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Abstract

Background: There is evidence that the risk of mortality is increased in patients with essential
tremor (ET), however, there are few longitudinal, prospective data on the predictors of mortality
in ET. There is also evidence that ET is associated with cognitive impairment; yet, it is unknown
whether this is associated with elevated risk of mortality.

Methods: In a longitudinal, prospective study of 194 elders with ET, an extensive
neuropsychological test battery was performed at three time points: baseline, 18 months, and 36
months, and cognitive diagnoses (normal, mild cognitive impairment [MCI], and dementia) were
assigned during consensus conferences. We used Cox proportional hazards models to estimate
hazard ratios (HR) for death.

Results: The mean baseline age was 79.1 + 9.7 years. During follow-up, 52 (26.8%) died.

In initial univariate models, a variety of baseline factors were associated with increased risk

of mortality, including demographic variables (i.e., older age), cognitive variables and gait and
balance variables. In the final multivariate Cox model, baseline dementia (HR = 2.66, p = 0.006),
older baseline age (HR = 1.18, p< 0.001), and more reported falls at baseline (HR = 1.10,

p < 0.001) were independently associated with increased risk of mortality. Amnestic MCI was
marginally associated with increased risk of mortality (HR = 1.93, p=0.08) in primary analyses
and significantly (p < 0.05) in several sensitivity analyses.
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Conclusions: In this longitudinal, prospective study, baseline dementia resulted in a 2- to 3-
times increase in risk of mortality in ET, further highlighting the clinical significance of cognitive
impairment, specifically dementia, in this population.
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Introduction

Essential tremor (ET) is one of the most common movement disorders among adults, with a
prevalence of ~5% in individuals age 40 and older, and over 20% in individuals = 95 years
[1-2]. While Kkinetic tremor is the primary feature of ET, additional clinical characteristics
have been associated with the disorder, including motor problems (i.e., ataxic gait) and non-
motor problems (i.e., anxiety symptoms, depressive symptoms, mild cognitive impairment,
and dementia) [3-5], some of which may be due to underlying cerebellar dysfunction [6-8].
Due to its progressive and multifaceted nature, ET can manifest with functional declines and
disability.

There are few longitudinal studies of mortality in ET. Of the two longitudinal studies that
included controls [9-10], only one enrolled ET cases and controls at the same time, and

that demonstrated an increased risk of mortality in ET [10]. Studies of the predictors of
mortality in ET are even more rare. A preliminary study using a portion of the current cohort
of elderly ET cases followed these cases from baseline to their first 18-month follow-up
evaluation [11]. The study found that older age, a higher clinical dementia rating (CDR)
score, and a higher Geriatric Depression Scale (GDS) score were independently associated
with increased risk of mortality in ET. That study did not attempt to disentangle the effects
of mild cognitive impairment (MCI) or dementia on risk of mortality in ET.

A growing number of studies demonstrate that, on average, individuals with ET have

poorer cognitive performance compared to age-matched controls, supporting an association
between ET and cognitive dysfunction [12-15]. One study has shown that ET patients have
a higher prevalence of MCI than controls [16]. Two studies have demonstrated an increased
risk of dementia in ET compared to controls [17-18] and a third study, although not
reporting an overall risk increase, reported that the hazard ratio for incident dementia in the
comparison between ET onset age =65 vs. ET onset < age 65 was 2.1, suggesting a higher
risk of incident dementia in older onset ET cases than controls, although those analyses
were not performed [19-20]. Two studies found that amnestic MCI is more typical than non-
amnestic MClI in ET cases [21-22] whereas another found the opposite pattern [23]. Guehne
et al. [24] determined that individuals without ET or other known neurological illness
diagnosed with MCI had an increased risk of mortality, though no studies have explored
MCI as a predictor of mortality specifically in an ET cohort. Additionally, dementia is
known to be a significant risk factor of mortality in the elderly, but has not been examined as
an independent predictor of mortality in ET [25-27].

Thus, dementia and possibly MCI are likely predictors of mortality in ET, although this has
not been formally studied or quantified. We now have longer follow-up data on our complete
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cohort and are able to quantify the risk of mortality associated with both MCI and dementia
in ET cases. Identifying the risk factors of mortality and incorporating an assessment of
these factors may enhance the quality of care provided to ET patients, as well as increase
their longevity. These results will provide greater insight on the risk factors of mortality

in ET patients and further assist clinicians in managing ET patients from a comprehensive
viewpoint.

