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A B S T R A C T

Introduction: Understanding hospitalization in Lewy body dementia (LBD) is a known knowledge gap. We aimed
to identify common causes, medication profiles, complications, and outcomes of hospitalization in LBD.
Methods: A retrospective cohort study investigated details of academic medical center hospitalizations over a
two-year period for patients with LBD. Data collected included demographics, home medications, pre-hospital
living status, reason for admission, admission service, inpatient medications, complications, and discharge
status. Non-parametric statistics assessed associations between variables and length of stay. Odds of a change in
living situation based on admission variables was calculated.
Results: The study included 178 hospitalizations (117 individuals). Neuropsychiatric symptoms were the most
common admission reason (40%), followed by falls (24%) and infection (23%). Patients were usually admitted
to medicine services; neurology or psychiatric consultations occurred less than 40% of the time. Antipsychotics
were administered during 38% of hospitalizations. Use of antipsychotics other than quetiapine or clozapine was
associated with longer length of stay and increased odds of discharge to a higher level of care. One-third of
hospitalizations resulted in transition to a higher level of care; 15% ended in hospice care or death.
Conclusion: The most common reasons for hospitalization in LBD are potentially modifiable. Opportunities for
improved care include increased involvement of neurological and psychiatric services, delirium prevention
strategies, and reduced antipsychotic use. Clinicians should counsel patients and families that hospitalizations in
LBD can be associated with end of life. Research is needed to identify strategies to prevent hospitalization and
optimal standards for inpatient care.
Funding: Lewy body dementia research at the University of Florida is supported by the University of Florida
Dorothy Mangurian Headquarters for Lewy Body Dementia and the Raymond E. Kassar Research Fund for Lewy
Body Dementia.

1. Introduction

Lewy body dementia (LBD) – the second most common neurode-
generative dementia following Alzheimer disease (AD) – consists of
dementia with Lewy bodies and Parkinson disease (PD) dementia. Lack
of data regarding hospitalization is a known knowledge gap [1].
Emergency room visits are common: in a survey of caregivers of in-
dividuals with LBD, 64% reported a crisis in the prior year and they
sought help in a hospital emergency room 73% of the time [2].

Individuals with LBD, frontotemporal dementia, and unspecified
dementia are at a higher risk of hospitalization than individuals with
AD, vascular dementia, or mixed dementia, likely because

neuropsychiatric symptoms are the main predictor of dementia hospital
admissions [3]. Hospital admission rates are significantly higher for
individuals with dementia with Lewy bodies compared to AD and a
catchment population [4]. Individuals with dementia with Lewy bodies
have longer hospital stays than those with AD [4–6] and overall higher
costs of care [4,7]. In one study, the most common reason for admission
for individuals with “parkinsonism-related dementia” was acute de-
lirium (41%), followed by pneumonia (20%), stroke (19%), urinary
tract infection (UTI) (7%), and fall-related hip fracture (3%) [6]. In
another study, the most common hospital discharge diagnoses for in-
dividuals with dementia with Lewy bodies were infections (23%), falls
(7%), circulatory illness (7%), dementia (6%), and senility/
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disorientation (5%) [4].
While little is known regarding hospital outcomes in LBD, hospita-

lization in PD is a known source of worsened function [8]. Hospitali-
zation of individuals with AD is associated with increased risks of death
and institutionalization, with hospital delirium associated with even
higher risks of death, institutionalization, and cognitive decline [9].
Multiple studies show that individuals with AD experiencing delirium –
often in the context of hospitalization – subsequently have faster cog-
nitive progression [9–11] beyond what can be attributed to the pa-
thology itself [12]. Given that over 40% of hospitalized individuals with
dementia receive antipsychotics [13] and the morbidity and mortality
associated with antipsychotic use in LBD [14,15], occurrence of hos-
pital delirium in LBD likely carries additional risks of antipsychotic-
induced complications.

To address knowledge gaps regarding LBD and hospitalization, we
performed a retrospective cohort study to identify common causes,
complications, medication profiles, and outcomes of hospitalization for
individuals with LBD.

2. Methods

2.1. Study design

A retrospective cohort study investigated the causes, experiences,
and outcomes of individuals with LBD hospitalized at an academic
medical center over a two-year period (1/1/2014–12/31/2015). After
institutional review board approval for the chart review
(IRB201600391), an honest broker queried records for any hospitali-
zation in the 2-year period including a diagnosis code for LBD (ICD-9
331.82, ICD-10 G31.83) in the admitting diagnoses or on the inpatient
problem list.

