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Posttraumatic parkinsonism would increase the mortality risk in
elderly patients with traumatic brain injury
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Background: We used data from the National Health Insurance Research Database (NHIRD) of Taiwan
to determine whether patients who develop posttraumatic parkinsonism (PTP) after traumatic brain injury
(TBI) have an increased mortality risk.

Methods: We analyzed data from the NHIRD of patients aged >20 years who had received a diagnosis of
and admitted for head injury with TBI (ICD-9-CM 850-854, 959.01) from 2000 to 2012. The TBI cohort
was further divided into PTP and posttraumatic non-parkinsonism (PTN) cohorts and compared against
a sex-, age-, comorbidity-, and index-date-matched comparison cohort. We calculated the adjusted hazard
ratios (aHRs) and 95% confidence intervals (CIs) of all-cause mortality risk in these cohorts after adjustment
for age, sex, and comorbidities.

Results: There were 23,504 and 744 patients enrolled in the PTN cohort and the PTP cohort. Subsequent
parkinsonism happened with an incidence of 3.07% in patients with TBI, and 11.59% in those aged over
65 years. The PTP cohort (aHR =1.67, 95% CI: 1.47-1.90) other than PTN (aHR =1.37, 95% CI: 1.29-1.45)
cohort had a higher risk of mortality. In ones aged 65-74 years (aHR =2.08, 95% CI: 1.41-3.07), there was a
more increased mortality risk in patients with PTP when compared to the PTN cohort.

Conclusions: PTP would increase the long-term mortality risk of patients with TBI, especially in whom
aged 65-74 years. Our findings provide vital information for clinicians and the government to improve the

long-term prognosis of TBI
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Introduction

Parkinsonism is one of the most common neuro-
degenerative disorders. Idiopathic parkinsonism, also
called Parkinson’s disease (PD), with a known prevalence
of 60 to 261 patients per 100,000 individuals (1,2), and
likely affects 1-2% of the population aged over 65 years.
However, although PD makes up the largest subgroup
of all patients with parkinsonism, it is estimated to
occupy only approximately half of all parkinsonisms (3,4).
Parkinsonism may develop due to many preceding brain
insults or diseases. Several hypotheses have been proposed
for the pathogenesis of parkinsonism, including genetic
predilection, aging, environmental factors, oxidative
stress, excitotoxicity, autoimmunity, and trauma (2-4).
de Lau er al. studied differences among different types of
parkinsonisms and reported that the overall incidence of all
types of parkinsonism increases with age and does not differ
between men and women, whereas PD particularly seems to
have a higher incidence in men than in women (3). Several
studies have examined risk factors for PD and mortality risk
in patients with PD (5-7); however, there are insufficient
data regarding mortality risk and correlated risk factors
in patients with parkinsonism after traumatic brain injury
(TBI).

TBI is highly prevalent worldwide and is associated
with substantial early and long-term mortality. Hsu ez al.
reported 4,935 in-hospital deaths among 48,792 patients
admitted for moderate or severe head injury, with a
mortality rate of 10.7 deaths per 100,000 person-years,
as per the 2007-2008 total admissions claims dataset of
Taiwan (8). Moreover, patients surviving the early stage
of TBI usually have a high risk of subsequent disabilities,
comorbidities, and neurological deficits (9,10), consequently
increasing the medical burden and mortality risk of the
patients. We have speculated that TBI would reduce the life
expectancy of patients by 6 years after discharge from acute
hospitalization (11). However, the actual incidence, extent
of increase in mortality risk, and correlated risk factors for
mortality of posttraumatic parkinsonism (PTP) in patients
with TBI still remain unclear. That how many differences
in mortality risk between patients with and without PTP
should be investigated to elucidate future treatment
strategies for TBI and PTP. In addition, because Taiwanese
ethnic and cultural backgrounds are similar to those of the
majority of East Asian societies (12), the findings of this
study may aid the future development and implementation
of other medical care systems in Asian countries.
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Methods
Data source

The Taiwan National Health Insurance Database (NHIRD)
was established and released by Taiwan National Health
Research Institutes (Taiwan NHRI). The database contains
information regarding health and medical treatment
related to ambulatory and inpatient care for nearly 99%
of 23.74 million people in Taiwan (13). In this study, we
used the Longitudinal Health Insurance Database 2000
(LHID 2000), which contains the information of 1 million
participants randomly selected from the NHIRD, and
ensured that the distribution of age and sex matched that
of the entire Taiwanese population. The identity of each
patient was safeguarded by encrypting the identification
number before the data were released. In addition, all
diagnoses in the database are coded according to the
International Classification of Diseases, Ninth Revision,
Clinical Modification ICD-9-CM) criteria.