Study Design

ET cases were enrolled in a prospective, longitudinal study examining cognition in ET
(Clinical Pathological Study of Cognitive Impairment in Essential Tremor, COGNET,
NINDS R01 NS086736) beginning in July 2014. The purpose of the study is to characterize
the neuropathological basis of cognitive deficits in ET and to examine the course of
cognition in ET. The eligibility criteria are: (1) diagnosis of ET; (2) minimum age of 55
years old; (3) no history of brain surgery for the treatment of ET; (4) willingness to partake
in a cognitive test battery; and (5) willingness to enroll in the Essential Tremor Centralized
Brain Repository. We recruited cases through advertisements on the study website, along
with other websites (i.e., International Essential Tremor Foundation).

Three assessments were scheduled for each participant: baseline (T1), 18 months after
baseline (T2), and 36 months after baseline (T3). Trained research assistants conducted
in-person evaluations in the homes of ET cases at each study visit, which consisted

of an extensive clinical evaluation, cognitive test battery, and a videotaped neurological
examination. These visits typically took place over two consecutive days to minimize
participant fatigue.

All study procedures were approved by the UT Southwestern Medical Center, Yale
University, and Columbia University Internal Review Boards. All cases signed written
informed consents.

Clinical Battery

The clinical evaluation included questions regarding demographic (e.g., age, gender,
ethnicity, education) and clinical (e.g., age of tremor onset, medication usage, current
cigarette smoker) features. Researchers also asked about the number of falls the patient

had experienced in the past year. Additional questionnaires were also implemented: Geriatric
Depression Scale (GDS) [28], Pittsburgh Sleep Quality Index (PSQI) [29], and Physical
Activity Scale for the Elderly (PASE) [30]. The GDS [28] is a valid and reliable 30-item
self-report measure of depressive symptoms, specifically designed for the elderly, with a
higher score indicating more depressive symptoms (range = 0-30). The PSQI [29] is a self-
rated questionnaire assessing sleep quality and disturbances (e.g., average hours of sleep,
sleep quality). The PASE [30] is a self-rated assessment of physical activity (e.g., leisure,
household activity, occupational activity) for older adults, with higher scores indicating
greater physical activity (range = 0-400 or more).
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Cognitive Evaluation

A neuropsychologist (SC) developed the cognitive test battery specifically for the COGNET
study [11]. The battery included two global cognitive screening measures, the Montreal
Cognitive Assessment (MoCA) [31] and the Mini Mental State Exam (MMSE) [32], with
higher scores indicating normal cognition (range = 0-30). The battery included assessments
of five cognitive domains: attention, visuospatial function, memory, language, and executive
function.

Participants also identified an informant (i.e., someone close to the participant who knew
them well) to participate in a short phone interview in which they answered questions

about the participant’s behavior and everyday functioning. The informant interviews were
instrumental in determining the participants’ Clinical Dementia Rating (CDR) scores (0 = no
dementia, 0.5 = questionable dementia, 1 = mild dementia, 2 = moderate dementia, and 3

= severe dementia) [33]. This semi-structured and rated interview was used to determine
changes across six dimensions (memory, orientation, judgment and problem solving,
community affairs, home and hobbies, and personal care). If an informant was not available,
CDR was established through participant self-report and examiner impression. CDR was
confirmed and a cognitive diagnosis was decided during diagnostic case conferences,
thereby providing two cognitive classifications.

Test scores, informant interviews, and CDR scores were presented at consensus conferences,
and diagnoses were assigned by a neuropsychologist (SC) and geriatric psychiatrist (EDH).
The three main cognitive diagnoses assigned were: (1) normal cognition; (2) MCI (CDR

= 0.5 and impairment on two MCI-designated tests); and (3) dementia (CDR > 1 and
impairment in multiple cognitive domains). We defined impairment on a single test as a z-
score < —1.5. To determine cognitive domain z-scores, we created domain aggregates (mean
z-scores for each domain) based on published normative data, which were adjusted by age,
gender, and/or education. MCI was further stratified into subtypes based on guidelines by
Peterson [34]: amnestic (single or multi-domain) and non-amnestic (single or multi-domain).

Videotaped Neurological Examination

A videotaped neurological examination included one test for postural tremor and five

tests for kinetic tremor [11]. A senior movement disorders neurologist (EDL) used the
Washington Heights-Inwood Genetic Study of ET (WHIGET) rating scale and diagnostic
criteria [1], which are reliable [35] and valid [36], to provide a tremor rating score for each
task (0-3) and to assign a diagnosis in each case. The ratings added up to a total tremor
score (TTS; range = 0-36) and were assigned at each interval (T1, T2, and T3). EDL also
assessed tandem gait (when the toes of the back foot touch the heel of the front foot at each
step) and the number of missteps during a 10-step walk.

