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Abstract

Background: Increased depression, hearing loss, dementia, alcoholism, and mortality in essential tremor patients remain unexplained. We investigated whether

conditions associated with tremor are linked to chronic stress.
Methods: The FY2013 Veterans Affairs database was queried for 38 selected dual diagnosis combinations in 5,854,223 veterans aged 21-95 years.

Results: Post-traumatic stress disorder, anxiety, and depression were the most common psychiatric diagnoses in tremor patients, with the odds ratio exceeding 2 in
all 15-year cohorts. Depending on age, patients with essential tremor were more likely than those without to have obsessive-compulsive disorder, bipolar illness,
schizophrenia, use tobacco and abuse alcohol, have hypertension, obesity, hyperlipidemia, diabetes, vitamin D deficiency, coronary and cerebrovascular diseases,
congestive heart failure, stroke, asthma, hypothyroidism, irritable bowel syndrome, renal insufficiency, alcoholic liver disease, hearing loss, glaucoma, macular
degeneration, migraine, epilepsy, idiopathic polyneuropathy, history of head trauma, and ‘Alzheimer’s dementia. In contrast, lung and colorectal cancer,

amyotrophic lateral sclerosis, psychostimulant abuse, and rheumatoid arthritis were not more common.

Discussion: Post-traumatic stress disorder, anxiety, and depression, strongly associated with essential tremor, are known risk factors for poor health habits, tobacco
use and alcohol abuse; collectively these are risk factors for vascular disease, with further negative health consequences for multiple organ systems. As essential
tremor is associated with all these conditions, we propose that chronic stress is not only responsible for the conditions associated with tremor but in some cases itself

directly and indirectly induces essential tremor, so that tremor and poor health share a common cause.
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Introduction which are causes of chronic stress. We thus asked whether conditions

The cause(s) of essential tremor (ET) remains poorly understood.
Observers agree that persons with ET are prone to anxiety and
depression; however, the reason for this is not clear.' Furthermore, the
greater rate of hearing loss,? dementia,” and mortality in ET remains
unexplained.”*

We have noted an association of ET not only with depression and
anxiety but also with post-traumatic stress disorder (PTSD), all of

known to be associated with chronic stress are also more common in
persons with ET. If so, poor health features of ET may be interpreted
as constituting part of a larger pattern that arises ultimately from
stress/distress. To address this notion, we queried the United States
Veterans Affairs (VA) database to ascertain whether the frequency
of various conditions was altered in ET veteran patients compared
to those without ET.
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Methods

The Veterans Health Administration has utilized an electronic
medical record system since the 1990s. Providers entered diagnostic
International Classification of Diseases (ICD)-9 codes at the time
of each outpatient encounter. For inpatient encounters, trained
coders reviewed electronic records and assigned diagnostic codes.
All encounter information from VA medical centers and clinics
across the United States was relayed regularly to a central database
in Austin, TX.

The Austin National Inpatient and Outpatient Workload files
were queried for patients with selected dual diagnoses combinations
seen during fiscal year 2013 (FY13): from October 1, 2012, to
September 30, 2013. The presence of specific conditions in patients
with or without the diagnostic code for ET, 333.1, was assessed. Over
108 million outpatient encounters for 5,870,023 unique outpatients
were queried. Another file was created for 508,939 unique inpatients,
and merged with the outpatient file.

We examined 38 clinical conditions. Data were generated in 15-year
age cohorts, and represent both men and women except for prostate
cancer. Conditions of chronic stress (PTSD, depression, and anxiety),
along with common psychiatric disorders were initially examined.
With the finding of strong associations of ET with chronic stress
conditions, we then examined substance abuse disorders and com-
ponents of the metabolic syndrome and poor diet for association
with ET, as these are known to be more common in chronic stress
disorders. As vascular disease is more common in persons with chronic
stress, smoking and alcohol use, and with components of the metabolic
syndrome, we then examined whether cardiovascular and cerebrovas-
cular disease is more common in persons with ET. Next, we examined
various medical and neurological diseases based on known associations
with chronic stress, substance abuse, metabolic syndrome, vascular risk
factors, or based on prior literature suggesting an association with ET.

