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Abstract

Background and purpose: Essential tremor (ET) is one of the most common neurological
disorders, but information on treatment pattern is still scant. The aim of this study was to
describe the demographic and clinical characteristics, treatment patterns, and determi-
nants of drug use in patients with newly diagnosed ET in France and the United Kingdom.
Methods: Incident cases of ET diagnosed between January 1, 2015 and December
31, 2018 with 2years of follow-up were identified by using The Health Improvement
Network (THIN®) general practice database. During the follow-up, we assessed the daily
prevalence of use and potential switches from first-line to second-line treatment or other
lines of treatment. Logistic regression models were conducted to assess the effect of de-
mographic and clinical characteristics on the likelihood of receiving ET treatment.
Results: A total of 2957 and 3249 patients were selected in the United Kingdom and
France, respectively. Among ET patients, drug use increased from 12 months to 1 month
prior the date of index diagnosis (ID). After ID, nearly 40% of patients received at least
one ET treatment, but during follow-up drug use decreased and at the end of the follow-
up approximately 20% of patients were still on treatment. Among treated patients, <10%
maintained the same treatment throughout the entire follow-up, nearly 20% switched,
and 40%-75% interrupted any treatment. Results from the multivariate analysis revealed
that, both in France and the United Kingdom, patients receiving multiple concomitant
therapies and affected by psychiatric conditions were more likely to receive an ET
medication.

Conclusion: This study shows that ET is an undertreated disease with a lower-than-
expected number of patients receiving and maintaining pharmacological treatment.
Misclassification of ET diagnosis should be acknowledged; thus, results require cautious

interpretation.
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INTRODUCTION

Essential tremor (ET), primarily characterized by an uncontrolled
rhythmic oscillation of agonist and antagonist muscle groups, is one
of the most common neurological disorders. ET is characterized by
isolated bilateral upper-limb tremor, with or without tremor in other
body locations such as the head, larynx, and lower limbs, with a vari-
able frequency inversely related to age [1, 2]. Studies on ET preva-
lence have indicated marked heterogeneity in their estimates, largely
due to variations in the investigated sample (such as age, sex, and
ethnicity), case definition, and diagnostic approaches [3]. However,
if we limit the observation to the most recent meta-analyses [4, 5],
estimated global prevalence ranges from 0.32% to 1.33%, showing a
significant increase with advancing age, while mixed evidence exists
on potential sex differences.

While traditionally regarded as a benign disorder, ET is actually
recognized as a chronic, progressive disease [6]. Generally, in the
first phase of the disease, patients may experience mild symptoms
characterized by rhythmic shaking, predominantly affecting the
upper limb, that do not necessarily require treatment. However, over
time, tremor progression may spread to other body segments to se-
verely impair basic daily activities such as eating, writing, personal
care, and driving [1, 2, é]. In this regard, a recent longitudinal study
evaluated the temporal progression of ET severity and reported an
annual worsening ranging between 3.1% and 12% [7].

Several factors may influence the decision to treat patients with
ET, including the severity of symptoms, functional limitations, co-
morbidities, polytherapy, and patient preferences. However, avail-
able medications are few and the number has not grown much over
the last decades [8-10]. Furthermore, existing drugs for ET are sub-
optimal, as many patients do not respond to them, and even those
who respond may not experience significant improvements in their
daily life [11, 12].

Among the available medications, propranolol and primidone,
two front-line interventions, led to symptom relief in up to 50%
of treated patients, whereas other drugs such as gabapentin,
benzodiazepines and topiramate showed lower efficacy [13-18].
Non-pharmacological treatments, such as thalamotomy and deep
brain stimulation, have demonstrated high effectiveness in reduc-
ing limb tremor magnitude. However, these interventions are in-
vasive procedures associated with significant risks of side effects
[19, 20]; therefore, only 3% of patients with ET whose tremors
are refractory to pharmacotherapy choose to undergo deep brain
stimulation [21].

Despite its limited efficacy, pharmacological therapy remains the
main therapeutic approach for treating patients with ET. However,
information regarding the overall treatment patterns of ET patients
is still scarce, is generally focused on US data, and is limited to small
samples [8, 22-25]. We therefore conducted a retrospective cohort
study aimed at describing the demographic and clinical characteris-
tics of patients with ET, treatment patterns, and potential variables
affecting the use of ET medications in two large cohorts of patients
from France and the United Kingdom.