Statistical Analyses

We used the Statistical Package for Social Sciences (SPSS) version 26. We tested the
normality of test variables using a Kolmogorov Smirnov test, and used non-parametric tests
as needed. We compared baseline demographic and clinical characteristics of participants
who died vs. participants who remained alive during follow-up (Table 1). Additionally, we
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compared demographic and clinical characteristics of cases with dementia to cases who
were not demented at baseline (Table 2). We imputed 8 missing values in the number of
falls variable to account for possible biased estimates. For these analyses, we used student’s
t-tests, chi-square tests, Fisher’s exact tests, and Mann-Whitney U tests. Cox proportional
hazards models were used to estimate hazard ratios (HRs) for death with 95% confidence
intervals (CIs). A person-years variable was calculated using the time between T1 and most
recent contact for living cases, while a person-years variable was calculated using the time
between T1 and death for the deceased cases.

For the Cox proportional hazards models, we first performed univariate models (i.e., entered
independent variables one at a time in a series of regression models). In the univariate
models, our cognitive diagnosis groups were normal cognition (reference group), MCI,

and dementia. Based on initial modeling, we identified variables as predictors of mortality
when p < 0.05, and incorporated each into subsequent multivariate Cox models. As such,
along with our primary variable of interest (cognitive diagnosis) we added the identified
variables successively, one at a time instead of en b/oc, to account for any potential
collinearity between independent variables (e.g., between the numerous gait and balance
variables or between the numerous cognitive variables). For the multivariate models, we
further subdivided MCI and our groups were normal cognition (reference group), non-
amnestic MCI, amnestic MCI, and dementia. We set the significant p-value at < 0.05 for
these analyses. Furthermore, we conducted two sensitivity analyses using Cox proportional
hazards models to examine the predictors of mortality. The first excluded 15 cases with
dementia diagnoses in order to provide a cleaner dataset for the direct comparison between
MCI and normal cognition; these analyses used a cohort of 179 cases with normal cognition
or MCI. The second analysis excluded 8 cases with imputed falls to examine a cohort of 186
cases to assess the performance and robustness of our imputation method.

We checked the proportional hazards assumption and time dependence for each model.
Multicollinearity was evaluated through variance inflation factors (VIF) of the variables.
We also computed dfbetas and standardized residual charts to detect any influential
observations. The proportional hazards assumption was satisfied in every model when

we included time dependent covariates in the regression (p > 0.05) and plotted the log(-
log(survival)) versus log of survival time curves. We found no collinearity between the
variables when using the variance inflation factor test (vif < 1.27, /2 < 0.45 in each model).
At the same time, no high leverage observations were observed (dfbeta < 0.22, studentized
residuals within the t distribution).

There were 194 ET cases with a baseline age of 79.1 + 9.7 years (Table 1). By the end of
the study, 52 (26.8%) ET cases had died. Of the 52 deceased participants, 22 (42.3%) died
after T1, 9 (17.3%) died after T2, and 21 (40.4%) died after T3. Among living participants,
the mean time from T1 to most recent contact was 5.1 + 0.5 years. Among deceased
participants, the mean time from T1 to death was 2.0 + 1.7 years. At baseline, there were 21
amnestic and 8 non-amnestic MCI participants and 15 demented participants included in the
below analyses.
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We compared baseline demographic and clinical characteristics of 52 participants who died
vs. 142 participants who remained alive during follow-up (Table 1). At baseline, those who
died were older, took more prescription medications, had a higher TTS, more reported

falls, more tandem missteps, and lower physical activity scores. Furthermore, they had
lower scores on global cognitive screens (MoCA and MMSE) and composite measures

of memory, executive function, and attention; higher CDR scores; and fewer diagnoses of
normal cognition. The two groups did not differ significantly in terms of gender, race,

years of education, cigarette smoking, age of tremor onset, tremor duration, depressive
symptoms, average hours of sleep, or sleep quality, although some of these were of marginal
significance (Table 1).

At baseline, 15 (7.8%) of 192 ET cases had a clinical diagnosis of dementia. We compared
demographic and clinical characteristics of these 15 demented ET cases to the 177 ET
cases who were not demented at baseline (Table 2). Cases with baseline dementia were
older, took more prescription medications, had a higher TTS, more reported falls, more
tandem missteps, and reported on average more hours of sleep (Table 2). Moreover, as
expected, cases with baseline dementia had lower scores on global cognitive screens and in
all cognitive domains, as well as higher CDR scores.

We entered variables one at a time for the univariate Cox regression models (Table 3).

