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Abstract

Introduction Essential tremor (ET) affects ~7 million people in the United States (U.S.), yet

public recognition of the disease and its impact remain low.

Methods A retrospective observational study examined U.S. claims data from 2015 to 2019
using the Compile database. ET diagnoses were captured using longitudinal data from 2015 to
2019 and for the year 2019, with diagnosis estimates extrapolated to the general U.S. population.
Confirmed ET was identified by an ET diagnosis code with >2 relevant prescriptions or by 2
diagnosis codes for ET and unspecified tremor >90 days apart. Comorbidity and treatment use
data were extracted, and medication compliance and 2-year treatment persistence were assessed

as measures of treatment adherence.

Results A total of 1,336,183 patients with ET diagnoses codes were identified from 2015
through 2019, corresponding to 2,226,971 projected U.S. diagnoses. In 2019, 128,263 patients
had a confirmed ET diagnosis, corresponding to 213,772 projected U.S. confirmed diagnoses. Of
these, 96% had >1 comorbidity, and 64% received >1 pharmacologic treatment. Propranolol
(24%) and primidone (20%) comprised the most common ET prescriptions. Two-year

medication discontinuation rates were ~40%.

Conclusion Our findings revealed that 1 million people were diagnosed and sought treatment for
ET in the U.S. from 2015 to 2019. Projected population estimates of ~2 million people diagnosed
suggest a further 1 million remain untreated. Our findings highlight the complexity of patient
care in ET, complicated by delayed diagnoses, multiple comorbidities, and lack of effective and

tolerable therapies that can mitigate treatment adherence limitations.

Keywords: essential tremor, movement disorders, disease burden, propranolol, primidone,

comorbidity, insurance claims review



Key Summary Points

Why carry out this study?

Despite being one of the most common movement disorders, essential tremor (ET) is
frequently undiagnosed or misdiagnosed, undertreated, or untreated, with only one
pharmacologic option approved by the United States (U.S.) Food and Drug
Administration.

The undesirable side-effect profiles, high discontinuation rates, and limited efficacy
associated with available pharmacological and surgical options further highlight the need
for additional treatment options and greater understanding of ET and its impact on
patients in a real-world setting.

The objective of this study was to describe diagnosis patterns, associated comorbidities,
as well as treatment usage and adherence in patients with ET using administrative claims

data from a large U.S. insurance database spanning a 5-year period from 2015 to 2019.

What was learned from the study?

Our findings from a large U.S. insurance database revealed that ~1 million people were
diagnosed and actively sought pharmacologic treatment for ET from 2015 through 2019;
however, projected U.S. population estimates of ~2 million diagnosed and current
treatment rates suggest that a further 1 million patients remain untreated.

While 2 in 3 patients receive pharmacological treatment for ET, primarily propranolol or
primidone, discontinuation rates are high. Notably, prescribing patterns vary between
neurologists and non-neurologists; the latter more likely to prescribe beta-blockers.
Patient care in ET is complex, and complicated by delayed diagnoses, multiple
comorbidities, and lack of effective and tolerable therapies that can mitigate treatment
adherence limitations. This complexity underscores the hidden patient impact in ET and

highlights the urgent unmet need for more efficient diagnosis and treatment options.



Introduction

Essential tremor (ET) is one of the most common movement disorders. It is typically marked by
tremor in the upper limbs, but may also involve the head, voice, lower limbs, and trunk [1-3]. In
the United States (U.S.), it is projected that approximately 7 million people have ET,
representing more than 2% of the total population [4, 5]. ET prevalence increases with age,
affecting 0.8% of people aged 18 to 30 years, and slightly more than 8% of people aged >85
years [5]. Importantly, increasing evidence suggests patient impact extends beyond tremor
symptomatology. In a case-control study of 89 patients with ET, about 85% reported functional
disability on at least one of the 31 items included in the Tremor Disability Questionnaire [6]. In
the same study, the presence of depression or anxiety increased the rates of self-reported

functional disability, highlighting the implications of comorbid conditions in ET.

Despite its high prevalence, ET is still frequently undiagnosed or misdiagnosed [7-12], and
public recognition of the disease and its impact remain low. In'a survey of patients and
accompanying caregivers attending vascular, neurology, or movement disorders clinics, only
about 10% to 30% of participants reported awareness of the condition [13]. Furthermore, many
patients with ET, particularly those with mild tremors, do not seek medical care, remain
undiagnosed, and do not receive treatment [14]. Delay in diagnosis was also observed in a
random-digit dialing-based screening study of 419 enrollees in the New York metropolitan area,
where 4 out of 5 patients who received an ET diagnosis during the study were previously
undiagnosed [15]. Another, albeit smaller, screening study found that 91% (n = 89) of patients
identified to have ET had not been previously diagnosed, and 97% had not received any
treatment for their tremor, despite experiencing tremor-related disabilities [16]. Other studies
have revealed the frequent misdiagnosis of ET, mainly due to symptom heterogeneity and

ambiguity [7-11].

