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Abstract

Objective—Studies suggest a greater risk of Parkinson disease (PD) after traumatic brain injury
(TBI), but it is possible that the risk of TBI is greater in the prodromal period of PD. We aimed to
examine the time-to-TBI in PD patients in their prodromal period compared to population-based
controls.

Methods—We identified 89,790 incident PD cases and 118,095 comparable controls > 65 years
of age in 2009 using Medicare claims data. Using data from the preceding five years, we compared
time-to-TBI in PD patients in their prodromal period to controls. We estimated hazard ratios (HRs)
and 95% confidence intervals (Cls) for TBI in a Cox regression, while adjusting for age, sex, race/
ethnicity, modified Charlson comorbidity index, smoking, and alcohol use.

Results—Risk of TBI was greater in PD patients in their prodromal period across all age and sex
groups, with HRs consistently increasing with proximity to PD diagnosis. HRs ranged from 1.64
(95% CI 1.52, 1.77) five years prior to diagnosis to 3.93 (95% CI 3.74, 4.13) in the year prior. The
interaction between PD, TBI, and time was primarily observed for TBI attributed to falls. Motor
dysfunction and cognitive impairment, suggested by corresponding ICD-9 codes, partially
mediated the PD-TBI association.

Interpretation—There is a strong association between PD and a recent TBI in the prodromal
period of PD. This association strengthens as PD diagnosis approaches and may be a result of
undetected non-motor and motor symptoms, but confirmation will be required.
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INTRODUCTION

Falls are the leading cause of traumatic brain injury (TBI) in older adults!, and the number
of individuals suffering a TBI as a result of a fall is expected to rise as the population ages2.
The annual incidence of TBI-related hospitalization is 79/100,000 amongst all age groups
compared to 264/100,000 in those aged 75 and older3. Furthermore, adults 75 years and
older have the highest rate of TBI-related hospitalization associated with falls compared to
any other age group?. Older adults with Parkinson disease (PD) are at greater risk of falls
compared to the general older adult population®. In a study of community dwelling
individuals with early-stage PD, 48% reported at least one fall in a six month period®.
During the prodromal PD period, individuals who will eventually be diagnosed with PD
based on the classic motor signs may be at an increased risk of falls®. Because some falls
may result in TBI7, it is not clear whether the known association between PD and TBI6:8-14
is causal. Although the possible mechanisms for falls during the prodromal period have not
been elucidated, there is evidence to suggest that non-motor and motor symptoms are
occurring in the years prior to PD diagnosis!®:16.

The objective of the study was to determine whether the risk of TBI was greater for PD
cases in their prodromal period than controls in a comparable time period and subsequently
to determine whether this relative risk grew stronger as time approached PD diagnosis. We
hypothesized that the risk of TBI would be greater in PD patients during their prodromal
period as compared to general population controls and that this relative risk would increase
over the five years leading up to PD diagnosis. We anticipated that there would be a greater
risk of TBI closest to the PD diagnosis date compared to controls due to progressive non-
motor and motor symptoms occurring prior to PD diagnosis. Furthermore, we hypothesized
that this association would be most evident for TBIs that occurred because of falls.

SUBJECTS/MATERIALS AND METHODS
Study Design and Sample

The study was approved by the Institutional Review Board at Washington University School
of Medicine and by the Centers for Medicare and Medicaid Services. For this population-
based study, Medicare base files and comprehensive (inpatient, outpatient, physician/
supplier Part B, durable medical equipment, and home health care) claims data from 2004—
2009 were used as detailed previouslyl’. Briefly, to be eligible for this study, individuals had
to be age 66-90 years old, enrolled in Medicare Part A and/or B, and living in the United
States (U.S.) in 2009. Individuals younger than 66 years and 11 months were excluded in
order to allow for at least two full years of claims data. Within these study eligibility criteria
we identified incident PD cases and controls, as detailed below. The 2004-2009 time period
for which we had longitudinal data for the beneficiaries in this case-control study was during
the five year period prior to the PD diagnosis (or control reference) date. During this five
year period, termed the prodromal PD period, progressive neuropathology of PD has already
developed and symptoms related to the underlying pathology of the disease are occurring.