Older age (HR = 1.18, p< 0.001), fewer years of education (HR = 0.89, p= 0.04), more
prescription medications (HR = 1.09, p=0.001), and less physical activity (HR = 0.99 p<
0.001) were associated with increased risk of mortality. Furthermore, more falls in the past
year (HR = 1.08, p=0.02), more tandem missteps (HR = 1.36, p< 0.001), and a higher TTS
(HR =1.07, p=0.02) were associated with increased risk of mortality.

In terms of cognition, the models showed that lower MoCA scores (HR = 0.82, p< 0.001),
lower MMSE scores (HR = 0.75, p< 0.001), higher CDR scores (HR = 6.02, p< 0.001;
CDR score of 0.5 [HR = 2.00, p=0.04); CDR score of 1 [(HR = 5.59, p< 0.001); CDR
score of 2 [HR = 40.77, p< 0.001]), amnestic MCI diagnoses (HR = 3.71, p< 0.001),

and dementia diagnoses (HR = 7.61, p < 0.001) were related to increased risk of mortality.
Lower z-scores in the cognitive domains of memory (HR = 0.46, p< 0.001), executive
function (HR = 0.41, p< 0.001), attention (HR = 0.57, p=0.006), and language (HR = 0.60,
p=0.02) were also associated with mortality.

In the final multivariate Cox model, dementia (HR = 2.66, p= 0.006), older age (HR =
1.18, p< 0.001) and more falls (HR = 1.10, p < 0.001) were independently associated

with increased risk of mortality (Table 4); numerous other factors identified in univariate
models (e.g., total tremor score) dropped out of this model. As age was included as a
covariate in this model, the HRs for dementia and falls adjusted for age. Survival curves are
shown for cognitive diagnoses (Figure 1) where cases were stratified into normal cognition,
non-amnestic MCI, amnestic MCI, and dementia. Hazard ratios (95% confidence interval)
in the Cox proportional hazards model were as follows: non-amnestic MCI = 0.67 (0.16 —
2.83), p=0.58; amnestic MCI = 1.93 (0.93 - 3.98,) p= 0.08; dementia = 2.66 (1.32 — 5.34),
p=0.006.
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We performed a sensitivity analysis excluding 15 dementia cases, which yielded several
significant predictors of mortality. In the initial unadjusted Cox models, older age (HR
=1.17, p<0.001), longer tremor duration (HR = 1.01, p=0.04), more prescription
medications (HR = 1.01, p=0.01), and less physical activity (HR = 0.99, p= 0.002) were
independent predictors of mortality. Furthermore, more tandem missteps (HR = 1.32, p<
0.001) and a higher TTS (HR = 1.07, p= 0.05) were also predictors. In regards to cognition,
lower MOCA scores (HR =0.84, p< 0.001), lower MMSE scores (HR =0.71, p< 0.001),
higher CDR scores (HR = 4.11, p=0.03), amnestic MCI diagnosis (HR = 3.79, p< 0.001),
and lower z -scores in the memory cognitive domain (HR = 0.54, p= 0.001) were each
predictors. In the multivariate Cox model, amnestic MCI (HR = 2.21, p=0.03) and older
age (HR = 1.19, p< 0.001) remained significant predictors of mortality in the ET cohort.

Lastly, we performed a sensitivity analysis excluding the imputed number of falls to account
for potential changes in hazard ratios. The results did not vary significantly for the univariate
models. However, in the multivariate model, we identified amnestic MCI (HR = 2.16, p

= 0.04) as a predictor of mortality; furthermore, dementia (HR = 2.33, p= 0.03), older

age (HR =1.18, p<0.001), and more falls in the past year (HR= 1.19, p< 0.001) were
significant.

Discussion

In this study, we examined predictors of mortality in a group of 194 cases among whom 52
(26.8%) died during prospective, longitudinal follow-up. In the final multivariate model, a
clinical diagnosis of dementia, older age, and more falls in the past year were independent
predictors of mortality in ET cases.

Although dementia is a likely predictor of mortality in ET, prior to the current analysis, this
had not been formally studied or quantified. The most prominent finding in the current study
is that dementia more than doubles the risk of mortality in ET, with the increased risk being
2 to 3 times greater than that seen in non-demented ET cases [18]. Past studies have also
shown that there is an association between ET and both prevalent [11] and incident dementia
[21]. With growing evidence of this association, it seems that dementia is a feature that
selectively affects ET patients above and beyond age-matched controls [18]. Dementia can
be challenging for ET patients and their families, especially caregivers [37], and increased
preparedness and knowledge about dementia and its downstream effects is important.