ET often remains undertreated or untreated, in part due to the limited number of available
treatments, with only one pharmacologic option approved by the U.S. Food and Drug
Administration in 1967 — propranolol [17]. Additional pharmacologic options used for off-label

treatment for ET include primidone, gabapentin, topiramate, botulinum toxin type A, and



benzodiazepines [1]. However, the undesirable side-effect profiles, limited efficacy and
associated high discontinuation rate for many of these agents suggest the need for additional
treatment options [1, 18, 19]. Previous work has shown that, of those patients who receive
pharmacologic treatment, approximately one in three eventually discontinue their prescribed
medications, typically due to poor tolerability or limited efficacy [20]. Unilateral ventralis
intermedius (VIM)-thalamic deep brain stimulation (DBS), radiofrequency thalamotomy, and
unilateral magnetic resonance imaging—guided focused ultrasound thalamotomy represent
surgical interventions for ET, although few patients resort to these as a last-line option due to

their invasiveness and associated risk for irreversible side effects [1, 12, 21, 22].

The challenges associated with the diagnosis and treatment of ET underscore the need for a more
comprehensive understanding of its impact on patients in a real-world setting. Importantly,
greater insights into current practices surrounding the management of ET, including the
difficulties faced by patients, may identify current care gaps. The objective of this study was,
therefore, to further the understanding of the patient experience in ET through analysis of
diagnosis patterns, associated comorbidities, and treatment usage and adherence using
administrative claims data from a large insurance database spanning a 5-year period from 2015
to 2019.

Methods

Study Design and Data Source

This was a retrospective observational claims analysis utilizing the Compile database
(https://www.compile.com/data), which captures over 27 billion insurance claims (both medical
and pharmacy) for about 300 million unique patients since 2015 [23]. Overall, claims data in the
database are sourced from clearinghouses, clearing switches, and claims data processors, and
they represent about 65% of medical and 45% of pharmacy claims in the U.S. Medical claims
encompass about 30% of adjudicated and preadjudicated medical claims submitted to a payer,
while pharmacy claims include data from retail and specialty pharmacies. The database captures
data from a range of payer systems, including commercial plans, Medicare, Medicaid, Veterans
Affairs, among others. Analyses in the current study included only deidentified data; thus,

institutional review board approval was not required. Data were used with permission and under



license from Compile Health. This article is based on previously conducted studies and does not

contain any new studies with human participants or animals performed by any of the authors.

Patient Identification and Study Cohorts
Total ET diagnoses were captured and included all diagnoses with at least one International
Classification of Diseases, Tenth Revision (ICD-10) code for G25.0 (the diagnosis of ET). For a
more conservative estimate, confirmed ET diagnoses were defined based on
e The presence of an ICD-10 code of G25.0 denoting the diagnosis of ET, plus at least two
relevant prescriptions for ET (e.g., propranolol, primidone, or other beta-blockers) or
e The presence of an ICD-10 code of R25.1 for unspecified tremor and an ICD-10 code of
G25.0 for ET, with diagnosis dates at least 90 days apart
The requirements for at least two relevant prescriptions or an ICD-10 code for unspecified
tremor in addition to an ET diagnosis ensured that identified patients were those truly diagnosed
with ET and that they had other characteristics indicative of ET diagnosis, therefore increasing

confidence of diagnosis.

ET diagnoses in the primary study and total database cohorts

The primary study cohort comprised patient data from January 1, 2019, to December 31, 2019.
The total database cohort included unique patients with ET claims from 2015 to 2019 (index
identification period comprising 2015-2016, 2017-2018, and 2019 time periods). In addition,
estimates of ET diagnoses for the period before 2015 (2013-2014) were back projected based on
the decay ratio for the number of patients from the 2017-2018 period to the 2015-2016 period.
To account for the transition in the ICD codes from the ninth edition (ICD-9) to the tenth edition
(ICD-10) during the study period, adjusted estimates for the number of patients in the 2015-2016
period were calculated using the fraction of patients presenting with a diagnosis code for ET or
similar during the transition; estimates were calibrated up using the observed delta increase in

patient numbers from the most recent time period through 2017 (i.e., 2017-2019).

U.S. population diagnosis estimates

The number of ET diagnoses was also estimated for the general U.S. population. Based on an

assumption that the Compile database captures approximately 60% of the U.S. population [23]



and that captured data are representative of the wider population, projected estimates for
confirmed ET diagnoses were calculated for the total U.S. population for the year 2019, and
longitudinally from 2015 through 2019.

Pre-diagnosis and post-diagnosis subsets

Pre-diagnosis and post-diagnosis subsets were defined using data spanning the period from
January 1, 2015, to December 31, 2019, to allow exploration of longitudinal patterns of

confirmed ET diagnosis, comorbidities, and treatments.

The pre-diagnosis subset comprised patients who had claims data for at least 46 months prior to
the first confirmed ET diagnosis in the database. The post-diagnosis-subset comprised patients
who had claims data for at least 36 months after the initial ET diagnosis.

