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Introduction: Patients with Parkinson’s disease (PD) are at a higher risk of hospital

admissions compared to the general population. We studied the causes and

factors associated with admissions among patients with PD over 6 years.

Methods: We included all PD admissions between 1 January 2016 and 31

December 2021. Other causes of parkinsonism were excluded. Causes of

admissions were divided into PD-related (direct or indirect) or non-PD-related.

The type of admission was categorized into emergency or elective.

Results: We identified 605 hospital admissions (259 patients with PD); 345 (57.0%)

were PD-related and 260 (43%) were non-PD-related. Emergency PD admissions

contributed to 50.4% of all admissions, most commonly from respiratory infection

(23%). PD admissions in comparison to non-PD admissions were associated with

worse disease severity (HY ≥ 3; p < 0.001), longer disease duration [8.71 (SD 6.23)

vs. 6.60 (SD 5.39) years; p < 0.001], and longer hospital stay [7.70 (SD 5.89) vs.

6.42 (SD 7.63) days; p = 0.020]. Non-PD admissions were associated with more

comorbidities (97.3%; p = 0.013). There were 124 (20.5%) complications and 31

deaths (5.1%). A total of 29 deaths were due to respiratory infection and 3 deaths

were due to COVID-19 pneumonia. Emergency admission (PD- and non-PD-

related; p = 0.001) and respiratory-related causes (p < 0.001) were predictors of

unfavorable hospital admission outcomes (death and complications).

Conclusion: Respiratory infectionwas the leading cause of hospital admission and

a significant independent predictor of unfavorable hospital admission outcomes

(death and complications). PD-related admissions were associated with disease

severity and led to more complications and longer hospital stays. Non-PD-related

admissions were associated with comorbidities.

KEYWORDS

Parkinson’s disease, causes, factors, emergency, elective, hospital admission, deaths,

complication

Introduction

Parkinson’s disease (PD) is a chronic and progressive neurodegenerative disease

characterized by motor and non-motor symptoms, with marked heterogeneity in the clinical

manifestation, treatment response, and disease progression, leading to variable courses of

disease between individuals (1). While the use of levodopa has contributed to significant

improvement in quality of life with increased life expectancy, the disease runs a more
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prolonged course resulting in significant morbidity in the long term

(1). The Global Burden of Disease, Injuries and Risk Factors Study

(GBD) 2015 reported that the number of people affected by PD

had increased by 118% from 1990 to 2015 with 6.2 million people

affected globally (2). By 2030, it is estimated that the number of

patients will increase further to 9.3 million (3). The number of PD

cases in Malaysia has also increased by 26.4% from 15,697 cases in

1990 to 23,908 in 2015 (4) and is expected to rise further with the

rise in the aging population (3).

The World Health Organization has highlighted wide gaps in

the care of patients with PD, one of which is the lack of effective

therapies to prevent or improve both long-term motor and non-

motor complications (1). With the rising prevalence of PD and

increased life expectancy, it is anticipated that more patients with

PD will require hospitalization for the management of their motor

and non-motor symptoms. In addition, patients with PD are also

susceptible to hospitalization due to comorbid diseases, given that

most of them are elderly patients and frequently have other health

problems (5). Hospitalization of patients with PD significantly

impacts their wellbeing adding to the morbidity associated with the

disease and may alter the disease course adversely (6). Admissions

due to PD also led to higher health utilization costs compared to

age-matched controls, thus contributing to a significant economic

burden to patients and the healthcare system (7).

Various factors contribute to admissions among patients with

PD. Some factors are directly related to the disease (PD-related),

such as worsening of motor and non-motor symptoms, while

others may be due to the presence of comorbid diseases (non-PD-

related). It is also unclear how the COVID-19 pandemic impacts

hospitalizations among patients with PD. Thus, understanding the

frequent causes of hospitalization in PD is important in planning

healthcare resources and in determining avoidable causes. Apart

from a few studies conducted in India [10, 15], there is a lack of

data on the causes of hospitalization in Asian countries, especially

within the South East Asian region.

Objective

This study was, therefore, conducted to determine the

causes, factors, trends, and complications of admissions, including

admissions during the COVID-19 pandemic years, among patients

with PD to gain an understanding of the preventive strategies that

could be instituted to reduce future hospitalizations.

Methods

Study setting and population

This was a retrospective review (cross-sectional design) of all

PD admissions to Hospital Canselor Tuanku Muhriz (HCTM)

from 1 January 2016 and 31 December 2021. HCTM is a

tertiary hospital and a teaching center with 1,054 beds. The

neurological services include an established movement disorder

service offering comprehensive medical and surgical therapy for

PD. Study approval was obtained from the UKMMedical Research

Ethics Committee (research code: JEP-2021-263). We included

all admissions of patients with idiopathic PD, with a minimum

admission duration of 24 h. Patients who were diagnosed with

secondary parkinsonism, Parkinson’s Plus syndrome, an unclear

diagnosis of idiopathic PD, and records with missing data such as

staging of PD or duration of PD, were excluded from this study.

The sample size was calculated using a sample size calculator for

estimations (8, 9), at a 5% significance level, study power of 80%,

and with reference to a previous study (10). The present study

required a minimum sample size of 166.

Data collection

Information on hospital admissions was obtained from the

Case-Mix Unit of HCTM. Case-Mix is a classification of services

implemented in diagnosis, treatment, and care in clinical terms

(11, 12). Medical case notes of all hospital admissions with the

International Classification of Diseases (ICD-10) code G20 (PD)

(13) from 1 January 2016 to 31 December 2021 were identified.

Data from the patient’s medical case notes were retrospectively

reviewed and entered into a datasheet which consisted of three

sections: Section A: sociodemographic characteristics (age, gender,

and race), Section B: clinical parameters (co-morbidities, staging

of PD, duration of PD, age of PD onset, and previous admissions

during the 6-year study period), and Section C: admission-

related parameters (year of admission, causes of admission,

length of hospital stay, complications encountered during hospital

admission, and type of admission). For patients with more than

one admission within the study duration, the demographic details

were recorded for the most recent admission and prior admissions

were referred to as previous admissions (10); each admission

was recorded as a separate event. If patients had more than one

admission during the study period, the previous admissions were

categorized as repeated admissions.

