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Abstract

Background: Essential tremor (ET), among the most common neurological diseases, is
associated with cognitive dysfunction. Yet, nearly all knowledge of ET-related cognitive
impairment is static and cross-sectional (e.g., prevalence), with virtually no dynamic information
(i.e., course and progression, conversion rates, and clinical outcomes).

Objectives: To quantify the rate of progression from mild cognitive impairment (MCI) to
dementia in a cohort of elderly ET cases.
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Methods: 167 ET cases, enrolled in a prospective, longitudinal, clinical-pathological study,
underwent an extensive neuropsychological testing battery at baseline (T1), 1.5 years (T2), and 3
years (T3). Results of these assessments informed clinical diagnoses of hormal cognition (ET-NC),
MCI (ET-MCI), and dementia (ET-D).

Results: At baseline, 26 cases (82.7 + 7.7 years) were diagnosed with ET-MCI and were
available for follow-up at T2. At T2, three of 26 (11.5%) had converted to ET-D. At the start of
T2, 23 cases (83.6 + 7.7 years) were diagnosed with ET-MCI and were available for follow-up at
T3. At T3, six of 23 (26.1%) converted to ET-D. The average annual conversion rate from ET-MCI
to ET-D was 12.5%.

Conclusions: The study of cognitive impairment in ET is a nascent field, with limited data. We
show that the conversion rate from ET-MCI to ET-dementia was 12.5%. Available studies on
historical controls have reported conversion rates of 2.6 — 6.3%. Data such as these systematically
fill gaps in knowledge, creating a scientifically-derived knowledge base to guide physicians and
patients in clinical settings.
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Introduction

Essential tremor (ET) is one of the most common neurological diseases, with approximately
seven million patients in the US [1]. Previously, ET was characterized as a largely benign,
monosymptomatic movement disorder whose sole manifestation was tremor. The dialogue
surrounding ET has shifted recently, with increasing recognition of non-motor symptoms. A
number of studies have shown that ET cases display poorer cognitive performance and an
increased prevalence of Mild Cognitive Impairment (MCI) compared to age-matched
controls [2-4]. ET cases are also at increased risk of developing incident dementia [5]. Thus,
a growing body of research supports an association between ET and significant cognitive
dysfunction. Despite these findings, many features of cognitive impairment in ET remain
undefined [6].

Previous studies have largely been restricted to static, cross-sectional descriptions of the
cognitive domains involved in such deficits. Individuals with ET have been shown to
perform more poorly in tasks related to executive function including those assessing theory
of mind [7], verbal fluency [8], mental set shifting, inhibition, and problem solving [2].
Given the role of the cerebellum in supporting executive function [9] and the known
dysfunction of the cerebellum in ET cases, neuroanatomical hypotheses have often ascribed
executive deficits in ET to inefficient cerebellar-cortical networks, particularly those
projecting to and from the prefrontal cortex [10]. Other neuropathological models that
describe cognitive dysfunction in ET continue to be explored as well, including those that
implicate compromised white matter structure [11], altered functional connectivity
throughout the cerebral cortex [12], and reduced cerebral cortical gray matter volume [13].
There is growing evidence that cognitive deficits in ET may reflect the co-occurrence of a
more widespread, degenerative neuropathology [11].
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Despite growing knowledge of the prevalence and nature of cognitive dysfunction in ET, few
studies have characterized the dynamics of this dysfunction; as such, the clinical course and
outcomes of ET-related cognitive impairment have not been well-described. This study
better defines ET-related cognitive impairment by presenting data on conversion rates from
MCI to dementia. In doing so, we hope to expand our understanding of how cognitive
impairment evolves in ET.

