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Complications and outcomes of
hospitalizations for patients with
and without Parkinson disease

Benjamin P. George®, William A. Barbosa?, Anish Sethi*? and
Irene H. Richard*

!Department of Neurology, University of Rochester Medical Center, Rochester, NY, United States,
2Drexel University College of Medicine, Philadelphia, PA, United States

Objective: To examine complications and outcomes of hospitalizations for
common indications for hospitalization among patients with Parkinson disease
(PD).

Methods: We identified and selected the ten most common indications for
hospitalization among individuals >65 years of age using principal diagnoses from
the California State Inpatient Database, 2018-2020. Patients with comorbid PD
were identified using secondary diagnosis codes and matched one-to-one to
patients without PD based on principal diagnosis (exact matching), age, gender,
race and ethnicity, and Elixhauser comorbidity index (coarsened exact matching).
We identified potentially preventable complications based on the absence of
present on admission indicators among secondary diagnoses. In the matched
cohort, we compared inpatient complications, early Do-Not-Resuscitate (DNR)
orders (placed within 24 h of admission), use of life-sustaining therapies, new
nursing facility requirement on discharge, and death or hospice discharge for
patients with and without PD.

Results: We identified 35,457 patients with PD among the ten leading indications
for hospitalization in older adults who were matched one-to-one to patients
without PD (n =70,914 in total). Comorbid PD was associated with an increased
odds of developing aspiration pneumonia (OR 1.17 95% CI 1.02-1.35) and delirium
(OR 1.11 95% CI 1.02-1.22) during admission. Patients with PD had greater odds
of early DNR orders [placed within 24 h of admission] (OR 1.34 95% Cl 1.29-1.39).
While there was no difference in the odds of mechanical ventilation (OR 1.04 95%
Cl 0.98-1.11), patients with PD demonstrated greater odds of tracheostomy (OR
141 95% ClI 1.12-1.77) and gastrostomy placement (OR 2.00 95% CI 1.82-2.20).
PD was associated with greater odds of new nursing facility requirement upon
discharge (OR 1.58 95% Cl 1.53-1.64). Patients with PD were more likely to die as
a result of their hospitalization (OR 1.11 95% Cl 1.06-1.16).

Conclusion: Patients with PD are at greater risk of developing aspiration
pneumonia and delirium as a complication of their hospitalization. While patients
with PD more often have early DNR orders, they have greater utilization of life-
sustaining therapies and experience worse outcomes of their hospitalization
including new nursing facility requirement upon discharge and greater mortality.
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Introduction

Parkinson disease (PD) is a progressive, neurodegenerative disease
that affects almost one million individuals in the United States, and
approximately 8.5 million worldwide (Marras et al., 2018; Ou et al,,
2021). Diagnosis of PD requires the presence of bradykinesia
accompanied by either rest tremor, rigidity, or both (Tolosa et al., 2006;
Bloem et al., 2021). With a projected increase in PD prevalence in the
coming decades (Dorsey et al., 2013), it is important to understand the
hospitalization burden of the disease and subsequent outcomes of
inpatient stays (Yang et al., 2020). One-third of patients with PD
experience hospitalization each year (Hassan et al., 2013). Direct
medical costs of PD were estimated at $25.4 billion in 2017, which
includes post-acute or long-term care, inpatient and outpatient care,
medical equipment, prescriptions, and provider office visits (Yang et al.,
2020). Inpatient costs for patients with PD comprised over one-quarter
of all direct medical care costs at over $7.1 billion (Yang et al., 2020).
Factors contributing to greater hospitalization rates in PD include gait
abnormalities and orthostasis resulting in falls and injuries, autonomic
dysfunction with altered urodynamics potentially leading to greater
incidence of urinary tract infections, and dysphagia which can result
in aspiration pneumonia (Aminoff et al., 2011; Gerlach et al., 2011;
Bhattacharya et al., 2012; Martinez-Ramirez et al., 2015; Suttrup and
Warnecke, 2016; Beydoun et al., 2017; Hogg et al., 2022).

In addition to factors that lead to hospitalization in patients with PD,
specific health conditions and issues may arise after hospital admission
that develop independent of the underlying illness or principal diagnosis
(3M™ Health Care Academy, 2023). These complications may lead to
unfavorable outcomes of hospitalizations for patients with PD (Gerlach
et al,, 2012). Venous thrombosis, bladder infections, delirium, and
inpatient falls are all issues that may commonly be encountered in
hospitalized patients with PD (Aminoff et al., 2011). The use of life-
sustaining procedures, Do-Not-Resuscitate (DNR) orders, and discharge
disposition in hospitalized patients may also differ for patients with PD
(Mahajan etal., 2017). Few studies have used large population-based data
to understand reasons for hospitalization, complications, and outcomes
for patients with PD (Woodford and Walker, 2005; Mahajan et al., 2016).
Additionally, to date, no studies have included hospice discharge when
determining the risk of mortality for hospitalized PD patients, and though
the Parkinson’s Foundation has recently identified dysphagia screening
and aspiration pneumonia prevention strategies as recommended care
standards for hospitalized PD patients (Parkinson’s Foundation Hospital
Care Recommendations, 2023), a limited number of studies have
investigated aspiration pneumonia as an inpatient complication for
hospitalized patients with PD. Due to the potentially fatal risk of
complications in hospitalized patients, it is important to elucidate which
factors are associated with hospitalization for patients with PD.

We aimed to examine complications and outcomes of
hospitalizations for common inpatient conditions among patients
with PD compared to matched controls. We hypothesized that patients
with PD are at an increased risk of complications and experience
worse outcomes of hospitalizations.

Methods

We used the California State Inpatient Database (SID) from the
Agency for Healthcare Research and Quality, Healthcare Cost and
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Utilization Project (HCUP) (Overview of the State Inpatient
Databases (SID), 2023) from January 1, 2018 to December 31, 2020
to perform a retrospective observational analysis of deidentified
older adult patients admitted for any one of the ten most common
reasons for hospitalization among individuals >65 years of age and
compared complications and outcomes for those with and without
Parkinson disease (PD). The University of Rochester Medical
Center Research Subjects Review Board approved the study. The
study adheres to the STROBE guidelines for the reporting of
observational studies.

Data source

There are 58 counties in the state of California, over 300 acute
care hospitals throughout the state, with more than 3 million
hospitalizations per year (State Inpatient Databases (SID) File
Composition, 2023). The California SID includes a complete
enumeration of all-payer administrative claims data on hospital
discharges from all non-federal acute care hospitals within the state
of California in each year. The SID includes patient demographics
(age, sex, race and ethnicity, urban vs. rural origin, median
household income for ZIP), primary and secondary diagnoses,
procedures, and procedure timing (i.e., days from admission), as
well as the length of stay, and detailed disposition including death.
Race and ethnicity in the California SID are directly reported by
HCUP partner organizations and consolidated by HCUP to
uniform values which combine race and ethnicity into a single
variable. In HCUP methodology, ethnicity took precedence over
race. For example, if a patient was identified as Black and Hispanic,
they were assigned to Hispanic. Additionally, HCUP consolidates
some race categories (i.e., Asian and Native Hawaiian or
Pacific Islander).

There is a single principal diagnosis for each hospitalization and up
to 36 additional diagnostic fields representing chronic conditions and
complications. There are 25 procedural fields each with a respective day
of procedure indexed from day of admission. A small percentage of
hospitalizations had a documented procedure code for all 25 procedural
fields (0.05%). Diagnoses and procedures were identified using the
International Classification of Diseases, 10th Revision, Clinical
Modification (ICD-10-CM) and Procedure Coding System
(ICD-10-PCS), respectively. We used secondary ICD-10-CM diagnoses
to calculate an Elixhauser comorbidity index (Elixhauser et al., 1998).

The California SID is the only existing population-level database
in the US that contains detailed administrative claims information and
captures patient-level “Do-Not-Resuscitate” (DNR) status (Goldman
etal., 2013). The presence of DNR status within the dataset indicates
that a DNR order was written at the time of hospital admission as
indicated by the California source documentation.

Patient selection

We used Clinical Classification Software Refined (CCSR) from
HCUP to aggregate ICD-10-CM codes into clinically meaningful
categories (Clinical Classifications Software Refined (CCSR),
2023). We identified the 10 most frequent principal diagnoses by
CCSR code for inpatient stays among hospitalizations >65 years of
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age: (1) Sepsis [CCSR INF002], (2) Heart Failure [CCSR CIR019],
(3) Cerebral Infarction [CCSR CIR020], (4) Myocardial Infarction
[CCSR CIR009], (5) Pneumonia [CCSR RSP002], (6) Acute Renal
Failure [CCSR GENO002], (7) Cardiac Dysrhythmia [CCSR
CIRO017], (8) Hip Fracture [CCSR INJ006], (9) Urinary Tract
Infection [CCSR GENO004], and (10) Chronic Obstructive
Pulmonary Disease (COPD) [CCSR RSP008].