Comorbidities
Comorbidities were grouped into five categories, namely,

medical only; medical and orthopedics; medical and psychiatric;

medical and others; and more than two comorbidity categories,

based on the comorbidity trend among our study population. The

following describes the diseases for each category.

• Medical only (hypertension (HPT), dyslipidemia, diabetes

mellitus (DM), [with or without target organ damage such

as ischemic heart disease, chronic kidney disease, end-stage

renal disease, and stroke), bronchial asthma (BA), and chronic

obstructive pulmonary disease (COPD)]

• Combined medical with orthopedic diseases (cauda equina

syndrome, degenerative disc disease with or without spine

surgery, spine fracture, long bone fracture, and after total knee

replacement)

• Combined medical and psychiatric diseases (dementia, mood

disorder, and psychosis)

• Combined medical and other comorbidities such as benign

prostatic hyperplasia (BPH) and kidney/bladder stones
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FIGURE 1

Study flow showing the di�erent types of admissions.

• Any combination of more than two comorbidity categories

listed earlier.

Disease parameters
The Hoehn and Yahr (HY) staging was used for PD severity

(14) and patients were divided into two groups based on HY stage,

namely, HY 1-2 and HY≥3. Duration of PD was classified into <5

years, 5–10 years, and >10 years.

Admission-related
The type of admission was categorized into emergency (any

admissions which went through the emergency department first,

prior to ward admission) or elective (any admission that was

planned from the outpatient department).

Causes of admission were divided into PD-related or non-PD-

related causes.

Parkinson’s disease-related causes were further divided into

direct PD-related and indirect PD-related causes (10, 15).

• Direct PD-related causes include motor, non-motor,

neuropsychiatric symptoms, and medication-related (adverse

effects) and planned admissions for medication adjustment,

levodopa challenge procedure, brain imaging, and DBS (deep

brain stimulation) procedure.

• Indirect PD-related causes include infections such as all

respiratory infections (community-acquired pneumonia,

aspiration pneumonia, orthostatic pneumonia, and COVID-

19 pneumonia), hospital-acquired infection, urinary tract

infection, gastrointestinal infection, and infected pressure

sore), trauma due to fall and any complications arising from

the fall (fracture or intracerebral bleed), delirium, electrolyte

imbalances, and all others that included infected PEG tube.

Non-PD-related causes include all other admissions related to

the presence of comorbidities, which were unrelated to PD.

Following data collection, to facilitate analysis, we further

categorized the causes of non-PD emergency admissions into

five categories based on the top common causes from our

study: cardiac causes, end-stage renal disease, stroke, anemia,

and infection/metabolic causes, while non-PD elective admissions

were categorized as planned orthopedic procedures or non-

orthopedic procedures.

Statistical analysis

Data were analyzed using the Statistical Package for the

Social Sciences (SPSS) software version 26.0, IBM SPSS Statistics

(RRID:SCR_019096). For descriptive analysis, categorical data
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TABLE 1 Sociodemographic characteristics and clinical parameters of

patients with PD (n = 259).

n (%)

Age (mean, years) 72.41 (SD 8.84)

<50 4 (1.5)

≥50 255 (98.5)

Gender

Male 145 (56.0)

Female 114 (44.0)

Race

Malay 87 (33.6)

Chinese 157 (60.6)

Indian 15 (5.8)

Others 0

Comorbidities

Medicala 158 (61.0)

Medicala and orthopaedicb 34 (13.1)

Medicala and psychiatryc 36 (13.9)

Medicala and othersd 9 (3.5)

Combination of ≥ 2 co-morbids 9 (3.5)

None 13 (5.0)

Hoehn Yahr Stage 1 & 2 88 (34.0)

≥3 171 (66.0)

Duration of PD

(years)

<5 83 (32.0)

5–10 103 (39.8)

>10 73 (28.2)

Age of PD onset

(mean, years)

64.37 (SD 10.70)

aMedical: DM±HPT± dyslipidemia± TOD (IHD, CKD, ESRF, stroke)± BA/COPD.
bOrthopedic: cauda equina syndrome, degenerative disc disease ± spine surgery, spine

fracture, long bone fracture, post TKR.
cPsychiatry: dementia, mood disorder, psychosis.
dOthers: BPH, kidney/bladder stones, ICB post fall.

SD, standard deviation; DM, diabetes mellitus; HPT, hypertension; TOD, target organ

damage; IHD, ischemic heart disease; CKD, chronic kidney disease; ESRF, end stage renal

failure; BA, bronchial asthma; COPD, chronic obstructive pulmonary disease; TKR, total knee

replacement; BPH, benign prostatic hyperplasia; ICB, intracerebral bleed.

were presented as frequency (n) and percentage (%). Mean

and standard deviation (SD) was used for normally distributed

continuous data. Pearson chi-square test was used to determine

the association between causes of admission (PD-related and non-

PD-related) and categorical variables, namely, age group, gender,

race, comorbidities, staging of PD, duration of PD, and previous

admissions and complications. T-test was used to determine the

association between the mean age of PD onset, mean duration

of PD, mean length of stay, and causes of admission (PD-related

and non-PD-related). Multivariable logistic regression analysis

was performed to assess factors that predict hospital admission

outcomes. A significant level is set at p < 0.05.

Results

A total of 1,098 admissions with a diagnosis of parkinsonism

from a cumulative adult admission of 193,646 were identified by

the Case-Mix Unit from 1 January 2016 to 31 December 2021. Of

these, 21 had missing data and had to be excluded. Finally, only 605

admissions involving 259 patients with PD fulfilled the inclusion

and exclusion criteria and were enrolled in the study (Figure 1). The

estimated rate of PD admission based on the cumulative admissions

over the 6-year period was 0.31%.