The Research Ethics Committee of China Medical
University and Hospital in Taiwan approved this study
(CMUH104-REC2-115-CR4).

Study population

We included a TBI cohort of patients aged 20 years or
more who were admitted for head injury (ICD-9-CM
850-854 and 959.01) from January 2000 to December
2012. Taiwan NHI guidelines would not accept admission
for mild head injury if the patient experiences a head
injury with clear consciousness and does not have any
intracranial hemorrhage or brain contusion based on brain
images. Therefore, the patients’ head injuries of this study
were qualified as moderate or severe head injuries with
TBI. The TBI cohort was divided into PTP cohort and
posttraumatic non-parkinsonism (PTIN) cohort according
to whether patients had received a subsequent diagnosis of
parkinsonism (ICD-9-CM codes 332, 332.0, 332.1) after
the TBI admission. Since the posttraumatic mortality was
largely depended on TBI severity itself, all patients were
enrolled after survived from the TBI admission. The date
of diagnosis of PTP was defined as the index date. Patients
aged below 20 years and those having parkinsonism
diagnosis before the TBI admission were excluded. The
index date in the comparison cohort was randomly assigned
the date as PTP cases. Patients without head injury were
selected as the comparison cohort using the same exclusion
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Figure 1 The flow chart shows the selection procedures of participants in this study.

criteria as those used for the TBI cohort and matched 1:1
by sex, age, and index year (Figure I). Diseases associated
with mortality and those diagnosed before the index date
were defined as comorbidities, including alcohol-related
illness, anxiety disorders, mental disorders, insomnia,
depression, stroke, chronic obstructive pulmonary disease
(COPD), coronary artery disease (CAD), diabetes,
hypertension, hyperlipidemia, asthma, and cancer (including
brain tumor). The sociodemographic variables used in this
study comprised urbanization level, monthly income [New
Taiwan Dollar (NTD); 1.0 USD is approximately 30 NTD],
and occupation (white-collar jobs, blue-collar jobs, and
others). Person-years were calculated from enrollment till
death or the last follow-up (31 December 2013), whichever
came first.

Statistical analysis

In total, 24,248 patients were enrolled in the TBI cohort
(23,504 in the PTN cohort and 744 in the PTP cohort).
The distribution of age, sex, and comorbidities between
TBI and comparison cohorts is expressed as the number
and percentage and tested using the chi-square test and
t-test. The incidence rates of mortality in the cohorts were
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measured. The cumulative incidence curves of mortality
were computed using the Kaplan-Meier method and tested
using the log-rank test. The hazard ratio (HR) and 95%
confidence interval (95% CI) were estimated using the Cox
proportional hazards model for evaluating the association
between risk factors and mortality. A multivariate Cox
proportional hazards model was used to calculate adjusted
HRs after adjustment for variables found to be statistically
significant in the univariable model. Analysis of stratification
by age, sex, and comorbidity was performed to explore
the association of head injury and PTP with mortality in a
specific population. All statistical analyses were performed
using SAS statistical software, version 9.4 (SAS Institute
Inc., Cary, North Carolina, USA). Statistical significance
was determined using two-tailed tests (P<0.05).

Data availability statement

The dataset used in this study belongs to the Taiwan
Ministry of Health and Welfare (MOHW). Any researcher
interested in accessing this dataset can submit an application
form to the MOHW requesting access. Please contact
the staft of MOHW (Email: stcarolwu@mohw.gov.tw) for
further assistance. Taiwan MOHW address: No. 488, Sec. 6,
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Zhongxiao E. Rd., Nangang Dist., Taipei City 115. Phone:
+886-2-8590-6848.