Study Design:

A cohort of 234 ET cases underwent an extensive motor-free neuropsychological battery as
a part of the COGNET study, an ongoing, prospective, longitudinal study of cognitive
function in ET (Clinical-Pathological Study of Cognitive Impairment in Essential Tremor,
NINDS RO1NS086736). The study, which began in July 2014, aimed to identify the profiles,
neuroanatomic bases, prevalence and course of cognitive impairment in ET cases. As
described previously [15], cases who met the following eligibility criteria were recruited: (1)
diagnosis of ET, (2) minimum age of 55 years old, (3) no brain surgery for the treatment of
ET, (4) willingness to participate in testing and enroll as a brain donor. Cases were recruited
through a series of advertisements on a study website as well as other websites (International
Essential Tremor Foundation). Demographic and clinical data including age, gender,
ethnicity, and education were collected at baseline.

Cases were evaluated over three intervals: at baseline (T1), 18 months after baseline (T2),
and 36 months after baseline (T3). The cognitive test battery was designed by a
neuropsychologist (S.C.) specifically for the COGNET study. It targeted several cognitive
domains including attention, executive function, visuospatial abilities, language, and
memory. The test battery excluded tests whose scores rely on motor ability so as not to
disadvantage subjects with more moderate or severe tremor - see [15] for a description of the
battery. Trained research staff conducted in-person assessments in the homes of cases at each
interval. The assessment included administration of the comprehensive cognitive battery; a
clinical interview; questionnaires concerning mood, sleep, tremor experience, and physical
activity; and a videotaped neurological examination [15]. Diagnosis of ET was confirmed by
a senior movement disorders neurologist (E.D.L) based on evaluation of the videotaped
neurological examination using the Washington Heights-Inwood Genetic Study of ET
diagnostic criteria [16], which requires moderate or greater amplitude kinetic tremor during
three or more tests or head tremor in the absence of Parkinson’s disease, dystonia, or other
causes. These criteria have been shown to be reliable [17] and valid [18]. Total tremor score
was assigned by a movement disorders neurologist (E.D.L.) following examination of the
videotaped neurological examination [15]. The total tremor score (range 0-36, higher scores
indicate more severe tremor) was calculated based on ratings for kinetic or postural tremor
on 12 movement tasks and assigned at each interval. When available, research staff
conducted a telephone interview with a designated informant (i.e., someone close to the case
who knew them well). The informant answered questions relevant to the case’s everyday
functioning [15].
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A comprehensive summary of each case’s cognitive profile was then presented at diagnostic
case conferences [15]. During these conferences, a neuropsychologist (S.C.) and a
psychiatrist (E.D.H.) assigned all a Clinical Dementia Rating score (0 = no dementia, 0.5 =
questionable dementia, 1 = mild dementia, 2 = moderate dementia, and 3 = severe dementia)
[19].

During case conferences at each interval, based on CDR, cognitive test performance, and
informant interview, each case was assigned one of three primary cognitive diagnoses:
normal cognition (ET-NC), mild cognitive impairment (ET-MCI), and dementia (ET-D) [15].
Impairment on a single test was defined as a z-score < —1.5. Normal cognition included: no
impairment (CDR 0, no impairment on any test); impairment of unlikely clinical
significance (CDR 0, impairment on 1 test); impairment of possible clinical significance
(CDR 0 or 0.5, impairment in = 1 test but not meeting operational criteria for MCI);
questionable or isolated functional impairment (CDR 0.5, no impairment on any test). MCI
was defined as a CDR of 0.5 and impairment (z-score < —1.5) on 2 MCI-designated tests.
Dementia was defined as a CDR = 1 and impairment in multiple domains. As described
previously [15], specific tests in each domain were a priori selected for diagnosis of MCI
based on: (1) relative purity of measurement for the construct under evaluation; (2)
demonstrated utility of measures for defining MCI in previous studies; and (3) general
availability of the measure to researchers who wish to replicate findings. Selecting specific
tests in each domain also prevented over-sampling of domains with more sub-scores
generated from a single test (e.g., immediate and delayed memory from a memory test as
compared to a single score from a naming test). MCI was further stratified into amnestic
(single domain and multi-domain) and non-amnestic (single domain and multi-domain).