Once cognitive impairment sets in, the clinical outlook and prognosis are important to
establish. A recent paper identified certain critical gaps in knowledge regarding the presence
and correlates of cognitive impairment in ET [4]. ET patients with dementia may reach

a variety of critical endpoints, including admission to a hospital, institutionalization, or
death, and they may also encounter specific medical events (e.g., falls) [38]. The extent to
which cognitive impairment in ET increases risk for these endpoints is unknown and in this
paper, we tackle a specific endpoint — death. We address the increased risk of mortality that
accompanies dementia in ET.
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Ours is a study of ET patients. For context, one may ask how the presence of dementia
increases the risk of mortality in an ET-free group. Prior studies suggest that the risk of
mortality in tremor-free demented persons aged 65 years and older is 1.7 — 3.8 times higher
than it is for their counterparts without dementia [39]. In this sense, our ET patients are
comparable to similarly-aged controls.

Although very few studies have looked at predictors of mortality in ET, by contrast, many
studies have investigated predictors of mortality in Parkinson’s disease (PD). Studies have
shown that cognitive impairment [40-41] and older age [41-42] are independent predictors
of mortality in PD. Dementia was particularly important since it increased the risk of
mortality by more than double (HR = 2.62, p < 0.001) [40].

While dementia was the strongest predictor of mortality, in several analyses, amnestic MCI
was also either a marginally significant or significant independent predictor of mortality in
ET. MCI has not been extensively examined as a predictor of mortality in ET, but has been
found to increase risk of mortality in otherwise healthy controls [24,44]. However, the risk
of mortality based on MCI subtypes is still controversial. Some population-based studies
found an increase in mortality for non-amnestic MCI [45-47], while others have found
amnestic MCI cohorts to have increased risk of mortality [48—49]. Differences in study
methodology and samples could account for these differences. In PD cohorts, cognitive
impairment is associated with higher mortality [50] and MCI is associated with a faster
rate of progression to dementia [51]. To our knowledge, no studies in PD cohorts have
made the distinction between non-amnestic and amnestic MCI as potential predictors of
mortality. Predictors of mortality only partially overall overlapped in ET and PD, suggesting
that predictors of ET cannot be assumed from PD, so further investigation of ET’s unique
features is warranted.

The association between age and risk of mortality is consistent with previous studies, thus
age remains a predictor of mortality in ET [18]. In our results, we found an 18% increased
risk of mortality with each additional year of age. This finding is congruent with other
neurodegenerative diseases (i.e., PD, amyotrophic lateral sclerosis) [52].

A greater number of falls also increased the risk of mortality, and each fall was associated
with a further 10% increment. In older cohorts with no cognitive impairment, the risk of
falls increased with age; one study found that old age and frequent falls were risk factors
of mortality after adjusting for relevant covariates [53]. Surprisingly, recurrent falling was
not identified as a predictor in PD cohorts [54], even if falling is a disabling feature of

this disease [55-56]. Falls have important consequences for older adults, leading to serious
injuries, disabilities, and loss of independence, hence further interventions to control this
risk factor might improve the quality of life of patients affected by it.

There are several limitations inherent in this study, the most prominent being the lack of a
control group. Despite this, we are able to say that within the context of ET that the presence
of dementia, and possibly certain forms of MCI, increase risk of mortality, and in the case
of dementia, by 2 — 3 fold. Both of these findings are novel — they are ones for which there
has not been any published data to date. These data are conceptually important because they
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serve to further reinforce the notion that within the context of ET, cognitive impairment

can have significant downstream implications. Without a control group, we cannot compare
the increased risk associated with dementia in an ET cohort to that of a non-ET cohort.
However, the goal of this study was to understand among those diagnosed with ET, which
demographic and clinical features inform mortality risk, and not to determine the extent to
which these predictors are specific to ET. Future studies should include control groups to
address that separate question.

Another limitation is that the majority of the cohort had normal cognition at baseline. Only
44 (22.7%) out of 194 cases had a clinical diagnosis of MCI or dementia at baseline.
Despite this, we identified a significant association between baseline dementia and mortality
during follow-up. In addition, the longitudinal data used in the analyses is limited to three
time intervals. A longer time duration with more deaths would further enhance the power
of this study to detect additional associations. ET cases enrolled in the COGNET study
were self-referred and 189 (97.4%) participants identified as white. This group is not
necessarily representative of ET in the community. Despite the fact that we had a limited
number of cases with baseline MCI (n = 29), we were able in several analyses to detect
significant associations between MCI and mortality. However, future studies with larger
sample sizes would allow for narrower confidence intervals around our point estimates and
would contribute to greater overall power to detect small associations. Finally, our analyses
did not include neuroimaging and genetic data, which could be useful in determining the
biological predictors of mortality in ET and the underlying structural correlates of our
results.