Results

The mean [standard deviation (SD)] ages of patients
were 46.9 (18.0), 46.9 (18.4), 46.2 (18.0) and 70.0 (14.5)
in the comparison, total TBI, PTN, and PTP cohorts,
respectively. There were 56.3-60.4% men in the 4 cohorts.
Parkinsonism happened with an incidence of 3.1% (744
out of 24,248) in patients with TBI, and likely affected
11.6% (548 out of 4,728) of posttraumatic patients aged
over 65 years. Patients in the total TBI cohort tended
to reside in higher urbanized areas than comparisons
(59.5% wvs. 50.3%). The monthly incomes in total TBI and
comparison cohorts were 43.6% and 44.3% with <15,000
NTD, 25.8% and 29.3% with 15,000-19,999 N'TD, and
30.6% and 26.4% with >20,000 NTD. The distributions of
white-collar occupation (53.5% wvs. 43.8%) and blue-collar
occupation (36.5% vs. 44.9%) were noted in total TBI
and comparison cohorts. Compared with the comparison
cohort, a significantly higher proportion of patients in the
TBI cohort had alcohol-related illness, mental disorders,
and depression. However, a lower proportion of patients in
the TBI cohort had stroke (Tible I).

The cumulative incidence of mortality in the PTP, PTN,
and comparison cohorts is illustrated in Figure 2. There
were significant differences in the cumulative incidence
curves between the 3 populations, and the P value for log-
rank test was less than 0.001 (Figure 2). The patients in total
TBI cohort, the patients with PTN, the patients with PTP,
and comparisons had mortality rates of 19.7, 18.2, 80.0,
and 14.0 per 1,000 person-years, respectively. Compared
with the comparison cohort, the adjusted HRs (95% CI)
for the mortality of patients with TBI, PTN, and PTP
were 1.39 (1.32-1.48), 1.37 (1.29-1.45), and 1.67 (1.47-
1.90), respectively. The higher monthly income (20,000
NTD) and middle monthly income (15,000-19,999 N'TD)
had an adjusted HR of 1.67 (95% CI: 1.55-1.80) and an
adjusted HR of 1.59 (95% CI: 1.46-1.73) for mortality
compared with those lower monthly income (<15,000
NTD). The adjusted HR was 1.15-fold for those living
at lowest urbanized areas, compared with those living at
highest urbanized areas (95% CI: 1.06-1.25), and 1.27-
fold for parents with other occupations compared with
those parents with white collar occupations (95% CI:
1.16-1.39). Advanced age over 65 years, male sex, alcohol-
related illness, mental disorders, stroke, COPD, CAD,
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diabetes mellitus, hypertension, asthma, and cancer were
significantly positively associated with mortality. However,
anxiety disorders, insomnia, and hyperlipidemia were
significantly negatively associated with mortality (Table 2).

The associations of total TBI, PTN, and PTP cohorts
with mortality were stratified by age, sex, and comorbidity,
as demonstrated in Table 3. By the analyzed results in
Table 2, we divided the elder age group (over 65 years)
into 65-74 years and >75 years for further analysis. The
incidences of developing parkinsonism after TBI were
1.17% (9 in 771), 5.66% (30 in 530), and 15.37% (244 in
1,588) in the patients aged 40-64 years, 65-74 years, and
>75 years. Compared with the comparison cohort, PTN
was significantly associated with higher mortality in each
subgroup of age (adjusted HRs: 1.87, 1.32, and 1.26, for
40-64 years, 65-74 years, and >75 years, respectively).
Compared with the comparison cohort, PTP cohort had
increased mortality in each subgroup of age (adjusted HRs:
1.61, 2.65, and 1.56, for 40-64 years, 65-74 years, and
>75 years, respectively) with a P for interaction <0.001.
PTP was associated with a specifically higher mortality in
patients aged 65-74 years. Compared with the comparison
cohort, the 3 posttraumatic cohorts showed significant
positive associations with increased mortality risk in both
men and women, and sex with a P for interaction <0.001.
Compared with the comparison cohort, TBI and PTN
groups had adjusted HRs (95% CI) of mortality of 1.50
(1.30-1.74) and 1.44 (1.24-1.67), respectively, in patients
without comorbidity. Compared with the comparison
cohort, TBI, PTN, and PTP cohorts had adjusted HRs
(95% CI) of mortality of 1.40 (1.31-1.48), 1.34 (1.26-1.43),
and 1.78 (1.57-2.02), respectively, in patients with any of
the comorbidities (7able 3).