Inclusion and exclusion criteria

The study included individuals >65 years of age admitted under
non-elective, emergent circumstances to an acute care hospital in
California between 2018 and 2020 for any one of the top ten principal
diagnoses for older adults. Individuals <65 years of age were excluded
from the analysis. Outgoing patient transfers from one acute care
hospital to another acute care hospital were excluded from the analysis
to avoid double counting the same patient. Observations with missing
data for age, gender, race and ethnicity, length of stay, and hospital
characteristics were excluded (Figure 1). Our study relies on the
reporting of “Present on Admission” (POA) indicators to identify
hospital complications. To refine our population and improve accurate
identification of complications, our study excludes hospitals failing to
report POA indicators for >5% of cases with mandatory reportable
POA diagnoses (Hospital-Acquired Conditions (Present on Admission
Indicator): Reporting, 2023).

10.3389/fnagi.2023.1276731

Parkinson disease

We used the ICD-10-CM code G20 present in any one of the 36
available secondary diagnoses to identify individuals with comorbid
Parkinson disease.

Potentially preventable complications

Potentially Preventable Complications (PPCs) are harmful events
or negative outcomes (e.g., hospital-acquired aspiration pneumonia,
deep venous thrombosis) that develop after hospital admission (while
inpatient) and may result from care and treatment processes rather
than the natural progression of the underlying illness and are, therefore,
potentially preventable (Hughes et al., 2006; 3M™ Health Care
Academy, 2023). We used ICD-10-CM/PCS codes to identify select
PPCs among secondary diagnosis codes. Secondary diagnoses were
considered PPCs if they met the coding criteria and did not have a
“Present On Admission” (POA) indicator. The POA indicator is a data
element on the Uniform Billing form for hospitalizations, available in
the California SID, indicating if a diagnosis was present at the time of
admission. The database contains diagnosis POA indicators which
permit the identification of conditions that develop during the hospital
stay (as opposed to those present on hospital admission). The presence
of an “N” for POA indicator, specifying a hospital diagnosis was not
present on admission, was used to positively identify complications of
the hospitalization. We also made clinical exclusions of PPCs if

hospitalization

Analysis Selection Methods Exclusions
1,290,092 older adult (265
years old) acute care - .
hospitalizations with top 10 26’224 mnsilng ey sl
A ; " 0 ge (n=12)
CCSR principal diagnosis . Gender (n=111)
* Race and Ethnicity
(n=10,669)
* Length of Stay (n=9)
*  Hospital Characteristics
1,263,981 (n=15,433)
31,364 from n=34 hospitals
failing to report present on
admission indicators for
greater than 5% of cases with
mandatory reportable
diagnoses
Rank order of indications for 1,232,617

1,161,652 unmatched without PD

g

51 unmatched with PD

Assessment of complications

Matched Cohort

and outcomes for 70,914
hospitalizations with and + 35,457 with PD
without PD * 35,457 without PD

FIGURE 1

matching).

Selection methods. CCSR, Clinical Classification Software Refined. Patients with Parkinson disease were matched one-to-one to patients without
Parkinson disease on principal diagnosis (exact matching), age, gender, race and ethnicity, and Elixhauser comorbidity index (coarsened exact
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complications were thought to be a natural consequence of the reason
for hospitalization (e.g., aspiration pneumonia cannot be considered a
complication for a hospitalization with a principal diagnosis of
pneumonia), or if the complication were unlikely to occur within a
short stay. These methods are similar to those previously used to define
PPCs (Lagoe and Bick, 2013; 3M™ Health Care Academy, 2023).

Outcome measures

We examined the number of select PPCs: aspiration pneumonia,
C. difficile infection, deep venous thrombosis (DVT), pulmonary
embolism, decubitus ulcer, delirium, ileus and other reduced motility
gastrointestinal complications, inpatient fall, urinary tract infection,
and in-hospital cardiac arrest. These PPCs were selected by the authors
based on their relevance for patients with Parkinson disease considering
potential contributions from dysphagia, immobility, encephalopathy,
constipation, gait dysfunction, and frailty. PPCs and the respective
ICD-10-CM/PCS codes used for the purposes of our study, as well as
any relevant exclusions, can be found in Supplementary Table SI.
We also examined utilization of life sustaining therapies (LSTs)
including invasive mechanical ventilation, tracheostomy, and
gastrostomy placement. LSTs and their respective ICD-10-PCS codes
used in this study can be found in Supplementary Table S2.

We assessed hospital length of stay as reported by HCUP. New
nursing facility requirement on discharge was defined as the presence
of skilled nursing facility discharge based on the discharge data
element without an indicator of nursing facility point-of-origin on the
UB-04 claim form (Official UB-04 Data File, 2023). Death was defined
as inpatient mortality or discharge to hospice (i.e., total mortality
equivalence) (Asch et al., 2021).

Statistical analysis

We compared the rank order of indications for hospitalization
among patients with and without PD in the unmatched cohort using
a chi-squared test.

Coarsened Exact Matching (CEM) was used to match patients
with and without PD in a one-to-one ratio, to make the outcomes in
both groups more comparable. CEM involves temporarily coarsening
continuous data into predefined set-width bins, matching of
categorical and binned-continuous variables of interest, and then
running analyses on the uncoarsened matched data following the
matching procedures (Blackwell et al., 2009). Patients were matched
on age, gender, race and ethnicity, and Elixhauser comorbidity index.
Matching was stratified by principal diagnosis to ensure comparisons
were exact across indications for hospitalization.

Categorical variables were evaluated using chi-squared test.
Continuous variables were found to be non-normal in distribution,
and therefore, a Wilcoxon Rank-Sum test was used for comparisons.
Conditional logistic regression was performed to calculate the odds
associated with PPCs, LSTs, death, and new nursing facility
requirement for patients with PD among matched subjects, reported
as odds ratios compared to those without PD. Mortality was
examined across subgroups by indication for hospitalization.
Statistical significance was set a priori at p <0.05. Analyses were
performed using Stata version 18.0 (College Station, TX).

Frontiers in Aging Neuroscience

10.3389/fnagi.2023.1276731

Results
Indications for hospitalization

There were 1,232,617 hospitalizations (Figure 1) admitted for any
one of the ten most common indications for hospitalization among
adults >65 years of age including sepsis, heart failure, cerebral infarction,
myocardial infarction, pneumonia, renal failure, cardiac dysrhythmia,
hip fracture, urinary tract infection, and chronic obstructive pulmonary
disease (COPD). The rank order of indications for hospitalization
among patients with and without PD were different (p <0.001)
(Figure 2). The most common indication for hospitalization among
older adults with or without PD was sepsis; 16,468 (46.4%) with PD and
433,113 (36.2%) without PD (Figure 3). The second and third leading
causes of hospitalization in all older adults without PD was heart failure
(n =173,849, 14.5%) and cerebral infarction (n =86,910, 7.3%),
respectively (Figure 2A). In contrast, the second and third leading
causes for hospitalization in patients with PD was urinary tract infection
(n =3,399, 9.6%) and hip fracture (n =2,989, 8.4%), respectively
(Figure 2B). There was no difference in admissions for pneumonia
(p =0.55) or acute renal failure (p =0.93) (Figure 3). Patients with PD
were less often admitted for heart failure, cerebral infarction, cardiac
dysrhythmia, myocardial infarction, and COPD (p <0.001 for all).

Matching

We identified 35,457 patients with PD among the ten leading
indications for hospitalization in older adults matched based on
principal diagnosis (one-to-one exact matching), age, gender, race and
ethnicity, and Elixhauser comorbidity index (one-to-one coarsened
exact matching) to hospitalizations without comorbid PD (Figure 1).

Patient and hospital characteristics for those with and without PD
in the matched cohort are in Table 1. Patients with comorbid PD more
often had comorbid dementia and depression, and less often had
cancer, hypertension, diabetes, peripheral vascular disease, and alcohol
or drug abuse. Patients with PD were less often from rural locations
(2% vs. 3%, p <0.001), and more often admitted from nursing facilities
(14% vs. 8%, p <0.001). Patients with PD were more often from higher
income ZIP codes (53% vs. 51% in top 50" percentile, p <0.001) and
more often insured by Medicare as the primary payer (92% vs. 90%,
p <0.001). Patients with PD more often received care in larger, teaching
hospitals. There was no difference observed in the availability of
neurologic services among hospitals in which patients with PD and
those without PD received care (84% for both, p =0.16).