The mean age of patients with PD from this study was 72.4

(SD 8.84) years, and 98.5% were ≥ 50 years of age. There were

145 (56.0%) men and 114 (44.0%) women. Patients were mostly

of Chinese ethnicity (60.6%), followed by Malay and Indian. The

majority of patients (n = 171, 66.0%) were in the HY stage ≥ 3.

Most patients (39.8%, n = 103) had a PD duration between 5 and

10 years, while 32.0% (n = 83) had a disease duration of <5 years,

and 28.2% (n= 73) had a disease duration of >10 years. Almost all

patients (95%) had comorbidities; medical disorders being themost

common (95%), followed by psychiatric and orthopedic disorders.

Only 13 (5%) did not have any comorbid diseases (Table 1).

Causes and types of admissions

Of the 605 admissions recorded over the 6-year period, 345

(57.0%) admissions were due to PD-related causes, while 260

(43.0%) admissions were non-PD-related. The frequency of the

different types of admission is shown in Figure 1. For PD-related

admissions, 305 (88.4%) were emergency admissions and 40

(11.6%) were elective admissions (Table 2). For non-PD-related

admissions, 144 (55.4%) were emergency admissions and 116

(44.6%) were elective admissions.

Infection/sepsis (n =199, 65.2%) was the most common cause

of PD-related emergency admissions, mostly due to respiratory

infections (n = 139, 45.6%) such as community-acquired

pneumonia (n = 60), aspiration pneumonia (n = 31), hospital-

acquired pneumonia (n= 22), orthostatic pneumonia (n= 19), and

COVID-19 pneumonia (n= 7). This was followed by genitourinary

infection (n = 39, 12.8%). Trauma (14.1%) including its resulting

complications was the second most common cause of PD-related

admissions. PD-related planned procedures (levodopa challenge,

brain imaging, and DBS insertion) were the third most common

cause. The causes for non-PD-related emergency admissions

in the order of highest frequency were infection/metabolic

followed by anemia (gastrointestinal bleeding or chronic disease),

cardiac disease, stroke, and renal disease. Elective non-PD-related

admissions were either due to orthopedic procedures (38.8%) or

other planned medical or surgical procedures (61.2%). Table 2

shows the causes of all admissions.

Previous admissions

Previous admissions are repeated admissions encountered by

a single patient in the 6-year study period. Of the 605 admissions

recorded, 482 (80.0%) were repeated admissions, which occurred
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TABLE 2 Causes and type of PD admissions.

PD-related causes n = 345 (57.0%) Non-PD-related causes n = 260 (43.0%)

Emergency n = 305 (88.4) Elective n = 40 (11.6) Emergency n = 144 (55.4) Elective n = 116 (44.6)

Direct PD-related n (%) Cardiac 32 (22.2) Ortho proceduresb 45 (38.8)

Motor symptoms 24 (7.9) Proceduresa 33 (82.5) End stage Renal disease 2 (1.39) Non-ortho proceduresc 71 (61.2)

Non motor symptoms 10 (3.3) Medication

adjustment

7 (17.5) Stroke 11 (7.6)

Neuro-psychiatric symptoms 2 (0.7) Anemia (bleed, chronic illness) 29 (20.1)

Medication adverse effects 16 (5.2) Infection/Metabolic (catheter, gangrene,

abscess)

70 (48.6)

Indirect PD-related

Sepsis (total) 199 (65.2)

Respiratory 139 (45.6)

Genito-urinary 39 (12.8)

Gastro-intestinal 4 (1.3)

Pressure sores 17 (5.6)

Trauma (fall, fracture) 43 (14.1)

Delirium 2 (0.7)

Electrolyte imbalance 4 (1.3)

Othersd 5 (1.6)

aProcedures: levodopa challenge, brain imaging.
bOrthopedic procedures such as nerve block, imaging, and surgery.
cNon-orthopedic procedures such as catheter insertion for dialysis, fistula creation, cataract surgery, and angiogram.
dOthers; PEG tube infection.
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FIGURE 2

Frequency of repeated admissions.

in 136 out of 259 patients. The number of repeated admissions

ranged from 2 to 13 admissions per patient (Figure 2). The causes

for repeated admissions are shown in Supplementary Table 1.

The causes of admissions irrespective of whether PD-related

or non-PD-related are shown in Figure 3. The top five causes of

admissions were respiratory infection (23%), followed by non-

orthopedic planned procedures (11.7%), infection or metabolic

causes unrelated to PD (11.6%), orthopedic planned procedures

(7.4%), and trauma (7.1%).

COVID-19 admissions

Between 2020 and 2021, there were only seven admissions, all

in the year 2021 among PD patients with COVID-19 pneumonia

who fulfilled the inclusion and exclusion criteria. There were three

admissions in the year 2020 that were excluded from this study and

not analyzed due to missing data. The mean age of the patients

with COVID-19 pneumonia was 73.71 (SD 6.63) years and the

mean PD duration was 6 (SD 3.79) years. All seven patients had

comorbidities. Four patients were in HY stage ≥3. Of the seven

admissions, three (42.9%) resulted in death, while four (57.1%) had

complications such as hospital-acquired infection, delirium, and

deterioration in clinical staging.

Trend of admission

The trend of admission comparing between PD-related or

non- PD-related causes of admission over the 6 years is

shown in Figure 4. The number of PD admissions per year

ranged from 78 (2021) to 136 (2019). In 2016 and 2017,

there were similar frequencies of PD-related and non-PD-

related admissions. In 2018 and 2019, there was a slightly

higher frequency of PD-related admissions compared to non-

PD-related admissions with a ratio of 1:1.3 and 1:1.4. However,

there was a shift in the frequency of causes of admission in

the years 2020 and 2021, with more admissions being PD-

related compared to non-PD-related admissions at a ratio of

1:1.5 and 1:1.8.