The differences of mortality risk between PTP and
PTN cohorts were further compared with stratification
of age, sex, and comorbidity, as shown in Tuble 4. The
PTP cohort had a 1.27-fold mortality risk than that of the
PTN cohort. Specifically, in patients aged 65-74 years and
those older than 75 years, those with PTP had 2.08- and
1.25-fold mortality risks, respectively, than did those of
patients with PTN. Compared with the PTN cohort,
women and men with PTP had adjusted HRs (95% CI)
of mortality of 1.29 (1.05-1.59) and 1.23 (1.04-1.45),
respectively. Among patients without any comorbidity, there
was no significant association between PTP and mortality.
However, patients with PTP had a significantly higher
mortality than did patients with any comorbidity, with an
adjusted HR (95% CI) of 1.40 (1.23-1.59) (1able 4).
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Table 1 Distribution of age, sex, and comorbidities between patients with traumatic brain injury with or without parkinsonism, and comparison

cohorts
Total traumatic brain noi?;::lil;?:r:i;m l;c:z;?;r:gf Comparison
Variables injury (N=24,248) (N=23,504) (N=744) (N=24,248) P value'
N % N % N % N %

Age, year 0.94
20-49 1,4307 59.0 14,232 60.6 75 10.1 14,345 59.2
50-64 5,213 21.5 5,092 21.7 121 16.3 5,200 21.4
>65 4,728 19.5 4,180 17.8 548 73.7 4,703 19.4
Mean (SD)? 46.9 (18.4) 46.2 (18.0) 70.0 (14.5) 46.9 (18.0) 0.89

Sex 0.11
Female 9,625 39.7 9,300 39.6 325 43.7 9,797 404
Male 14,623 60.3 14,204 60.4 419 56.3 14,451 59.6

Urbanization level* <0.001
1 (highest) 7,182 29.6 4,674 19.9 148 19.9 4,822 19.9
2 7,253 29.9 7,185 30.6 197 26.5 7,382 30.4
3 4,303 17.7 4,452 18.9 130 17.5 4,582 18.9
4 (lowest) 5,510 22.7 7,193 30.6 269 36.2 7,462 30.8

Monthly income (NTD) <0.001
<15,000 10,573 43.6 10,455 445 290 39.0 10,745 443
15,000-19,999 6,249 25.8 6,877 29.3 224 30.1 7,101 29.3
>20,000 7,426 30.6 6,172 26.3 230 30.9 6,402 26.4

Occupation <0.001
White collar 12,979 53.5 10,379 442 253 34.0 10,632 43.8
Blue collar 8,857 36.5 10,526 44.8 369 49.6 10,895 44.9
Others® 2,412 9.9 2,599 111 122 16.4 2,721 11.2

Comorbidity
Alcohol-related illness 2,405 9.9 2,324 9.9 81 10.9 2,171 9.0 0.001
Anxiety disorders 4,655 19.2 4,318 18.4 337 45.3 4,510 18.6 0.09
Mental disorders 9,124 37.6 8,525 36.3 599 80.5 8,650 35.7 0.001
Insomnia 12,487 51.5 11,858 50.5 629 84.5 12,537 51.7 0.65
Depression 1,801 7.4 1,625 6.9 176 23.7 1,664 6.9 0.02
Stroke 1,552 6.40 1,336 5.7 216 29.0 1,702 7.0 0.01
Chronic obstructive 2,855 11.8 2,579 11.0 276 37.1 2,738 11.3 0.10
pulmonary disease
Coronary artery disease 3,490 14.4 3,119 13.3 371 49.9 3,352 13.8 0.07
Diabetes 1,715 7.1 1,541 6.56 174 23.4 1,697 7.00 0.75

Table 1 (continued)
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Total traumatic brain noz??):::;r:::i(;m z:z:;lg::r: Comparison

Variables injury (N=24,248) (N=23,504) (N=744) (N=24,248) P value'
N % N % N % N %
Hypertension 6,775 27.9 6,218 26.5 557 74.9 6,741 27.8 0.73
Hyperlipidemia 4,287 17.7 3,998 17.0 289 38.8 4,181 17.2 0.20
Asthma 1,881 7.8 1,750 7.4 131 17.6 1,832 7.6 0.40
Cancer (including brain 511 2.11 483 2.1 28 3.8 553 2.3 0.19
tumor)

Chi-square test. ¥, t-test; T, total traumatic brain injury cohort vs. comparison cohort; *, other occupations included primarily retired,
unemployed, or low income populations; ! the urbanization level was categorized by the population density of the residential area into 4
levels, with level 1 as the most urbanized and level 4 as the least urbanized. NTD: New Taiwan Dollars per month. One New Taiwan Dollar

equals 0.03 US Dollar. SD, standard deviation.