To assess the accuracy of the diagnostic code 333.1 for ET, we
examined the medical records of all 355 patients who were diagnosed
with 333.1 in FY13 in the VA Greater Los Angeles Healthcare System
who were aged 21-95 years at that time. Records were examined

not only for FY13 but for prior and subsequent years.

Statistical analysis

Very small numbers of veterans below the age of 21 and over
the age of 95 years were available and therefore were excluded
from analyses, so that data from 5,854,223 were analyzed. Calculation
of p values utilized a two-tailed chi-square test. Any statement that
the odds ratio (OR) for a specific condition is higher or lower in
tremor patients than in non-tremor cases is made only if the corre-
sponding chi-square test has shown significance, with p < 0.00026,
after a Bonferroni correction that takes into account 190 tests (38 con-
ditions X five age cohorts). In the figures, only statistically significant

ORs are displayed.

Essential Tremor Comorbid Conditions

Results
VA Greater Los Angeles FYI3 case review

The VA Greater Los Angeles Healthcare System serves veterans
living in urban and rural areas within southern California. Elec-
tronic medical records spanned over 20 years, making it possible,
for example, to ascertain from early records whether tremor onset
antedated the use of a tremor-inducing medication, while more recent
records permitted determination whether the FY13 diagnosis was
retrospectively incorrect. Five charts were rejected for having no
information on the patient’s tremor. Of the remaining 350 dia-
gnosed with 333.1 in FY13, the diagnosis of ET was incorrect
due to Parkinson’s in 22 (6.3%), drug-induced tremor in nine (2.6%),
atypical tremor, usually head or writing tremor, in eight (2.3%),
physiological tremor in five (1.3%), and other, such as dystonia,
psychogenic, or due to alcohol or trauma, in 14 (4.0%). Of 292 judged
on chart review to have classic ET (83.4%), 12 had recent-onset
parkinsonism preceded by ET.

National VA database

The percentage of veteran patients diagnosed with ET in the
nationwide survey at ages 21-35, 36-50, 51-65, 66-80, and 81—
95 years was 0.07% (437/586,169), 0.17% (1,348/783,127), 0.49%
(9,523/1,961,836), 0.77% (13,425/1,751,046), and 0.75% (5,792/
772,045), respectively.

Psychiatric disorders

PTSD and anxiety were the two most common psychiatric disorders
among veterans with tremor. The PT'SD OR was doubled at all ages,
being present in 38% of 21-35-year-olds, falling to 27% at 51-65, and
<10% above age 80 (Figure 1A). At all ages ET patients had at least
doubled OR for anxiety, as high as 33% at ages 21-35, and falling
to <10% at ages 81-95 years (Figure 1B). The OR for depression
was also doubled in ET patients, with a peak of 20.8% at ages 36-50
and falling to <10% above age 65 (Figure 1C). The high association
of ET with anxiety and depression confirms literature reports,'”
to which PTSD can now be added.

Because PTSD has been associated with obsessive-compulsive
disorder (OCD)™’ and bipolar disorder,™ and stress with schizo-
phrenia,'® we examined these. ET veterans did not have OCD more
often than non-ET cases at ages 21-35 or 81-95, but did at ages in
between, with OR above 2.4. OCD was uncommon, present in 1.3%
of ET cases at 36-50 years, falling to 0.4% at ages 66-80 (Figure 1D).
Schizophrenia was increased in E'T patients, especially at ages 36-50,
with OR = 2.6, falling to 1.4 at ages 51-80; the prevalence was 4.2%
at ages 36-50 (Figure 1E). ET patients were more likely to have bipolar
disorder across all ages, with the OR ranging between 2.2 and 5.6,
and a prevalence of 12% at 36-50 years, falling to <5% after age 65
(Figure 1F).
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Figure 1. Frequency of Psychiatric Disorders in Veterans with and without Essential Tremor. In this and the next four figures, the lower part of
each panel displays the percentages of veteran patients with (closed circles) or without (open circles) tremor who have the comorbid condition within 15-year cohorts
from age 21 to 95. The upper part of each panel displays the age-corresponding odds ration with 95% confidence intervals, shown only if statistically significant
(two-tailed chi-square test). *p < 0.00026; *p < 1 x 1077; #p < 1 x 107"