Potentially preventable complications

The incidence of complications in both groups was generally low
(any complication 7.8% without PD vs. 7.7% with PD, p =0.41)
(Figure 4). Hospitalized patients with PD were more likely to
experience delirium (Odds Ratio [OR] 1.11, 95% CI 1.02-1.22) and
aspiration pneumonia (OR 1.17, 95% CI 1.02-1.35) compared to
matched controls. Patients with PD were less likely to develop
pulmonary embolism (OR 0.6, 95% CI 0.40-0.92) and ileus or other
reduced motility gastrointestinal complications (OR 0.84, 95% CI
0.75-0.95) while in the hospital. In-hospital cardiac arrest (excluding
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unmatched. COPD, Chronic Obstructive Pulmonary Disease. Principal diagnoses were grouped based on ICD-10 codes into clinically meaningful
categories using Clinical Classification Software Refined from the Healthcare Cost and Utilization Project.
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those with DNR orders) was less likely in hospitalized patients with
PD compared to those without PD (OR 0.84, 95% CI 0.74-0.96).
There was no difference in inpatient falls (OR 0.93, 95% CI 0.77-1.13)
or DVT (OR 0.72, 95% CI 0.49-1.06) for hospitalizations with PD
compared to those without PD in the matched cohort. Hospitalized
patients with PD had similar risk of developing urinary tract
infections, C. difficile infections, and decubitus ulcers compared to
matched controls (Figure 4).

Advance directive and life-sustaining
therapies

PD patients who were hospitalized had greater odds of early DNR
orders (OR 1.34, 95% CI 1.29-1.39) (Figure 4). Odds of tracheostomy
(OR 1.41,95% CI 1.12-1.77) and gastrostomy (OR 2.00, 95% CI 1.82-2.2)
were increased in hospitalized patients with PD, whereas the odds of
invasive mechanical ventilation were similar (OR 1.04, 95% CI 0.98-1.11).

Frontiers in Aging Neuroscience

Discharge disposition and mortality

There was no difference in length of stay for patients with and
without PD (PD: median 4 days, IQR 3-7 days vs. without PD: median
4days, IQR 2-7days; p =0.18). Approximately 14.8% of hospitalized
patients with PD died compared with 13.6% of hospitalized patients
without comorbid PD (OR 1.11, 95% CI 1.06-1.16) (Figure 4). This
difference was largely driven by hospice discharge which represented
47% of deaths for patients with PD compared to 37% of deaths in
patients without PD (p <0.001). In subgroup analysis, there was
greater odds of death for patients with PD compared to those without
PD among admissions for sepsis (OR 1.12, 95% CI 1.07-1.19), urinary
tract infection (OR 1.32, 95% CI 1.05-1.66), hip fracture (OR 1.35,
95% CI 1.05-1.74), and acute renal failure (OR 1.25, 95% CI 1.02-
1.53). Mortality rates by indication for hospitalization can be found in
Figure 5. Exclusion of those with early DNR orders did not change the
magnitude or direction of the association between comorbid PD and
death. Additionally, patients with PD had greater odds of new nursing
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facility requirement upon discharge (30.6% vs. 24.0%, p <0.001; OR
1.58, 95% CI 1.53-1.64), excluding those who were admitted from
nursing facilities.

Discussion

Several studies to date have found higher rates of hospital
admission for patients with PD (Klein et al., 2009; Mueller et al., 2009;
Rhalimi et al., 2009); however, prior to this report little was known
about inpatient complications and outcomes experienced for patients
with PD from large population-based data. In this retrospective
observational study of the ten most common indications for
hospitalization among older adults in California, we found differences
in leading reasons for hospitalization, in-hospital complications, life-
sustaining therapy utilization, and outcomes for patients with PD.

First, we found that older adults with PD similarly experienced
admissions for sepsis as the leading cause of hospitalization in
comparison to older adults without PD; however, sepsis accounted for
a greater share of admissions for PD patients. While hip fracture and
urinary tract infections represented the 8th and 9th leading causes of
hospitalization among older adults without PD, these diagnoses were
the 3rd and 2nd leading causes for hospitalizations among patients
with PD, respectively. Prior studies used varied data sources and
methods to identify indications for hospitalization among patients
with PD (Woodford and Walker, 2005; Temlett and Thompson, 2006;
Klein et al., 2009; Vossius et al., 2010; Gil-Prieto et al., 2016; Mahajan
etal., 2016; Okunoye et al., 2020), however, few had comparisons to
patients without PD (Vossius et al., 2010). Based on our results, sepsis,
urinary tract infections, and hip fractures related to falls may
be important targets for future study on PD-associated hospitalizations.

Additionally, while our cohort of hospitalized older adults with
PD and those without PD were matched on Elixhauser comorbidity
index (a summary metric which quantifies comorbidity), the profile
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of comorbidities differed between the two groups. Comorbidities such
as cancer, hypertension, diabetes, peripheral vascular disease, and
alcohol or drug abuse were more likely to be observed in hospitalized
patients without PD, whereas dementia and depression were more
common among hospitalized patients with PD. Furthermore,
comorbidities among hospitalized patients with and without PD may
be different than observations of comorbid disease in the community.
For example, PD is associated with an increased prevalence of diabetes
in the community (Cereda et al.,, 2011), differing from our study of
hospitalized patients which demonstrates those without PD were
more likely to have diabetes.

Second, patients with PD had differences in risk of complications
during hospitalization. We found an increased odds of developing
aspiration pneumonia as a complication of hospitalization compared
to matched controls. Between 32% and 70% of patients with PD have
dysphagia, or swallowing difficulties (Miller et al., 2009). Few studies
have examined aspiration as a complication of inpatient stays for PD
(Temlett and Thompson, 2006; Miller et al., 2009), however, the high
risk of dysphagia (Miller et al., 2009; Suttrup and Warnecke, 2016),
potential for greater immobility in the hospital (Aminoff et al., 2011;
Oguh and Videnovic, 2012), and increased risk of cognitive changes
(acute or chronic) (Williams-Gray et al., 2007; Dham et al., 2023) may
subject patients with PD to higher risk of aspiration while hospitalized.
Based on these results, patients with PD may benefit from routine and
rigorous inpatient monitoring of swallow function during their
hospital stay and early use of short-term alternatives to feeding when
indicated (e.g., nasogastric tubes); similar to the management of
stroke patients (Dennis et al., 2005; Dziewas et al., 2021).

Our study also identified an increased risk of delirium for
hospitalizations with comorbid PD. Potential precipitants of delirium
in hospitalized patients with PD include infections, recent surgery,
urinary retention, constipation, pain, metabolic abnormalities, and
mismanagement of PD-related medications or administration of
contraindicated medications (Golden et al., 1989; Price et al., 2015;
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Marcantonio, 2017; Dham et al., 2023). Patients with PD are
susceptible to in-hospital medication errors such as missed or poorly
timed doses of PD-related medications (e.g., Carbidopa/Levodopa) or
abrupt discontinuation of PD medications either unintentionally or
due to lack of Per Os access (Magdalinou et al., 2007; Buetow et al.,
2010; Derry et al., 2010; Hou et al., 2012). Patients with PD may also
receive contraindicated medications during their hospitalization, such
as centrally-acting antiemetics, neuroleptics, or others (Keyser and
Rodnitzky, 1991; Rhalimi et al., 2009). Prevention of these in-hospital
medication errors are identified as recommended care standards for
hospitalized PD patients within the Parkinson’s Foundation Hospital
Care Recommendations (2023). Although the clinical granularity of
our study is limited in the ability to fully elucidate contributing factors
to delirium, our findings are consistent with that of prior studies
examining risk of in-hospital delirium for patients with PD (Golden
et al., 1989; Dham et al., 2023).

While reduced mobility and motor disturbances is likely a greater
issue for patients with PD during their hospitalization (Woodford and
Walker, 2005; Klein et al., 2009), we unexpectedly found individuals
with PD were less likely to receive a diagnosis of pulmonary embolism
and ileus as a complication of their inpatient stay, and they experienced
inpatient falls at similar rates compared to matched controls. There is
potential for this association to be related to detection or reporting
bias. It is possible that patients with PD could be subject to therapeutic
nihilism, similar to that observed in other chronic neurodegenerative
conditions (Sedney et al., 2019; Maksymowicz et al, 2022). A
diagnosis of pulmonary embolism and ileus may require further
diagnostics beyond a bedside clinical evaluation (Weledji, 2020;
Cafferkey et al., 2022), which is unlikely to be ordered for a patient
with an anticipated poor outcome or one who awaits hospice
discharge. Inpatient falls in which no injury was sustained may
be underappreciated, and may be viewed as a common or expected
occurrence rather than an adverse outcome (Oliver, 2004; Haines
etal., 2008). Unfortunately, our data rely on recorded diagnosis codes
for hospitalizations, and we are unable to account for imaging or other
testing during an inpatient stay using the SID.

Third, we found greater odds of early DNR orders and decreased
odds of in-hospital cardiac arrest, even when those with DNR orders
were excluded. Consistent with prior studies (Mahajan et al., 2017),
patients with PD were more often admitted with DNR orders
underscoring the typical feelings of patients and their surrogates
toward resuscitative efforts on admission in the setting of chronic
neurodegenerative illness (Gaster et al., 2017). When patients with
DNR orders were excluded, there were still decreased odds of
in-hospital cardiac arrest with resuscitative efforts in hospitalized
patients with comorbid PD compared to those without PD. While this
finding could potentially be a marker for lower overall disease severity
despite matching, this more likely represents patient, surrogate, and
attitudes in patients with
neurodegenerative illness. Further study is needed to better

provider toward resuscitation
understand the characteristics and decision-making processes for

critically ill patients with PD forgoing cardiopulmonary
resuscitative efforts.