During chart review, data was extracted from clinical notes and
billing summaries in an electronic medical record (EPIC) using a
REDCap [16] form that was pilot tested and refined by all co-in-
vestigators prior to use. Initial data extraction was performed by 3 in-
vestigators (CCS, AB, MJA) to ensure consistency in extraction. CCS and
AB extracted the remainder of the charts under the oversight of MJA.
Admission data collected included age, gender, medical history, de-
mentia severity, disease duration, comorbidities, home medications,
pre-hospital living status, reason for admission, admission service, in-
patient medications, hospital complications, discharge status, and
number of hospitalizations during the review period. Comorbidity
burden was estimated using the Charlson Comorbidity Index (CCI) [17],
a shared data instrument in the REDCap library. CCI scores range from
0 to 37 with higher scores indicating more comorbidities; additional
points are added for each decade of life over 50. Higher scores predict
an increased risk of death within 1 year of hospitalization [17]. Pre-
sence of comorbidities was assessed through the chart review. Reason
for admission was determined from the admission history and physical
documentation and admission and discharge ICD-9 and ICD-10 codes.
Extractors selected the reason for admission from a menu (hallucina-
tions or confusion, fall, failure to thrive/family unable to cope, infec-
tion, elective surgery, other planned admission, other) and provided
additional details where relevant. Extractors also noted the ICD-9 and
-10 codes associated with the admission (up to 3; codes were retrieved
from the charts and not pre-specified). Multiple reasons for hospitali-
zation were permitted. Patients were identified as having delirium (as a
reason for admission or hospital complication) if they had new fluctu-
ating cognitive changes and hallucinations during hospitalization or if
their baseline symptoms were acutely worse.

2.2. Participants

Hospitalizations were included if a diagnosis code for LBD (ICD-9
331.82, ICD-10 G31.83) was associated with the inpatient stay. Charts
were excluded if there was evidence of parkinsonisms other than LBD.

2.3. Statistical analysis

Baseline subject descriptive data were expressed as means ±
standard deviations (SDs) or percents, as appropriate. If an individual
had more than one hospitalization during the review period, informa-
tion for baseline demographics was calculated using details from the
first encounter. All other statistics were performed using hospital en-
counters, with a sensitivity analysis performed using first encounter
only (Supplemental File). Length of stay was assessed using median,
interquartile range (IQR), and range. The association between LOS and
admitting diagnosis was assessed using the Kruskal-Wallis test, the
correlations between age and CCI score with length of stay (LOS) were
calculated using Spearman's rho, and the associations of gender, home
use of medication for dementia (cholinesterase inhibitor, memantine),
presence of delirium at admission, hospital complications (hospital
delirium, falls, pneumonia) and antipsychotic use with LOS were as-
sessed using Mann-Whitney U. The odds of a transition to a higher level
of care post-hospitalization were calculated using 2x2 tables for di-
chotomous variables and binary logistic regression for age at admission
and CCI score. Unadjusted odds ratio are presented with 95% con-
fidence intervals (95% CI). Statistical analyses were performed using
SPSS version 24 (Armonk, NY) except for 2x2 tables (performed using
MedCalc®). Only univariate analyses were performed given the limited
sample size and the preliminary nature of this analysis. A p-value
of< 0.05 was considered significant.

3. Results

3.1. Demographic and clinical characteristics of participants

The search identified 178 hospitalizations meeting criteria re-
presenting 117 individual patients (Table 1). No record demonstrated
evidence of a parkinsonism other than LBD. Of the 178 hospitalizations,
125 included diagnosis codes for Parkinson's disease (ICD-9 332.0 or
ICD-10 G20) in addition to the codes used to identify individuals with
LBD (ICD-9 331.82, ICD-10 G31.83). Eighty-one individuals had a
single admission in the 2-year period and 36 individuals had multiple
admissions (Table 1). Disease duration was available for only 45 in-
dividuals (median 4 years, range 0–24 years). Documentation was in-
sufficient for reliable estimates of dementia severity. Prior to the 178
hospitalizations, 62% of individuals lived at home, 7% were in assisted
living, 27% resided in a skilled nursing facility, 2% were at rehab, and
3% were at other or unknown locations (Fig. 1).

3.2. Hospitalization details

Hallucinations and confusion were the most common reasons for
hospitalization (Table 2). Of the 2 individuals with 7–8 admissions, one
had cancer with increasing complications and one had recurring UTIs
complicated by delirium and other symptoms. For 21 (62%) of the 34
individuals with 2–4 admissions, every admission was due to LBD-re-
lated symptoms (hallucinations/confusion, failure to thrive, falls, syn-
cope), infection (UTIs, pneumonia, sepsis), or both. Eleven individuals
had admissions for general medical concerns in addition to LBD- and
infection-related hospitalizations. Two individuals had multiple ad-
missions for medical conditions unrelated to infection or LBD. Hospital
admission services included medicine (128, 72%), neurology (21, 12%),
surgery (15, 8%), and intensive care (6, 3%). The majority of patients
admitted to non-neurological services did not receive neurology or
psychiatric consultations during hospitalization (Table 2).