METHODS
Data source

The Health Improvement Network (THIN®) is a large standardized
European network of databases of fully anonymized electronic med-
ical records collected from general practices that agreed to partici-
pate in the network. The database consists of coded information on
patient characteristics, drug prescriptions, diagnoses, consultations,
diagnostic test results, and referrals to secondary care [26]. Specifi-
cally, symptoms and diagnoses are coded according to Read codes
in the United Kingdom and according to the International Classifica-
tion of Diseases, Tenth Revision, Clinical Modification (ICD-10 CM)
in France, whereas drug prescriptions are classified using the Ana-
tomical Therapeutic Chemical (ATC) classification in both countries.

The UK data were collected from approximately 400 general
practices, representing approximately 6% of the UK population.
Several published reports have demonstrated the representative-
ness of the collected information in terms of patient demograph-
ics, prevalence of chronic conditions, and mortality rates [26, 27].
The French data were retrieved from a pool of approximately 2000
general practitioners (GPs) and were representative of the French
population in terms of age, gender, and living area [28].

For each patient, we had access to all diagnoses recorded by GPs,
regardless of whether they were the main reason for a visit or were
the justification for a therapeutic-diagnostic intervention. The study
was approved by the THIN® Scientific Research Committee (SRC)
on July 6, 2021 (SRC reference 21-014).

Study population and cohort selection

All patients actively registered in the list of participating GPs both in
the United Kingdom and France between January 1, 2015 and De-
cember 31, 2018 were considered. Access to a GP is regulated differ-
ently in the two countries: in the United Kingdom, GPs take charge
of a list of patients and act as gatekeepers for their access to all
healthcare services [29], whereas in France patients can choose dif-
ferent GPs as required. Therefore, a subgroup of GPs was identified
by the THIN® network as representative of the French population.
Based on these considerations, we included all patients recruited in
the UK database and only those patients referred to representative
GPs in France.

In these two cohorts, all individuals who reported at least one
of the following diagnosis codes during the study period were iden-
tified: ET (ICD10/France: G25.0); ET and other specified forms of
tremor (Read code/UK: F131.00); benign ET (Read code/United
Kingdom: F131.00); essential and other specified forms of tremor
not otherwise specified (Read code/United Kingdom: F131z00).

In accordance with a previous study [30], to ensure the selection
of incident cases, individuals were included only if they had at least
3years of database history prior to the date of the first coded ET
diagnosis (index date [ID]), as well as 22 years of follow-up. With this
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approach we limited the possibility of including prevalent cases that
were diagnosed before the patient joined a practice participating in
THIN® because the current ET definition requires the symptoms to
persist for at least 3years before diagnosis. Additionally, ending the
observation period by December 31, 2020 at the latest allowed us
to mitigate the impact of the COVID-19 pandemic on the diagnostic-
therapeutic management of newly diagnosed individuals with ET.
Finally, patients with dystonia, ataxia, Parkinson's disease, or parkin-
sonism diagnosed at any time before the ID were excluded from the

selected cohorts.

Covariates

For each selected individual, demographic characteristics such as
sex and age were extracted at the date of ET diagnosis (i.e., ID),
whereas the presence of comorbidities was investigated prior to the
ID. Finally, concomitant drug use, GPs' requests for neurological vis-
its, and lifestyle variables were investigated in the year prior to the
ID.

The following clinical domains and corresponding comorbid-
ities were identified: (i) neurological comorbidities (stroke/tran-
sient ischemic attack, hearing loss, epilepsy, polyneuropathy,
restless leg syndrome); (ii) psychiatric comorbidities (anxiety dis-
orders, depression, schizophrenia, and other psychotic disorders);
and (iii) other comorbidities (diabetes mellitus, myocardial infarc-
tion, congestive heart failure, peripheral vascular disease, cancer,
hyperthyroidism, hyperparathyroidism, chronic kidney disease,
liver disease). The Charlson Comorbidity Index value for each pa-
tient at the ID was calculated to determine a synthetic score of
disability/mortality risk [31-33].