Fourth, we found that patients with PD receive gastrostomy and
tracheostomy more often compared to matched controls. Studies in
older adults with dementia have shown no improvement in the risks
of aspiration, nutritional deficiency, or death with gastrostomy

placement (Finucane et al., 1999; McCann, 1999). Despite the prior
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TABLE 1 Patient and hospital characteristics of the matched cohort for
patients with and without Parkinson disease.

Characteristics No Parkinson p-

disease value

Parkinson
disease

N (%) 35,457 (100) 35,457 (100)
Age in years, median (IQR) 81 (75-86) 81 (75-86) 0.98
Gender, 1 (%)
Female 14,810 (42) 14,810 (42)
Male 20,647 (58) 20,647 (58) 1.00
Race and ethnicity?, n (%)
Asian or Pacific Islander 4,284 (12) 4,284 (12) 1.00
Black 1,495 (4) 1,495 (4)
Hispanic 5,971 (17) 5,971 (17)
White 21,967 (62) 21,967 (62)
Other 1,740 (5) 1,740 (5)
Elixhauser comorbidity index®,
median (IQR) 5(4-7) 5(4-7) 1.00
Comorbidities, n (%)
Dementia 8,057 (23) 16,865 (48) <0.001
Cancer 3,769 (11) 1,795 (5) <0.001
Hypertension 29,871 (84) 27,309 (77) <0.001
Diabetes 15,397 (43) 12,658 (36) <0.001
Peripheral vascular disease 7,386 (21) 5,376 (15) <0.001
Alcohol or drug abuse 1,811 (5) 952 (3) <0.001
Depression 4,711 (13) 6,400 (18) <0.001
Patient location, # (%)
Urban 34,211 (97) 34,602 (98) <0.001
Rural 980 (3) 727 (2)
Point of origin®, #n (%)
Community 29,704 (84) 27,921 (79) <0.001
Nursing facility 2,685 (8) 4,940 (14)
Other healthcare facility 3,035 (9) 2,567 (7)
Median household income by patient ZIP*, n (%)
1st Quartile 8,404 (24) 7,810 (22) <0.001
2nd Quartile 8,753 (25) 8,523 (24)
3rd Quartile 9,383 (27) 9,819 (28)
4th Quartile 8,231 (24) 8,839 (25)
Primary insurance payer, # (%)
Medicare 32,080 (90) 32,590 (92)
Medicaid 1,601 (5) 1,324 (4)
Private 1,210 (3) 1,012 (3)
Self pay/no charge/other 566 (2) 531 (2)
Hospital bedsize, n (%)
<100 2,348 (7) 2,470 (7) 0.01
100-199 7,962 (22) 7,817 (22)
200-299 8,290 (23) 8,259 (23)
300-399 8,665 (24) 8,350 (24)
(Continued)
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TABLE 1 (Continued)

Characteristics No Parkinson p-
Parkinson  disease  value
disease

>400 8,192 (23) 8,561 (24)

Hospital teaching status, 7 (%)
Teaching 22,491 (63) 23,129 (65) <0.001
Non-teaching 12,966 (37) 12,328 (35)

Neurologic service in hospital, n (%)
No 4,611 (16) 4,702 (16) 0.16
Yes 25,050 (84) 24,748 (84)

“Other” race and ethnicity includes individuals not categorized by the database, including
those identified as multiple race, not classified, or unknown. Individuals identified as Native
American or Alaskan Native are included within this group for confidentiality reasons due to
fewer than 10 records within the sample.

"Elixhauser comorbidity index is a measure of comorbidity for use with large administrative
datasets with higher numbers representing the presence of greater comorbidity, accounting
for up to 31 categories of disease.

“Point of origin is derived from the UB-04 claim form. Other healthcare facilities include
clinics, physician offices, ambulatory surgical centers, other acute care hospitals, and non-
acute care units within the same hospitals. There were n =33 (0.1%) unknown without PD
and 7 =29 (0.1%) unknown with PD.

“Household income quartiles were assigned based on the median income of the patient’s ZIP
Code where the first quartile is the lowest income and fourth quartile is the highest income.

evidence, patients with PD appear to receive gastrostomy more often
in our study, presumably for sustainable artificial nutrition and
prevention of aspiration. There is no evidence to date demonstrating
outcomes (e.g., aspiration occurrence, survival) specific to patients
with PD undergoing gastrostomy placement. However, surgical
feeding tube placement is a preference-sensitive decision for patients
and surrogates (O'Brien et al., 1997), which is subject to wide
geographic and institutional practice variability (George et al., 2014;
Hwang et al., 2018). Potential logistical benefits of surgical feeding
tubes may include consistent medication administration and eligibility
for nursing facility placement which may reduce length of stay (in
contrast to more temporary nasogastric feeding tubes) (George
etal., 2017).

Little is known about the use of tracheostomy for patients with
PD, although there has been a proposed benefit for patients with
Parkinson-plus syndromes and airway dysfunction (Sinclair et al.,
2013). Our study appears to be the first to date that has found an
increased odds of receiving tracheostomy among hospitalized patients
with PD. Given the elevated risk of aspiration and potential for
accompanying respiratory failure, it may be expected that patients
with PD receive tracheostomy with greater frequency. Furthermore,
issues with upper airway musculature in PD may play a role in
mediating airway dysfunction, further complicating ventilator
liberation for patients with PD (Vincken et al., 1984). However, like
gastrostomy, indications for tracheostomy are typically accompanied
by severe functionally disabling illness as well as considerable
healthcare costs (Engoren et al., 2004; Seder, 2019; Wahlster et al.,
2021), and could be compounded by a progressive neurodegenerative
disorder for patients with PD. Therefore, further study is needed to
understand recent clinical practices, patient and surrogate preferences,
and the associated value with use of life-sustaining therapies in the
setting of hospitalized patients with PD.

Fifth, patients with PD experience death (as measured by inpatient
mortality or hospice discharge - i.e., total mortality equivalence)
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(Asch et al., 2021) more often than matched controls. This association
held even with the exclusion of individuals with DNR orders.
However, hospice appeared to be an important determinant with
nearly half of those counted as PD deaths undergoing discharge to
hospice. In this regard, deaths may be overestimated since there are
likely some patients who experience “live discharge” from hospice in
time (Dolin et al., 2017), but this methodology is needed in light of
increasing hospice utilization by hospitals to improve mortality
statistics (Marks, 2015). When examined within the subgroups by
indication for hospitalization, those admitted for sepsis, acute renal
failure, hip fracture, and urinary tract infection demonstrated greater
mortality compared to matched controls. There was a non-significant
trend towards greater mortality for those admitted with myocardial
infarction. These indications for hospitalization may represent
reasonable targets for interventions that may aim to improve outcomes
for hospitalized individuals with PD.

Previous studies have identified inpatient mortality rates between
4 and 10% for hospitalized patients with PD (Pepper and Goldstein,
1999; Gil-Prieto et al., 2016; Mahajan et al., 2016; Rumalla et al., 2017),
compared to our study which identified an inpatient mortality rate of
approximately 15% among hospitalized patients with PD. Accounting
for hospice discharge in the mortality rate may account for the greater
mortality observed in our study compared to prior findings (Sleeman
etal., 2013).

Finally, patients with PD demonstrated greater odds of new
nursing facility requirement upon discharge. Discharge to a nursing
facility is often needed for patients that require a higher level of post-
acute care, and greater assistance with activities of daily living, that
may not be feasible at home (Quine and Morrell, 2007). This finding
indicates a greater loss of independence following a hospitalization
among patients with PD compared to matched controls. This
highlights a need to better understand loss of independence for
hospitalized patients with PD, and to develop interventions that will
improve safe living while preserving autonomy and patient satisfaction
(Left et al., 2005; Csipke et al., 2021).

Limitations

There were several limitations to our study. Our study relies on
ICD-10 codes for the identification of diagnoses, complications, and
procedures within administrative hospital data. These codes are subject
to misidentification and under or over-reporting based on the inherent
inaccuracies of administrative data. However, we used ICD-10 codes
akin to that previously used in studies of administrative datasets for
Parkinson disease (Willis et al., 2012; Dham et al., 2023). We used
procedure codes associated with highly billable services (e.g.
tracheostomy, gastrostomy) which are unlikely to be missed in
administrative records (George et al., 2014, 2017; Albert et al,, 2023),
and the 25 available procedural fields for hospitalizations within the
matched cohort were rarely full (n =32 of 70,914 patients with all 25
fields documented). Additionally, we used a coding methodology and
adjunct POA indicators that are industry standard in the identification
of potentially preventable complications (PPCs) (Hughes et al., 2006;
Lagoe and Bick, 2013; 3M™ Health Care Academy, 2023; Health Data
NY, 2023). There are a few likely incentives for hospitals to under-report
complications (e.g., code actual complications as present on admission):
(1) to reduce complication rates, and (2) to increase severity of illness
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@ Parkinson Disease  ©No Parkinson Disease

Sepsis — 22,5 vs 20.5, p<0.001
Myocardial Infarction — 151 vs 12.4, p=0.05
Cerebral Infarction _ 14.2vs 12.9, p=0.24
Acute Renal Failure _ 10.7 vs 8.8, p=0.03
Heart Failure —j 9.0 vs 9.5, p=0.24
Pneumonia __‘ 8.2vs 9.7, p=0.08

Jrinary Tract Infection 5.1vs 3.9, p=0.02
Hip Fracture 4.9vs 3.7, p=0.02
Cardiac Dysrhythmia 4.9 vs 4.9, p=1.00
COPD 4.1vs 4.6, p=0.57
(l) 5 1'0 1l5 2'0 2'5

Mortality Rate per 100 Hospitalizations

FIGURE 5
Mortality rate by indication for hospitalization for matched patients with and without Parkinson disease. COPD, Chronic Obstructive Pulmonary Disease.
Mortality rate is calculated per 100 hospitalizations for Parkinson disease vs. no Parkinson disease. p <0.05 is considered statistically significant.