Those individuals who met the above eligibility criteria and who had an International
Classification of Diseases (ICD-9) diagnosis code of 332.0 or 332 in 2009, with no prior
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occurrence of these codes, were identified as incident PD cases, hereafter “PD patients in the
prodromal period.” We excluded those with possible atypical parkinsonism or Lewy body
dementia using ICD-9 codes 333.0 and 331.82. Controls were randomly selected from all
remaining Medicare beneficiaries who met the same study eligibility criteria. Controls were
not matched to PD patients on demographic factors so that we could include these
demographic factors in risk factor analyses!’, and this allowed the baseline hazard rate
function for TBI to be representative of the study population. PD patients and controls who
had a personal history of TBI using the ICD-9 diagnosis V code (V15.52) or other TBI code
prior to the beginning of the study period (817 cases, 497 controls) were excluded to ensure
an event was correctly identified as the first TBI.

TBI up until the PD diagnosis or control reference date was the primary outcome of interest.
We identified TBI using the Centers for Disease Control and Prevention (CDC) criteria
using the following ICD-9 diagnosis codes, as in other studies: 800.0-801.9; 803.0-804.9;
850.0-854.1; and 959.0110:18, Severity of TBI was categorized based on the CDC: mild
(includes concussion) versus moderate/severel®-21, We also considered mechanism of
trauma for the TBI. Trauma mechanism was defined using the external cause of injury group
code (ICD-9 diagnosis E-codes) and divided into the following categories based on the
CDC?2 falls, motor vehicle accidents, and other mechanisms. We linked an E-code to a TBI
event if it occurred within seven days of the TBI. We were able to ascertain the mechanism
of injury using E-codes for 52% of PD patients in their prodromal period and 49% of
controls who had a TBI.

The Medicare files included sex, race/ethnicity, birth date (used to calculate age), ICD-9
diagnosis and procedure codes, as well as other types of procedure codes, date of Medicare
enrollment, and number of months of health maintenance organization (HMO) coverage in
each year. There were 26,468 unique diagnosis and procedure codes represented in our
sample. We used these codes to calculate a modified version of the Charlson comorbidity
index (CCl), a validated indicator of mortality that classifies and weighs various disease
subgroups (e.g. cancer, renal disease, stroke, liver disease)23-2°, The categories were
weighted using the Deyo?4 and Quan?® methods to utilize ICD-9 codes and were combined
to create a single index at the patient’s year of entry2® in survival analysis, which we detail
below. We also used the diagnosis and procedure codes to calculate variables for tobacco
smoking and alcohol use; both are associated with PD and TBI26:27. There were no missing
covariate data except for race/ethnicity in 0.1% of both PD patients and controls. This
missing group was categorized as “unknown” race/ethnicity in the final model.

Statistical Analysis

All statistical analyses were performed using SAS version 9.4 or Stata MP 14.2. We used
Cox regression models to examine the risk of TBI for PD patients in their prodromal period
compared to controls. The five years prior to PD diagnosis in 2009 was considered the
prodromal period for PD patients. We used the five years prior to a randomly selected
reference date in 2009 as the comparable period among controls. For this survival analysis,
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the event time, time-to-TBI, was defined as the time from study start to first TBI diagnosis
code. The study start time was date of entry. For most individuals this began in 2004, that is,
at the beginning of this five year period. However, the models accounted for left truncation
of the data by using the date of entry in Medicare. This allowed individuals who became
age-eligible for Medicare after the study start time (5.6% of PD patients in their prodromal
period, 14.8% of controls) to be included in the survival analysis. For these individuals, the
beginning of their Medicare eligibility truncates their study time and assumes no TBI
occurred between the study start time and their entry. We examined this assumption in a
sensitivity analysis. For all models, individuals were censored at the earlier of the following
dates: PD diagnosis date/random control reference date or December 315t of the year prior to
starting HMO coverage. Individuals were censored prior to starting any HMO coverage
because not all claims would be processed through the Centers for Medicare and Medicaid
Services. We verified proportional hazard assumptions for all covariates using residuals or
the interaction of each covariate with time. PD case status, that is, being a PD patient in the
prodromal period, was the only variable that did not meet the proportional hazards
assumption for the Cox regression model, consistent with our hypothesis that risk of TBI
would increase as PD diagnosis date approached. Therefore, we handled prodromal PD
status by using a time-dependent coefficient in the Cox regression models. Specifically, we
compared PD patients in their prodromal period to controls at fixed year periods prior to PD
diagnosis/reference (1, 2, 3, 4, or 5 years prior).