In both subsets, eligible patients were those who met the criteria, i.e., those who had a claim for
an ET diagnosis, prescription, or procedure in at least one gquarter of each year. Inclusion in each
subset required full enrollment for at least 36 months or 46 months, depending on the subset, and

thus represented continuous patterns for treatment and comorbidities.

The time to initial ET diagnosis was explored in the pre-diagnosis subset. Data were examined
for the presence of the following initial movement disorders prior to diagnosis with ET: cerebral
palsy (G80.x), dystonia (G24.02, G24.09, G24.1, G24.2, G24.3, G24.5, G24.8, G24.9), other
tremor (G25.1, G25.2, R25.3, R25.8, R25.9), Parkinson’s disease (G20, G21.11, G21.19, G21.2,
G21.3, G21.4, G21.8, G21.9), and unspecified tremor (R25.1). These codes represent other
tremor-related diagnoses and potential misdiagnoses before the actual diagnosis of ET.

Outcome Measures

Demographic characteristics (age, sex, and primary payer), comorbidities, and treatments were
extracted for the primary study cohort with confirmed ET using claims during 2019. For both
pre-diagnosis and post-diagnosis subsets, demographic data were extracted relative to the date of

the first ET diagnosis claim, while comorbidity and treatment data were extracted in 6-month



intervals for at least 46 months before, or 36 months after, the date of initial ET diagnosis,

respectively.

Comorbidities

Previous literature and expert opinion informed the selection of comorbidities of interest in
patients with ET. The ICD-9 and ICD-10 codes for comorbidities of interest were used for data
selection. Movement disorders classified as “other” were defined as a diagnosis for dystonia,

other tremor, Parkinson’s disease, and/or unspecified tremor.

Treatment patterns, compliance, and persistence

Previous literature and expert opinion informed search criteria for typical treatments
(pharmacologic treatments and procedures) in patients with ET and drug classes used in ET
treatment, while national drug codes identified prescribed medications (available upon request).
Prescription claims submitted for reimbursement, excluding any reversed or rejected claims (if
available), represented data for pharmacologic treatments. The specialties of prescribers were
identified using National Provider Identifiers in the Centers for Medicare and Medicaid Services
National Plan and Provider Enumeration System [24]. ET-related visits were identified manually
by reviewing and classifying relevant events (e.g., tests, diagnoses, visits) for patients with an

established diagnosis of ET.

Medication compliance was assessed using the proportion of days (PDC) covered, which
represents the ratio of days covered by a dispensed medication to total days in the claim period.
Healthcare Common Procedure Coding System and Current Procedural Terminology codes
identified specific procedures.

Persistency analysis was applied to prescriptions for ET that were started within 6 months after
ET diagnosis. Treatment persistence was defined as the duration between treatment initiation and
discontinuation. For each patient, refills were tracked after initiation to determine when
medication was discontinued. The numbers of patients who discontinued treatment and who
remained on treatment were calculated for each month from treatment initiation. Persistency

curves were created for the percentage of patients remaining on their prescribed medication from



the time of prescription initiation to discontinuation. Persistency analysis was performed using
the SAS Lifetest procedure with censored patients defined [25, 26]; projected mean and median
persistency were computed for ET prescription usage among patients who had at least two
prescription claims for the same prescription.

Statistical Analyses

Descriptive statistics were used to summarize patient demographics, comorbidities, and
treatments. Counts and percentages were calculated for categorical variables, and means and
medians were calculated for continuous variables. Projected estimates of ET diagnoses in the
U.S. population were calculated assuming the Compile claims database, which has a capture rate
of more than 60% [23]. Diagnosis data were projected to 100% (i.e., projected total U.S. ET
diagnoses = database-derived ET diagnoses/0.6) for both the 2019 cohort (primary study cohort)
and the pre-2015 through 2019 cohort (total database cohort). All patient and claim level
analyses were performed using SAS 9.4 (SAS Institute, Cary, NC).

Results

Patient Characteristics

The primary study cohort identified 353,822 patients diagnosed with ET for the year 2019,
corresponding to 589,704 projected U.S. diagnoses. Of the 353,822 patients, 128,263 had
confirmed ET, corresponding to 213,772 projected U.S. confirmed diagnoses in 2019.

An analysis spanning the period from pre-2015 through 2019 identified a total of 1,336,183
patients with ET, corresponding to 2,226,971 projected U.S. diagnoses. Of the 1,336,183
patients, 459,588 had confirmed ET, corresponding to 765,980 projected U.S. confirmed
diagnoses (Table 1).

Of the 128,263 patients in the database with confirmed ET in 2019, approximately 25% received
their first ET diagnosis that year, 57% were female, and 75% were aged 65 years or older (Table
2). Medicare provided payer coverage to 78% of patients with confirmed ET in 2019, followed

by commercial health plans covering 19% of patients.



Pre-diagnosis and post-diagnosis subsets included 25,039 and 46,169 patients, respectively
(Table 2). In the pre-diagnosis subset, the median time to ET diagnosis from initial diagnosis of
other movement disorder was 477 days, from initial diagnosis of other tremor was 441 days, and

from unspecified tremor was 406 days (Table 3).