NoPD,n(%)  PD,n (%) ORz (95% Cl)

Potentially Pr Complicati
Decubitus Ulcer 36 (0.1) 22 (0.1) & 0.61 (0.36-1.04)
Pulmonary Embolism 58 (0.2) 35(0.1) +——@—— 0.60 (0.40-0.92)
DVT 61 (0.2) 44 (0.1) —.—— | 0.72 (0.49-1.06)
C. Difficile infection 97 (0.3) 77 (0.2) . S 0.79 (0.59-1.07)
Inpatient Fall 209 (0.6) 195 (0.5) — 0.93 (0.77-1.13)
Urinary Tract Infection 230 (0.6) 224 (0.6) . S 0.97 (0.81-1.17)
Aspiration Pneumonia 366 (1.0) 427 (1.2) . S 1.17 (1.02-1.35)
lleus® 624 (1.8) 529 (1.5) —— 0.84 (0.75-0.95)
Deliium 884 (2.5) 982 (2.8) > 1.11 (1.02-1.22)
Cardiac Arreste 693 (2.0) 569 (1.6) —— 0.84 (0.74-0.96)
2,778 (7.8) 2,719 (7.7) 0.98 (0.92-1.03)

Any Complication

- Favors decrease 1.00 Favors increase
FIGURE 4

Complications and outcomes for matched patients with and without Parkinson disease. PD, Parkinson disease; OR, Odds Ratio; DVT, Deep Venous
Thrombosis; C. difficile, Clostridium difficile; DNR, Do-Not-Resuscitate. °Odds ratios were calculated using conditional logistic regression to assess the
association between comorbid Parkinson disease and complications or outcomes in the matched cohort. °lleus includes paralytic ileus as well as other
reduced motility gastrointestinal complications. cldentifies in-hospital cardiac arrest. Excludes individuals with DNR orders to avoid bias from advance
directives. “Early DNR includes patients with DNR orders placed within 24 h of admission to the hospital. *New nursing facility need analyzes discharges
to a nursing facility but excludes individuals admitted from a nursing home to avoid bias from point of origin. ‘Death includes inpatient mortality and
discharge to hospice (i.e., total mortality equivalence).
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on admission. The extent to which under-reporting occurs is unknown.
While we cannot ensure complete accuracy, we ameliorated potential
errors by excluding hospitals with poor reporting (<5% of mandatory
reportable diagnoses) of POA indicators, selecting only those hospitals
with high compliance in POA-reportable diagnoses. Unfortunately,
we are unable to determine the exact timing of inpatient complications
as they relate to the day of admission, only that they were not present
on admission. We cannot exclude the possibility that some PPCs are
related to the reason for hospitalization such as a complication that
develops in sequence as a result of an admitting diagnosis (e.g., cardiac
arrest that occurs days after an admission for septic shock), and there is
no way to know the extent to which the admitting diagnosis contributed
to the development of a complication using these data. Furthermore,
our study lacks granular clinical data such as exam findings, lab values,
specific medication administration and dosing, deep brain stimulation
status, or disease severity metrics commonly used for PD. Our study
was limited to inpatient hospitalization data used in California, and
therefore, our results may not be generalizable to larger populations of
patients with PD. For our study, we chose to focus on older adults given
the large proportion of PD patients within this cohort and the intrinsic
differences in common reasons for hospitalization for younger versus
older adults. Therefore, our study may not be applicable to the young
adult PD population. Finally, our study is cross sectional at the time
point of each hospitalization; we are unable to follow patients
longitudinally, and therefore, outcomes following discharge
are unknown.

Prior studies evaluating PD hospitalization outcomes are often
limited by the degree of power and scope of the patient populations
investigated. Despite the our study’s limitations, this is (to our
knowledge) the first study of inpatient complications and outcomes of
this magnitude with analysis of over 35,000 hospitalized patients with
PD admitted to institutions ranging from large academic centers,
non-federal government-owned facilities, and urban or rural
community hospitals, encompassing all insurance payers, and
including diverse groups who are frequently under-represented in the
current literature.

Conclusion

Patients with PD are at greater risk of developing aspiration
pneumonia and delirium as a complication of their hospitalization.
Patients with PD more often have early DNR orders and they
experience in-hospital cardiac arrest less often. However, hospitalized
patients with comorbid PD demonstrated greater utilization of life-
sustaining therapies. Furthermore, patients with PD experience worse
outcomes of their hospitalization including new nursing facility
requirements indicating a loss of independence following discharge,
and greater odds of death resulting from hospitalization. Further study
is needed to identify interventions that will improve care, optimize
patient-centered decision-making, and ultimately, generate better
outcomes for patients hospitalized with PD.

Data availability statement

The data analyzed in this study is subject to the following licenses/
restrictions: available for purchase under HCUP licensing agreement.

Frontiers in Aging Neuroscience

10

10.3389/fnagi.2023.1276731

Requests to access these datasets should be directed to HCUP-
RequestData@ahrq.gov.

Ethics statement

The studies involving humans were approved by University of
Rochester Research Subjects Review Board. The studies were
conducted in accordance with the local legislation and institutional
requirements. Written informed consent for participation was not
required from the participants or the participants’ legal guardians/
next of kin in accordance with the national legislation and
institutional requirements.

Author contributions

BG: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Resources, Software, Visualization,
Writing - original draft, Writing - review & editing. WB: Formal
analysis, Investigation, Writing - review & editing. AS: Formal
analysis, Investigation, Writing - original draft. IR: Conceptualization,
Formal analysis, Funding acquisition, Investigation, Supervision,
Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. The Parkinson’s
Disease Foundation funded the study including open access
publication fees. AS received funds from the American Academy of
Neurology Medical Student Summer Research Scholarship for his role
in the research. The sponsors has no role in the design, conduct, or
publication of this study.

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/fnagi.2023.1276731/
full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fnagi.2023.1276731
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
mailto:HCUP-RequestData@ahrq.gov
mailto:HCUP-RequestData@ahrq.gov
https://www.frontiersin.org/articles/10.3389/fnagi.2023.1276731/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnagi.2023.1276731/full#supplementary-material

George et al.

References

3M™ Health Care Academy (2023). 3M™ potentially preventable complications
(PPC) classification system: methodology overview. Available at: https://multimedia.3m.
com/mws/media/16663130/3m-potentially-preventable-complications-ppc-
classification-system-methodology-overview.pdf (Accessed August 5, 2023)

Albert, G. P, McHugh, D. C., Hwang, D. Y., Creutzfeldt, C. J., Holloway, R. G., and
George, B. P. (2023). National cost estimates of invasive mechanical ventilation and
tracheostomy in acute stroke, 2008-2017. Stroke 54, 2602-2612. doi: 10.1161/
STROKEAHA.123.043176

Aminoff, M. ], Christine, C. W,, Friedman, J. H., Chou, K. L., Lyons, K. E., Pahwa, R,,
et al. (2011). Management of the hospitalized patient with Parkinson's disease: current
state of the field and need for guidelines. Parkinsonism Relat. Disord. 17, 139-145. doi:
10.1016/j.parkreldis.2010.11.009

Asch, D. A, Islam, M. N,, Sheils, N. E., Chen, Y., Doshi, J. A., Buresh, J., et al. (2021).
Patient and hospital factors associated with differences in mortality rates among black
and white US medicare beneficiaries hospitalized with COVID-19 infection. JAMA
Netw. Open 4:€2112842. doi: 10.1001/jamanetworkopen.2021.12842

Beydoun, H. A., Beydoun, M. A, Mishra, N. K., Rostant, O. S., Zonderman, A. B., and
Eid, S. M. (2017). Comorbid Parkinson's disease, falls and fractures in the 2010 National
Emergency Department Sample. Parkinsonism Relat. Disord. 35, 30-35. doi: 10.1016/j.
parkreldis.2016.11.005

Bhattacharya, R. K., Dubinsky, R. M, Lai, S. M., and Dubinsky, H. (2012). Is there an
increased risk of hip fracture in Parkinson's disease? A nationwide inpatient sample.
Mov. Disord. 27, 1440-1442. doi: 10.1002/mds.25073