To compare base hazard rates of TBI in PD patients in the prodromal period versus controls
we derived hazard rate functions by calculating the discrete change in the Nelson-Aalen
cumulative hazard estimates between consecutive time points while smoothing using the
Epanechnikov Kernel. We stratified these hazard rate functions by sex and age (66-74, 75—
84, and 85-90 years). We then fit a Cox regression model to estimate hazard ratios (HRs)
and 95% confidence intervals (Cls) for TBI among PD patients in the prodromal period vs.
controls in a comparable reference period, while a priori adjusting for age, sex, and race/
ethnicity. We verified that there was no material effect of adjusting for the following
additional variables that are related to PD, TBI, or both: modified CCI at entry year, tobacco
smoking, and high alcohol usage. We then compared the log hazard ratio between each year
and the prior year. We also examined the unadjusted hazard rate function for TBI by
mechanism of injury.

We performed two sensitivity analyses for the above Cox models. First, we verified that
results were not altered by excluding the individuals who had delayed entry because their
inclusion required us to assume that they had not experienced a TBI between study start time
and their entry. Second, we excluded the three months prior to PD diagnosis/reference date
because prior studies of PD suggested that traumas in this time period may have facilitated
PD ascertainment,%14 and we also repeated this excluding a full year.

Finally, similar to a prior study focused on PD and TBI,1* we conducted logistic regression
to examine the association between PD and TBI at different time periods prior to PD
diagnosis. PD case status was our outcome and TBI the independent variable in each model.
For consistency with our survival analysis, we used the same time year windows prior to PD
diagnosis/control reference as before (1, 2, 3, 4 or 5 years prior, with one model per time
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window). We adjusted for the same covariates as described above when estimating the PD-
TBI odds ratios (ORs) and 95% Cls as an estimate of relative risk.

The use of less computationally intensive logistic regression models allowed us to conduct
additional analyses to determine whether any of the individual 26,468 diagnosis and
procedure codes altered the PD-TBI-time interaction or confounded and/or mediated the PD-
TBI association. We used logistic regression models, including all time periods without the
main effect for time, to identify codes that altered the PD-TBI or PD-TBI-time OR by > 5%
(excluding codes synonymous with TBI and general medical care such as basic life support).
Subsequently, we explored the effect of these variables as potential mediators. We used the
“sgmediation?8” and “ldecomp?®” commands available for Stata and calculated mediation
percentages for the overall PD-TBI OR and for individual time windows. We enforced that
the mediator codes occurred prior to TBI unless noted. Modeling each of the time windows
allowed the PD-TBI OR to vary with time, consistent with our primary survival analysis.
Additionally, we calculated the mediation proportion of physical codes while excluding
individuals who had any of the cognitive/psychiatric codes and vice versa.

RESULTS

PD patients (N = 89,790) were older, were more likely to be male, were less likely to have
ever smoked, and, at entry year, had more comorbidities as measured by the modified CCl as
compared to controls (N = 118,095) (Table 1). The PD diagnosis date (first PD code) was
identified most commonly from the physician/supplier Medicare Part B file (85% of PD
patients). In the five years preceding this date (or reference date for controls), there were a
total of 24,421 TBIs with 18.63% of prodromal PD patients and 6.52% of controls
experiencing a TBI. Approximately 84% of TBIs in both PD patients in their prodromal
period and controls were classified as mild/concussive in severity. For those TBIs with an
associated E-code for mechanism of injury, a majority were due to falls (82.0% of PD
patients, 74.4% of controls). The next most common cause was motor vehicle accidents
(3.8% of prodromal PD patients, 8.0% of controls) (Table 1).