Treatment exposure and outcome assessment

The use of the following therapies was observed between 1 year
prior the ID and during follow-up (2years after ID): propranolol,
primidone and topiramate (i.e., first line); gabapentin, alprazolam,
zonisamide, olanzapine and clozapine (i.e., second line); clonazepam
and nimodipine (i.e., other line of treatment) [11, 12].

The duration of each treatment was calculated by dividing the
total quantity of active substance prescribed by the relevant defined
daily dose [34, 35]. Then, the exposure to ET treatments was as-
sessed during the observation period, and the daily prevalence of
use was estimated. Specifically, the daily prevalence of use was cal-
culated by dividing the number of patients under treatment by the
number of patients with ET. The analysis was conducted overall and
stratified by line of treatment.

For each patient, treatment patterns were assessed during fol-
low-up at 6, 12, 18, and 24 months after ID. Therefore, at each time
point patients were classified as: (i) treated with first-line, second-
line or other-line treatment; (ii) poly-treated (i.e., patient treated
with multiple lines of treatment); (i) untreated (i.e., patient with ET

diagnosis and with no treatment); and (iv) discontinued (i.e., patient
who discontinued/interrupted the treatment). At each time point,
the prevalence of patients classified into the four mutually exclusive

statuses was estimated.

Statistical analysis

The daily prevalence of ET treatment was reported as a percent-
age of treated individuals with associated 95% confidence interval
(CI). Differences in prevalence of ET drug use between the United
Kingdom and France were assessed using Pearson's chi-squared or
Fisher's exact tests. Then, treatment patterns were assessed, and
Sankey plots were used to illustrate the patient flow during the
study period.

Thereafter, demographic and clinical characteristics of treated
versus untreated patients were described with means (+SD) or
median (interquartile range) for continuous variables, and fre-
quencies (%) for categorical variables. Differences between the
groups were assessed using Student's t-test, the Mann-Whitney
U-test, or the Kruskal-Wallis test for continuous variables, and
Pearson's chi-squared or Fisher's exact test for categorical vari-
ables. Univariable and multivariable logistic regression models
were used to assess the effect of study year, and patients’ demo-
graphic and clinical characteristics on the likelihood of receiving
an ET treatment. In the multivariable model, age and sex were in-
cluded as fixed variables. Additionally, in the model only the vari-
ables that showed significant results in the univariable analysis (p
value <0.05) were included. Results were expressed as odds ratios
(ORs) with 95% 95% Cls.

All statistical analyses were performed using R version 4.0.5 (the
R Foundation for Statistical Computing) and SAS version 9.4 (SAS

Institute).

RESULTS

In the United Kingdom, of a total of 3230 patients with ET, 2957 with
at least 2 years of follow-up were selected. Similarly, in France, from
the initial cohort of 3277 ET patients, 3249 had at least 2years of
follow-up and were included in the final cohort.

Figure 1 shows the prevalence of drug use before and after ET
diagnosis. In the pre-diagnosis period, the use of ET-related medica-
tions slightly increased as the timeline approached the ET diagnosis,
both in the United Kingdom (from 5.72% to 12.68% in the 12 months
and 1 month prior the ID, respectively) and France (from 4.74% to
12.74% in 12 months and 1 month prior to the ID, respectively),
with no statistically significant differences observed between the
countries.

After ET diagnosis, nearly 40% of patients received pharma-
cological treatment. Specifically, in the United Kingdom, 37.57%
received first-line, 5.51% second-line, and 1.08% other lines of treat-
ment. France showed similar patterns, with no statistically significant
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FIGURE 1 Prevalence of treatment lines use in the United Kingdom and France.
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FIGURE 2 Drug utilization patterns among essential tremor patients.

differences being reported: 36.32% were treated with a first-line,
6.49% with a second-line, and 0.62% with other treatments. During
follow-up, ET treatment decreased, and after 2years of follow-up a
significantly higher proportion of patients in the United Kingdom were
on treatment compared to France (21% vs. 16.81%; p value <0.001). In
the United Kingdom, the most prescribed drug was propranolol, fol-
lowed by primidone and gabapentin, whereas in France, propranolol,
alprazolam, and primidone were the most prescribed drugs (Figure A1).