Substance dependencyl/abuse

As chronic stress is a well-established risk factor for substance abuse,'' *

we examined this feature next. The OR for tobacco abuse among ET
patients was elevated at all ages, especially for 21-50-year-olds at 2.1-2.3,
falling to 1.4 at ages 51-80 (Figure 2A). Across ages 21 to 65, 27-28% of
ET cases smoked. Alcohol dependency/abuse in tremor patients was
increased at all ages, with OR of 2.4-2.5 at ages 21-50, falling to 1.5 at
51-80, with a prevalence of 16% at ages 21-50, falling below 10% only
after age 65 (Figure 2B). Cannabis use/abuse in ET was most marked at
ages 21-35 (OR = 2.5), but fell thereafter, and was not increased after age
50 (Figure 2C). In contrast, the abuse of psychostimulant drugs (cocaine,
amphetamine) differed only at ages 51-65, when it was below non-ET
rates (OR = 0.67, confidence interval [CI] 0.57-0.79, p = 0.000002),
when only 1.6% of ET patients used them (Figure 2D). These results
indicate that among the substance abuse disorders, tobacco and alcohol
abuse are especially more common in ET cases.

Components of the metabolic syndrome and diet

PTSD, anxiety, and depression are known risk factors for the

15-19

metabolic syndrome, thus we examined whether ET is associated

with components of this syndrome. Obesity was more common in ET,
with OR ranging from 1.7 at ages 21-35 to 1.3 at ages 81-95, and
prevalence ranging from 13% at ages 21-35 to 23% at ages 36-65
(Figure 2E). Vitamin D deficiency, as a marker of poor diet/exercise,
was more common in tremor patients at all ages, with OR of 2.7 at
ages 21-35, then between 1.9 and 1.5 at subsequent ages, and with a
prevalence ranging between 6.6% and 8.1% (Figure 2F). At ages 51—
65 and 6680, the OR for diabetes was modestly increased (OR = 1.5,
1.2 respectively), with a prevalence of 37% at ages 66-80. At ages 81—
95, ET veterans were less likely than non-ET cases to have diabetes
(OR = 0.88, CI 0.83-0.94, p = 0.00004, Figure 2G).

Hyperlipidemia was more common in ET patients at all ages,
with OR ranging from 1.9 at ages 21-35 to 1.4 at ages 66-95. Over
60% of 51-95-year-olds with ET had hyperlipidemia (Figure 2H).
Hypertension was increased in ET with an OR of 2 across ages 21-95,
with a percentage of 36% at ages 21-35 and over 85% among those
over 65 (Figure 2I). In summary, ET patients were more likely to
be obese, have hypertension, hyperlipidemia, and low vitamin D
levels at all ages, whereas the association with diabetes was modest
and age-limited.
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Figure 2. Substance Abuse (A-D) and Components of the Metabolic Syndrome and Diet (E-I). See Figure 1 for description of veterans with and

without tremor.

Vascular and respiratory disease

Tobacco and alcohol use, hypertension, and metabolic syndrome
components are well known risk factors for vascular disease, while
smoking and poor diet are linked to respiratory disease. In addition,
persons with chronic stress are more likely to have coronary artery
discase (CAD),"**"*2 and arc prone to stroke.?? Given these risk
factors in ET patients, we examined the prevalence of vascular and
respiratory diseases. CAD was modestly more likely in tremor patients
only at ages 51-65 and 66-80 (OR = 1.4, 1.2 respectively, Figure 3A).

At these ages, tremor patients were modestly_more likely to have
congestive heart failure (OR = 1.4, 1.2 respectively). Compared with
cardiovascular disease, cerebrovascular disease was more markedly
increased in tremor patients. It was more common above age 35, with
OR = 2.9 at ages 36-50, falling to 1.4 by ages 81-95 (Figure 3C).
Residual deficit from prior stroke was more likely at ages 51-65
and 66-80 (OR = 1.7, 1.6 respectively, Figure 3D). At ages 66-80,
5.6% of tremor cases had cerebrovascular disease, 1.7% had residual
from stroke, 5.7% had heart failure, and 25% had CAD.
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Figure 3. Vascular (A-D) and Respiratory (E-F) Diseases. Sce Figure 1 for description of veterans with and without tremor.