Comparison of factors and length of stay
between PD- and non-PD-related causes

Factors significantly associated with different causes of

admissions include race, the presence of comorbidities, duration

of PD, and stage of PD. There were significantly more

Chinese patients admitted for PD-related causes (p = 0.013)

compared to other races. Almost all patients admitted for

non-PD-related causes had comorbidities (97.3%) compared

to PD-related causes (92.8%; p = 0.013). Patients admitted

with PD-related causes had significantly longer PD duration

compared to non-PD-related admissions [8.71 (SD 6.23) vs.

6.60 (SD 5.39); p < 0.001]. A significantly higher proportion

of patients admitted for PD-related causes was in HY stage

≥3 (82.3%) compared to non-PD-related admissions (48.5%;

p < 0.001). The length of stay was significantly longer for

PD-related admissions [7.70 (SD5.89) vs. 6.42 (SD7.63); p =

0.02] (Table 3).
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FIGURE 3

Frequency of causes of admission for PD and non-PD combined. Non-orthopedic procedures: catheter insertion, fistula creation, angiogram,

cataract surgery. Non-PD-related infection/metabolic: catheter related blood stream infection, gangrene, abscess, uncontrolled diabetes.

Orthopedic procedures: nerve block, surgery, imaging. PD-related procedures: imaging, levodopa challenge test, DBS insertion. Others (PD-related):

infected PEG tube.

FIGURE 4

Causes of admission by year (2016–2021).
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TABLE 3 Factors associated with admission causes.

PD-related
causes n = 345

Non-PD-related
causes n = 260

Statistical value p-value

Age (years) mean (SD) 71.38 (10.85) 70.69 (8.89) 0.860a 0.390

Gender, n (%)

Male 179 (51.9) 139 (53.5) 0.15b 0.700

Female 166 (48.1) 121 (46.5)

Race, n (%)

Malay 91 (26.4) 102 (39.2) 12.35b 0.002

Chinese 233 (67.5) 140 (53.8)

Indian 21 (6.1) 18 (6.9)

Comorbidities∗ , n (%)

Yes 320 (92.8) 253 (97.3) 6.14b 0.013

No 25 (7.2) 7 (2.7)

Staging of PD, n (%) 77.81b <0.001

<3 61 (17.7) 134 (51.5)

≥3 284 (82.3) 126 (48.5)

PD duration (years) mean (SD) 8.71(6.23) 6.60 (5.39) 4.45a <0.001

Age of PD onset (years) Mean (SD) 62.61 (12.45) 63.92 (10.20) −1.42a 0.156

Previous admission 268 (77.7) 214 (82.3) 1.96b 0.162

Length of stay (days) Mean (SD) 7.70 (5.89) 6.42 (7.63) 2.33a 0.020

at test.
bPearson chi-square.

SD, standard deviation.
∗comorbidities (Medical, Orthopedic, Psychiatry, Others related, combination of ≥2 comorbid group).

In-hospital death and complications
related to admissions

Of the 605 admissions, 124 (20.5%) admissions had

complications and 31 (5.1%) admissions resulted in in-

hospital deaths. PD-related admissions accounted for

26 (83.9%) in-hospital deaths, while non-PD-related

admissions accounted for the remaining five (16.1%) deaths.

Infection was the top cause of death, which occurred in

29 out of 31 deaths, the most frequent being pneumonia

(aspiration, hospital-acquired, orthostatic, and COVID-19).

Death due to COVID-19 pneumonia occurred in three

patients. Complications and causes of death are listed in

Supplementary Table 2.

Deaths and complications occurred significantly more

frequently in PD-related admissions compared to non-PD-

related admissions (69.0 vs. 31.0%; p < 0.001). In-hospital

deaths and complications were significantly associated with

higher PD staging (p = 0.005) but not the duration of

PD (p = 0.645). On logistic regression analysis, significant

independent predictors for unfavorable hospital admission

outcomes (death and complications) were emergency admissions

(OR 2.49; p = 0.001) and respiratory infection (OR 2.40; p <

0.001) (Table 4).

Discussion

In this study, we provide a detailed description of the causes

of hospitalization among patients with PD particularly on the

most common causes, trends in causes of hospitalization, and

complications arising from these admissions. In total, we identified

605 hospital admissions occurring in 259 patients with PD between

2016 and 2021, giving an average of 2.5 admissions per patient

over the 6-year period. PD-related admissions were slightly more

common than non-PD-related admissions. However, by analyzing

the yearly trend of admission, the ratio of PD-related to non-PD-

related admissions was found to be almost equal except between

the years 2020 and 2021, where PD-related admissions exceeded

non-PD-related admissions by almost 2-fold. This trend change

occurred during the COVID-19 pandemic years, which indicates

that admissions during the pandemic were likely to be due to

worsening PD motor or non-motor symptoms, possibly due to

missed clinical appointments due to movement control order

restrictions during that period and/or patients’ own preference to

avoid hospitals during the pandemic or other factors such as a lack

of physical activity or psychological distress (16). A study utilizing

an online survey among patients with PD reported worsening PD

symptoms during the pandemic as a result of psychological distress

and reduced physical activity (17).
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TABLE 4 Predictors of unfavorable hospital admission outcome.

Admission outcome (death + complications)

Factors B Adjusted OR (CI 95%) P-value

Emergency admission (PD and Non-PD) 0.912 2.49 (1.429, 4.338) 0.001

Respiratory cause 0.879 2.40 (1.577, 3.677) <0.001

Age ≥50 years 0.993 2.44 (0.547, 10.904) 0.242

Comorbidities −0.453 0.636 (0.288, 1.403) 0.262

Staging of PD ≥3 0.099 1.104 (0.687, 1.775) 0.682

Duration of PD >10 years −0.371 0.690 (0.438, 1.087) 0.110

B, regression coefficient.

Emergency PD-related admissions accounted for 50.4% of all

admissions, followed by emergency non-PD admissions which

accounted for 23.8%. Elective admissions for PD-related causes

contributed to only 6.7% of total admissions, while non-PD-

related elective admissions contributed to 19.2% of all admissions.