While there were limitations, the study also had various strengths. To our knowledge,
COGNET is the only ongoing longitudinal, prospective study that tracks a population-based
group of ET cases at several time points. We examined a broad variety of possible
predictors of mortality, including demographic and clinical variables, which yielded many
significant associations. Additionally, phenotyping of the cohort in terms of tremor features
and cognition was carefully assigned at each time point by a senior movement disorders
specialist, neuropsychologist, and geriatric psychiatrist.

Given that ET is a prevalent movement disorder, the influence of clinical features of ET

on a patient’s life span has valuable clinical implications. These findings present a useful
tool for clinicians, patients, and their families to understand and plan for disease-related
features. With these identified predictors, future studies can assess ways to mitigate risks

in ET patients since identifying risk factors is important for diagnosis, prognosis, and
treatment. While age and clinical diagnoses may not be modifiable risk factors, there have
been multiple studies looking at falls prevention in older adults, including exercise programs
[57] and vitamin D supplementation [58]. Given the association of even single falls with
increased mortality, clinicians could institute fall precautions even prior to the occurrence
of falls. Further prospective longitudinal studies are necessary to characterize predictors,
outcomes, and the underlying pathological mechanisms of ET. Overall, this study highlights
several independent predictors of mortality among older ET patients. This study contributes
to growing evidence that dementia is of importance in ET cohorts as it leads to an increased
risk of mortality.
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. Dementia leads to an increased risk of mortality in people with essential
tremor

. More falls and older age lead to an increased risk of mortality

. Amnestic mild cognitive impairment is margixy2nally significant in risk of
mortality
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Figure 1. Survival Curve by Clinical Diagnosis Category.
ET cases were stratified into four cognitive diagnoses: normal cognition, amnestic MCI,

non-amnestic MCI, and dementia. Hazards ratio (95% Confidence Interval) in Cox
proportional hazards model for non-amnestic MCI = 0.67 (0.16 — 2.83); amnestic MCI =
1.93 (0.93 -3.98,) p=0.08; dementia = 2.66 (1.32 — 5.34), p=0.006. While the curves for
normal cognition and amnestic MCI diverge, the difference was not significant (o= 0.58).
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Baseline demographic and clinical characteristics of deceased vs. living ET cases.

Table 1.

Page 16

AIll ET Cases N =194 Deceased N =52 Living N = 142 Significance (Deceased vs. Living)
Age (years) 79.1+9.7 88.0+5.1 759+8.9 p<0.001 a
Female 118 (60.8) 32 (61.5) 86 (60.6) p= 0_9017
White race 189 (97.4) 52 (100.0) 137 (96.5) p= 1.00°
Education (years) 159+25 153+28 16.1+24 p= 0.07%
Number of prescription 5.7+4.0[5.0] 7.3+4.71[6.0] 5.1+3.6 [6.0] - 0,002 d
medications p=0.
Current cigarette smoker 8(4.1) 1(1.9) 7(4.9) o= 0.68°
Age of tremor onset (years) 39.7 +£22.4 [40.0] 44.8 + 24.6 [50.0] 37.8 +21.4[40.0] p=0 O6d
Tremor duration (years) 39.3+22.1[34.0] 43.2 +24.4[34.0] 37.8+21.1[33.0] 0=0 200’
Total tremor score 20.1+5.0 21.6+54 19.6+4.8 _ a
p=0.02

MoCA score 246+3.6 22.0+45 255+2.8 p<0.001 a
MMSE score 28227 26141 29014 p<0.001 a
Cognitive diagnosis* p<0.001 b

Normal cognition 148 (76.3) 26 (50.0) 122 (85.9)

MCI 29 (14.9) 13 (25.0) 16 (11.3)

Dementia 15 (7.7) 13 (25.0) 2(1.4)
CDR p<0.001 b

0 136 (70.1) 24 (46.2) 112 (78.9)

0.5 43 (22.2) 15 (28.8) 28 (19.7)

1 11 (5.7) 9(17.3) 2(1.4)

2 4(2.1) 4(1.7) 0 (0.0)