Above age 50, chronic obstructive pulmonary disease (COPD) was
more common in ET, with OR of 2.1 at ages 51-65 (CI 1.85-2.30),
falling to 1.7 at ages 81-95 (CI 1.49-1.99), the prevalence ranging
between 3.3% and 3.8% at ages 51 to 95 (Figure 3E). Asthma was
more common in ET after age 35, with OR ranging from 1.5 to 1.7,
and the prevalence between 4% and 7% (Figure 3F).

Numerous facets of health may be affected by chronic stress,
tobacco/alcohol abuse, and vascular risk factors, thus we sampled
various organ diseases, cancer, and neurological disorders to examine

their relative prevalence in ET.

Other medical conditions

Hypothyroidism, linked to smoking,?* was moderately increased in
tremor patients at ages 36-65 (OR 1.8-1.6), and modestly over age 65
(OR = 1.2), with the prevalence rising from 5.8% at ages 36-50 to
13% at ages 81-95 (Figure 4A). Although smoking is a risk factor for
rheumatoid arthritis,> this disease was not more common in ET cases
(not shown). The OR for irritable bowel syndrome (IBS), a condition

strongly linked to chronic stress,?*%’

was increased twofold above age
35 in ET, with the prevalence peaking at 3.8% at ages 36-50, and
falling to about 1% thereafter (Figure 4B). Renal insufficiency, associated

. . 28
with vascular risk factors,”™ was modestly more common among

tremor patients aged 51-65 (OR = 1.4, CI 1.29-1.55,p < 1 x 10
and 66-80 (OR = 1.2, CI 1.12-1.27, p < 1 x 1078), with a preva-
lence of 5.1% to 8.7% at these ages (not shown). Alcoholic liver disease
was more common in E'T below age 66, with an OR of 16.7 at ages
21-35, falling to 3.4 at ages 36-50 and to 1.5 at 51-65, with the
prevalence falling from 1.4% to 1.1% across these ages (Figure 4C).

As cancer rates are influenced by lifestyle factors, we examined three
common cancers. Despite higher tobacco use in tremor patients, their
rate of lung cancer did not differ from that of non-tremor cases at any
age (not shown). Similarly, colorectal cancer rates did not differ (not
shown). Prostate cancer was modestly more common among men with
tremor only at ages 51-65 (OR = 1.2, CI 1.11-1.39, p = 0.00023),
with the condition diagnosed in 3.5% (not shown).

Vascular risk factors are associated with higher rates of hearing

3031 and glaucoma, thus the frequency

loss,>® macular degeneration,
of these conditions was examined in ET cases. Tremor patients were
more likely to have sensorineural hearing loss, with OR = 2.0 at ages
21-35 (CI'1.38-2.84, p = 0.00015), falling below 1.8 after age 65, with
7.3% of 21-35, 17% of 51-65, and 34% of 81-95-year-olds having
hearing loss (Figure 4D). Macular degeneration was more common
in ET after age 50, with OR = 1.8 at ages 51-65 (CI 1.55-2.10),

falling to 1.4 at ages 81-95 (CI 1.26-1.48), with a prevalence of 1.8%
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Figure 4. Other Medical Conditions (A-C) and Diseases of the Ear and Eye (D-F). See Figure 1 for description of veterans with and without tremor.

at 51-65, rising to 12% at ages 81-95 (Figure 4E). At ages 51-65 and
66-80, glaucoma was modestly more common in ET, with OR = 1.3
(CI1.22-1.40, p < 1 x 107'% and 1.1 (CI 1.07-1.19, p = 0.00001),
with a prevalence of 7.4% and 10% at these ages respectively (Figure 4F).