In the unadjusted models of the hazard rate function, PD patients in their prodromal period
were more likely to have a TBI compared to controls in the comparable period, regardless of
age and sex, throughout the entire five years prior to the diagnosis/reference date (Figure 1).
The Cox regression model adjusted for age, sex, and race/ethnicity confirmed that risk of
TBI was greater in PD patients than controls in all time periods (Table 2). Results were
similar in the fully adjusted model that also included modified CCI, smoking, and alcohol
usage. HRs consistently increased as time approached PD diagnosis/reference, with the
largest HR in the year immediately prior to PD diagnosis/reference. The respective
differences in the log HRs between consecutive years was significant, except for 3 years
prior vs. 4 years prior (all other p < 0.003). Similarly, there was a significant difference in
the log HR between the year prior to PD diagnosis/reference and each prior year (all p <
0.0001).

In sensitivity analyses excluding the three months prior to PD diagnosis or control reference
date, the time dependency of the PD case status coefficient remained significant (p < 0.0001)
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even though the TBI HR in the final three month period was particularly large (6.78, 95% ClI
6.21, 7.40, p < 0.0001, not shown in tables). When excluding the final three month period,
the TBI HR in the year prior to PD diagnosis was attenuated but remained larger than each
of the four preceding years (HR = 2.82, 95% CI 2.65, 2.99, p < 0.0001, not shown in tables).
This attenuation made the relationship between the TBI HRs and time-to-PD diagnosis more
linear. The PD case status coefficient’s interaction with time (time dependency) also
remained significant when excluding the entire year prior to PD diagnosis or control
reference date (p < 0.0001, not shown in tables). Sensitivity analyses showed the effect of
left truncation did not materially alter results (not shown).

The time dependency of the PD case status coefficient was most evident for TBIs secondary
to a fall (Figure 2a). In contrast, there was no clear difference in time-to-TBI due to motor
vehicle accidents or other specified mechanisms between PD patients in their prodromal
period and controls, other than in the final months prior to diagnosis/reference (Figure 2b
and 2c). Results for TBI patients with an unknown mechanism of injury were intermediate
between falls and other causes of TBI (Figure 2d). We confirmed this general pattern for
each of the mechanisms when simultaneously stratifying by sex and age (results not shown).

The PD-TBI ORs for the logistic regression models stratified by the period prior to PD
diagnosis were consistent with the results from the Cox regression (Table 3). The relative
risk of PD was greater in those who had a TBI compared to those who had not and increased
as the time prior to PD diagnosis decreased. This PD-TBI-time interaction was unchanged
by the addition of any individual diagnosis or procedure code.

We identified 14 codes that confounded and/or mediated the overall PD-TBI association
(Table 4). Notably, four of the codes indicated possible motor dysfunction: abnormality of
gait (ICD-9 781.2), lack of coordination (ICD-9 781.3), and two codes for falls (E888.9,
V/15.88). Using the “sgmediation” command, which provided the most conservative
estimates, the gait code alone mediated 29.6 % (95% CI 28.8, 30.5) of the PD-TBI
association. The 14 identified codes also included 10 codes for psychiatric and cognitive
disorders. Of these 10, the five codes included in the dementia/cognitive impairment group
mediated 37.9 % (95% CI 37.0, 38.8) of the PD-TBI association. When limiting to
individuals with no cognitive/psychiatric codes, the mediation proportion of physical codes
was 43.1% for all years (N = 116,552, not shown in tables). When limiting to individuals
with no physical codes, the mediation proportion of cognitive/psychiatric codes was 41.7%
(N = 126,023, not shown in tables).