Blackwell, M., Tacus, S., King, G., and Porro, G. (2009). CEM: coarsened exact
matching in Stata. Stata J. 9, 524-546. doi: 10.1177/1536867X0900900402

Bloem, B. R., Okun, M. S., and Klein, C. (2021). Parkinson's disease. Lancet 397,
2284-2303. doi: 10.1016/S0140-6736(21)00218-X

Buetow, S., Henshaw, J., Bryant, L., and O'Sullivan, D. (2010). Medication timing
errors for Parkinson's disease: perspectives held by caregivers and people with
Parkinson's in New Zealand. Parkinsons Dis. 2010:432983. doi: 10.4061/2010/432983

Cafferkey, J., Serebriakoff, P, de Wit, K., Horner, D. E., and Reed, M. J. (2022).
Pulmonary embolism diagnosis part 1: clinical assessment at the front door. Emerg. Med.
J. 39, 945-951. doi: 10.1136/emermed-2021-212000

Cereda, E., Barichella, M., Pedrolli, C., Klersy, C., Cassani, E., Caccialanza, R., et al.
(2011). Diabetes and risk of Parkinson's disease: a systematic review and meta-analysis.
Diabetes Care 34, 2614-2623. doi: 10.2337/dc11-1584

Clinical Classifications Software Refined (CCSR). (2023). Agency for Healthcare
Research and Quality, healthcare cost & utilization project. Available at: https://hcup-us.
ahrq.gov/toolssoftware/ccsr/ces_refined.jsp (Accessed August 5, 2023)

Csipke, E., Shafayat, A., Sprange, K., Bradshaw, L., Montgomery, A. A., Ogollah, R.,
et al. (2021). Promoting Independence in dementia (PRIDE): a feasibility randomized
controlled trial. Clin. Interv. Aging 16, 363-378. doi: 10.2147/CIA.S281139

Dennis, M. S., Lewis, S. C., and Warlow, C.Collaboration FT (2005). Effect of timing
and method of enteral tube feeding for dysphagic stroke patients (FOOD): a multicentre
randomised controlled trial. Lancet 365, 764-772. doi: 10.1016/S0140-6736(05)17983-5

Derry, C. P, Shah, K. J., Caie, L., and Counsell, C. E. (2010). Medication management
in people with Parkinson's disease during surgical admissions. Postgrad. Med. ]. 86,
334-337. doi: 10.1136/pgmj.2009.080432

Dham, B. S., Richard, L, Schneider, E. B., and George, B. P. (2023). Association of
post-operative delirium and Parkinson disease after common United States surgical
procedures. J. Surg. Res. 291, 711-719. doi: 10.1016/j.jss.2023.06.051

Dolin, R., Holmes, G. M., Stearns, S. C., Kirk, D. A., Hanson, L. C,, Taylor, D. H. Jr.,
etal. (2017). A positive association between hospice profit margin and the rate at which
patients are discharged before death. Health Aff (Millwood). 36, 1291-1298. doi: 10.1377/
hlthaff.2017.0113

Dorsey, E. R., George, B. P, Leff, B., and Willis, A. W. (2013). The coming crisis:
obtaining care for the growing burden of neurodegenerative conditions. Neurology 80,
1989-1996. doi: 10.1212/WNL.0b013e318293€e2ce

Dziewas, R., Michou, E., Trapl-Grundschober, M., Lal, A., Arsava, E. M., Bath, P. M.,
et al. (2021). European stroke organisation and European Society for Swallowing
Disorders guideline for the diagnosis and treatment of post-stroke dysphagia. Eur. Stroke
J. 6, LXXXIX-LXXCXV. doi: 10.1177/23969873211039721

Elixhauser, A., Steiner, C., Harris, D. R., and Coffey, R. M. (1998). Comorbidity
measures for use with administrative data. Med. Care 36, 8-27. doi:
10.1097/00005650-199801000-00004

Engoren, M., Arslanian-Engoren, C., and Fenn-Buderer, N. (2004). Hospital and long-
term outcome after tracheostomy for respiratory failure. Chest 125, 220-227. doi:
10.1378/chest.125.1.220

Finucane, T. E., Christmas, C., and Travis, K. (1999). Tube feeding in patients with
advanced dementia: a review of the evidence. JAMA 282, 1365-1370. doi: 10.1001/
jama.282.14.1365

Gaster, B., Larson, E. B., and Curtis, J. R. (2017). Advance directives for dementia:
meeting a unique challenge. JAMA 318, 2175-2176. doi: 10.1001/jama.2017.16473

Frontiers in Aging Neuroscience

11

10.3389/fnagi.2023.1276731

George, B. P, Kelly, A. G., Albert, G. P,, Hwang, D. Y., and Holloway, R. G. (2017).
Timing of percutaneous endoscopic gastrostomy for acute ischemic stroke: an
observational study from the US nationwide inpatient sample. Stroke 48, 420-427. doi:
10.1161/STROKEAHA.116.015119

George, B. P, Kelly, A. G., Schneider, E. B., and Holloway, R. G. (2014). Current
practices in feeding tube placement for US acute ischemic stroke inpatients. Neurology
83, 874-882. doi: 10.1212/WNL.0000000000000764

Gerlach, O. H., Broen, M. P, van Domburg, P. H., Vermeij, A. J., and Weber, W. E.
(2012). Deterioration of Parkinson's disease during hospitalization: survey of 684
patients. BMC Neurol. 12:13. doi: 10.1186/1471-2377-12-13

Gerlach, O. H., Winogrodzka, A., and Weber, W. E. (2011). Clinical problems in the
hospitalized Parkinson's disease patient: systematic review. Mov. Disord. 26, 197-208.
doi: 10.1002/mds.23449

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

Golden, W. E., Lavender, R. C., and Metzer, W. S. (1989). Acute postoperative
confusion and hallucinations in Parkinson disease. Ann. Intern. Med. 111, 218-222. doi:
10.7326/0003-4819-111-3-218

Goldman, L. E., Chu, P. W,, Osmond, D., and Bindman, A. (2013). Accuracy of do not
resuscitate (DNR) in administrative data. Med. Care Res. Rev. 70, 98-112. doi:
10.1177/1077558712458455

Haines, T. P, Cornwell, P, Fleming, J., Varghese, P, and Gray, L. (2008).
Documentation of in-hospital falls on incident reports: qualitative investigation of an
imperfect process. BMC Health Serv. Res. 8:254. doi: 10.1186/1472-6963-8-254

Hassan, A., Wu, S. S., Schmidt, P, Dai, Y., Simuni, T, Giladi, N., et al. (2013). High
rates and the risk factors for emergency room visits and hospitalization in Parkinson's
disease. Parkinsonism Relat. Disord. 19, 949-954. doi: 10.1016/j.parkreldis.2013.06.006

Health Data NY. (2023). Hospital inpatient potentially preventable complication (PPC) risk
adjusted rate per 10,000 discharges. NY State. Available at: https://health.data.ny.gov/Health/
Hospital-Inpatient-Potentially-Preventable-Complic/etr2-yywj (Accessed August 5, 2023)

Hogg, E., Frank, S., Oft, J., Benway, B., Rashid, M. H., and Lahiri, S. (2022). Urinary tract
infection in Parkinson's disease. J. Parkinsons Dis. 12, 743-757. doi: 10.3233/JPD-213103

Hospital-Acquired Conditions (Present on Admission Indicator): Reporting. (2023).
US Department of Health & Human Services. Available at: https://www.hhs.gov/
guidance/document/hospital-acquired-conditions-present-admission-indicator-
reporting-0 (Accessed August 5, 2023)

Hou, J. G., Wu, L. J., Moore, S., Ward, C., York, M., Atassi, E, et al. (2012). Assessment
of appropriate medication administration for hospitalized patients with Parkinson's
disease. Parkinsonism Relat. Disord. 18, 377-381. doi: 10.1016/j.parkreldis.2011.12.007

Hughes, J. S., Averill, R. E, Goldfield, N. I, Gay, J. C., Muldoon, J., McCullough, E.,
et al. (2006). Identifying potentially preventable complications using a present on
admission indicator. Health Care Financ. Rev. 27, 63-82.