All portions of the study were approved by the Yale University and Columbia University
Internal Review Boards, and all cases granted signed, informed consent upon enroliment.

Final Sample:

Excluded from this analysis were 33 cases who only underwent one evaluation. Of these 33
cases, 18 died before their second evaluation, 7 refused further evaluation, and 8 were
excluded from future evaluation due to the assignment of an alternative diagnosis upon video
examination review (7 dystonia and 1 psychogenic tremor). This first level of exclusion left
201 of 234 ET cases who had undergone more than one evaluation. Of these, we further
excluded 21 cases who had additional or alternative diagnoses during one or more interval (4
Parkinson’s disease and 17 dystonia) as well as nine cases that had baseline (T1) dementia.
We also excluded 4 cases whose cognitive diagnoses were complicated by substance abuse,
stroke, or head trauma. As a result of these exclusions (total = 67), 167 of 234 COGNET
cases were eligible for this analysis.

Statistical Analyses:

We used the Statistical Package for Social Sciences (SPSS) software version 26 for analysis.
Analysis utilized diagnostic data from two distinct timeframes: the eighteen-month period

between T1 and T2 and the eighteen-month period between T2 and T3. In order to calculate
a conversion rate, we assessed the number of converters and non-converters for each interval
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period. We divided the number of cases of ET-MCI that converted to ET-D by the total
number of ET-MCI cases that had a follow-up evaluation. We then divided this result by the
average length of the interval in years to arrive at an annual conversion rate for that interval
period. We used the mean of the two resulting annual conversion rates, to arrive at an overall
annual conversion rate from MCI to dementia.

Our sample size was not adequately powered to compare converters to non-converters. For
example, using data from our 23 non-converters at T1, and assuming alpha = 0.05, two-sided
tests, and a mere 5 year higher age in converters than non-converters (i.e., 87.4 vs. 82.4
years), our study would have required 41 subjects in each group rather than the 23 converters
and 3 converters we had. Hence, our comparisons of converters to non-converters were
deemed exploratory analyses to be used for future hypothesis testing. In these exploratory
analyses, we compared several clinical and demographic variables that were collected as part
of the COGNET study (age, gender, race, education, prescription medications, cigarette
smoking, tremor onset, tremor duration). These analyses used either chi-square tests (for
categorical variables such as gender or race) or independent sample (Student’s) t tests (for
continuous variables such as age and years of education). As these were exploratory
analyses, we recognize that a p value > 0.05 does not constitute a null result.

At baseline, there were 26 ET cases (age 82.7 + 7.7 years) diagnosed as ET-MCI who had a
follow-up evaluation at T2. For these 26 cases, the average length of the interval between T1
and T2 evaluations was 1.5 £ 0.2 years (range 1.1 — 2.0, median: 1.5). At T2, three of these
26 cases had converted to ET-D (11.5%, 95% confidence interval = 0.0% — 23.8%). The
annual conversion rate for the period between T1 and T2 was 7.7%. At the start of T2 there
were 23 ET-MCI cases (age 83.8 £ 7.6 years) that were available for follow up at T3. Eight
of these 23 cases were incident MCI cases. For these 23 cases, the average length of the
interval between T2 and T3 evaluations was 1.5 + 0.2 years (range 1.1-1.8, median: 1.5). At
T3, six of the 23 cases (26.1%, 95% confidence interval = 8.1% — 44.0%) had converted to
ET-D. The annual conversion rate for the period between T2 and T3 was 17.4%. The overall
annual conversion rate from MCI to dementia for both interval periods was 12.5%.

Of the 26 ET-MCI cases at baseline, 17 (76.3%) were amnestic MCI (7 single domain and
10 multi-domain) and 9 (34.6%) were non-amnestic MCI (5 single domain and 4 multi-
domain). The three converters at T2 included 1 amnestic single domain MCI and 2 amnestic
multi-domain MCI. Of the 23 ET-MCI cases at T2, 16 (69.6%) were amnestic MCI (4 single
domain and 12 multi-domain) and 7 (30.4%) were non-amnestic MCI (1 single domain and
6 multi-domain). The six converters at T3 included 2 amnestic single domain MCI, 3
amnestic multi-domain MCI, and 1 non-amnestic single domain MCI.