Neurological disorders

We examined traumatic brain injury (TBI) as it is strongly associated
with PTSD,?*3* migraine due to associations with TBI, chronic stress,

and smoking,® *® epilepsy in view of associations with TBI, substance

39,40

abuse and vascular risk factors, idiopathic polyneuropathy as it is

41,44 .
42 and dementia in

4344 1

associated with smoking and vascular risk factors,
view of associations with depression and vascular risk factors,
these risk factors being more common in tremor cases. Amyotrophic
lateral sclerosis (ALS) was examined as its prevalence has been
inversely correlated with that of multiple chronic conditions.*

TBI was more common in tremor patients aged 21-80, with an OR
of 2.4-2.6; the prevalence was 13% among 21-35-year-olds, falling to
5.3% at 36-50, and to 0.8% at 6680 (Figure 5A). Migraine was more
common at all ages in ET, with the maximal OR (3.3) at ages 21-35
and the minimum (2.4) at 51-65. Migraine was present in 16% of ET
21-35-year-olds, and in 1.7% at ages 6680 (Figure 5B). Epilepsy was
increased at all ages in ET, and markedly so at ages 21-35 (OR = 10.2),

among whom 5.7% had epilepsy. The OR fell to 4.9 at ages 36-50
and to 2.2 at 81-95 (Figure 5C). The diagnosis of idiopathic poly-
neuropathy was also much more common in tremor patients, with an
OR of 5.1-5.2 below age 51, and approximately 3 in those over age
50, with a prevalence of 1.4% of 21-35-year-olds, rising to 6.9% at
ages 66-80 (Figure 5D). The diagnosis of Alzheimer’s dementia was
more common in tremor patients above age 50, with OR = 2.7 at ages
51-65, falling to 1.4 at 81-93, with a prevalence of 0.2% at ages 51-65,
rising to 3.1% at ages 81-95 (Figure 5E). The frequency of ALS did
not differ significantly (not shown), although there was a trend to a
lower rate from ages 21 to 95 in E'T, with OR = 0.16 (p = 0.00034).

Discussion

Limitations of this survey include the fact that “other specified forms
of tremor,” as well as E'T, qualified for the ICD-9 code 333.1, so thata
population study based on this code cannot be 100% accurate for ET.
In addition, inaccurate diagnoses may be made by non-specialists,
including general neurologists. In a study by Louis et al.,*® chart
review of patients identified with 333.1 in billing records indicated that
the diagnosis was correct in only 49%.

The results of the current study form a coherent pattern in which
the altered prevalence of numerous comorbidities in cases diagnosed
with 333.1 can be linked to chronic stress or, with some conditions,
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Figure 5. Neurological Conditions. Sce Figure 1 for description of veterans with and without tremor.

to TBI, which is highly correlated with PTSD. Compared to the
disease profile of Parkinson’s disease, the main diagnostic considera-
tion in persons with tremor, that of ET in this study shares some
overlap, but also significant differences. The present study shares
findings with those described for Parkinson’s disease of increased rates
of anxiety, depression, PTSD," schizophrenia, bipolar disorder,*®
vitamin D insufficiency,* congestive heart failure,”® IBS,”' hearing
loss,>? history of head trauma,’’ dementia, polyneuropathy,w‘ and
high or normal rates of diabetes.”> >’ However, in contrast to
the study population, Parkinson’s is characterized by unchanged

56,57,59,60
a lower

rates of OCD,>® less smoking and alcohol abuse,
rate of hyperlipidemia,®’ normal or low rates of hypertension,
CAD, and stroke,”®°7%%%% normal rate of hypothyroidism,**
low rates of lung and colorectal cancer,”” decreased migraine,®®
less epilepsy,”’ and an association with ALS®® compared to con-
trol populations. These numerous differences indicate that ET-
diagnosed cases of the present study did not represent misdiagnosed

Parkinson’s disease.

On review of all 350 evaluable charts of veterans in VA Greater
Los Angeles Healthcare System diagnosed with 333.1 in FY13, we
found that 83.4% had clinical descriptions consistent with E'T, or 80%,
if cases with associated recent-onset parkinsonism are excluded. This
figure suggests that, with extrapolation to national data, the findings of
the overall survey are likely to be valid, but should be confirmed in
other large databases using the ICD-10 code, which excludes other
forms of tremor, and potentially using additional criteria. Reasons why
our figure is higher than that of Louis et al.** may include differences
in the provider and patient populations. VA providers may have been
more likely to use the code 781.0 Tremor Unspecified when the
diagnosis was not clear, and veterans, due to exposure to stress, may be
more likely to have ET compared to other forms of tremor.