Antipsychotic medications were administered during 68 of the 178
hospital admissions (38%), usually quetiapine (25% of admissions),
followed by risperidone (7%), haloperidol (7%), and clozapine (2%).
Antipsychotics were continued unchanged from home prescriptions in
35 hospitalizations (20%), started in 25 (14%), added/increased in 8
(5%), and reduced or omitted in 11 (6%). In the 25 hospitalizations
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where antipsychotics were started in patients not receiving them prior
to admission, the most common choices were quetiapine (48%), halo-
peridol (32%), and risperidone (28%). Benzodiazepines were adminis-
tered during 50 hospitalizations (28%), most commonly lorazepam (31,
17%). Anticholinergics were administered during 24 hospitalizations
(13%), most commonly oxybutynin (8, 5%) and diphenhydramine (7,
4%).

3.3. Hospital outcomes: complications, length of stay, and discharge
disposition

There were 134 recorded complications during the 178 hospitali-
zations (Table 2). Median LOS was 5 days (IQR 8, range 1–72 days).
Reason for admission was not significantly associated with LOS
(p=0.42). Age (Spearman's correlation coefficient −0.060, p= 0.43),
gender (median for males 4.0 [IQR 6] vs females 5.0 [IQR 5],
p= 0.28), CCI score (Spearman's correlation coefficient −0.052,
p=0.49), and home use of medication for dementia (median for in-
dividuals taking anti-dementia medication 5.0 [IQR 4] vs not, 5.0 [IQR
5], p= 0.53) were not associated with LOS. LOS was longer for in-
dividuals with delirium present at admission (median 6 days [IQR 6] vs
3 days [IQR 5], p= 0.002) and those experiencing complications

including delirium (6 days [IQR 6] vs 3 days [IQR 3], p < 0.001), in-
hospital pneumonia (6 days [IQR 8] vs 4 days [IQR 5], p= 0.007), and
in-hospital falls (8 days [IQR 13] vs 4 days [IQR 4], p= 0.011). Hos-
pitalizations involving antipsychotic administration (any type) did not
have a significantly longer LOS (median for individuals receiving any
antipsychotic 6 days [IQR 7] vs not, 4 days [IQR 4], p= 0.088).
However, hospitalizations involving administration of antipsychotics
other than quetiapine or clozapine were longer than hospitalizations
involving no antipsychotics or only quetiapine or clozapine use (median
7.5 days [IQR 9] vs. 4 days [IQR 4], p= 0.001). Results were similar
when evaluating only first hospitalizations (Supplemental File).

One-third of hospitalizations (58/178) resulted in a transition to a
higher level of care (Fig. 1); 15% (27/178) resulted in death or tran-
sition to hospice care. Only inpatient antipsychotic use other than
quetiapine or clozapine was significantly associated with an increased
odds of transition to a higher level of care, but confidence intervals
were often too wide to exclude or confirm an important association
(Table 3). Results were similar when using only first hospital en-
counters, but in that cohort, use of any antipsychotic was associated
with an increased odds of transition to a higher level of care (OR 2.43,
95% CI 1.11–5.33) and the association with inpatient antipsychotics
other than quetiapine and clozapine was of borderline significance (OR
2.44, 95% CI 0.98–6.12) (Supplemental File).

4. Discussion

This retrospective cohort study identified that hallucinations and
confusion were the most common reasons for hospitalization for in-
dividuals with LBD, followed by falls and infection. Most patients (88%)
were hospitalized on inpatient teams other than neurology and did not
receive neurology or psychiatry consultations. Antipsychotic medica-
tions were administered during 38% of hospitalizations and these were
new prescriptions or increased doses in 19% of hospitalizations. While
quetiapine was the most commonly used antipsychotic, individuals
with LBD also received other antipsychotics including haloperidol and
risperidone. Inpatient use of antipsychotics other than quetiapine or
clozapine was associated longer LOS and an increased odds of discharge
to a higher level of care. Fifteen percent of the time, hospitalizations
resulted in death or transition to hospice care.

The finding that delirium/confusion was the most common reason
for hospitalization is consistent with a prior study reporting acute de-
lirium as the most common reason for hospitalization in “parkinsonism-
related dementia” (41%). The high rates of hospitalization for falls
(24%) and infection (23%) were also largely consistent with prior
findings of high rates of infection [4,6] and falls [4] in similar cohorts.
Median LOS (5 days, IQR 8, range 1–72 days) was shorter than that
described for a similar cohort (17.4 ± 16.5 days) [6] and less than
estimated hospital days/year for this population (approximately 10
days/year) [4,5].