DISCUSSION

In this large population-based study, TBIs occurred more frequently in PD patients during
their prodromal period compared to controls in a comparable time period. In particular, TBI
risk increased consistently in each of the five years prior to PD diagnosis in PD patients
relative to controls. Not only was this PD-TBI-time interaction highly significant, but this
pattern was consistent in all sex and age groups. Our results are consistent with another large
population-based study which observed a similar relationship between PD, TBI, and time-to-
PD diagnosis using administrative datal®. The aforementioned study and ours revealed a
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strong association between TBI and PD in the three months prior to PD diagnosis, regardless
of underlying mechanism. The association between TBI and PD in the final three months
may be due to enhanced ascertainment of PD resulting from increased use of medical care
following a TBI from any cause. However, even when we excluded this three month period,
or a full year, a clear interaction between PD, TBI, and time to PD diagnosis/reference
remained. The association between PD, TBI, and time was primarily observed for TBI
attributed to falls and less evident for other mechanisms of injury. These findings were
consistent with our original hypothesis that undetected non-motor and motor symptoms may
contribute to falls and hence TBI. Interestingly, the magnitude of the PD-TBI association for
each of the five years was remarkably similar to risk estimates observed in a large
population-based study comparing PD patients in their prodromal period to controls with
regard to hip fractures®. It was unlikely that hip fractures were associated causally with PD,
but rather a result of progressive symptoms that led to falls and subsequent trauma.
Collectively, these results strongly suggest that the positive association between TBI and PD
in the several years prior to PD diagnosis is due to progressive PD-related symptoms that
may contribute to falls.

Our conclusion contrasts with another recent large population-based study that used
administrative health data in older AmericansZ. In this seven-year study restricted to
inpatient/emergency room records, the authors compared time to PD between TBI patients
and non-TBI trauma patients and observed a significant PD HR of 1.44. Because of the
unique approach comparing TBI and trauma patients, the study suggested a causal
association between TBI and PD and not reverse causation. However, because the mean time
to PD hospitalization was 3.1 to 3.3 years in the comparison groups, it is possible that some
of the PD patients had been diagnosed with PD earlier in another healthcare setting, perhaps
even prior to baseline. It is important to note that the majority of our PD cases were
diagnosed outside of a hospital. Another large population-based study observed a mean
delay of three years between initiation of anti-parkinsonian medication and hospitalization
with PD14. Although our study time-frame was shorter, the comprehensive claims data,
which included comprehensive outpatient data, allowed for a more accurate estimation of
PD diagnosis date.

Our study suggests that a combination of non-motor and motor symptoms prior to PD
diagnosis may contribute to TBIs through falls. Our mediation analysis suggested that
abnormality of gait, lack of coordination, and prior history of falls were among the primary
mediators of the PD-TBI association. Cognitive and psychiatric disorders, notably dementia/
cognitive impairment, also contributed to this association and should be an important
consideration in future studies investigating the PD-TBI association. The mediation
proportions were comparable even when separating the analysis to include only physical or
only cognitive/psychiatric codes. The magnitude of the contribution of both motor and non-
motor symptoms of PD patients in their prodromal period was modest when we restricted to
individual years but substantially larger when considering all years. Nevertheless, the higher
estimates should be interpreted with caution since any of the individual 26,411 diagnosis and
procedure codes could have appeared after a TBI occurred. Additionally, in the three months
prior to diagnosis, these mediation proportions drop, and we suspect this is because of the
influence of the ascertainment bias during this period.

Ann Neurol. Author manuscript; available in PMC 2018 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Camacho-Soto et al.

Page 8

The mechanisms leading to a fall in PD patients in their prodromal period should be
investigated in future studies. Identifying which PD patients are at greatest risk of falls in the
prodromal period and after diagnosis is important. In older adults, falls are considered a
common “geriatric syndrome” that occurs with the accumulated effects of multiple
impairments among multiple organ systems that may affect the response of an aging
physiological system with limited reserve3?. In adults aged 65 and older, TBIs were among
the top three most common injuries associated with a ground level fall”, which is generally
thought to be a minor mechanism of injury. In the case of PD patients in their prodromal
period aged 65 and older, we hypothesize that a combination of minor disturbances, such as
mild depression, mild cognitive deficits, and subtle alterations in walking biomechanics may
predispose this patient population to an increased risk of falls. In the closest years to PD
diagnosis, both non-motor and motor symptoms such as balance impairment may be
present19.16,

An important strength of our study was the use of a large U.S. population-based sample of
Medicare beneficiaries. Medicare is used by 98% of Americans ages 65 and older, making
this study broadly representative of the U.S. population. As noted above, another strength of
our study was the comprehensiveness of the claims data, which included five different file
types in all study years (including outpatient and physician/supplier Medicare Part B
claims). The majority of TBIs in our study were defined as mild/concussive, which was
consistent with the current literature, with these milder injuries representing 70% to 90% of
all TBIs3L. This underscored the comprehensive identification of TBI in our sample.