Strengths include a large database and a health status portrayal more
comprehensive than most studies. Despite limitations, this study repli-
cated previous findings, including increased anxiety, depression, hearing
loss, migraine, dementia in ET, and associations with alcohol, head

trauma, and likely poor diet, supporting the validity of the overall findings.
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Chronic stress and the ET patient

At all ages the OR for PTSD, anxiety and depression among ET
veterans was at least doubled, resulting in high prevalence rates.
Combat veterans with PTSD are prone to develop co-morbid anxiety
and depression that persist even 20 years later.*®? IBS, strongly
associated with stress, anxiety, depression, and major life trauma,”®?’
was also doubled after age 35 in ET veterans. TBI, previously reported
to increase ET risk,”” is strongly associated with PTSD,*** account-
ing for the doubled rate of TBI below age 81 in ET veterans.

Much research indicates that emotional experience is dominated
by two dimensions: negative (NA) and positive affect. NA includes
fearfulness, tension, sadness, guilt, anxiety, and depression. The high-
NA trait may be related to early life circumstances or occur after a
traumatic life event, and forms the basis of two personality constructs,
one characterized by exaggerated negative reactions, and the other,
known as type D (distressed) personality, in which NA is combined
with social inhibition of emotional expression.® The type D person-
ality is stable over time and, along with its subcomponents NA and
social inhibition, is influenced by both environmental and heritable
factors.”"”? ET subjects score high on personality scales for fearfulness,

737 NA trait features.
75

anxiety, anticipatory worry, and pessimism,
The high tendency for social withdrawal, shyness, and social phobia
suggests that at least some ET subjects possess the type D personality.
The burden of chronic stress associated with PTSD, anxiety, depres-
sion, NA, and type D personality promotes multiple poor health

outcomes, as explored below.

Chronic stress, tremor, mental illness, and substance abuse

OCD may commence 10 years after a traumatic life event,’”’ thus
the doubled rate of OCD among ET veterans between age 36 and 80
is consistent with combat experiences at ages 21-35. The greater rate
of schizophrenia can be related to higher rates in tremor cases of risk
factors: cannabis use, alcohol abuse, anxiety, bipolar disorder,'® and
TBL’® Chronic social stress and social isolation, likely present in stressed
ET patients, are also risks for schizophrenia.”” PTSD is associated with
later bipolar disorder,®” which was increased in ET cases.

Although smoking is reported to reduce the risk of ET,®”% the
tremor patients of this survey had higher tobacco use, attributable to
known risk factors for smoking: depression, anxiety, PT'SD, bipolar
disease, and schizophrenia.'*®*#! Persons with type D personality are
more likely to smoke.?* Alcohol abuse and alcoholic liver disease were
more common in tremor patients. Alcohol use is a risk factor for
developing ET,* conceivably due to chronic stress, a well-known
precipitant of alcohol use disorder.'' ET veterans had higher rates
of risk factors for alcohol dependency: anxiety, depression, and
PTSD."""* Type D personality is also associated with alcoholism.®*

Increased cannabis usage below age 51 by tremor veterans may
be due to anxiety and depression, as anxiety disorders have a high
association with cannabis use.'*® In contrast, psychostimulant abuse

was one-third less frequent than in non-ET patients at ages 51-65,

Essential Tremor Comorbid Conditions

possibly due to the elevated harm avoidance trait,”® which is also
believed to underlie reduced abuse by OCD patients.'?

Chronic stress, tremor, hypertension, and components of the
metabolic syndrome

Especially striking was the strong association of ET with hyperten-
sion, with OR doubled at most ages. Chronic stress, which causes
excess cortisol secretion and sympathetic nervous system activation, is
a well-established cause of hypertension.'? Hypertension and evidence
of sympathetic overarousal have been found in PTSD,'** anxiety

8889 and type D personality.?**? A Mediter-

disorders, 7 depression,
rancan diet is associated with a lower risk for developing ET.”
In contrast, the tremor patients of this study had risk factors for poor
diet. Chronic stress, including depression, PTSD, type D personality,
and social isolation are generally associated with a high-fat, low-fruit
diet, obesity, and physical inactivity.'*!>1%-21:82:919% BT yeterans had
increased obesity rates at all ages, consistent with these risk factors.
Vitamin D deficiency in ET patients reinforces the impression that
they had poor diet and lack of outdoor activity. Tremor patients had
slightly more diabetes at ages 51-80, likely related to poor diet, obesity,
physical inactivity,” depression, PTSD, smoking, and alcohol use,'”#%%
all increased in tremor patients. The reduction of diabetes at ages 81—
95 might have resulted from a reduced lifespan in E'T patients with
diabetes. At all ages the OR for hyperlipidemia was increased in ET
patients, again likely related to poor diet and lack of exercise; PTSD is

. 17,86
also a risk factor.”