Hwang, D. Y., George, B. P, Kelly, A. G., Schneider, E. B., Sheth, K. N, and
Holloway, R. G. (2018). Variability in gastrostomy tube placement for intracerebral
hemorrhage patients at US hospitals. J. Stroke Cerebrovasc. Dis. 27, 978-987. doi:
10.1016/j.jstrokecerebrovasdis.2017.11.001

Keyser, D. L., and Rodnitzky, R. L. (1991). Neuroleptic malignant syndrome in
Parkinson's disease after withdrawal or alteration of dopaminergic therapy. Arch. Intern.
Med. 151, 794-796. doi: 10.1001/archinte.1991.00400040130031

Klein, C., Prokhorov, T., Miniovitz, A., Dobronevsky, E., and Rabey, ]. M. (2009).
Admission of parkinsonian patients to a neurological ward in a community hospital. J.
Neural Transm. (Vienna) 116, 1509-1512. doi: 10.1007/s00702-009-0302-1

Lagoe, R., and Bick, J. (2013). Reducing hospital inpatient complications: a four-year
experience. Adv. Biosci. Biotechnol. 4, 118-125. doi: 10.4236/abb.2013.41A017

Leff, B., Burton, L., Mader, S. L., Naughton, B., Burl, J., Inouye, S. K., et al. (2005).
Hospital at home: feasibility and outcomes of a program to provide hospital-level care
at home for acutely ill older patients. Ann. Intern. Med. 143, 798-808. doi:
10.7326/0003-4819-143-11-200512060-00008

Magdalinou, K. N., Martin, A., and Kessel, B. (2007). Prescribing medications in
Parkinson's disease (PD) patients during acute admissions to a district general hospital.
Parkinsonism Relat. Disord. 13, 539-540. doi: 10.1016/j.parkreldis.2006.11.006

Mahajan, A., Balakrishnan, P, Patel, A., Konstantinidis, I, Nistal, D., Annapureddy, N.,
etal. (2016). Epidemiology of inpatient stay in Parkinson's disease in the United States:
insights from the nationwide inpatient sample. J. Clin. Neurosci. 31, 162-165. doi:
10.1016/j.,jocn.2016.03.005

Mabhajan, A., Patel, A., Nadkarni, G., and Sidiropoulos, C. (2017). Are hospitalized
Parkinson's disease patients more likely to carry a do-not-resuscitate order? J. Clin.
Neurosci. 37, 57-58. doi: 10.1016/j.jocn.2016.10.031

Maksymowicz, S., Libura, M., and Malarkiewicz, P. (2022). Overcoming therapeutic
nihilism. Breaking bad news of amyotrophic lateral sclerosis-a patient-centred
perspective in rare diseases. Neurol. Sci. 43, 4257-4265. doi: 10.1007/s10072-022-05931-1

frontiersin.org


https://doi.org/10.3389/fnagi.2023.1276731
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://multimedia.3m.com/mws/media/1666313O/3m-potentially-preventable-complications-ppc-classification-system-methodology-overview.pdf
https://multimedia.3m.com/mws/media/1666313O/3m-potentially-preventable-complications-ppc-classification-system-methodology-overview.pdf
https://multimedia.3m.com/mws/media/1666313O/3m-potentially-preventable-complications-ppc-classification-system-methodology-overview.pdf
https://doi.org/10.1161/STROKEAHA.123.043176
https://doi.org/10.1161/STROKEAHA.123.043176
https://doi.org/10.1016/j.parkreldis.2010.11.009
https://doi.org/10.1001/jamanetworkopen.2021.12842
https://doi.org/10.1016/j.parkreldis.2016.11.005
https://doi.org/10.1016/j.parkreldis.2016.11.005
https://doi.org/10.1002/mds.25073
https://doi.org/10.1177/1536867X0900900402
https://doi.org/10.1016/S0140-6736(21)00218-X
https://doi.org/10.4061/2010/432983
https://doi.org/10.1136/emermed-2021-212000
https://doi.org/10.2337/dc11-1584
https://hcup-us.ahrq.gov/toolssoftware/ccsr/ccs_refined.jsp
https://hcup-us.ahrq.gov/toolssoftware/ccsr/ccs_refined.jsp
https://doi.org/10.2147/CIA.S281139
https://doi.org/10.1016/S0140-6736(05)17983-5
https://doi.org/10.1136/pgmj.2009.080432
https://doi.org/10.1016/j.jss.2023.06.051
https://doi.org/10.1377/hlthaff.2017.0113
https://doi.org/10.1377/hlthaff.2017.0113
https://doi.org/10.1212/WNL.0b013e318293e2ce
https://doi.org/10.1177/23969873211039721
https://doi.org/10.1097/00005650-199801000-00004
https://doi.org/10.1378/chest.125.1.220
https://doi.org/10.1001/jama.282.14.1365
https://doi.org/10.1001/jama.282.14.1365
https://doi.org/10.1001/jama.2017.16473
https://doi.org/10.1161/STROKEAHA.116.015119
https://doi.org/10.1212/WNL.0000000000000764
https://doi.org/10.1186/1471-2377-12-13
https://doi.org/10.1002/mds.23449
https://doi.org/10.1371/journal.pone.0151563
https://doi.org/10.7326/0003-4819-111-3-218
https://doi.org/10.1177/1077558712458455
https://doi.org/10.1186/1472-6963-8-254
https://doi.org/10.1016/j.parkreldis.2013.06.006
https://health.data.ny.gov/Health/Hospital-Inpatient-Potentially-Preventable-Complic/etr2-yywj
https://health.data.ny.gov/Health/Hospital-Inpatient-Potentially-Preventable-Complic/etr2-yywj
https://doi.org/10.3233/JPD-213103
https://www.hhs.gov/guidance/document/hospital-acquired-conditions-present-admission-indicator-reporting-0
https://www.hhs.gov/guidance/document/hospital-acquired-conditions-present-admission-indicator-reporting-0
https://www.hhs.gov/guidance/document/hospital-acquired-conditions-present-admission-indicator-reporting-0
https://doi.org/10.1016/j.parkreldis.2011.12.007
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.11.001
https://doi.org/10.1001/archinte.1991.00400040130031
https://doi.org/10.1007/s00702-009-0302-1
https://doi.org/10.4236/abb.2013.41A017
https://doi.org/10.7326/0003-4819-143-11-200512060-00008
https://doi.org/10.1016/j.parkreldis.2006.11.006
https://doi.org/10.1016/j.jocn.2016.03.005
https://doi.org/10.1016/j.jocn.2016.10.031
https://doi.org/10.1007/s10072-022-05931-1

George et al.

Marcantonio, E. R. (2017). Delirium in hospitalized older adults. N. Engl. J. Med. 377,
1456-1466. doi: 10.1056/NEJMcp1605501

Marks, S. (2015). The questionable practice of hospice flipping to improve inpatient
mortality. J. Pain Symptom Manag. 49, el-e2. doi: 10.1016/j.jpainsymman.2014.10.009

Marras, C., Beck, J. C., Bower, J. H., Roberts, E., Ritz, B., Ross, G. W,, et al. (2018).
Prevalence of Parkinson's disease across North America. NPJ Parkinsons Dis. 4:21. doi:
10.1038/s41531-018-0058-0

Martinez-Ramirez, D., Giugni, J. C., Little, C. S., Chapman, J. P, Ahmed, B.,
Monari, E., et al. (2015). Missing dosages and neuroleptic usage may prolong length of
stay in hospitalized Parkinson's disease patients. PLoS One 10:¢0124356. doi: 10.1371/
journal.pone.0124356

McCann, R. (1999). Lack of evidence about tube feeding--food for thought. JAMA
282, 1380-1381. doi: 10.1001/jama.282.14.1380

Miller, N., Allcock, L., Hildreth, A. J., Jones, D., Noble, E., and Burn, D. J. (2009).
Swallowing problems in Parkinson disease: frequency and clinical correlates. J. Neurol.
Neurosurg. Psychiatry 80, 1047-1049. doi: 10.1136/jnnp.2008.157701

Mueller, M. C., Juptner, U., Wuellner, U., Wirz, S., Tiirler, A., Hirner, A., et al. (2009).
Parkinson's disease influences the perioperative risk profile in surgery. Langenbeck's
Arch. Surg. 394, 511-515. doi: 10.1007/s00423-008-0404-5

O'Brien, L. A,, Siegert, E. A, Grisso, J. A., Maislin, G., LaPann, K., Evans, L. K., et al.
(1997). Tube feeding preferences among nursing home residents. J. Gen. Intern. Med.
12, 364-371. doi: 10.1046/j.1525-1497.1997.00061.x

Official UB-04 Data File. (2023). American Hospital Association, National Uniform Billing
Committee. Available at: https://www.nubc.org/license (Accessed August 5, 2023)

Oguh, O., and Videnovic, A. (2012). Inpatient management of Parkinson disease:
current challenges and future directions. Neurohospitalist. 2, 28-35. doi:
10.1177/1941874411427734

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

Oliver, D. (2004). Prevention of falls in hospital inpatients: agendas for research and
practice. Age Ageing 33, 328-330. doi: 10.1093/ageing/afh145

Ou, Z., Pan, ], Tang, S., Duan, D., Yu, D., Nong, H., et al. (2021). Global trends in the
incidence, prevalence, and years lived with disability of Parkinson's disease in 204
countries/territories from 1990 to 2019. Front. Public Health 9:776847. doi: 10.3389/
fpubh.2021.776847

Overview of the State Inpatient Databases (SID). (2023). Agency for Healthcare
Research and Quality, healthcare cost & utilization project. Available at: https://hcup-us.
ahrq.gov/sidoverview.jsp (Accessed August 5, 2023)