1.0
—— Comparison

----- Posttraumatic non-parkinsonism
- Posttraumatic parkinsonism

o
®
1

Log-rank test: P value <0.001

o
2}
|

Cumulative incidence of mortality

T T T T
0 5 10 15
Years
Figure 2 Comparison of cumulative incidence of mortality among
patients with posttraumatic parkinsonism, those with traumatic

brain injury without parkinsonism, and comparisons.

Discussion

In contrast to the popular belief that approximately 1-2% of
elderly individuals develop idiopathic parkinsonism (2), our
results revealed that 3.1% in patients with TBI and 11.6%
in those aged over 65 years would develop subsequent
parkinsonism after TBI. Moreover, Taiwanese patients with
PTP, those with TBI without PTP, and comparisons had
respective mortality rates of 80.0, 18.2, and 14.0 per 1,000
person-years. Therefore, patients with TBI and subsequent
parkinsonism had a generally 1.67-fold mortality risk than

© Annals of Translational Medicine. All rights reserved.

did the comparison cohort, whereas those with TBI without
PTP had a less (1.37-fold) mortality risk than did the
comparison cohort. Furthermore, the patients with PTP
and aged 65-74 years would have specifically significant
increased mortality risks other than patients with other
ages. Rugbjerg e al. conducted a study similar to ours and
reported a 50% increased risk of parkinsonism in a 10-year
duration in patients undergoing hospital treatment for
head injuries (14). It is difficult to compare the results of
our large-scale study with a 14-year follow-up duration to
the results of other studies because these studies enrolled
patients with different types of parkinsonism and had a
limited follow-up duration (2,7,10). However, this large
study population, which excluded patients with mild head
injury who were treated through outpatient services,
demonstrated that development of parkinsonism in elderly
patients after TBI would much often occur and could be
considered as a negative predictor for their long-term
survival.

Parkinsonism is a progressive degenerative disease, the
cumulative incidence of new diagnosis and mortality rate of
these patients should gradually increase with an increase in
their age or posttraumatic duration. Our results documented
a trend of increasing incidence of PTP with patients’
age; with 1.17%, 5.66%, and 15.37% in the patients aged
40-64 years, 65-74 years, and 275 years, respectively.
However, we found that there was a 2.65-fold mortality risk
in the ones with PTP with age of 65-74 years; other than a
1.56-fold mortality risk in those aged >75 years and a 1.61-
fold mortality risk in those aged 40-64 years. The highest
mortality risk in the 65-74-year-old subgroup of PTP
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Table 2 Incidence and hazard ratio for mortality with different risk factors