Elective PD-related admissions were mainly due to the levodopa

challenge test, brain imaging, and deep brain stimulation surgery,

while for elective admissions for non-PD-related causes, orthopedic

procedures contributed to 38.8% of admissions. Although our

center offers DBS, the number of patients who agree to undergo

the procedure is still relatively small (only 3 admissions for DBS

insertion), given the high cost, which could explain the small

percentage of elective PD admissions recorded. Comparatively,

an Australian study conducted over 5 years with more than

5,000 admissions had 400 admissions for DBS insertion [23]. The

high frequency of admission for orthopedic procedures could be

explained by the fact that 13.1% of patients in our study had

orthopedic comorbidities. Besides that, patients with PD are also

predisposed to bone and joint disorders such as frozen shoulder and

postural disorders as a result of muscular rigidity and bradykinesia

(18). It remains a challenge to determine to what extent PD

contributes to the development of orthopedic problems due to the

overlap in clinical symptoms.

For PD-related admissions, emergency admissions were more

common than elective or planned admissions, while for non-

PD-related admissions, emergency, and elective admissions were

similar in frequency. Pneumonia was the most common cause

and contributed to 45.6% of emergency PD admissions, followed

by trauma (14.1%) and genitourinary infections (12.8%). Non-

PD-related emergency admissions were most commonly due to

infections or metabolic causes such as cellulitis, uncontrolled

diabetes, and medication-induced electrolyte imbalance. Similar to

our findings, a recent meta-analysis identified infections (urinary

tract infection and pneumonia), gastrointestinal disorders, and

falls/fractures as the top three causes of PD admissions (6).

Previous studies on hospital admissions among patients with

PD from other countries such as Ireland, India, Italy, Japan,

Australia, and Singapore had similar findings, with the most

common PD-related causes being infection (respiratory, urinary

tract, sepsis, and aspiration pneumonia) and trauma due to falls

with or without fracture (10, 19–24). Non-PD-related causes

included myocardial infarction, arrhythmia, congestive cardiac

failure, stroke, seizures, and renal failure (10). Combining all causes

of admissions together irrespective of whether PD- or non-PD-

related, respiratory infection remained the most common cause for

admission in our study. The causes of respiratory infection were

varied and included community-acquired pneumonia, aspiration

pneumonia, hospital-acquired pneumonia, orthostatic pneumonia,

and COVID-19 pneumonia.

Patients with PD are at a higher risk of being admitted due

to a respiratory infection compared to the general population

(25). They are predisposed to develop aspiration pneumonia as

they are prone to dysphagia and silent aspiration due to multiple

factors, which include delayed oral transit time as a result of

lingual bradykinesia (26), pharyngo-esophageal dysmotility (27),

and impaired cough reflex (25). A study that evaluated dysphagia

in 119 patients with PD using flexible endoscopic evaluation of

swallowing found that dysphagia was prevalent among patients

with PD even when asymptomatic, whereby only 5% of patients

with PD had normal deglutination. Aspiration was detected in 20%

of patients with HY stage 2, and critical aspiration was observed

in 16% of patients who were asymptomatic (28). A Japanese study

that evaluated the relationship between dysphagia and depressive

state in patients with PD found that the rates of dysphagia were

14.3% for HY stage 1, 50% for stage 4, and 100% for stage 5.

Swallowing-related problems were an important cause of aspiration

pneumonia and cause of death in that study (29). A recent study

found that aspiration pneumonia increased the risk of mortality of

PD over 2 years compared to controls (30). Our findings, therefore,

highlight the importance of early screening for dysphagia, so that

preventive measures for aspiration could be instituted, given the

high frequency of hospital admissions and complications related to

aspiration pneumonia.

There were significant differences in PD-related and non-PD-

related admissions. Patients admitted for PD causes (direct and

indirect) had a significantly higher disease stage (HY≥3) and a

longer disease duration. In contrast, patients admitted with non-

PD-related causes had more comorbidities. Patients admitted for

PD causes also stayed longer than non-PD admissions. Taken

together, our findings showed that PD-related admissions are

more likely with a higher stage of PD and with longer disease

duration and leading to a longer hospital stay. This finding is

not unexpected, as patients are more likely to develop motor

complications and worsening non-motor symptoms with disease

progression. Thus, our findings highlight the need to optimize

the medical care of patients with PD in order to prevent

Frontiers inNeurology 09 frontiersin.org

https://doi.org/10.3389/fneur.2023.1136858
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Shaibdat et al. 10.3389/fneur.2023.1136858

unnecessary hospital admissions related to suboptimal therapy

and the morbidity associated with these admissions. The higher

frequency of comorbidities in patients admitted for a non-PD cause

is not surprising as the comorbidities were the most likely trigger

factor for admission in these patients.

Repeated admissions contributed to 80% of all admissions

in our study. As we did not perform a detailed analysis of

each repeated admission, we were unable to determine if these

admissions were related to the first admission or other causes.

However, given the mean age of our patients which was 72.4

years, and as 95% of them had at least one comorbidity, it is not

unexpected to have such a high frequency of repeated admissions.

Studies have shown that those with a history of hospitalization

are more likely to be re-hospitalized (31). Another study revealed

that disease severity, presence of comorbidities, DBS, motor

fluctuations, and poor quality of life predisposed to higher rates of

repeated hospitalizations (32). Hospitalizations led to deterioration

in Parkinson’s symptoms with poor motor outcomes in 20% of

patients and 44% never returned to their baseline functional

status prior to hospital admission (31, 33). This deterioration in

functional status was irrespective of the cause for admission (32).

With the rise in the aging population in Malaysia, admission

costs are likely to rise, and with repeated admissions, patients

and the healthcare system would incur a significant economic

burden (33).