While the very large sample size of our study, the rigorous case definitions based on
comprehensive claims data, and the accurate reflection of the distribution of TBI severity
compared to population estimates3! were important strengths of this study, there were
several potential limitations. First, we were unable to consider TBI that occurred more than
five years before PD diagnosis, yet several studies®11:12 have suggested that early TBIs
may be causally associated with PD. Therefore, we could not exclude the possibility that
TBIs in earlier life may have contributed to the development of PD. Second, our case
definitions for TBI required physician and hospital coding in the setting of clinical practice,
which may have led to some misclassification of TBI. Finally, PD may have been
misclassified. It is possible that certain patients may have had symptoms of PD for several
years and were never diagnosed. Some patients may have been misdiagnosed with PD and
instead had atypical parkinsonian disorders such as multiple system atrophy or progressive
supranuclear palsy. However, we excluded cases with atypical parkinsonism ICD-9 codes,
and these conditions were quite rare in comparison to PD.

Another alternative explanation for an association between TBI and PD is that the TBI itself
may trigger or accelerate a neurodegenerative pathology. Mouse models of TBI suggest that
aged mice were more sensitive to TBI induced a-synuclein pathology than younger mice32.
There is also compelling experimental evidence of trauma induced amyloid-beta aggregation
in mice33, Although the PD patients in this study were in the prodromal period and likely
had extrastriatal pathology, it is possible that head trauma may have accelerated striatal
protein aggregation with resultant onset of motor parkinsonism. The TBIs in our sample
represented mostly mild/concussive injuries, and it is unclear if a single mild/concussive TBI
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would be sufficient to induce a-synuclein aggregation. Well-designed studies of elderly TBI
patients with and without recent TBI including cerebrospinal fluid, imaging, and clinical
assessments may help clarify these relationships.

The most important implication of this work was the finding of the marked increase in
incidence of TBI even prior to PD diagnosis, emphasizing the possible importance of earlier
diagnosis of PD for primary prevention of TBI. While many have advocated for levodopa
sparing strategies in the past34, our study provides compelling evidence that early diagnosis
and treatment of motor dysfunction may decrease the burden of TBI in these patients. A
superimposed TBI may exacerbate the worsening health of patients with PD who already
have a higher risk of poor health outcomes compared to the general population3®-39, Even in
individuals who have already sustained a TBI, prevention of a second TBI could avoid more
disastrous consequences, such as a superimposed intracranial hemorrhage requiring surgical
intervention and further loss of independence. Earlier diagnosis of PD by healthcare
providers through identification of non-motor and motor symptoms suggestive of prodromal
PD may provide a window of treatment opportunity during which disease associated
morbidity in PD patients may be reduced.
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B. Women, Age 66-74

—— Controls
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Years Prior to PD Diagnosis Date / Control Reference Date

D. Women, Age 75-84

—— Controls
- - - - Prodromal PD

Years Prior to PD Diagnosis Date / Control Reference Date

F. Women, Age 85-90

—— Controls
- - - - Prodromal PD

Years Prior to PD Diagnosis Date / Control Reference Date

Figure 1. Traumatic Brain Injury Hazard Rate Function by PD Case Status Stratified by Sex

and Age

Hazard rate for TBI in unadjusted models smoothed using the Epanechnikov Kernel with
gray regions representing the 95% confidence intervals. Prodromal PD case status was
associated with an increased risk of TBI compared to controls for all age and sex strata. The
hazard rate grew larger with proximity to PD diagnosis/control reference date for prodromal

PD cases compared to controls.
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B. Motor Vehicle TBI