France

Therapy

First line

Second line
Other line
Poly-treated
Discontinued

Untreated

6 12 18 24
Time (months)

A graphic illustration of treatment flows across the different
therapeutic options is provided in Figure 2. In the United King-
dom, the median time from primary diagnosis to the initiation
of an ET treatment was 76.6days. Only 8.89% of patients were
continuously treated throughout the entire follow-up, whereas
19.75% showed at least one switch from the initial therapy. On
1136 patients who started treatment (38.4% on total ET), the
proportion of patients discontinuing treatment at 6, 12, 18, and
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TABLE 1 Demographic and clinical characteristics of selected individuals by treatment status.

UK France
Never treated Never treated
Patient characteristics N=1320 Treated N=1637 N=1628 Treated N=1621
Demographic
Gender: Female, n (%) 607 (46.0) 843 (51.5)* 860 (52.8) 892 (55.0)
Age, mean (SD) years 60.5(20.3) 61 (18.2) 59.8 (21.4) 61.4(18.8)
Age group, n (%)
0-39years 224 (17.0) 249 (15.2)* 321(19.7) 233 (14.4)
40-65years 393(29.8) 557 (34.0)* 464 (28.5) 537 (33.1)*
65+ years 703 (53.3) 831 (50.8)* 843(51.8) 851 (52.5)*
Calendar year of onset, n (%)
2015 369 (28.0) 446 (27.2) 361(22.2) 309 (19.1)
2016 354 (26.8) 419 (25.6) 377(23.2) 395 (24.4)
2017 336 (25.5) 428 (26.1) 446 (27.4) 472 (29.1)
2018 261 (19.8) 344 (21) 444 (27.3) 445 (27.5)
Comorbidities, n (%)
Neurological comorbidities
Stroke/TIA 35(2.7) 49 (3.0) 92(5.7) 5(5.9)
Hearing loss 180 (13.6) 198 (12.1) 36(2.2) 49 (3.0)
Epilepsy 30(2.3) 56 (3.4) 17 (1.0) 3(2.0)*
Polyneuropathy 37(2.8) 63(3.8) 24 (1.5) 8(2.3)
Restless leg syndrome 25(1.9) 40 (2.4) 0(0.0) 0(0.0)
Psychiatric comorbidities
Anxiety disorders 216 (16.4) 353 (21.6)* 275 (16.9) 346 (21.3)*
Depression 327 (24.8) 489 (29.9) 222 (13.6) 343(21.2)*
Schizophrenia and other psychotic disorders 6(0.5) 13(0.8) 1(0.1%) 2(0.1)
Other comorbidities
Diabetes mellitus 197 (14.9) 266 (16.2) 121 (7.4) 130(8.0)
CVD (MI, HF, PAD) 129 (9.8) 145 (8.9) 154 (9.5) 166 (10.2)
Cancer 6(7.3) 123 (7.5) 274 (16.8) 316 (19.5)
Hyperthyroidism 3(1.0) 22 (1.3) 3(2.0) 1(1.9)
Hyperparathyroidism 5(0.4) 8(0.5) 8(0.5) 7(0.4)
Chronic kidney disease 206 (15.6) 284 (17.3) 0(1.8) 21 (1.3)
Liver disease 2(0.9) 18 (1.1) 23 (1.4) 2(1.4)
Charlson Comorbidity
No disease 567 (43.0) 723 (44.2) 1162 (71.4) 1092 (67.4)*
Mild 485 (36.7) 593(36.2) 373(22.9) 448 (27.6)*
Moderate and Severe 268 (20.3) 321 (19.6) 93(5.7) 81 (5.0)*
Lifestyle and body parameters, n (%)
BMI
<249 kg/m2 (Normal range) 375(32.1) 467 (31.0) 363(53.2) 296 (42.0)*
25-29.9 kg/m? (Overweight) 426 (36.4) 545 (36.2) 200 (29.3) 244 (34.7)*
230 kg/m2 (Obese) 369 (31.5) 493 (32.8) 119 (17.4) 164 (23.3)*
Missing 150 (11.4) 132(8.1) 945 (58.0) 917 (56.6)

(Continues)
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TABLE 1 (Continued)

UK France
Never treated Never treated
Patient characteristics N=1320 Treated N=1637 N=1628 Treated N=1621
Number of concomitant therapies, n (%)
0-4 551 (41.7) 503 (30.7)* 781 (48.0) 398 (24.6)*
5-9 361(27.3) 475 (29.0)* 373(22.9) 443 (27.3)*
210 408 (30.9) 659 (40.3) 474 (29.1) 780 (48.1)*
Specialist neurological visits (1year prior to the 68 (5.2) 89 (5.4)

index date), n (%)

Abbreviations: CVD, cardiovascular disease; HF, heart failure; MI, myocardial infarction; PAD, peripheral artery disease; TIA, transient ischemic

attack.
*p value <0.05.