Tremor, medical illnesses, and cancer

Tremor patients were more likely to have cerebrovascular disease
above age 35, and CAD, congestive heart failure, and stroke above age 50.
The well-known CAD risk factors hypertension, smoking, hyperlipi-
demia, diabetes, and alcoholism were more common in tremor patients.
In addition, chronic stress, depression, PTSD, generalized anxiety,
type D personality, and lack of social support promote CAD, mediated
by excess activation of the hypothalamic—pituitary—adrenal (HPA)
axis,' 210207228293 The clevated rate of congestive heart failure in
middle-aged and older tremor patients may be related to the presence
of known risk factors: CAD, diabetes, hypertension, obesity, smoking,97
potentially physical inactivity,”® and PTSD,'® Of risk factors for stroke,
many were increased in tremor patients: depression, anxiety, chronic
stress, > hypertension, smoking, obesity, diabetes, excessive alcohol
consumption, abnormal lipid profile, and possibly poor diet and
physical inactivity. Renal insufficiency was more common in tremor
patients aged 51-80, likely due to the enhanced presence of the main
risk factors hypertension, diabetes, obesity, and vascular disease.?®

The increased prevalence of COPD among tremor patients
above age 50 is likely related to the main risk factor, smoking.”’
Similarly, increased asthma above age 35 may be related to smoking'”°
and potentially to diet.'”" Autoimmune hypothyroidism is elevated
sixfold after smoking cessation,”* thus hypothyroidism, more frequent
after age 35 in tremor patients, might be related to attempts to

cease smoking.
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Despite higher tobacco use by tremor patients, lung cancer rates were
not increased. Similarly, despite the increased presence of risk factors for
colorectal cancer: smoking, alcohol abuse, obesity, low vitamin D, and

102-104
2 colorectal cancer rates

potentially poor diet and physical inactivity,
were not increased, in contrast to a prior finding of an increase in ET.!®
Prostate cancer was also generally not increased, except for a slight
increase at age 51-65, despite risk factors of smoking, obesity, vitamin D
deficiency, and potentially poor dictary and exercise habits.'?%!%%:197
It is possible that, due to higher vascular risk factors, more tremor
veterans may have taken aspirin, which is protective against lung'®®

109 :
and colorectal cancers, ~ or were exposed to another protective factor.

Tremor, hearing, sight, and neurological disorders

2,110

In confirmation of prior studies, we found increased sensor-

ineural hearing loss at all ages in tremor patients. Some ET veterans

Handforth A, Parker GA

may have had hearing loss from TBI, which was more common
among them, or from combat experiences. Risk factors for hearing
impairment were more prevalent in tremor cases, including hyperten-
sion, smoking, diabetes, and hyperlipidemia.?® The increased macular
degeneration seen in tremor patients after age 50 is attributable to the
higher rates of known risk factors: smoking, hypertension, obesity,

30,31

vascular disease, and potentially poor diet.""'"? Diabetes and

hypertension, more common in tremor patients, are risk factors for

glaucoma,

more common at ages 51-70.

The increased rate of migraine at all ages in tremor cases is
consistent with a prior study.''® Risk factors for migraine present in
tremor cases include TBI, PTSD, depression, OCD, anxiety disorders,
COPD, asthma, stressful life events, 0bcsity,35737 hyperlipidemia,
and smoking.”> *® In addition to TBI, risk factors for epilepsy that

: : : s 114,115
were more common in tremor patients include depression,

anxiety, depression, negative affect,
PTSD (with or without TBI)

?

cerebrovascular

H 8
birolar Ch ronic HPA Essential
0co —>| _over =3 Tremor
Stress activity
schizophrenia / poor diet hypertension
alcohol, cannabis vascular dise;se diabetes, obesity
tobacco ] including coronary L hyperlipidemia

vit. D deficiency

alcohol liver disease, asthma, congestive heart failure, COPD,
dementia, glaucoma, hearing loss, hypothyroidism, macular
degeneration, migraine, polyneuropathy, stroke