—— Controls

- - - - Prodromal PD

T T T T T T

5 4 3 2 1 0
Years Prior to PD Diagnosis Date / Control Reference Date

1 D.No E-code TBI

—— Controls

4 - - - - Prodromal PD
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Figure 2. Traumatic Brain Injury Hazard Rate Function by PD Case Status and M echanism of

Injury

Hazard rate for TBI due to mechanism of injury in unadjusted models smoothed using the
Epanechnikov Kernel with gray regions representing the 95% confidence intervals. The PD-
TBI-time interaction was most apparent for TBIs from falls (Figure 2A) compared to any
other mechanism of injury (Figure 2B. Motor Vehicle TBI and Figure 2C. All Other
Mechanism TBI). Figure 2D presents all TBI in prodromal PD cases compared to controls

without a recorded mechanism of injury.
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Characteristics of Prodromal Parkinson Disease Cases and Controls, Overall and Among Those with

Traumatic Brain Injury

Table 1

Alcohol? (heavy use)

| 1.05

PD Controls TBI & PD TBI & Controls

Characteristics n=289,790 (%) | n=118,095 (%) | n=16,725(%) | n=7,696 (%)
Age, years, Mean (SD) 78.8 (6.1) 76.0 (6.2) 80.2 (5.8) 79.2 (6.4)

66-74 27.6 47.2 19.5 27.3

75-84 51.7 40.7 52.6 47.3

85-90 20.7 12.1 27.8 254
Females 50.2 57.0 56.8 66.3
Race/Ethnicity

White 88.8 86.4 90.1 89.2

Black 6.0 75 5.2 6.1

Pacific Islander/Other 1.0 15 0.8 0.8

Asian 17 2.2 1.6 17

Hispanic 2.1 1.9 1.9 17

Native American 0.3 0.4 0.4 0.4

Unknown 0.1 0.1 0.1 0.1
TBI Severity

Mild/Concussive 83.7 83.6

Moderate/Severe 16.4 16.4
Mechanism of Injury?

Falls 82.0 74.4

MVA 3.8 8.0

Struck by/Against 2.3 3.3

Other 11.8 14.3
Modified CCI, Mean (SD)b | 1.67 (2.00) | 1.16 (1.71) | 2.06 (2.16) | 1.87 (2.09)

1 | 22.3 | 20.4 | 22.2 | 21.9

2 | 15.6 | 125 | 17.4 | 16.5

3 or more | 25.7 | 16.4 | 32.5 | 29.3
Smoking® | 429 | 55.4 | 27.9 | 33.7

| 0.61 | 1.73 | 1.34

Abbreviations: PD = Parkinson disease, TBI = traumatic brain injury, MVA = motor vehicle accident, SD = standard deviation.

aMechanism of injury was defined using ICD-9 diagnosis E-codes: 52% of prodromal PD cases and 49% of controls had a TBI with an associated

E-code.

bModified CCI (truncated Charlson comorbidity index as described by Deyo24 and Quam25 methods).
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cz Median predicted probability of ever vs. never smoking divided by the number of diagnosis codes (or one for 292 cases and 6,227 controls
without any diagnosis codes). Predicted probability was based on sex, race/ethnicity, birth cohort, and 661 diagnosis and procedure codes including
codes specific to tobacco (ICD-9 V15.82, ICD-9 305.1, CPT 99406, CPT 99407), codes for heavy alcohol use (see below), codes for cancers with
high attributable risk due to smoking (lung and larynx), and codes related to other conditions that were associated with smoking in the 2009

Behavioral Risk Factor Surveillance System (BRFSS) data?0 among Americans age 66—90.
dHeavy alcohol use defined using ICD-9 diagnosis codes (291.1, 291.2, 291.3, 291.4, 291.5, 291.81, 291.82, 291.89, 291.9, 303.00, 303.01,

303.02, 303.03, 303.90, 303.91, 303.92, 303.93, 305.00, 305.01, 305.02, 305.03, 357.5, 425.5, 571.0, 571.1, 571.2, 571.3, 790.3, V11.3, V79.1,
E860.0), ICD-9 procedure codes (94.46, 94.53, 94.61, 94.62, 94.63, 94.67, 94.68, 94.69), and HCPCS/CPT code (G0443).
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