3 0(0.0) 0(0.0) 0(0.0)
Cognitive domain

Memory -0.11+0.99 -0.77 £1.07 0.14+0.84 p<0.001 a

Executive function -0.01+0.72 -0.40+0091 0.14 £ 0.57 p<0.001 a

Attention -0.29 £ 0.75 -0.56 +0.75 -0.20+0.73 p=0.004 a

Visuospatial abilities 0.48+0.71 0.32+0.76 0.54 +0.69 0=0 067

Language 0.03 £ 0.62 [0.09] -0.14 +0.86 [-0.04] | 0.09 +0.50 [0.11] p=0 120’
GDS 6.4 £5.2[5.0] 7.0+£5.1[7.0] 6.2+5.2[5.0] o= 0.210’
Number of falls reported in 1.4+3.3[0.0] 2.1+4.6[1.0] 1.1+27[0.0] =0.005 d
the past year p=9
Number of tandem missteps 5.3+4.1[5.0] 8.7 £2.8[10.0] 4.1+3.8[3.0] p<0.001 d
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All ET Cases N =194 Deceased N =52 Living N = 142 Significance (Deceased vs. Living)
PASE score 96.8 + 71.3 [85.0] 52.3+40.0 [36.8] 108.9 +73.2[97.4] 0 <0.001 d
PSQI item: average hours of 72+14 72+18 72+12 _ a
p=0.81
sleep
PSQI item: Sleep quality 0.90 £0.77 [1.0] 0.88 £0.74 [1.0] 0.90 £0.78 [1.0] 2=0 98d

Values are number (percentage) or mean * standard deviation [median]. Percentages are column percentages.

*
2 individuals had cognitive impairment that was not classified as MCI or dementia. Bolded values are statistically significant (p < 0.05).

CDR, Clinical Dementia Rating; ET, essential tremor; GDS, Geriatric Depression Scale; MCI, mild cognitive impairment; MMSE; Mini-Mental
State Exam; MoCA, Montreal Cognitive Assessment; PASE, Physical Activity Scale for the Elderly; PSQI, Pittsburgh Sleep Quality Index.

aStudent’s t-test
b .

Chi-square test
c_..

Fisher’s exact test

dMann-Whitney U test
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Table 2.
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Demographic and clinical characteristics of ET cases with vs. without baseline dementia.

hours of sleep

AIl ET Cases N = Baseline Dementia N Baseline Not Significance (Dementia vs. Non-
192 = Demented N = 177 Demented)
Age (years) 79.1+9.7 88.2+5.0 78.4+9.4 p<0.001 a
Female 118 (60.8) 8(53.5) 110 (62.1) p= 0.5017
White race 189 (97.4) 15 (100.0) 172 (97.2) p= 1.00°
Education (years) 159+25 15.7+27 159+26 p= 0812
Number of prescription 57+40 8.4+42 55+4.0 _ a
medications p=0.007
Current cigarette 8(4.1) 0(0.0) 8(4.5) _ c
smoker p=100
Age of tremor onset 39.7 £ 22.4 [40.0] 44.0 £24.2 [52.5] 39.4 + 22.4 [40.0] -0 435/
(years) p=0.
Tremor duration (years) 39.3+22.1[34.0] 44.1 + 23.8 [36.5] 38.9 +22.0 [33.0] p=0 39d
Total tremor score 20.1+5.0[20.5] 22.3+6.6[22.0] 19.9 + 4.9 [20.5] p=003 d
MoCA score 246+3.6 16.9+3.6 251+3.0 p<0.001 a
MMSE score 282+27 22.0+4.2 287+18 p<0.001 a
CDR p<0.001”
0 136 (70.1) 0(0.0) 134 (75.7)
0.5 43 (22.2) 0(0.0) 43 (24.3)
1 11 (5.7) 11 (73.3) 0(0.0)
2 4(2.1) 4(26.7) 0(0.0)
3 0(0.0) 0(0.0) 0(0.0)
Cognitive domain
Memory -0.11+0.99 -1.92 £0.67 0.05+0.86 p<0.001 a
Executive function -0.01+0.72 -1.36 £0.73 0.11+0.59 p<0.001 a
Attention -0.29+0.75 -1.20 £ 0.60 -0.22+0.72 p<0.001 a
Visuospatial abilities 0.48+0.71 -0.09 +0.94 0.54 £ 0.67 p=0.001 a
Language 0.03 £ 0.62 [0.09] -1.05 +0.95 [1.04] 0.11 £ 0.50 [0.11] p<0.001 ad
GDS 6.4+5.2[5.0] 5.9+6.2[3.0] 6.5+5.2[5.0] p= 0_330’
Number of falls 1.4+3.3[0.0] 24+291]2.0] 1.3+3.3[0.0] - 0004 ad
reported in the past year p=0
Number of tandem 53+4.11[5.0] 9.4 +2.1[10.0] 51+4.1[4.0] = 0001 ad
missteps p=0.
PASE score 96.8 +71.3 53.4+59.1 97.7+71.7 _ a
p=0.17
PSQI item: average 72114 85+1.3 71+£13 p=0.002 a
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AIl ET Cases N = Baseline Dementia N Baseline Not Significance (Dementia vs. Non-
192 =15 Demented N = 177 Demented)
PSQI item: sleep 0.90 +0.77 [1.0] 0.78 +0.83 [1.0] 0.90 +0.77 [1.0] _ d
quality p=064

Values are number (percentage) or mean =+ standard deviation [median]. Percentages are column percentages.
Bolded values are statistically significant (p < 0.05).