Comorbidities

In the 2019 cohort of 128,263 patients with confirmed ET, at least one comorbidity of interest
was present in 123,161 (96%) patients (Fig. 1). Most comorbidities belonged to cardiometabolic,
psychiatric, or movement-related categories. The most common comorbidities consisted of
hypertension (73%), hyperlipidemia (68%), depression (44%), diabetes (31%), and anxiety
(29%).

In the pre-diagnosis subset (n = 25,039), the number of claims for common cardiometabolic,
psychiatric, and movement-related comorbidities continued to increase until ET diagnosis

(Fig. 2). Over time, cardiometabolic comorbidities increased by about 10% when assessed from
42 to 48 months before ET diagnosis when compared to the 6 months before diagnosis, with
obesity rates more than doubling over this period (8% to 19%) (Fig. 2a). The percentage of
patients with anxiety doubled (10% to 20%) leading up to ET diagnosis (Fig. 2b). The rate of
depression also increased from 31% to 42%, and the percentage of patients with dementia
increased from 1% to 5% during the same period. Claims for unspecified tremor were observed
in 1% of patients 48 to 42 months before ET diagnosis, increasing to 16% within 6 months of ET
diagnosis (Fig. 2¢). Similarly, claims for other movement disorders increased markedly, from 6%

to 25% over this period.

In the post-diagnosis subset (n = 46,169), the number of claims for movement-related
comorbidities decreased, while the number of claims for cardiometabolic and psychiatric
comorbidities remained stable from within 6 months before ET diagnosis to 30 to 36 months
after ET diagnosis (Fig. 3a). Claims for depression were present in 34% and 36% of patients
during the respective time periods (Fig. 3b). Similarly, claims for anxiety were present in 14%
and 17% of patients, respectively, during these periods. The percentage of patients with dementia

remained consistent before and after ET diagnosis, increasing from 2% to 5%. Claims for

10



unspecified tremor decreased from 10% to 6% (Fig. 3c), while claims for any other movement

disorder remained consistent at about 18% across both periods.

Treatments

From the 2019 cohort with confirmed ET, 4139 (3%) patients underwent a procedural
intervention for ET, which primarily comprised botulinum toxin injections (n = 1731; 42%),
DBS (n = 2480; 60%), and thalamotomy (n = 350; 8%) (Fig 4a). Exploration of procedural
intervention use in relation to disease course within the post-diagnosis cohort (Fig. 4b)
demonstrated low usage (0-1%) in the 12 months before initial diagnosis, followed by a marked
increase in the first 6 months after initial ET diagnosis, then remaining relatively stable up to 36
months post diagnosis. The increase in procedural use in the first 6 months post-diagnosis was
largely driven by DBS. Notably, thalamotomy use did not appear to change throughout the
assessed period; with the percentage of patients opting for this procedure remaining consistently

low before and after initial ET diagnosis.

Within the 2019 cohort, 82,323 (64%) patients received at least one prescription, with a total of
1,014,884 prescription claims submitted during this period. The most commonly prescribed
agents across all patients with ET (n=128,263) were propranolol (n = 30,714; 24%), primidone
(n =26,211; 20%), and gabapentin (n = 24,501; 19%) (Fig. 5a, b). About 44,102 (34%) patients
received no prescription or procedural intervention for ET. About 97,012 (76%) patients with
confirmed ET used concomitant pharmacologic therapies, with 62,521 (49%) patients taking
antihypertensives, 53,206 (41%) taking antihyperlipidemics, and 47,121 (37%) taking
antidepressants (Fig. 6).

Top specialties for prescribing ET medications in 2019 were primary care providers (PCPs)
(25%), neurologists (24%), and internal medicine specialists (19%) (Fig. 7a). Non-neurologists,
including PCPs and internal medicine specialists, were more likely to prescribe propranolol and
other beta-blockers, while neurologists were more likely to prescribe primidone (Fig. 7b).
Propranolol comprised 23% of all ET agents prescribed by neurologists and 26% of those
prescribed by PCPs, while primidone represented 36% of ET agents prescribed by neurologists

and 16% of those prescribed by PCPs. Prescribing patterns were similar among PCPs and
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internal medicine specialists. Cardiologists were the most likely to prescribe metoprolol, with

neurologists the least likely to do so.

In the pre-diagnosis subset (n = 25,039), 8% to 13% of patients with confirmed ET received
propranolol and 6% to 10% received primidone from 48 months to within 6 months of ET
diagnosis, with a slight increase in prescription utilization as the timeline approached ET
diagnosis (Fig. 8a, b). In the pre-diagnosis subset, 65% of patients (n = 14,761) visited PCPs or
internal medicine specialists in the 6 months before ET diagnosis. Only 11% of patients

(n = 2602) visited a neurologist within the same timeframe, while the rest of the patients visited a
nurse practitioner, physician assistant, another specialist, or had missing data. On average, an ET
diagnosis was established following three visits with a neurologist or 3.2 visits with a PCP or
internal medicine specialist. In the post-diagnosis subset (n = 46,169), 17% to 22% of patients
with ET received propranolol and 15% to 21% received primidone, with a slight decline in
prescription utilization as the timeline progressed through 36 months after ET diagnosis

(Fig. 8c, d).

