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Abstract

Background: Traumatic Brain Injury (TBI) is considered as a risk factor for several neurological diseases, including Alzheimer's
disease, amyotrophic lateral sclerosis, and Parkinson's disease.

Objectives: The aim of the present study was to evaluate the occurrence of post-TBI PD.

Methods: This descriptive cross-sectional study was performed on two groups of patients referred to Al-Zahra Hospital in Isfahan
in 2023. The first group consisted of patients who had suffered TBI 10 years ago. The second group included Parkinson's Disease
(PD) patients. Census sampling was performed in both groups based on the number of patients referred to the selected center.
The collected data were analyzed using SPSS ver.22 and p<0.05 was considered as the significance level.

Results: Out of 1260 PD patients, 25 (1.98%) had TBI and out of 200 TBI patients, 2 (1%) had PD. There was a significant
relationship between the severity of moderate TBI and the PD incidence in patients in both groups (first group p = 0.0001 and
second group p = 0.002) (p <0.05). There was no significant relationship between the frequency of TBI and its mechanism with
the PD incidence in both groups (p >0.05). The odd ratio of developing PD with a mean of 7 years after TBI diagnosis was 0.36,
which increased to 1.42 with increasing the TBI duration to the mean age of 30 years.

Conclusion: The findings of the present study confirmed the need for information on the treatment and prevention of post-TBI
PD. It should be noted that other underlying factors such as aging, genetics, etc. can also be effective in the development of PD.
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1. Background

Traumatic Brain Injury (TBI) has always been a vital
public health challenge. Moreover, it is a leading cause of
disability and death.! According to reports in 2018, 57
million people were hospitalized worldwide due to TBI,
and its annual incidence in the United States (US) was
1,7 million.2 In Taiwan, the incidence of TBI was
reported as 344 per 100,000 populations.® The epidemiology
of TBI in Iran is not well-known yet and only reports
from different cities are sufficient in this regard.
However, it is estimated that this disease in 56,3 per
100.000 population, almost 30% of them, leads to
disability.* TBI is considered as a risk factor for several
neurological diseases, including Alzheimer's disease,
amyotrophic lateral sclerosis, and Parkinson's Disease
(PD).> Some studies have previously pointed inflammation,
metabolic, dysfunction, and protein accumulation as
potential mechanisms by which TBI can initiate or
accelerate PD.® Amyloid precursor protein (App), alpha-
synuclein (ex-syn), tau hyperphosphorylated protein, and
TAR DNA-binding protein (TDP-43) are the most
commonly regulated proteins following TBI, as well as
having a close association.” A subset of Rab proteins was
identified as the biological substrate of LRRK2, which is

a protein widely associated with late PD onset inhibition
of LRRK2 in both PD and TB | models and it is neuro-
protective as well. PD, as a neurodegeneration disease, is
the second widespread disease worldwide, by affecting
more than 1% of people aged more than 60 years old in
industrialized countries.® Among the US general population,
it is estimated that PD in people aged over 45 years old
will be 930,000 by 2020, which will reach 1,238.0000 by
2030.1° Although gender differences still are not fully
understood, some studies have suggested that the onset of
PD in women is associated with milder symptoms.*!
Despite conducting intensive research on etiological
factors, less is known about the factors causing nerve
damage. Numerous studies have previously estimated the
hypothesis that injury increases the risk of PD; however,
the findings in this regard have been highly
contradictory.'> From studies that reported a significant
association between TBI and PD, the odds ratio of PD
following a head injury was estimated to be 1.4 -11.7.%
In those studies conducted on twins to control influential
variables such as genetics, the results showed that if a
twin had history of TBI, even when the average TBI
incidence was 30 years before the onset of PD, the risk of
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developing PD was 3 to 4 times higher compared to
others.’* Gardner et al. have stated that veterans with a
history of TBI are 56% more at the risk of developing PD
later in life, and this risk increases with the severity of
TBI. The high prevalence of TBI and its role as a risk
factor in PD is a significant cause of concern.®® In another
study, Gardner et al. have also stated that among patients
aged above 55 years old referred to hospitals with
Trauma, TBI was found to be associated with 44%
increased risk of developing PD over 5 to 7 years.'
However, a recent review of more than 20 epidemiological
studies did little to support or rule out the link between a
history of TBL and PD.Y’

2. Objectives

The present study aimed to determine the risk factors and
underlying PD in patients with TBI referred to Al-Zahra
Hospital.

3. Methods

This research was a descriptive cross-sectional study
performed on two groups of patients referred to Al-Zahra
Educational-medical center in Isfahan in 2023. As well,
the approval was obtained from the ethics committee of
Isfahan University of medical sciences under the number
IR.MUI.MED.REC.1400.152.

The researcher referred to the study site and identified
two groups of patients. The first group consisted of those
patients who had suffered from TBI 10 years ago and
referred to this center. The second group consisted of the
patients with PD, whose disease was confirmed by an
internal neurologist.