In exploratory analyses, we also compared converters and non-converters for the period
between T1 and T2 and the period between T2 and T3 as shown in Tables 1 and 2,
respectively and compare these data. As noted above, these analyses were of limited power
and deemed solely exploratory, and we recognize that a p value > 0.05 does not constitute a
null result.
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Discussion

Only one previous study, with a small sample size (n = 52), a clinic-based ascertainment
scheme, a relatively young population, and a relatively short follow-up interval (2 years),
reported a conversion rate from MCI to dementia in a sample of ET cases. That study
recruited 52 cases age 50 years and older from a movement disorder clinic. Hence, the
novelty of the current study, aside from the fact that it is only the second study to assess
conversion rates, is the tripling of sample size (i.e., 167 vs. 52), the use of a non-clinic based
ascertainment scheme that was therefore less likely to enroll ET cases with more co-
morbidity, the older population (i.e., enrollment of individuals more in the age range of those
who typically develop MCI and dementia) and the longer follow-up interval (three study
visits each 18 months apart vs. a 2 year follow-up). In the prior study, four of sixteen
subjects who were diagnosed with MCI at baseline converted to dementia over a two-year
interval, resulting in an annual conversion rate of 12.5% [20]. The results are similar to those
we present here with a larger sample and longer follow-up interval.

The annual conversion rate from MCI to dementia is an important finding, especially when
compared to rates that occur in the general population as well as in Parkinson’s disease. In
the general population, previous studies have shown annual conversion rates from MCI to
dementia that range from 2.6 — 6.3% [21-23]. The conversion rate in ET is in line with
recent findings of greater burden of cognitive dysfunction in ET as compared to the general
population [2—4] The conversion rate from MCI to dementia in Parkinson’s disease has also
been investigated. As in our ET cohort, the rate of conversion in Parkinson’s disease is
elevated when compared to the general population. The annual rates of conversion from
MCI to dementia in Parkinson’s disease reported by these studies range from 7.6 — 15.5%
[24-27]. While the annual conversion rates in our study differed during the two interval
periods, the confidence intervals of the proportions overlapped suggesting that the actual
conversion rate is reflected by their average. Describing data relevant to ET-related cognitive
impairment is essential for improved patient care. Identifying conversion rates is a critical
first step in developing improved systems of patient management that address clinically
relevant concerns of ET-related cognitive impairment. Cognitive impairment in ET is
associated with enfeeblement [28] and greater caregiver burden [29]. With greater
knowledge that expands upon the data presented here, providers can make recommendations
that directly address these ET-related issues.

While impaired cognition is becoming increasingly relevant in the clinical dialogue
surrounding ET, clinicians have limited ability to provide prognostic guidance due to
insufficient knowledge. By addressing areas of uncertainty, research of this kind will allow
clinicians to offer specific guidance regarding course and outcomes for ET-related cognitive
impairment. Additionally, cognitive dysfunction can be devastating to ET patients and
caregivers; increased preparedness and knowledge of the expected course can alleviate some
of the burden. As such, it is important to quantify previously undescribed conversion rates in
ET. Data presented here will inform clinical dialogue and aid clinicians in counseling
patients and families.
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Data presented here should be understood in the context of a number of limitations. There is
no control group associated with this study; instead we compared our conversion rate to
rates obtained from similar prospective, longitudinal studies of similarly aged individuals in
the general and Parkinson’s disease populations. These conversion rates for the general and
Parkinson’s disease populations were obtained from studies which largely involved elderly
cohorts [21-27]. Because of this use of historical comparison and control groups, differences
across studies could confound attempts at strict comparisons, and assertions that the
conversion rate is elevated in ET should be approached with appropriate caution. The
majority of COGNET cases were cognitively normal, meaning that only a fraction of the
cohort was relevant to this study of abnormal cognition. The groups on which we based our
statistical analyses (converters and non-converters), were, as a result, small. The duration of
follow-up was limited to two eighteen-month periods. Longer follow-up would likely result
in a more precise estimate of conversion rate and we are hopeful that the continuation of
COGNET will allow for refinement of the data. All cases in COGNET self-referred and so
may not represent the broader ET population. This study was focused on conversion rates,
although other data were collected. However, these data did not include genetic or imaging
data, which would have been of interest.