Medication compliance assessed via mean PDC was similar for propranolol (79%) and
primidone (80%) (Fig. 9). For both medications, ~80% of patients had >60% coverage and 44%
had coverage between 90% and 100%. For the persistency analysis, eligible patients included
2667 patients receiving propranolol and 2650 patients receiving primidone. The median
prescription persistence was 32 months for propranolol and 27 months for primidone. By 2 years
of treatment, the discontinuation rate was 40% for propranolol, 47% for primidone, and ~40%

for all treatments (Fig. 10).

Discussion

The extent of disease impact on patients with ET remains underappreciated, largely due to a
paucity of burden-of-illness data and limited public recognition of the condition. To the best of
our knowledge, this is the first published claims-based data examining diagnosis rates,
comorbidities, and treatment patterns in patients diagnosed with ET. Our findings from a large

U.S. insurance database revealed that ~1 million people were diagnosed and actively sought
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pharmacologic treatment for ET from 2015 through 2019; however, projected U.S. population
estimates of ~2 million diagnosed and current treatment rates suggest that a further 1 million
patients remain untreated. Importantly, these findings signify that ET is underrecognized,
underdiagnosed and misdiagnosed, and that ET diagnosis is complicated by a range of factors,
including delayed diagnoses, multiple comorbidities, and treatment adherence limitations,

including high discontinuation rates.

Results from our claims-based analysis indicated that a greater percentage of patients diagnosed
with ET during the study period were female (~60%) and most were 65 years of age and older
(75%). While our sex-related findings may reflect differential care-seeking behaviors, with
female patients more likely to seek care for their ET, data pertainingto sex differences in ET
have been inconsistent to date. A recent meta-analysis concluded that ET prevalence was higher
among males, while another meta-analysis found that prevalence was independent of sex [14,
27]. Our age-related findings are consistent with established reports of ET primarily being
diagnosed in older patients and of age-related increases in global and U.S. prevalence estimates
[5, 14, 27]. Of note, these relationships may reflect delayed diagnoses rather than underlying
age-related pathology or circuit disturbances. In our study, a confirmed diagnosis for ET was
reached 18 months, on average, after the initial diagnosis of a different movement disorder. In
2018, the Task Force on Tremor of the International Parkinson and Movement Disorder Society
(MDS) updated the definitions of ET and proposed establishing an ET diagnosis only after a 3-
year history of tremor [3]; with tremor symptoms lasting less than 3 years to be classified as
indeterminate tremor. Given the inherent difficulty in obtaining claims-based data at the first
signs of tremor, the amount of time patients experienced tremor symptoms remains unknown.
Nonetheless; our findings indicate that many patients are frequently diagnosed with another
movement disorder before being diagnosed as having ET (31% with unspecified tremor, 8% with
other tremor, 7% with Parkinson’s disease, and 1% with dystonia), with ET diagnosis established

approximately 1.4 years to 1.8 years after the earlier diagnosis.
Almost all patients with ET had at least one comorbidity, with cardiovascular (e.g., hypertension,

hyperlipidemia), metabolic (e.g., diabetes, obesity), and psychiatric-related (e.g., depression,

anxiety) conditions comprising the most common comorbidities, consistent with other claims
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analyses [28]. Although this analysis found similar rates of cardiovascular and metabolic
comorbidities in patients with ET as in the general population over the age of 60, rates of
depression and anxiety were double those in the general population over the age of 65 [29-33].
Other studies have postulated that ET has a substantial psychological component, with several
reporting higher levels of depression and anxiety in affected patients [34-37]. For example, a
recent cross-sectional study from investigators in China reported that 63% of patients with ET
had at least mild anxiety, and 54% had at least mild depression [33]. Moreover, more severe
depressive symptoms have been found to contribute to medication nonadherence in patients with
ET [36]. The importance of the psychosocial impact on patients with ET-is further highlighted by
previous reports of almost one in three patients with ET expressing a desire for access to
psychological services and support, due to concomitant depression and/or anxiety [35]. Dementia
is another comorbidity that has been previously explored in studies of patients with ET. While
the rate of dementia in the current claims analysis remained around 5% after ET diagnosis,
previous studies report rates of up to 25% [36, 39]. In one study, the prevalence of dementia was
elevated in patients with ET who were 65 years and older compared with the general population
in the same age range [39]. Moreover, findings from a longitudinal perspective analysis have
demonstrated an association between higher severity of both dementia and depression, and
increased risk of mortality among older patients with ET [40]. Together with previous reports,
our findings, therefore, highlight both the frequency and complexity of comorbidities and their
associated impact on patients with ET.