24 months was 39.26%, 51.85%, 63.03%, and 71.48%, respec-
tively (Figure 2).

Similar patterns of treatment were observed in France. The
median time from diagnosis to treatment was 54.1 days. Moreover,
adherence to treatment was similar to that observed in the United
Kingdom. In particular, 8.03% were continuously treated within the
2years of follow-up, and 14.53% had at least one switch of therapy.
Furthermore, 45.38% to 74.26% discontinued the treatment during
follow-up (Figure 2).

The demographic and clinical characteristics of treated and un-
treated ET patients are reported in Table 1. We observed a signifi-
cantly higher proportion of drug use among females, patients with
concurrent psychiatric conditions, such as anxiety and depression,
and those with multiple concomitant drug treatments (Table 1). This
result was confirmed in the multivariable analysis. Specifically, in the
United Kingdom, the concomitant use of 5-9 different medicines
(1.52; 1.25-1.85) or>10 (1.88; 1.55; 2.28) was associated with ET
drug use. In France, the presence of depression (1.31; 1.06-1.62),
being overweight (1.31; 1.02-1.70) or obese (1.41; 1.05-1.89), and
the concomitant use of 5-9 different medicines (2.34; 1.94-2.82)
or210 (3.19; 2.66-3.83) were associated with increased probability

of receiving an ET prescription (Table 2).

DISCUSSION

This population-based study explored the treatment patterns and
the potential variables affecting the use of ET medications in two
cohorts of patients with ET in France and the United Kingdom. Our
findings indicate that such patients were substantially undertreated
at the time of diagnosis and afterwards during follow-up. Addition-
ally, a relevant proportion of patients receiving pharmacological
treatment in the first month after diagnosis, mainly based on primi-
done and propranolol, interrupted this treatment during 2years of
follow-up.

These findings are consistent with previous studies conducted
in the United States, which showed that nearly 27% to 44% of
ET patients did not receive any specific treatment after diagnosis

[22-24]. ET presentation is extremely variable in terms of clini-
cal characteristics, tremor characteristics, and associated signs.
Tremor frequency is typically moderate to high (6 to 12Hz), al-
though there is considerable variability. The type of tremor in ET
may vary from a low-amplitude, high-frequency postural tremor
of the hands to a much larger amplitude that may be associated
with functional disability and other neurological signs [1, 2, 6]. We
believe that such heterogeneity in the clinical presentation and
severity of ET patients may partially explain our results. In fact,
many patients may report symptoms of tremor as mild and opt to
delay intervention. Patients might seek medical intervention only
when symptoms interfere with activities of daily living or with
quality of life.

Among patients starting ET medications after diagnosis, more
than 50% discontinued the treatment after 1 year of follow-up and
70% after 2years. This evidence is in line with two other studies
[8, 36] that reported treatment interruption or poor response to
treatment in 30% and 50% of cases, respectively, and confirms
that a relevant proportion of ET patients initiating first-line ther-
apies (propranolol, primidone) may develop pharmacoresistance
when using these drugs in the long term [11-17]. In addition,
chronic treatment, especially with propranolol, may lead to the
occurrence of adverse events, such as bradycardia, hypotension
and breathlessness and it may prompt patients to discontinue or
switch to alternative therapeutic options where available [9, 10,
20, 37-40].

It should be also acknowledged, however, that relying on diag-
nostic codes from GP databases to select incident ET cases might
lead to an incorrect diagnosis in approximately 35% to 50% of ET
cases, as reported in previous studies [7, 41-44]. This, in turn, might
overestimate our results either in terms of undertreatment or in
terms of proportion of true ET patients discontinuing the treatment.
Individuals diagnosed with ET that are not truly ET patients are in
fact less likely to respond to ET medications and more likely to dis-
continue them.