The inclusion criteria in the first group included all
patients with TBI who were referred to AL-Zahra
Hospital 10 years ago, their medical record information
was complete, and making a call like a phone call for
them to participate in the study was possible. Furthermore,
the exclusion criteria included patients who died, patients
who had migrated to another city, patients with incomplete
medical records, those who could not be contacted by a
phone call, and those who were not willing to participate
in the study.

Table 1. Demographic Characteristics and Disease Specifications of PD

Moreover, the inclusion criteria in the second group
included all patients with PD whose disease was
confirmed by a neurologist, one year after the onset of
their disease, their medical records were complete, they
were provided with a call like a telephone call, and were
willing to participate in the study. In addition, the
exclusion criteria included patients with incomplete
medical records, those who could not be contacted by
phone, and those who did not sign the consent to
participate in the study.

The sampling process to select the patients in the first
group was census, so that 320 patients with TBI referred
in 2013 (10 years ago), were included in the study, and
finally 200 patients were examined. The sampling
process to select the patients in the second group was by
census as well, so that 1260 patients with PD were
studied in 2021.

The required data were collected by a checklist. The
checklist included demographic information such as age
and gender, as well as information on underlying
diseases, length of hospital stay, and cause and
mechanism of trauma. In this study, all the homeless
people in the two groups were contacted. Thereafter, the
objectives of the study were explained to them and they
were asked to answer the researcher’s questions if they
agreed to participate in the study. They were also assured
that all their information would be kept confidential.

Subsequently, the needed data were collected in SPSS
software version 22 and then analyzed at a significant
level less than 0.05. In quantitative variables, mean and
standard deviation were used to describe these data, and
in qualitative variables, distribution and frequency were
used.

4. Results

In the first group, 168 male patients (84%) had a mean
age of 33.20 * 22 years old and 88 patients (44%) were
smokers. In the second group, 730 male patients (58%)
had a mean age of 65.25 + 10.2 years old and 420 people
(33.3%) were smokers. Furthermore, 25 patients (1.98 %)
with PD previously had TBI and 2 (1%) patients with
TBI got PD after several years.

Group 1: TBI Group 2: PD

Male 2 (100) 11 (44)
Sex

Fmale 14 (56)
Age (year) mean = SD 62.00+20 65.25+10.2
TBI (N %) - 25 (1.98)
PD (N %) 2(1) -
Smoking (N %) 1(50) 2(8.3)
Family History of PD (N %) - 3(12)
Age at the time of Parkinson's diagnosis (year) mean + SD 59 (19) 62 (7)
Age at onset of first traumatic brain injury (years) mean + SD 52.00 + 21 32.00 = 14
Mean duration of traumatic brain injury to Parkinson's disease (years), Median 7 (5.5-7.5) 30 (10-34)

(Rang)
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Table 2. Characteristics of TBI in PD Patients

Group 2: PD Group 1: TBI

Mechanism of trauma Fall 12 (48) -
Accidents 8(32) 2 (100)
Occupational Injury 3(12) -
Violence and attack 2(8)

Severity of traumatic brain injury Mild - -

(N %) Moderate 21 (84) 2 (100)

OR (95% CL) 1.55(1.21-1.86) 0.96 (0.87-1.2)
Severe 4(16) -

0.93(0.72-1.5)
Number of traumatic brain injuries 1 22 (88) 2 (100)
N (%) <1 3(12) -

As shown in Table 1, out of 105 PD patients, 24
(22.8%) with a mean age of 65.25 + 10.2 years had TBI.
The first TBI occurred for them at a mean age of 32
years, and PD was diagnosed in them with an average age
of 62 years after a mean of 30 years. Out of 200 TBI
patients, 2 (1%) with a mean age of 62 + 20 years had
TBI. They suffered from their first TBI at the mean age
of 52 years, and they were diagnosed with PD at a mean
age of 59 years after a mean of 7 years.

According to the results of Table 2, both PD patients
had moderate TBI in the accident in the first group, and
experienced TBI once. In the second group, 12 patients
(48%) had moderate TBI due to falls (n = 21, 84%) and
22 patients (88%) experienced TBI once. There was a
significant relationship between moderate TBI and PD
incidence in patients of first and second groups (p =
0.0001 and p = 0.002, respectively) (p <0.05). There was

Table 3. Cox Model to Estimate the Risk of Post-TBI PD

no significant relationship between the frequency of TBI
(p = 0.326) and its mechanism (p = 0.854) with PD
incidence in both groups (p >0.05). The odds ratio of
developing PD after moderate TBI in the first group and
the second group was equal to 0.96 (0.87-1.2) and 1.55
(1.21-1.86), respectively.

Table 3 shows the initial analysis of the Cox model to
estimate the risk of post-TBI PD the in first and second
groups. It should be noted that TBI and non-TBI people
were assessed in each group. Demographic variables such
as age, sex, severity and mechanism of TBI were also
adjusted in this model.

According to the results of Table 3, the odds ratio of
developing PD in the first group (TBI patients with a
mean of 7 years) increased by 0.36. The odds ratio of
developing post-TBI PD in the second group (PD patients
with a mean of 30 years), increased by 0.42.