Our data revealed that approximately 2 in 3 patients diagnosed with ET received a prescription
for ET treatment in 2019. The two most commonly prescribed medications included propranolol
and primidone, consistent with reports of their use as first-line medications for ET [41]. Studies
report that anywhere between 29% and 53% of patients use propranolol, and 18% to 46% use
primidone [27, 42, 43]. In line with these ranges, findings from the current claims analysis
indicate that one in four patients used propranolol and one in five used primidone after ET
diagnosis. Our findings are also consistent with current treatment recommendations, with the
Task Force on Tremor and Evidence Based Medicine Committee at the MDS recommending
propranolol and primidone as efficacious treatments for ET, especially for managing upper limb

tremor [1]. In the current study, approximately 3 in 4 patients with ET were using at least two

14



pharmacologic treatments in 2019. Notably, about half of all patients were taking
antihypertensives. The use of concomitant medications may be especially problematic in patients
taking propranolol for ET because the medication has multiple potential drug interactions [17].
Furthermore, MDS recommendations state that some adverse events of primidone (e.g., malaise,
dizziness, unsteadiness) may lead to treatment discontinuation [1]. Our finding of 3% of patients
with ET receiving a procedural intervention is consistent with recent reports [28]. Additionally,
the most common interventions—botulinum toxin injections, DBS, and thalamotomy—are also
in line with MDS guidance regarding their potential usefulness for ET [1]. Notably, our findings
indicated that procedural intervention use was relatively low prior to initial ET diagnosis. Based
on demographic data demonstrating that 75% of patients were >65 years of age, it is reasonable
to infer that for most patients who opt for procedural interventions, usage occurs around age >65
years; consistent with published work reporting mean ages of ~60-70 years for patients
undergoing DBS [44-47].

With respect to treatment adherence, the current study revealed 2-year discontinuation rates of
40% and 47% for propranolol and primidone, respectively; with ~40% of patients discontinuing
all treatments at 2 years, approximating to ~200,000 discontinuations per year based on current
treatment rates. Among patients taking primidone or propranolol, about 40% used it daily as
prescribed. On average, patients adhered to prescribed primidone or propranolol about 4 out of 5
days, or they missed treatment for about 6 days in a month. These findings are consistent with
those from a medication adherence study [42] in which 33% of patients with ET reported they
sometimes forgot to take their medications, 21% reported missing doses within the past week,
and about 25% did not take their medication for whole days in the previous 2 weeks. In that
study, younger age, depressive symptoms, and less severe tremor were contributing factors to
nonadherence. While we were unable to assess factors associated with treatment discontinuations
in our study, future analyses will be important to determine the relative contributions of age,
comorbidities and disease severity to treatment compliance. Our longitudinal findings are further
in line with previous reports of decreasing adherence in ET with time. In a large retrospective
analysis of specialist outpatient clinic visits from 2001 to 2018, 22% of patients with a
prescription record for ET treatment reported a lack of response, with 12% eventually

discontinuing treatment—primarily propranolol or primidone—because of side effects [43]. In
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another study capturing treatment patterns over a 5-year period, anywhere from one half to

two thirds of patients taking primidone or propranolol eventually discontinued the treatment
because of lack of efficacy, negative side effects, or both, with a median discontinuation rate of
63% [48]. In further corroboration, a systematic review and meta-analysis of 31 studies and a
small, prospective study involving 50 participants found that 30% to 50% of patients did not
respond to propranolol or primidone as first-line agents, with some tolerance to drug effect
observed with chronic use [41, 49]. Importantly, treatment adherence in ET depends on various
factors, with medication side effects and lack of efficacy remaining the key reasons for treatment
discontinuation [43, 48].

In the current study, prescribing patterns varied markedly by specialty. PCPs, neurologists, and
internal medicine specialists were the top three specialties prescribing ET medications.

Two thirds of patients seen by a PCP or internal medicine specialist were referred to another
specialist before diagnosis, with 46% of patients eventually receiving a diagnosis from a PCP.
Notably, neurologists diagnosed three out of ten ET cases, with only 11% of neurologist visits
occurring in the 6 months prior to a confirmed ET diagnosis. In line with this, PCPs and internal
medicine specialists were more likely to prescribe propranolol as first-line therapy for ET. In
contrast, neurologists prescribed primidone more frequently than propranolol, likely
corresponding to the increased likelihood of patients with severe ET symptoms to receive care
from neurologists and to the consequent use of primidone as a second-line therapy after initial
prescription by the PCP. The observed frequent prescribing of metoprolol by cardiologists likely
reflects prescribing patterns for cardiovascular comorbidities associated with ET rather than ET
itself and is further supported by the finding that neurologists were least likely to prescribe
metoprolol. More generally, our findings revealed distinct prescribing patterns among
neurologists and non-neurologists, with the latter more often prescribing beta-blockers despite
limited efficacy and poor tolerability in some patients [1, 18, 50]. The observed differences in
prescribing patterns among specialists may also suggest a need for increased awareness among
providers about management pathways in ET. Indeed, patient survey data previously revealed
that almost one in three patients expressed concern that their physician was not moderately well
educated about ETs [37]. Moreover, 91% of surveyed patients considered access to neurologists

specializing in movement disorders as essential to their care. Of note, a survey of medication
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usage patterns revealed that neurologists specializing in movement disorders were almost twice
as likely to prescribe primidone or propranolol for ET compared with general neurologists [48].
Finally, our findings highlight the need to improve treatment adherence and ultimately minimize
patient burden in ET. Given that treatment adherence is typically related to poor tolerability and
limited efficacy [20], our findings point to the need for targeted therapies with novel mechanisms

of action capable of mitigating concerns of existing treatments for ET.