Complications occurred in 20.5% of all admissions, while death

occurred in 5.1% of all admissions over the 6 years. The most

common cause of death was pneumonia, three of which were due to

COVID-19 pneumonia. Expectedly, there were significantly higher

rates of death and complications among PD-related admissions

compared to non-PD-related admissions and in patients with

higher HY stages (≥3). A study conducted in Portugal found

that 150 out of 1,525 PD admissions between 2008 and 2014

resulted in death in 9.8%, which was slightly higher than our

findings (34). Significant independent predictors of unfavorable

hospital admission outcomes (death and complications) in our

study were admissions due to emergency causes and respiratory

infection. Similar to our findings, a study conducted in the UK

found that patients with PD are at increased risk of mortality with

the commonest cause of death being pneumonia (35).

There were 11 COVID-19 admissions in the years 2020 and

2021 but four were excluded due to missing data. Of the seven

COVID-19 pneumonia included in this study, all had comorbidities

and advanced age (mean age 72.7 years). All seven admissions had

complications and three resulted in death, reinforcing the high

morbidity and mortality associated with COVID-19 in patients

with PD. It is interesting to note that all deaths except one, taking

into account data not included for analysis, occurred in the year

2021, when the delta variant of SARS-CoV-2 was themost prevalent

cause of COVID-19 infections in Malaysia and globally (36).

Collectively, the findings of our study add to the existing

literature on hospital admissions among patients with PD, which

could be generalized to other populations. While retrieving data

for this study, we were able to determine the approximate

number of hospitalized (relative to total adult admissions)

patients with PD, giving a hospitalization rate of 0.3% or 3 in

1,000. An epidemiological study conducted in Spain reported a

hospitalization rate of 64.2 per 100,000 cases (0.6%) among patients

with PD (37), which was slightly higher than ours. Respiratory

infection remained the leading cause of death and admission

and contributed to the majority of emergency admissions in

patients with PD. This highlights the importance of incorporating

respiratory training interventions in the management of patients

with PD. More attention should be given to optimizing therapy for

motor and non-motor symptoms during clinical visits, especially

in patients with advanced disease. Efforts should also be taken to

prevent COVID-19 infections by adhering to guidelines in order to

prevent transmission through vaccination.

Study limitations

We acknowledge that there are several limitations to our

study. First, data collection was conducted during the COVID-19

pandemic which had caused restrictions in accessing the medical

record office during the movement control order. Second, there

were missing files and missing data and some patients did not

have a clear diagnosis of idiopathic PD as they were diagnosed

at a different center without any details of the disease. Third, we

had to determine the stage of PD based on the functional status

documented or the most recent clinical visit, as the staging of PD

was not objectively documented in selected case notes. Ideally,

detailed objective assessments should be done using evaluation

tools such as validated scales and questionnaires. Fourth, the ICD

coding system required refinement as many cases identified with

the G20 coding system for PD included secondary PD, drug-

induced parkinsonism, and essential tremors resulting in many

shortlisted case notes being rejected (38).

Strength and recommendations

Still, we believe that our study has several strengths. First, to

the best of our knowledge, this is the first study in Malaysia to

provide a detailed analysis of the causes and factors associated with

admissions and complications among patients with PD. Second, in

order to avoid variations in the classification of causes of admission,

and to ensure homogeneity with other studies, we based our

classification on two studies, which similarly divided the causes

of admission into PD-related and non-PD-related, and further

divided PD-related causes into direct and indirect causes (10, 15).

In addition, as our study period included the COVID-19 pandemic

years, we were able to compare the trend of admissions prior to

and during the pandemic. In the future, detailed prospective studies

should be conducted to identify important risk factors associated

with hospital admissions among patients with PD.

Conclusion

In conclusion, our study showed that emergency PD

admissions were the most common cause of admissions among

patients with PD. Pneumonia was the most frequent cause of

admissions and a leading cause of death related to PD admissions.

Our findings highlight the importance of optimizing the treatment

of parkinsonism adequately, with detailed attention toward the

management of comorbidities and recognizing aspiration risk,
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and incorporating interventions such as respiratory training

and swallowing assessment so that hospital admissions can

be prevented. This in turn could hopefully avoid a myriad of

complications, such as deterioration in clinical staging related to

hospital admissions, which would further impact their quality of

life and increase the risk of re-hospitalization.

Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed

and approved by the Universiti Kebangsaan Malaysia (UKM)

Medical Research Ethics Committee (research code: JEP-2021-

263). Written informed consent from the patients/participants or

patients/participants’ legal guardian/next of kin was not required to

participate in this study in accordance with the national legislation

and the institutional requirements.

Author contributions

All authors listed have made a substantial, direct, and

intellectual contribution to the work and approved it

for publication.

Acknowledgments

We would like to acknowledge the Case Mix Unit for assistance

in providing details of admissions using the ICD 10 coding system.

Wewould like to acknowledge themedical record office for locating

patient case files.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fneur.2023.

1136858/full#supplementary-material

References

1. World Health Organisation. Neurological Disorder: Public Health Challenges.
Geneva: WHO. p. 140.

2. Feigin VL, Abajobir AA, Abate KH, Abd-Allah F, Abdulle AM, Abera SF, et al.
Global, regional, and national burden of neurological disorders during 1990–2015:
a systematic analysis for the Global Burden of Disease Study 2015. Lancet Neurol.
(2017) 16:877–97. doi: 10.1016/S1474-4422(17)30299-5

3. Dorsey Ea, Constantinescu R, Thompson J, Biglan K, Holloway R,
Kieburtz K, et al. Projected number of people with Parkinson disease
in the most populous nations, 2005 through 2030. Neurology. (2007)
68:384–6. doi: 10.1212/01.wnl.0000247740.47667.03

4. Dorsey E, Elbaz A, Nichols E, Abd-Allah F, Abdelalim A, Adsuar J, et al. GBD 2016
Parkinson’s Disease Collaborators. Global, regional, and national burden of Parkinson’s
disease, 1990–2016: a systematic analysis for the Global Burden of Disease Study 2016.
Lancet Neurol. (2018) 17:939–53. doi: 10.1016/S1474-4422(18)30295-3