Group 1: TBI Group 2: PD
Hazard ratio 0.36 0.42

COX 95 % Cl (0.20-1.23) (0.29-1.55)
p-value 0.026 0.001

The conditions of 200 patients in the first group with
TBI have been presented in Table 4. As it can be
observed, 70 patients (35%) had complete recovery and
50 patients (25%) died. The most common problem
included balance problem and paralysis (n = 30, 15%).

Table 4. Status of Patients in First Group (TBI)

Status of Patients N (%)
PD 2(1)
Improvement 70 (35)
Death 50 (25)
Memory & Forgetfulness 29 (14.5)
Seizure & Epilepsy 3(1.5)
Language Disorder 9(4.5)
Visual Disorder 5(2.5)
Coma 2.(1)
Ataxia 30(15)
5. Discussion

It had been estimated that 9.4 million people will live
with PD by 2020 and this figure will increase to more
than 12 million by 2040.'8 Immigration, changes in aging
and industrialization of communities, food and beverages,
alcohol, tobacco, social change, social and environment

changes have changed the global PD prevalence. On the
other hand, the prevalence of this disease has increased
with age and has reached its peak around the age of 65.
However, studies have shown that this disease has also
developed at the age of less than 50 years.°

In a study in Italy, Baldereschi reporter that odds ratio
of developing post-TBI was 0.85 (confidence interval =
0.45-1.66).%° Also in a study in the US, Bower et al.
reported an odds ratio of 4.3 (1.15-20.20).%

In a systematic review, Jafari showed that the odds ratio
was 1.57 (1.1-83.35).% In a meta-analysis, Noyce et al.
obtained an odds ratio of 1.58 (1.30-1-91). In a
systematic review, Marras et al. obtained an odds ratio of
1.5 (1.1-4.7)*® and Faustino et al. obtained an odds ratio
of 3.21 (1.89-5.45).2

In a study in the US, Soto et al. showed that the odds
ratio for developing post-TBI PD was 1.64 (1.1-52.77)
five years before diagnosis and 3.39 (3.74-4.13) one year
before diagnosis.®

In a study in Los Angeles, Lee et al. stated that the ratio
of odds was 3.01 (1.6-51.01) in people who were not

312 | Hospital Practices and Research 2023;8(3):310-314



Traumatic Brain Injury and the Risk of Parkinson’s Disease

exposed to any head injuries.?* Faust et al. also showed in
another study in the US that the odds ratio was 13.5
(10.6-13.3).%

As can be observed, the odds ratio of developing post-
TBI PD in various studies has been reported between
0.85 and 13.5, which is consistent with the results of the
present study.

Gardner et al. in a study in the US showed that the odds
ratio for developing PD after moderate and severe TBI
was 1.71 (1.1-53.92) and 1.83 (1.2-61.07), respectively. It
means that with increasing the TBI severity, the odd ratio
of developing the disease had increased, which was not
consistent with the results of the present study.’™ This
discrepancy could be due to the sample size, as Gardner
et al. investigated 1,462 patients.

Delic et al. in a study in New Jersey showed that
moderate TBI accounts for 56% of the risk of PD in later
years of life, and this percentage was higher in the present
study.’

Taylor et al. in a study in Boston stated that the odds
ratio of developing PD was 1.57 when TBI occurred less
than 10 years before diagnosis (0.89-2.80).2 Nyam et al.
showed in a study that the TBI prevalence in PD healthy
non-PD patients was 2.57% and 1.81%, respectively. In
addition, the risk of TBI is 1.63 (1.2-32.01) in PD
patients as compared to the general population.?’

In a study in Denmark, Kenborg et al. also found no
relationship between TBI before the first major symptom
and PD. There was also relationship between the
frequency of TBI or TBI-related hospitalization with PD,
which is inconsistent with the results of the present study.
Finally, the results of the present study confirmed the
need for information on the treatment and prevention of
post-TBI PD.?®

Due to different PD incidence rates in different
countries of the world and the existence of other genetic
and environmental causes, therefore, the odds ratio of
developing post-TBI PD will be different in different
parts of the world. One of the limitations of the present
study is the small sample size and disregarding genetic
and environmental characteristics of patients.

Research Highlights

What Is Already Known?

e PD is the second most widespread disease worldwide.

e TBI is a risk factor for several neurological diseases,
including PD.

¢ The high prevalence of TBI and its role as a risk factor
in PD is a significant cause of concern.

What Does This Study Add?
It was found that in both cases, the incidence of PD is
less than two percent.

6. Conclusion
TBI-related disorders may be due to secondary

mechanisms that begin at the time of injury, but often
have delayed clinical manifestations that are difficult to
assess due to primary misdiagnosis. Therefore, the actual
consequences of these head injuries may not be
considered at the time of the injury and during later years.
Therefore, it is necessary to conduct further retrospective
studies to evaluate the history of PD in TBI patients.
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