Parkinsons Foundation Hospital Care Recommendations. (2023). Parkinson’s
Foundation. Available at: https://www.parkinson.org/sites/default/files/documents/
hospital-care-recommendations-april2023.pdf (Accessed November 23, 2023)

Pepper, P. V., and Goldstein, M. K. (1999). Postoperative complications in Parkinson's
disease. . Am. Geriatr. Soc. 47, 967-972. doi: 10.1111/j.1532-5415.1999.tb01292.x

Price, C. C,, Levy, S. A, Tanner, J., Garvan, C., Ward, J., Akbar, E, et al. (2015).
Orthopedic surgery and post-operative cognitive decline in idiopathic Parkinson's
disease: considerations from a pilot study. J. Parkinsons Dis. 5, 893-905. doi: 10.3233/
JPD-150632

Quine, S., and Morrell, S. (2007). Fear of loss of independence and nursing home
admission in older Australians. Health Soc. Care Community 15, 212-220. doi: 10.1111/j.
1365-2524.2006.00675.x

Frontiers in Aging Neuroscience

12

10.3389/fnagi.2023.1276731

Rhalimi, M., Helou, R., and Jaecker, P. (2009). Medication use and increased risk of
falls in hospitalized elderly patients: a retrospective, case-control study. Drugs Aging 26,
847-852. doi: 10.2165/11317610-000000000-00000

Rumalla, K., Gondi, K. T., Reddy, A. Y., and Mittal, M. K. (2017). Association of
Parkinson's disease with hospitalization for traumatic brain injury. Int. J. Neurosci. 127,
326-333. doi: 10.1080/00207454.2016.1239196

Seder, D. B. (2019). Tracheostomy practices in neurocritical care. Neurocrit. Care. 30,
555-556. doi: 10.1007/s12028-019-00706-7

Sedney, C., Kurowski-Burt, A., Smith, M., Dekeseredy, P.,, Grey, C., and Boo, S. (2019).
Therapeutic nihilism of neurological diseases: a comparative qualitative study. J. Clin.
Neurosci. 69, 124-131. doi: 10.1016/j.jocn.2019.08.013

Sinclair, C. E, Gurey, L. E,, Brin, M. E, Stewart, C., and Blitzer, A. (2013). Surgical
management of airway dysfunction in Parkinson's disease compared with Parkinson-plus
syndromes. Ann. Otol. Rhinol. Laryngol. 122, 294-298. doi: 10.1177/000348941312200502

Sleeman, K. E., Ho, Y. K., Verne, J., Glickman, M., Silber, E., Gao, W, et al. (2013).
Place of death, and its relation with underlying cause of death, in Parkinson's disease,
motor neurone disease, and multiple sclerosis: a population-based study. Palliat. Med.
27, 840-846. doi: 10.1177/0269216313490436

State Inpatient Databases (SID) File Composition. (2023). Number of hospitals by year.
Agency for Healthcare Research and Quality, healthcare cost & utilization project. Available
at: https://hcup-us.ahrq.gov/db/state/siddist/siddist_hospital.jsp (Accessed August 5,2023)

Suttrup, I, and Warnecke, T. (2016). Dysphagia in Parkinson's disease:
pathophysiology, diagnosis and therapy. Fortschr. Neurol. Psychiatr. 84 Suppl 1, S18-S23.
doi: 10.1055/s-0042-107245

Temlett, J. A., and Thompson, P. D. (2006). Reasons for admission to hospital for
Parkinson's disease. Intern. Med. J. 36, 524-526. doi: 10.1111/j.1445-5994.2006.01123.x

Tolosa, E., Wenning, G., and Poewe, W. (2006). The diagnosis of Parkinson's disease.
Lancet Neurol. 5, 75-86. doi: 10.1016/S1474-4422(05)70285-4

Vincken, W. G., Gauthier, S. G., Dollfuss, R. E., Hanson, R. E., Darauay, C. M., and
Cosio, M. G. (1984). Involvement of upper-airway muscles in extrapyramidal disorders.
A cause of airflow limitation. N. Engl. J. Med. 311, 438-442. doi: 10.1056/
NEJM198408163110704

Vossius, C., Nilsen, O. B, and Larsen, J. P. (2010). Parkinson's disease and hospital
admissions: frequencies, diagnoses and costs. Acta Neurol. Scand. 121, 38-43. doi:
10.1111/j.1600-0404.2009.01239.x

Wabhlster, S., Sharma, M., Chu, F, Granstein, J. H., Johnson, N. J., Longstreth, W. T.,
etal. (2021). Outcomes after tracheostomy in patients with severe acute brain injury: a
systematic review and meta—analysis. Neurocrit. Care. 34, 956-967. doi: 10.1007/
$12028-020-01109-9

Weledji, E. P. (2020). Perspectives on paralytic ileus. Acute Med Surg. 7:¢573. doi:
10.1002/ams2.573

Williams-Gray, C. H., Foltynie, T., Brayne, C. E., Robbins, T. W,, and Barker, R. A.
(2007). Evolution of cognitive dysfunction in an incident Parkinson's disease cohort.
Brain 130, 1787-1798. doi: 10.1093/brain/awm111

Willis, A. W., Schootman, M., Kung, N., Evanoff, B. A., Perlmutter, J. S., and
Racette, B. A. (2012). Predictors of survival in patients with Parkinson disease. Arch.
Neurol. 69, 601-607. doi: 10.1001/archneurol.2011.2370

Woodford, H., and Walker, R. (2005). Emergency hospital admissions in idiopathic
Parkinson's disease. Mov. Disord. 20, 1104-1108. doi: 10.1002/mds.20485

Yang, W., Hamilton, J. L., Kopil, C., Beck, J. C., Tanner, C. M., Albin, R. L., et al. (2020).
Current and projected future economic burden of Parkinson's disease in the U.S. NPJ
Parkinsons Dis. 6:15. doi: 10.1038/s41531-020-0117-1

frontiersin.org


https://doi.org/10.3389/fnagi.2023.1276731
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://doi.org/10.1056/NEJMcp1605501
https://doi.org/10.1016/j.jpainsymman.2014.10.009
https://doi.org/10.1038/s41531-018-0058-0
https://doi.org/10.1371/journal.pone.0124356
https://doi.org/10.1371/journal.pone.0124356
https://doi.org/10.1001/jama.282.14.1380
https://doi.org/10.1136/jnnp.2008.157701
https://doi.org/10.1007/s00423-008-0404-5
https://doi.org/10.1046/j.1525-1497.1997.00061.x
https://www.nubc.org/license
https://doi.org/10.1177/1941874411427734
https://doi.org/10.1016/j.parkreldis.2020.02.018
https://doi.org/10.1016/j.parkreldis.2020.02.018
https://doi.org/10.1093/ageing/afh145
https://doi.org/10.3389/fpubh.2021.776847
https://doi.org/10.3389/fpubh.2021.776847
https://hcup-us.ahrq.gov/sidoverview.jsp
https://hcup-us.ahrq.gov/sidoverview.jsp
https://www.parkinson.org/sites/default/files/documents/hospital-care-recommendations-april2023.pdf
https://www.parkinson.org/sites/default/files/documents/hospital-care-recommendations-april2023.pdf
https://doi.org/10.1111/j.1532-5415.1999.tb01292.x
https://doi.org/10.3233/JPD-150632
https://doi.org/10.3233/JPD-150632
https://doi.org/10.1111/j.1365-2524.2006.00675.x
https://doi.org/10.1111/j.1365-2524.2006.00675.x
https://doi.org/10.2165/11317610-000000000-00000
https://doi.org/10.1080/00207454.2016.1239196
https://doi.org/10.1007/s12028-019-00706-7
https://doi.org/10.1016/j.jocn.2019.08.013
https://doi.org/10.1177/000348941312200502
https://doi.org/10.1177/0269216313490436
https://hcup-us.ahrq.gov/db/state/siddist/siddist_hospital.jsp
https://doi.org/10.1055/s-0042-107245
https://doi.org/10.1111/j.1445-5994.2006.01123.x
https://doi.org/10.1016/S1474-4422(05)70285-4
https://doi.org/10.1056/NEJM198408163110704
https://doi.org/10.1056/NEJM198408163110704
https://doi.org/10.1111/j.1600-0404.2009.01239.x
https://doi.org/10.1007/s12028-020-01109-9
https://doi.org/10.1007/s12028-020-01109-9
https://doi.org/10.1002/ams2.573
https://doi.org/10.1093/brain/awm111
https://doi.org/10.1001/archneurol.2011.2370
https://doi.org/10.1002/mds.20485
https://doi.org/10.1038/s41531-020-0117-1

	Complications and outcomes of hospitalizations for patients with and without Parkinson disease
	Introduction
	Methods
	Data source
	Patient selection
	Inclusion and exclusion criteria
	Parkinson disease
	Potentially preventable complications
	Outcome measures
	Statistical analysis

	Results
	Indications for hospitalization
	Matching
	Potentially preventable complications
	Advance directive and life-sustaining therapies
	Discharge disposition and mortality

	Discussion
	Limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