5. Wang X, Zeng F, Jin W-S, Zhu C, Wang Q-H, Bu X-L, et al. Comorbidity
burden of patients with Parkinson’s disease and Parkinsonism between 2003 and
2012: a multicentre, nationwide, retrospective study in China. Sci Rep. (2017)
7:1671. doi: 10.1038/s41598-017-01795-0

6. Okunoye O, Kojima G, Marston L, Walters K, Schrag A. Factors
associated with hospitalisation among people with Parkinson’s disease–
a systematic review and meta-analysis. Parkinsonism Relat Disord. (2020)
71:66–72. doi: 10.1016/j.parkreldis.2020.02.018

7. Emily Soh ML, Shermyn Neo X, Saffari SE, Aidan Wong SY, Ganesan G, Li W,
et al. Longitudinal healthcare utilization and costs in Parkinson’s disease: pre-diagnosis
to 9 years after. J Parkinsons Dis. (2022) 12:957–66. doi: 10.3233/JPD-212982

8. Naing L, Winn T, Rusli B. Practical issues in calculating the sample size for
prevalence studies. Arch Orofacial Sci. (2006) 1:9–14.

9. Daniel W. Biostatistics: A Foundation for Analysis in the Health Sciences, 7th edn.
Wiley: New York (1999). p. 141–2.

10. Paul BS, Paul G, Singh G, Kaushal S. Pattern of hospital admission and outcome
in Parkinson’s disease: a study from Punjab, India. Neurol Asia. (2017) 22:33–9.

11. Moshiri H, Aljunid SM, Amin RM, Ahmed Z. Impact of implementation of case-
mix system on efficiency of a teaching hospital in Malaysia. Glob J Health Sci. (2010)
2:91. doi: 10.5539/gjhs.v2n2p91

12. Rohaizat Y. Proposed national health care financing mechanism for Malaysia:
the role of case-mix.MJPHM. (2005) 5:91–8.

13. (WHO). WHO International Statistical Classification of Diseases and Related
Health Problems (ICD) 10th Revision. G20 Parkinson Disease. Available online
at: https://icd.who.int/browse10/2019/en#/G20-G26

14. Goetz CG, Poewe W, Rascol O, Sampaio C, Stebbins GT, Counsell C,
et al. Movement disorder society task force report on the Hoehn and Yahr
staging scale: status and recommendations the movement disorder society task
force on rating scales for Parkinson’s disease. Movement Disorders. (2004) 19:1020–
8. doi: 10.1002/mds.20213

15. Paul G, Paul BS, Gautam PL, Singh G, Kaushal S. Parkinson’s disease
in intensive care unit: An observational study of frequencies, causes, and
outcomes. Ann Indian Acad Neurol. (2019) 22:79. doi: 10.4103/aian.AI
AN_44_18

16. Hashim JH, Adman MA, Hashim Z, Mohd Radi MF, Kwan SC. COVID-19
epidemic in Malaysia: epidemic progression, challenges, and response. Front Public
Health. (2021) 9:560592. doi: 10.3389/fpubh.2021.560592

17. van der Heide A, Meinders MJ, Bloem BR, Helmich RC. The impact
of the COVID-19 pandemic on psychological distress, physical activity, and
symptom severity in Parkinson’s disease. J Parkinson’s Dis. (2020) 10:1355–
64. doi: 10.3233/JPD-202251

18. Rabin ML, Earnhardt MC, Patel A, Ganihong I, Kurlan R. Postural, bone,
and joint disorders in Parkinson’s disease. Mov Disord Clin Pract. (2016) 3:538–
47. doi: 10.1002/mdc3.12386

Frontiers inNeurology 11 frontiersin.org

https://doi.org/10.3389/fneur.2023.1136858
https://www.frontiersin.org/articles/10.3389/fneur.2023.1136858/full#supplementary-material
https://doi.org/10.1016/S1474-4422(17)30299-5
https://doi.org/10.1212/01.wnl.0000247740.47667.03
https://doi.org/10.1016/S1474-4422(18)30295-3
https://doi.org/10.1038/s41598-017-01795-0
https://doi.org/10.1016/j.parkreldis.2020.02.018
https://doi.org/10.3233/JPD-212982
https://doi.org/10.5539/gjhs.v2n2p91
https://icd.who.int/browse10/2019/en#/G20-G26
https://doi.org/10.1002/mds.20213
https://doi.org/10.4103/aian.AIAN_44_18
https://doi.org/10.3389/fpubh.2021.560592
https://doi.org/10.3233/JPD-202251
https://doi.org/10.1002/mdc3.12386
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Shaibdat et al. 10.3389/fneur.2023.1136858

19. Fujioka S, Fukae J, Ogura H, Mishima T, Yanamoto S. Higuchi M-a, et al.
Hospital-based study on emergency admission of patients with Parkinson’s disease.
Eneurologicalsci. (2016) 4:19–21. doi: 10.1016/j.ensci.2016.04.007

20. Braga M, Pederzoli M, Antonini A, Beretta F, Crespi V. Reasons for
hospitalization in Parkinson’s disease: a case-control study. Parkinsonism Relat Disord.
(2014) 20:488–92. doi: 10.1016/j.parkreldis.2014.01.022

21. Kelly B, Blake C, Lennon O. Acute hospital admissions of individuals with a
known Parkinson’s disease diagnosis in Ireland 2009–2012: a short report. J. Parkinson’s
Dis. (2016) 6:709–16. doi: 10.3233/JPD-160839

22. Arasalingam A, Clarke C. Reasons for Parkinson’s disease admissions
in a large inner city hospital. Parkinsonism Relat Disord. (2014) 20:237–
8. doi: 10.1016/j.parkreldis.2013.10.011

23. Lubomski M, Rushworth RL, Tisch S. Hospitalisation and comorbidities in
Parkinson’s disease: a large Australian retrospective study. J Neurol Neurosurgery
Psychiatry. (2015) 86:324–30. doi: 10.1136/jnnp-2014-307822

24. Tan L, Tan A, Tjia H. The profile of hospitalised patients with Parkinson’s disease.
Ann Acad Med Singapore. (1998) 27:808–12.