Variables Event (N) Person-years Rate Crude HR (95% Cl) Adjusted HR (95% CI)*
TBI
Comparison cohort 2,115 150,811 14.0 1.00 1.00
Total TBI 2,889 146,707 19.7 1.40 (1.33, 1.48)** 1.39 (1.32, 1.48)**
Posttraumatic non-parkinsonism 2,606 143,171 18.2 1.30 (1.22, 1.37)** 1.37 (1.29, 1.45)*
Posttraumatic parkinsonism 283 3,537 80.0 5.59 (4.94, 6.33)** 1.67 (1.47,1.90)**
Age, year
20-49 1,171 190,141 6.16 1.00 1.00
50-64 911 61,447 14.8 2.41 (2.21, 2.63)*** 2.27 (2.06, 2.49)***
>65 2,922 45,919 63.6 10.3 (9.66, 11.10)*** 6.93 (6.33, 7.60)**
Sex
Female 1,537 119,423 12.9 1.00 1.00
Male 3,467 178,085 19.5 1.51 (1.43,1.61)** 1.56 (1.46, 1.67)"**
Urbanization level*
1 (highest) 1,078 73,961 14.6 1.00 1.00
2 1,381 90,534 15.3 1.05(0.97, 1.13) 1.00 (0.92, 1.09)
3 874 54,377 16.1 1.10 (1.01, 1.21)* 1.10 (1.01, 1.21)*
4 (lowest) 1,671 78,635 21.3 1.46 (1.35, 1.57)"** 1.15(1.06, 1.25)***
Monthly income (NTD)
<15,000 2,112 126,832 16.7 1.00 1.00
15,000-19,999 1,601 82,556 19.4 1.13 (1.05, 1.21)** 1.59 (1.46, 1.73)**
>20,000 1,291 88,118 14.7 1.32 (1.23, 1.42)* 1.67 (1.55, 1.80)***
Occupation
White collar 1,804 147,569 12.2 1.00 1.00
Blue collar 2,282 119,738 191 1.56 (1.46, 1.65)** 1.07 (1.00, 1.15)*
Others* 918 30,201 30.4 2.48 (2.29, 2.68)*** 1.27 (1.16, 1.39)**
Comorbidity
Alcohol-related illness
No 4,384 274,339 16.0 1.00 1.00
Yes 620 23,169 26.8 1.64 (1.51, 1.79)"** 2.00 (1.83, 2.19)***
Anxiety disorders
No 3,873 247,964 15.6 1.00 1.00
Yes 1,131 49,543 22.8 1.44 (1.35, 1.54)* 0.78 (0.72, 0.85)**
Mental disorders
No 2,414 197,670 12.2 1.00 1.00
Yes 2,590 99,837 25.9 2.10 (1.99, 2.22)*** 1.25(1.17, 1.35)"**

Table 2 (continued)
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Variables Event (N) Person-years Rate Crude HR (95% Cl) Adjusted HR (95% CI)®

Insomnia

No 1,941 159,608 12.2 1.00 1.00

Yes 3,063 137,899 222 1.80 (1.70, 1.90)*** 0.89 (0.83, 0.95)**
Depression

No 4,592 279,409 16.4 1.00 1.00

Yes 412 18,098 22.8 1.36 (1.23, 1.51)™* 1.05 (0.94, 1.18)
Stroke

No 3,866 282,920 13.7 1.00 1.00

Yes 1,138 14,587 78.0 5.63 (5.27, 6.02)*** 1.80 (1.67, 1.93)***
Chronic obstructive pulmonary
disease

No 3,523 269,314 13.1 1.00 1.00

Yes 1,481 289,193 52.5 3.97 (3.73, 4.22)*** 1.25(1.16, 1.35)"**
Coronary artery disease

No 3,285 261,956 12.5 1.00 1.00

Yes 1,719 35,551 48.4 3.82 (3.60, 4.05)* 1.12 (1.04, 1.20)**
Diabetes

No 4012 280,074 14.3 1.00 1.00

Yes 992 17,433 56.9 3.92 (3.66, 4.20)*** 1.73 (1.61, 1.87)**
Hypertension

No 2,075 226,151 9.18 1.00 1.00

Yes 2,929 71,356 411 4.44 (4.20, 4.70)*** 1.30 (1.21, 1.41)*
Hyperlipidemia

No 3836 252,620 15.2 1.00 1.00

Yes 1,168 44,888 26.0 1.69 (1.58, 1.81)"** 0.66 (0.62, 0.71)***
Asthma

No 4,277 278,836 15.3 1.00 1.00

Yes 727 18,671 38.9 2.50 (2.31, 2.70)** 1.15 (1.05, 1.25)**
Cancer (including brain tumor)