Study results also indicate that a higher number of concomi-
tant therapies and the presence of psychiatric conditions among ET
patients were associated with an increased likelihood of receiving
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TABLE 2 Univariable and multivariable model to investigate the association between demographic and clinical characteristics and the
probability of being treated in the United Kingdom and France.

United Kingdom France
Unadjusted OR (95% Adjusted OR (95%
Cl) Adjusted OR (95% CI)  Unadjusted OR(95% CI)  Cl)

Demographic

Gender (Female)
Age (Mean [SD])
Age classes
0-39 yeras
40-65years

65+ years

Calendar year of onset

2015
2016
2017
2018

Comorbidities

Neurological comorbidities
Stroke/TIA
Hearing loss
Epilepsy
Polyneuropathy
Restless leg syndrome
Psychiatric comorbidities
Anxiety disorders

Depression

Schizophrenia and other psychotic

disorders
Other comorbidities
Diabetes mellitus
CVD (MI, HF, PAD)
Cancer
Hyperthyroidism
Hyperparathyroidism
Chronic kidney disease
Liver disease
Charlson Comorbidity
No disease
Mild
Moderate and Severe

Lifestyle and body parameters

BMiI

<249 kg/m2 (Normal range)
25-299 kg/m2 (Overweight)
>30 kg/m? (Obese)

Missing

1.25(1.08-1.44)

Reference
1.28 (1.02-1.59)
1.06 (0.86-1.31)

Reference
0.98(0.80-1.19)
1.05(0.86-1.29)
1.09 (0.88-1.35)

1.13(0.73-1.77)
0.87 (0.70-1.08)
1.52(0.98-2.42)
1.39(0.92-2.11)
1.30(0.79-2.18)

1.41(1.17-1.70)
1.29 (1.10-1.52)
1.75 (0.69-5.00)

1.11(0.91-1.35)
0.90 (0.70-1.15)
1.04 (0.79-1.37)
1.37(0.70-2.80)
1.29 (0.43-4.28)
1.14 (0.93-1.38)
1.21(0.59-2.59)

Reference
0.96(0.81-1.13)
0.94 (0.77-1.14)

Reference
1.03(0.85-1.24)
1.07 (0.89-1.30)

1.13(0.97-1.31)

Reference
1.02 (0.81-1.29)
0.76 (0.60-0.95)

Reference
0.96 (0.79-1.17)
1.04 (0.85-1.27)
1.09 (0.88-1.36)

1.21(0.98-1.49)
1.02(0.84-1.23)

1.09 (0.95-1.25)

Reference
1.59 (1.29-1.97)
1.39 (1.15-1.69)

Reference
1.22(1.00-1.51)
1.24(1.01-1.51)
1.17 (0.96-1.43)

1.04 (0.77-1.40)
1.38(0.89-2.14)
1.97 (1.11-3.63)
1.60(0.96-2.72)

1.34(1.12-1.59)
1.70(1.41-2.05)

2.01(0.19-43.28)

1.09 (0.84-1.41)
1.09 (0.87-1.38)
1.20(1.00-1.43)
0.94 (0.57-1.55)
0.88(0.31-2.45)
0.70(0.39-1.22)
0.96 (0.53-1.73)

Reference
1.28 (1.09-1.50)
0.93(0.68-1.26)

Reference
1.50(1.18-1.91)
1.69 (1.28-2.24)

1.05(0.91-1.21)

Reference
1.23(0.99-1.55)
0.94 (0.76-1.17)

Reference
1.14 (0.92-1.42)

1.18 (0.96-1.45)
1.10(0.89-1.35)

1.76 (0.97-3.31)

0.88(0.71-1.08)
1.31(1.06-1.62)

0.95(0.78-1.15)

Reference
1.31(1.02-1.70)
1.41(1.05-1.89)

(Continues)
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TABLE 2 (Continued)
United Kingdom France
Unadjusted OR (95% Adjusted OR (95%
Cl) Adjusted OR (95% CI)  Unadjusted OR(95% CI)  Cl)
Number of concomitant therapies
0-4 Reference Reference Reference Reference
5-9 1.44(1.20-1.73) 1.52(1.25-1.85) 2.33(1.94-2.80) 2.34(1.94-2.82)
210 1.77 (1.49-2.10) 1.87(1.54-2.28) 3.23(2.74-3.82) 3.19(2.66-3.83)