25. Won JH, Byun SJ, Oh B-M, Kim H-J, Park SJ, Seo HG. Pneumonia risk and its
associated factors in Parkinson’s disease: a national database study. J Neurol Sci. (2020)
415:116949. doi: 10.1016/j.jns.2020.116949

26. Wakasugi Y, Yamamoto T, Oda C,MurataM, ToharaH,Minakuchi S. Effect of an
impaired oral stage on swallowing in patients with Parkinson’s disease. J Oral Rehabil.
(2017) 44:756–62. doi: 10.1111/joor.12536

27. Sung HY, Kim J-S, Lee K-S, Kim Y-I, Song I-U, Chung S-W, et al. The
prevalence and patterns of pharyngoesophageal dysmotility in patients with early
stage Parkinson’s disease. Movement Disorders. (2010) 25:2361–8. doi: 10.1002/mds.
23290

28. Pflug C, Bihler M, Emich K, Niessen A, Nienstedt JC, Flügel T, et al.
Critical dysphagia is common in Parkinson disease and occurs even in early stages:
a prospective cohort study. Dysphagia. (2018) 33:41–50. doi: 10.1007/s00455-017-
9831-1

29. Han M, Ohnishi H, Nonaka M, Yamauchi R, Hozuki T, Hayashi
T, et al. Relationship between dysphagia and depressive states in

patients with Parkinson’s disease. Parkinsonism Relat Disord. (2011)
17:437–9. doi: 10.1016/j.parkreldis.2011.03.006

30. Won JH, Byun SJ, Oh B-M, Park SJ, Seo HG. Risk and mortality of aspiration
pneumonia in Parkinson’s disease: a nationwide database study. Sci Rep. (2021)
11:6597. doi: 10.1038/s41598-021-86011-w

31. Shahgholi L, De Jesus S, Wu SS, Pei Q, Hassan A, Armstrong MJ,
et al. Hospitalization and rehospitalization in Parkinson disease patients: data
from the national Parkinson foundation centers of excellence. PLoS ONE. (2017)
12:e0180425. doi: 10.1371/journal.pone.0180425

32. Hassan A, Wu SS, Schmidt P, Dai Y, Simuni T, Giladi N, et al. High rates and
the risk factors for emergency room visits and hospitalization in Parkinson’s disease.
Parkinsonism Relat Disord. (2013) 19:949–54. doi: 10.1016/j.parkreldis.2013.06.006

33. Muzerengi S, Herd C, Rick C, Clarke CE. A systematic review of interventions
to reduce hospitalisation in Parkinson’s disease. Parkinsonism Relat Disord. (2016)
24:3–7. doi: 10.1016/j.parkreldis.2016.01.011

34. Martins J, Rua A, Vila Chã N. Hospital mortality in Parkinson’s disease:
retrospective analysis in a Portuguese tertiary centre. Acta Med Port. (2016) 29:315–
8. doi: 10.20344/amp.7070

35. Hobson P, Meara J. Mortality and quality of death certification in a
cohort of patients with Parkinson’s disease and matched controls in North
Wales, UK at 18 years: a community-based cohort study. BMJ Open. (2018)
8:e018969. doi: 10.1136/bmjopen-2017-018969

36. Kow CS, Ramachandram DS, Hasan SS. Risk of severe illness in patients infected
with SARS-CoV-2 of Delta variant: a systematic review and meta-analysis. Infect Dis.
(2022) 54:1–4. doi: 10.1080/23744235.2022.2055787

37. Gil-Prieto R, Pascual-Garcia R, San-Roman-Montero J, Martinez-
Martin P, Castrodeza-Sanz J, Gil-de-Miguel A. Measuring the burden of
hospitalization in patients with Parkinson’s disease in Spain. PLoS ONE. (2016)
11:e0151563. doi: 10.1371/journal.pone.0151563

38. Zafirah S, Nur AM, Puteh SEW, Aljunid SM. Potential loss of revenue due to
errors in clinical coding during the implementation of the Malaysia diagnosis related
group (MY-DRG R©) Casemix system in a teaching hospital in Malaysia. BMC Health
Serv Res. (2018) 18:1–11. doi: 10.1186/s12913-018-2843-1

Frontiers inNeurology 12 frontiersin.org

https://doi.org/10.3389/fneur.2023.1136858
https://doi.org/10.1016/j.ensci.2016.04.007
https://doi.org/10.1016/j.parkreldis.2014.01.022
https://doi.org/10.3233/JPD-160839
https://doi.org/10.1016/j.parkreldis.2013.10.011
https://doi.org/10.1136/jnnp-2014-307822
https://doi.org/10.1016/j.jns.2020.116949
https://doi.org/10.1111/joor.12536
https://doi.org/10.1002/mds.23290
https://doi.org/10.1007/s00455-017-9831-1
https://doi.org/10.1016/j.parkreldis.2011.03.006
https://doi.org/10.1038/s41598-021-86011-w
https://doi.org/10.1371/journal.pone.0180425
https://doi.org/10.1016/j.parkreldis.2013.06.006
https://doi.org/10.1016/j.parkreldis.2016.01.011
https://doi.org/10.20344/amp.7070
https://doi.org/10.1136/bmjopen-2017-018969
https://doi.org/10.1080/23744235.2022.2055787
https://doi.org/10.1371/journal.pone.0151563
https://doi.org/10.1186/s12913-018-2843-1
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Causes, factors, and complications associated with hospital admissions among patients with Parkinson's disease
	Introduction
	Objective
	Methods
	Study setting and population
	Data collection
	Comorbidities
	Disease parameters
	Admission-related

	Statistical analysis

	Results
	Causes and types of admissions
	Previous admissions
	COVID-19 admissions
	Trend of admission
	Comparison of factors and length of stay between PD- and non-PD-related causes
	In-hospital death and complications related to admissions

	Discussion
	Study limitations
	Strength and recommendations
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