Figure 6. Model of Relationship of Essential Tremor to Comorbid Conditions. Chronic stress, as occurs with post-traumatic stress disorder (PTSD),
anxiety, depression, or negative affect/ Type D personality trait increases the risk of psychiatric conditions, substance abuse, vascular disease, hypertension,
components of the metabolic syndrome, and poor diet. These together in turn increase the risk of diseases affecting multiple organs, eyesight and hearing, and
neurological conditions. Traumatic brain injury , present in many PTSD patients, also contributes to certain neurologic conditions, such as migraine and epilepsy. It
is proposed that chronic stress, in addition to increasing the risk of multiple diseases, promotes essential tremor (ET), so that the conditions associated with chronic

stress are more common in ET.
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smoking,''® alcohol dependency,® hypertension,*” diabetes,'!” history

'8 and Alzheimer’s discase.''? Idiopathic polyneuropathy

of stroke,’
was found more often at all ages in tremor patients, who had the
known risk factors hypertension, obesity, metabolic syndrome, vascular
disease, and smoking.***'?% In some patients the “idiopathic” poly-
neuropathy may have been secondary to alcoholism or early diabetes,
both more common in tremor patients. The present study found
increased rates of ‘Alzheimer’s diagnosis in tremor patients over
age 50, confirming previous reports.*'?! Risk factors for dementia
more common in tremor patients include depression, mid-life hyper-
tension, diabetes, mid-life obesity, mid-life hyperlipidemia, smoking,
probably physical inactivity,**** COPD,'* and TBL'?® Moreover,
PTSD carrics a 1.8-fold increase of dementia in veterans.'2*
Chronic stress as a common cause of tremor and

associated conditions

Chronic stress among tremor veterans, as associated with PTSD,
anxiety, and depression, provides a basis for a heightened disease
burden (Figure 6). Insofar as PTSD, anxiety, depression, chronic stress,
and type D personality are common in the general population, the
associations with tremor noted in veterans are likely present in non-
veterans as well, providing explanations for higher mortality in ET,*
and for previously noted associations of E'T with dementia, alcoholism,
and hearing loss.

A key question is why ET may be associated with chronic stress.
Two potential explanations may apply. In one, chronic stress induces
poor health outcomes; these in turn promoting nervous system injury
that may underlie tremor, as well as dementia and polyneuropathy.
Another explanation, one that we suggest applies to some ET cases, is
that chronic stress directly causes ET. This notion is supported by the
finding that depressed persons are more likely than non-depressed
persons to have developed ET when evaluated just three years later.'
A recurring theme among conditions associated with tremor is excess
activation of the HPA axis, involved in chronic stress, PT'SD, depression,
anxiety, hypertension, obesity, diabetes, IBS, and the type D person-
ality. Stress/distress/ HPA overactivity might ensue from discrete
traumatic life events (causing PTSD or depression), early life events,
epigenetic or genetic factors that affect temperament or resilience,
or from variations in HPA functioning.

Chronic stress might induce tremor through affecting receptors and
ion channels, or by affecting brain microstructure. Depression reduces

5-hydroxytryptamine (HT);, receptors in frontal and limbic cortex;'®

stress also reduces Purkinje neuron 5-HT), receptor levels in mice.'?®
Stress affects dendritic morphology and spine numbers in hippocam-
pus, medial prefrontal cortex, bed nucleus of stria terminalis, and
basolateral amygdala as the best-studied nuclei. Dendritic changes
in the amygdala are long-lasting, and thought to underlie enhanced
fear and anxiety responses.127 By analogy, chronic stress and/or HPA
hyperactivation might cause long-lasting microstructural changes in
cerebellar or related circuitry so that ET ensues. After 1 hour of restraint
stress, rats not only show more anxiety, but increased Purkinje spine

numbers, indicating that stress can affect Purkinje cell morphology.'?®

Essential Tremor Comorbid Conditions

Abnormal climbing fiber—Purkinje cell connections have been described
in ET cerebellar cortex.'® Further research is needed to explore
whether these or other changes may be engendered by stress and

lead to tremor.
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