Limitations

Despite our study’s strengths, including a large sample size and the analysis of real-world
patterns for ET diagnoses, comorbidities, and treatments, it is important to note its limitations,
including those inherent to claims-based analyses. The study was retrospective and relied on
claims data, which may contain coding errors and have missing data. Administrative delays (e.qg.,
delays in submitting claims) may have impacted observed times to ET diagnosis, and incorrect
diagnosis coding could have led to data misclassifications. Eligibility criteria for confirmed ET
required ET diagnosis with two relevant prescriptions or an additional diagnosis for unspecified
tremor, which may have limited the number of identified patients with ET. Although stricter
eligibility criteria attempted to ensure the presence of ET diagnosis and avoid potential
misclassifications, the criteria most likely resulted in an underestimation of the number of
patients with ET compared to established prevalence estimates [4, 5]. Additionally, due to the
database only capturing data from 2015 to 2019, it is possible that some patients in the post-
diagnosis subset received their initial ET diagnosis outside the study period. The database also
only captured patients who were actively seeking a diagnosis or treatment for their tremor, which
may have excluded patients with mild tremor or those who discontinued all treatments prior to
the study period due to poor efficacy or tolerability. These factors, alongside low disease
awareness, potentially further contributed to projected diagnosis estimates being lower than
previously reported figures. Other limitations specific to claims analyses include the inability to
capture all patients in a population and all claims for a given patient, limited insights into
adjudicated claims, as well as the possible presence of nonunique patients in cases where patients
switch coverage plans which may have also contributed to overrepresentation of treatment

discontinuation rates. In addition, prescription claims did not include associated ICD-10 codes,
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thus medications may have been prescribed for other conditions outside ET. Prescription
utilization rates could have been overrepresented due to the requirement for two relevant ET
prescriptions as part of identifying confirmed ET diagnoses. Finally, medications for ET could
have been started before the official diagnosis of ET and may have been prescribed for comorbid

conditions and not necessarily for ET.

Conclusions

This large study based on comprehensive claims analysis highlights the complexity of ET
diagnoses and the high number of untreated patients, alongside disease comorbidity and
medication adherence challenges among treated patients. Consistent-with prior reports, our
findings indicate an age-related increase in ET diagnoses, with a large portion of patients
diagnosed after the age of 65 years. Notably, confirmed ET diagnosis was established about 1.5
years after the diagnosis of an initial movement disorder. Almost all patients suffered from at
least one comorbid condition, with cardiometabolic and psychiatric-related comorbidities
increasing until ET diagnosis. Additionally, our findings revealed that, in general, older patients
with ET suffer from anxiety or depression at double the rate compared with the older general
population. About two in three patients received pharmacologic treatment for ET, primarily
propranolol or primidone, but 2-year discontinuation rates were over 40% for both medications.
Additionally, concomitant medication use was high, with likely implications for ET medication
drug-interaction risks. In-addition to providing novel insights into the complexity of care for
patients with ET, this study highlights an opportunity to redefine early disease characteristics to
aid in more effective diagnoses. This is critical to facilitate the development of targeted
treatments that exhibit better efficacy and tolerability, and a favorable profile with respect to

drug—drug interactions while maximizing treatment adherence potential for patients with ET.
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Fig. 1 Comorbidities in patients with confirmed essential tremor (ET) in 2019. Percentage of
comorbidities in patients with confirmed ET (n = 128,263)
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Fig. 2 Comorbidities in patients over time in the pre-diagnosis cohort. Percentage of patients
with (a) cardiometabolic, (b) psychiatric, and (c) movement-related comorbidities in the pre-
diagnosis cohort (n = 25,039) in the 48 months prior to initial essential tremor (ET) diagnosis
(Dx)
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Fig. 3 Comorbidities in patients over time in the post-diagnosis cohort. Percentage of patients
with (a) cardiometabolic, (b) psychiatric, and (c) movement-related comorbidities in the post-
diagnosis cohort (n = 46,169) up to 36 months after initial essential tremor (ET) diagnosis (Dx)
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Fig 4. Procedural intervention use in patients with essential tremor (ET). (a) Percentage of
patients with confirmed ET in 2019 with at least 1 procedural intervention by procedure (n =
4139). The sum of percentages is greater than 100% indicating some patients had multiple
treatments. (b) Procedural intervention use over the disease course in the post-diagnosis cohort (n
= 46,169) demonstrating the percentage of patients with procedures over the period from 12
months before, and up to 36 months after, initial ET diagnosis (Dx). Procedures included
botulinum toxin, deep brain stimulation (DBS) and thalamotomy.
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Fig. 5 Pharmacologic treatments prescribed to patients with confirmed essential tremor (ET) in
2019. (a) Percentage of all patients with ET by treatment (n = 128,263). (b) Percentage of
patients with ET who had at least one prescription by treatment (n = 82,323). The sum of
percentages is greater than 100% indicating multiple treatment use per patient