The study also had considerable strengths. The COGNET study provided an ideal context
for obtaining a robust estimate of conversion rate from MCI to dementia in ET. COGNET is
the first study of its kind to track a population-based cohort of ET cases during regularly
interspersed intervals. Another positive aspect of the study includes the careful assignment
of ET diagnoses and exclusion of other diagnoses by a movement disorders specialist as well
as the assignment of cognitive diagnoses by neuropsychologists.

In conclusion, we present an annual conversion rate from MCI to dementia of 12.5% in a
cohort of elderly ET cases. Available studies on historical controls have reported conversion
rates of 2.6 — 6.3%. This finding supports growing evidence of the association between ET
and significant cognitive dysfunction. Data such as these systematically fill gaps in
knowledge and create a scientifically-derived knowledge base to guide physicians, patients,
and families in clinical settings.
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. Knowledge of essential tremor (ET)-related cognitive impairment is static.

. 167 ET cases enrolled in a prospective, longitudinal neuropsychological
study.

. Annual conversion rate from mild cognitive impairment (MCI) to dementia
was 12.5%.

. Data such as these systematically fill gaps in knowledge and guide physicians.
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Table 1:

Clinical characteristics of converters and non-converters for the interval between T1 and T2

All CasesN =26 | ConvertersN =3 | Non-Converters N = 23 Comparisonl
Age in years 82777 85.0+5.6 82.4+8.0 D= 0.50%
Gender (Female) 12 (46.2) 1(33.3) 11 (47.8) p=0 64b
Race (White) 26 (100) 3(100) 23 (100) p=1 Oob
Education in years 149+29 147+23 149+3.0 D=0 gg?
Number of prescription medications 73+44 57+42 75+4.4 p=0 507
Current cigarette smoker 0(0.0) 0(0.0) 0(0.0) p=1 OOb
Age of tremor onset in years 445+24.0 53.0+2.8 43.7+24.9 p=0 617
Total tremor score 202+4.6 228+23 19.8+4.7 _ a

p=0.30

Tremor duration in years 37.9+22.0 29.0+5.7 38.7+22.7 D=0 567

All values represent mean + standard deviation or number (percentage).

All values are those obtained at the start of the interval period

1

Converters to non-converters.
a

Independent samples t test

bChi—square test
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Table 2:

Clinical characteristics of converters and non-converters for the interval between T2 and T3

All Cases N =23 | ConvertersN=6 | Non-Converters N =17 Comparisonl
Age in years 83.6+7.7 87.0+4.6 82.4+83 p= 0229
Gender (Female) 16 (69.6) 5(83.3) 13 (68.4) p=0 3917
Race (White) 24 (100) 6 (100) 17 (100) p=1 0017
Education in years 15.2+3.2 148+34 15.3+3.2 D=0 754
Number of prescription medications 6.5+3.9 6.2+4.8 6.6 £3.7 p=0 83?
Current cigarette smoker 0(0.0) 0(0.0) 0(0.0) p=1 OOb
Age of tremor onset in years 41.3+£225 54.3+26.4 36.8+19.8 p=0 107
Total tremor score 21.1+49 21.3+6.7 21.0+4.4 _ a

p=0.90

Tremor duration in years 423+219 32.7+25.3 45.6 +20.2 D=0 292

All values represent mean + standard deviation or number (percentage).

All values are those obtained at the start of the interval period

1

Converters to non-converters.
a

Independent samples t test

bChi—square test
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