Specialist neurological visits (1year prior 1.06 (0.77-1.47)

to the index date)

Abbreviations: BMI, body mass index; Cl, confidence interval; CVD, cardiovascular disease; HF, heart failure; MI, myocardial infarction; OR, odds

ratio; PAD, peripheral artery disease; TIA, transient ischemic attack.
The bold values indicate significance level is 0.05.

treatments. Patients receiving multiple concomitant medications
are in fact likely to be affected by different diseases, which in turn
demands a great commitment of healthcare services, including diag-
nostics, hospital services, and physician visits [45]. It is well known
that patients' expectations as well as patient pressure might result in
unnecessary prescriptions, referrals, and investigations [46]. There-
fore, it is possible to speculate that ET patient pressure might re-
sult in medical prescription even when there are doubts about the
benefit-risk ratio of these medications.

In addition, it is well known that neurological disorders often result
in increased disability and decreased quality of life that might make pa-
tients more prone to develop psychiatric conditions and consequently
to seek formal medical care for both ET and psychiatric symptom man-
agement [47-50]. In this context, the onset of new ET symptoms might
encourage patients to receive a new therapy for its management. It
is also possible that clinicians may prescribe certain therapies (olan-
zapine, clozapine, and clonazepam) to manage psychiatric symptoms
resulting from the ET, rather than treating ET-specific symptoms.

Strengths of this study include the presence of representative
samples of the UK and French populations, making the results gen-
eralizable to these whole countries. Furthermore, THIN databases
encompass fully anonymous electronic medical records registered
from the GPs that have joined the network [26]. This makes the da-
tabases a suitable source from which to collect prospectively clinical
information on patients attending general practices. Second, THIN
databases capture the long-term use of medications and potential
confounders, thus preventing exposure misclassification.

Nevertheless, some limitations of this study should be consid-
ered. First, as previously mentioned, we used a set of diagnostic
codes from GP databases to select incident ET cases rather than em-
ploying a population-based design. This approach, on the one hand,
might underestimate the true disease burden [7], but on the other
hand, might lead to an incorrect diagnosis of ET [7, 41-44]. To avoid
these biases, we applied very strict criteria to exclude tremor-related
diseases, such as dystonia, ataxia, Parkinson's disease, or parkinson-
ism. However, even recognizing that data from GP databases are
continuously refined to reflect new patient symptoms, clinical in-
formation, and specialists' evaluations, as opposed to administrative

databases [51], the misdiagnosis of a complex condition such as ET is
unlikely to be properly mitigated.

Second, THIN contains medication records based on prescriptions,
but it is not known whether the prescribed medications were taken by
patients. Nonetheless, a validation study has confirmed that THIN data
are effective in producing reliable results in drug patterns, particularly
for chronic treatments [52]. Finally, potential differences in case selec-
tion might have occurred due to different coding vocabulary used by
GPs in the United Kingdom (read code) and those in France (ICD-10).
Moreover, differences in the type of registered records as well as the
codes used for diagnosis coding might have had an impact on comor-
bidity prevalence estimates. However, similarities in demographic and
clinical characteristics among the study cohorts have been observed,
thus supporting the validity and generalizability of our results.

In conclusion, our findings revealed a significant undertreatment
of patients with ET, with a substantial proportion of patients either
never treated or discontinuing treatment during follow-up. These re-
sults require cautious interpretation because of the likelihood of in-
correct ET diagnosis. However, they are in line with clinical trials data
indicating for first-line therapies, such as propranolol and primidone,
a mean efficacy of approximately 50% in terms of tremor reduction.
This is particularly concerning because, in patients who do not have
an adequate response to pharmacotherapy, ET may significantly
impact their quality of life, including difficulties with daily activities
and decreased social and occupational functioning. A new genera-
tion of pharmacological agents specifically targeted for ET are under
investigation. Our results emphasize the need to complete ongoing
clinical trials [53, 54] to develop tailored ET treatment and improve

patient engagement for better management of this condition.
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