No 4,688 293,249 16.0 1.00 1.00

Yes 316 4,258 74.2 4.51 (4.03, 5.06)** 2.56 (2.28, 2.88)**

& variables found to be statistically significant in the univariate model were further included in the multivariate model; *, other occupations
included primarily retired, unemployed, or low income populations; ¢, the urbanization level was categorized by the population density of
the residential area into 4 levels, with level 1 as the most urbanized and level 4 as the least urbanized; *, P<0.05; **, P<0.01; ***, P<0.001.
NTD: New Taiwan Dollars per month. One New Taiwan Dollar equals 0.03 US Dollar. TBI, traumatic brain injury; Rate, per 1,000 person-

years; HR, relative hazard ratio.
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Table 3 Comparison of incidence and hazard ratio for mortality stratified by age, sex, and comorbidity between patients with traumatic brain

injury with or without parkinsonism, and comparison cohorts

Comparison Posttraumatic brain injury (TBI)
S (NZCQ)Z,C);B) Total TBI (N=24,248) Posttraumez;c\iligg’r;-op:;rkinsonism Posttraum(&ll\]cizc;i;kinsonism
Event Rate Event Rate Adjusted HR Event Rate Adjusted HR Event Rate Adjusted HR
(N) (N) (95% CIy* (N) (95% Cly* (N) (95% CIy*
Age, year
40-64 400 4.15 771 8.23 1.86(1.65,2.11)"* 762 8.18 1.87 (1.65,2.11)* 9 17.1  1.61(0.82, 3.17)
65-74 381 124 530 17.3 1.36(1.19,1.55" 500 16.6 1.32(1.15,1.51)** 30 51.5 2.65(1.80, 3.90)"*
>75 1,334 56.7 1,588 70.9 1.30(1.21,1.40)** 1,344 67.3 1.26(1.17,1.37)"* 244 100.5 1.56 (1.36, 1.80)"**
P for interaction - - - - <0.001 - - <0.001 - - -
Sex
Female 709 117 828 141 1.17 (1.06, 1.30)* 716 125 1.14(1.03, 1.27)* 112 701 1.45(1.18,1.78)*
Male 1,406 15.6 2,061 23.5 1.50(1.40,1.61)"* 1,890 22.0 1.48(1.38,1.59)* 171 88.2 1.74(1.48, 2.05)"**
P for interaction - - - - <0.001 - - 0.02 - - -
Comorbidity
None 303 562 431 8.33 1.50(1.30, 1.74)"* 429 8.30 1.44(1.24,1.67)** 2 35.6 1.42(0.35,5.73)
With anyone 1,812 18.7 2,458 259 1.40(1.31,1.48)** 2,177 23.8 1.34(1.26,1.43)** 281 80.7 1.78(1.57, 2.02)"**

P for interaction - - —

0.41

- - 0.63

& variables found to be statistically significant in the univariate model were further included in the multivariate model; **, P<0.01; ***,
P<0.001. TBI, traumatic brain injury; Rate, per 1,000 person-years; HR, relative hazard ratio.

Table 4 Comparison of hazard ratio for mortality stratified by age, sex, and comorbidities between patients with and without posttraumatic

parkinsonism
Adjusted HR* (95% ClI)
Variables
Posttraumatic non-parkinsonism (N=23,504) Posttraumatic parkinsonism (N=744)

Al 1.00 1.27 (1.11, 1.44)
Age, year

40-64 1.00 0.85 (0.43, 1.67)

65-74 1.00 2.08 (1.41, 3.07)**

>75 1.00 1.25 (1.08, 1.43)*
Sex

Female 1.00 1.29 (1.05, 1.59)**

Male 1.00 1.23 (1.04, 1.45)**
Comorbidity

None 1.00 0.90 (0.22, 3.64)

With any one 1.00 1.40 (1.23, 1.59)**

& variables found to be statistically significant in the univariate model were further included in the multivariate model; **, P<0.01; ***,
P<0.001. HR, relative hazard ratio; Cl, confidence interval.
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cohort is out of our though before. It might be due to that
development of subsequent parkinsonism and patients’ all-
cause mortality are not only caused from the consequence
of TBI, but also from stoke, other neuro-degenerative or
systemic diseases in elder patients. Although we already
controlled various comorbidities for adjustment of analysis,
including alcohol-related illness, anxiety disorders, mental
disorders, insomnia, depression, stroke, COPD, CAD,
diabetes, hypertension, hyperlipidemia, asthma, and
cancer (including brain tumor) in this study, some other
predisposing factors for developing parkinsonism and
all-cause mortality could be existed in our patients. The
mortality of patients with subsequent parkinsonism after
"TBI is associated with a lot of complex health conditions,
those would together result in the increase of mortality risk,
not the PTP only. However, what we found the highest
mortality risk in the 65-74-year-old subgroup has implied
that age should not being the most powerful factor for the
mortality in patients with PTP.