Fig. 6 Use of pharmacological treatments in patients with confirmed essential tremor (ET) in
2019. (a) Rates of concomitant treatment use in patients with confirmed ET (n = 128,263). (b)
Percentage of patients with ET by concomitant treatments
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Fig. 7 Specialties prescribing essential tremor (ET) treatments in 2019. (a) Proportion
of specialties prescribing ET medications. (b) Proportion of prescribing specialties by treatment
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Fig. 8 Treatment use before and after essential tremor (ET) diagnosis. Percentage of

patients with ET using (a) propranolol and other beta blockers, and (b) primidone and other
anticonvulsants, in the pre-diagnosis subset (n = 25,039). Percentage of patients with ET using
(c) propranolol and other beta blockers, and (d) primidone and other anticonvulsants in the post-

diagnosis subset
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Fig. 9 Medication compliance assessed via proportion of days covered (PDC) for propranolol
and primidone in the post-diagnosis cohort. Percentages of patients by PDC range and mean
PDC are presented. PDC was defined as the ratio of days covered by a dispensed medication to

total days in the claim period

Fig. 10 Two-year prescription persistency in patients with essential tremor (ET). Persistency
curves by treatment depict the percentage of patients with ET who remained on their prescribed

medication over the course of 24 months
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Table 1. Estimated number of essential tremor diagnoses by study cohort, and corresponding

U.S. population projections

Database sample, n

Projected U.S., n

2019 total patients diagnosed with

353,822 589,704
ET
2019 confirmed® ET 128,263 213,772
Pre-2015-2019 total patients
1,336,183 2,226,971
diagnosed with ET®
2015-2019 confirmed® ET 459,588 765,980

ET essential tremor, U.S. United States

aConfirmed ET is defined as the presence of an ICD-10 code of G25.0 plus at least two relevant prescriptions for ET

(e.g., propranolol, primidone, or other beta-blockers) or the presence of two ICD-10 codes at least 90 days apart,

including an ICD-10 code of G25.0 and an ICD-10 code of R25.1 for unspecified tremor
bTotal includes unique patients with ET claims from 2015 through 2019, including projected pre-2015 patients

(spanning 2013-2014)
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Table 2. Demographic characteristics of patients with essential tremor

Characteristic

Patients with

Pre-diagnosis

Post-diagnosis

confirmed ET for subset? subset®
year 2019 (N = 25,039) (N = 46,169)
(N = 128,263)
Age group, n (%)
<44 5909 (5) I 1008 (4) 2148 (5)
45-54 7131 (6) 1427 (6) 3100 (7)
55-64 18,742 (15) 3858 (15) 7539 (16)
65-74 42,144 (33) 8304 (33) 16,093 (35)
75-84 38,375 (30) 7469 (30) 13,004 (28)
85+ 15,962 (12) 2973 (12) 4285 (9)
Sex, n (%)
Female 72,494 (57) I 14,879 (59) 26,820 (58)
Male 55,769 (43) I 10,160 (41) 19,349 (42)
Primary payer, n (%)
Commercial 23,878 (19) 4349 (17) 8167 (18)
Medicaid 3047 (2) 603 (2) 1249 (3)
Medicare 100,134 (78) 19,503 (78) 33,396 (72)
Veterans Affairs/others 1151 (2) 262 (1) 622 (1)
Missing 53 (<0.01) 322 (1) 2735 (6)

aThe pre-diagnosis subset comprised patients who had claims data for at least 46 months prior to the first confirmed

ET diagnosis in the database

bThe post-diagnosis subset comprised patients who had claims data for at least 36 months after the first confirmed

ET diagnosis
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Table 3. Time from initial diagnosis of a movement disorder to confirmatory diagnosis of

essential tremor in the pre-diagnosis subset

First movement

Patients with ET,

Mean (SD) number of

Median (Q1, Q3)

disorder?

disorder diagnosis n (%) days to ET diagnosis number of days to ET
diagnosis

Dystonia 371 (1) 670 (432) 657 (272, 1054)
Other tremor 1970 (8) 529 (427) 441 (126, 900)
Parkinson’s disease 1810 (7) 646 (453) 615 (213, 1081))
Unspecified tremor 7804 (31) 504 (419) 406 (117, 850)
Total with any movement

9690 (40) 558 (439) 477 (138, 946)

ET essential tremor, SD standard deviation

aTotal with any movement disorder includes all patients with at least one of the following diagnoses: dystonia, other

tremor, Parkinson’s disease, unspecified tremor
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