patients, while the latter two parameters may be risk factors
of depression. In contrast, physical-evaluated tremor severity in
limbs was not a risk factor for either depression or anxiety in
these patients.

We assessed anxiety and depression in ET patients by applying
the widely used and recognized scales and found that 63.3% of
our ET patients had mild to severe anxiety, while 54.3% had mild
to severe depression. These prevalences are within the ranges
reported in studies from worldwide (2–6). These prevalence
ranges are quite broad, which likely reflects differences in the
studies, such as whether the sample was patient- or population-
based, how large the sample was, and whether mental symptoms
were assessed using DSM-IV, or screening scales. These broad
ranges may also reflect clinical heterogeneity of ET syndrome
and associated comorbidities. In any event, the high frequency of
these disorders in ET suggests that they should be considered in
ETmanagement strategies. Fortunately, relatively few ET patients
seem to suffer moderate or severe depression or anxiety in our
sample and in previous studies in China (12).

Despite the high incidence ofmental symptoms in ET patients,
we found that very few of our patients had been diagnosed
or treated for them. Untreated mental disorders correlate with
lower quality of life, increased psychiatric disability, and greater
use of health care resources (26). Health care workers should
consider ET patients to be at elevated risk of depression and

anxiety and should screen for these conditions appropriately.
In particular, clinicians should be aware of the risk that both
depression and anxiety are present, and treatment regimens
should be rationally designed.

Cranial tremor and higher self-reported functional disability
score emerged as determinants of anxiety and depression among
our ET patients. The fact that we assessed all major tremor types
and locations as well as the self-reported functional disability
score may make our results particularly reliable. This may help
clarify controversial results in the literature about associations
between tremor severity and depression and/or anxiety in ET. For
example, some studies found that depression or anxiety increased
with action arm tremor (10, 11), while yet another study did not
find that correlation (5). Some studies revealed that depression
increased with total FTM-TRS score (including overall tremor
and self-reported functional disability score) (12, 13). Another
study found that depression, but not anxiety, correlated with
FTM-TRS score without the self-reported functional disability
component (4, 14).

Our study affirms the value of the self-reported functional
disability score for assessing anxiety and depression in ET
patients. Consistently, a small retrospective study found that
functional disability score on its own was better than physician-
reported tremor severity on its own at predicting anxiety and
depression in ET patients following deep-brain stimulation
(15). The patient-assessed tremor score may capture interaction
between functional disability and emotional burden: greater
self-perceived functional disability may increase risk of anxiety
and depression symptoms, and at the same time, these mental
symptomsmay amplify subjective feelings of functional disability
in daily life. Our results suggest the usefulness of screening ET
patients based on functional disability score.

We found that ET patients with cranial tremor were more
likely to suffer from depression and anxiety than those without
such tremor, regardless of physician-assessed tremor severity at
other positions. ET with cranial tremor is known to involve
different motor symptom and/or pathology processes than ET
without such tremor, such as manifest tandem gait disorder or
vermis atrophy (16, 17). In addition to differences in motor
symptoms, our study showed that ET patients with cranial
tremor also showed differences in non-motor symptoms. At
least three considerations support the idea that cranial tremor
can increase risk of depression or anxiety in ET. One is that
cranial tremor is associated with lesions in the vermis of the
cerebellum (17), whereas limb tremor is associated with defects in
the cerebellar hemispheres. The lobules VI–VII within the vermis
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are named the limbic cerebellum and participate in emotion
processing, which may partly belong to the salience network and
may also be connected with the amygdala and hippocampus;
dysregulation in these areas can result in anxiety and depression
(27). A second consideration is that balance and gait of ET
patients are more severely affected in the presence of cranial
tremor, which may exacerbate anxiety and fear (16, 28). A third
consideration is that cranial tremor like voice tremor causes
communication difficulties that reduce daily living abilities,
which may contribute to anxiety and depression. Prospective
studies or neuroimaging studies may be needed to further analyze
the causes of the co-occurrence of these conditions in the
subsequent studies.

Anxiety and depression are risk factors for dementia (29, 30),
and our univariate analyses showed that lowerMMSE scores were
associated withmore severe anxiety or depression in our patients.
However, no such correlations were detected in multivariate
models. These negative results may be considered preliminary
because our patients were relatively young and the study did not
include patients with dementia.

We found that incidence of anxiety was higher among women
than men with ET. This result may reflect gender differences
in genetics, psychosocial reactivity, psychosocial gender roles,
and emotional expression (31). Clinicians should bear in mind
the additional vulnerability of women with ET when performing
psychological screening and designing treatment.

While our ET sample was relatively large and we
comprehensively assessed potential risk factors of anxiety
and depression, our study does have several limitations.
The sensitivity of the MMSE scale is relatively lower than
that of the MoCA scale, especially in the screening of mild
cognitive impairment. Although Hamilton scales have good
reliability and validity and are widely used in China, the
ability to make a differential diagnosis between anxiety and
depression is slightly inadequate. Screening instruments,
rather than the DSM-5, were used to assess anxiety and
depression, and the cross-sectional design prevents us from
concluding any causal relationships. The number of ET cases
with moderate to severe depression or anxiety symptom was
relatively small and the patients came from one outpatient
clinic. Despite this, our sample had adequate power to detect a
sizable number of significant associations. Further prospective,
longitudinal studies are required to confirm and extend
our results.

CONCLUSION

Our results illustrate that depression and anxiety symptoms are
common in ET. Neurologists should pay more attention to the
possibility of these disorders in ET, especially among women
and those with cranial tremor and greater self-report functional
disability. ET is a heterogeneous syndrome. Our results re-
emphasize that patients with cranial tremor may be a subtype
of ET.
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