Parkinsonism is a disorder resulting from the deficiency
of dopamine. The pathogenesis of and predisposing factors
for secondary parkinsonism still remain unclear because
the possible mechanisms underlying the development of
parkinsonism are more multifactorial and complicated
than those underlying the development of idiopathic
parkinsonism. These include external factors from different
brain insults and internal factors that show interactions
in a genetically predisposed individual (15,16). First,
TBI could immediately damage the thalamus and other
deep brain nuclei or it may induce chronic inflammatory
encephalopathy (2,17). Second, TBI could induce an
inflammatory cascade and lead to the accumulation of
a-synuclein and tau, which are the major components of
Lewy bodies responsible for developing parkinsonism
(18-20). In addition, through disruption of the blood-brain
barrier or through mitochondrial dysfunction, TBI may
contribute to the development of PTP (21,22). All of these
could result posttraumatic patients developing PTP owing
to the interaction of multiple mechanisms and lead to a
higher mortality risk.

Our data also suggest that multiple comorbid diseases
may act together to increase the risk of parkinsonism
and the related mortality risk. In addition to cancer and
brain tumor, which can directly increase the mortality
risk of patients, comorbidities, such as alcohol-related
illness, mental disorders, stroke, COPD, CAD, diabetes,
hypertension, and asthma, could directly or indirectly
increase the mortality risk in patients with PTP. Among
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these factors, stroke, CAD, diabetes, and hypertension are
vascular-related risk factors, and vascular parkinsonism
could be attributed to disrupted connections among the
basal ganglia, thalamus, motor cortex, and brain stem
(23,24). Alcohol-related illness, COPD, and asthma can be
predisposing factors for increasing chronic inflammation.
Those comorbidities could further interact with naturally
clinical neuro-pathological progress, resulting in the
development of parkinsonism and increasing the risk of
mortality in patients.

In this study, we enrolled patients with first-ever or
recurrent admission for TBI to analyze the possible
correlation of PTP and subsequent long-term all-cause
mortality. However, this study has several limitations
and unadjusted bias. First, the identities of patients were
anonymized to avoid possible direct contact or access to
their detailed medical records in the NHIRD. Therefore,
we could not analyze the type and severity of TBIs at
admission, the burden or severity of parkinsonism, or
medication for their TBI and PTP. The posttraumatic
mortality risk was for sure largely depended on TBI
severity, and its’ confounding effect was minimized as
possible in this study by enrolling the participants after
they survived from the TBI admission. Moreover, although
the severity of idiopathic parkinsonism-PD is convincible
measured with the Unified Parkinson’s Disease Rating Scale
(UPDRS) for years, the strength of UPDRS applying over
other types of parkinsonisms have not well accepted for
utilization (25,26). The posttraumatic handicaps by TBI
might mislead the severity measurement of parkinsonism
for further categorization and analysis. In addition, we
could not rule out any long-term mortality that was
caused by the severe handicapped condition after TBI, or
indirectly, by other diseases. Second, several socioeconomic
factors, including urbanization level, monthly income, and
occupation were categorized and analyzed for the mortality
risk in this study. We did not find obvious differences of
mortality risk between the subgroups of these factors.
However, these factors could not totally correlate with
whether a posttraumatic patient would get good care from
their family or government to secure the patient’s long-term
survival. Finally, there is a rare possibility of miscoding in
the NHIRD, although the NHI program involves thorough
quarterly reviews and false claims are heavily penalized to
ensure that the files are accurate. Moreover, although our
study design included and adjusted numerous confounding
factors, unmeasured or unknown confounders may have
generated a bias. However, this study was statistically
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sufficient to demonstrate the incidence, mortality risk,
and specific risk factors for mortality in patients with
PTP. These results provide us the importance and future
strategy of improvement of posttraumatic care in the aged
population.

Conclusions

The long-term all-cause mortality risk of patients with
TBI who develop PTP is significantly higher than the
corresponding risk of patients without PTP, especially in
those with aged 65-74 years. Our findings might provide
vital information for clinicians and the government to
improve long-term care strategies in elderly patients with
TBI. We are looking forward to more large-scale studies
around the world to clarify the global impacts of PTP on
elderly patients with TBL
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