CDR, Clinical Dementia Rating; ET, essential tremor; GDS, Geriatric Depression Scale; MCI, mild cognitive impairment; MMSE; Mini-Mental
State Exam; MoCA, Montreal Cognitive Assessment; PASE, Physical Activity Scale for the Elderly; PSQI, Pittsburgh Sleep Quality Index.

aStudent’s t-test
b, .

Chi-square test
c_.

Fisher’s exact test

dMann-Whitney U test
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Predictors of mortality in ET cases (Univariate Cox proportional hazards models)

Table 3.

Variable Beta HR 95% ClI Significance
Age (years) 0.16 1.18 1.12-1.23 p<0.001
Female 0.003 | 1.00 0.57-1.76 p=0.99
White race -3.03 | 0.05 0.00-570.47 p=0.53
Education (years) -0.11 | 0.89 0.80-1.00 p=0.04
Number of prescription medications 0.09 1.09 1.04-1.15 p=0.001
Current cigarette smoker -0.79 | 0.46 0.06-3.30 p=0.46
Age of tremor onset (years) 0.01 1.01 1.00-1.03 p=0.06
Tremor duration (years) 0.01 1.01 0.98-1.02 p=0.15
Total tremor score 0.07 1.07 1.01-1.13 p=0.02
MoCA score -0.20 | 0.82 0.76-0.87 p<0.001
MMSE score -0.28 | 0.75 0.70-0.81 p<0.001
Cognitive diagnosis

Normal (reference group)

Non-amnestic MCI 0.19 121 0.29-5.11 p=0.79

Amnestic MCI 131 3.71 1.83-7.52 p<0.001

Dementia 2.03 7.61 3.89-14.89 p<0.001
CDR

0 (reference group)

0.5 0.70 2.00 1.05-3.83 p=0.04

1 1.72 5.59 2.59-12.08 p<0.001

2 3.71 40.77 | 12.46-133.45 | p<0.001

Overall 1.80 6.02 3.55-10.22 p<0.001
Cognitive domain

Memory -0.77 | 0.46 0.36-0.61 p<0.001

Executive function -0.88 | 0.41 0.29-0.59 p<0.001

Attention -0.56 | 0.57 0.38-0.85 p =0.006

Visuospatial abilities -0.37 | 0.69 0.47-1.01 p=0.06

Language -0.51 | 0.60 0.39-0.92 p=0.02
GDS 0.03 1.03 0.98-1.08 p=0.26
Number of falls reported in the past year | 0.08 1.08 1.02-1.15 p=0.02
Number of tandem missteps 0.31 1.36 1.22-1.52 p<0.001
PASE score -0.02 | 0.99 0.98-0.99 p<0.001
PSQI item: average hours of sleep 0.002 | 1.00 0.77-1.31 p=0.99
PSQI item: sleep quality -0.03 | 0.97 0.62-1.51 p=0.89

Bolded values are statistically significant (p < 0.05).
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CDR, Clinical Dementia Rating; Cl, confidence interval; ET, essential tremor; GDS, Geriatric Depression Scale; HR, hazard ratio; MCI, mild
cognitive impairment; MoCA, Montreal Cognitive Assessment; MMSE; Mini-Mental State Exam; ESS, Epworth Sleepiness Scale; PASE, Physical
Activity Scale for the Elderly.
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Predictors of mortality in ET cases (multivariate Cox proportional hazards models)

Table 4.

Variable Beta HR | 95% ClI Significance
Cognitive diagnosis
Normal (reference group)
Non-amnestic MCI -0.41 | 0.67 | 0.16-2.83 | p=0.58
Amnestic MCI 0.66 1.93 | 0.93-3.98 | p=0.08
Dementia 0.98 2.66 | 1.32-5.34 | p=0.006
Age (years) 0.16 1.18 | 1.12-1.23 | p<0.001
Number of falls reported in the past year | 0.10 1.10 | 1.01-1.20 | p<0.001

Bolded values are statistically significant (p < 0.05).

ClI, confidence interval; HR, hazard ratios; MCI, mild cognitive impairment.
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