Unsurprisingly, almost half of hospitalizations in this cohort were
complicated by delirium. Delirium has known overlap with LBD
symptoms and may be a prodromal feature of dementia with Lewy
bodies [18]. While this overlap makes assessment more challenging, it
is critical to diagnose delirium in individuals with LBD to guide as-
sessment and treatment [19]. Delirium was associated with a longer
LOS in this study, consistent with other series of individuals with de-
mentia linking delirium to longer hospital LOS and poorer functional
outcomes [20,21]. Delirium was not associated with an increased odds
of transition to a higher level of care, but precision was insufficient to
exclude the possibility of an important effect.

Frequency of antipsychotic use in this cohort was similar to the 40%
described for hospitalized patients with dementia in general [13]. De-
spite the known risk of antipsychotics [14,15], antipsychotics other
than quetiapine and clozapine – those generally considered safest in
LBD, though not without risks – were administered during 30 (17%) of
reviewed hospitalizations. Consistent with findings in PD [22],

Table 1
Characteristics of hospitalized patients with a diagnosis code for Lewy body
dementia.

Variablea Value (n= 117)

Age (years) (mean [SD, range]) 78 (8, 58–97)
Sex (n, % male) 69 (59%)
Number of admissions in the 2-year period
1 81 (69%)
2 23 (20%)
3 10 (9%)
4 1 (1%)
7 1 (1%)
8 1 (1%)

Charlson Comorbidity Index score (mean [SD]) 6 (2)
Antipsychotics: home medications at admissionb 41 (35%)
Quetiapine 19 (16%)
Risperidone 9 (8%)
Aripiprazole 4 (3%)
Haloperidol 3 (3%)
Olanzapine 3 (3%)
Clozapine 2 (2%)

Anti-parkinsonian medications: home medications at admissionb

Carbidopa-levodopa immediate release 58 (50%)
Dopamine agonist 12 (10%)
Carbidopa-levodopa controlled release 5 (4%)
Entacapone 5 (4%)
Rasagiline 4 (3%)
Amantadine 2 (2%)

Cognitive enhancing medications: home medications at admissionb

Donepezil 30 (26%)
Memantine 19 (16%)
Rivastigmine 14 (12%)
Galantamine 1 (1%)

Benzodiazepines: home medications at admissionb

Clonazepam 14 (12%)
Lorazepam 8 (7%)
Alprazolam 6 (5%)
Diazepam 1 (1%)
Temazepam 1 (1%)

Anticholinergic medications: home medications at admissionb

Tolterodine 3 (3%)
Oxybutinin 3 (3%)
Benztropine 2 (2%)
Tricyclic antidepressant 2 (2%)
Trihexphenidyl 1 (1%)

a All statistics are the “n” and percent of the cohort unless otherwise noted.
b Subgroup medication values indicate use (yes/no) and are not mutually

exclusive; some patients were prescribed more than one medication within a
category.
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inpatient antipsychotic use other than quetiapine or clozapine was as-
sociated with a longer length of stay. Use of antipsychotics other than
quetiapine or clozapine during hospitalization was also associated with
an increased odds of discharge to a higher level of care. While these are
associations and cannot prove causation, known risks of antipsychotic
use include adverse reactions [14], additional cognitive decline in in-
dividuals with dementia [23], and higher mortality both in populations
with PD [15] and dementia [24]. A recent analysis of causes of death in
dementia with Lewy bodies reported antipsychotic administration as an

immediate contributor in 1% of cases [25]. Antipsychotic use in the
current cohort may reflect the fact that antipsychotics are preferred to
other pharmacologic treatments for delirium in some circumstances
[26] and most of the hospitalizations reviewed occurred on services
other than neurology and without neurology or psychiatry input. Al-
ternatively, antipsychotic use could reflect a higher disease severity in
these individuals and the higher disease severity could be driving
longer length of stay and need for increased levels of care.

A minority of the cohort reported cholinesterase inhibitor or
memantine use at baseline. Use of medications for dementia was not
associated with a shorter length of stay or a reduced odds of transition
to a higher level of care, but precision was insufficient to exclude the
possibility of an important effect. Given that hallucinations/confusion
were the most common cause of hospital admissions in this cohort and
that cholinesterase inhibitors may help neuropsychiatric symptoms in
LBD [27], the potential effect of cholinesterase inhibitor use on hospi-
talization warrants exploration. There is currently no identified role for
using cholinesterase inhibitors to treat delirium in older adults [28].

This study systematically investigated the experiences of hospita-
lized individuals with LBD over a two-year period and identified
common reasons for admission, inpatient experiences, complications,
and hospital outcomes. Study limitations include its retrospective ap-
proach, reliance on chart documentation, single center experience, and
use of ICD-9 and -10 codes for the diagnosis of LBD (ICD-9 331.82, ICD-
10 G31.83). These codes were chosen to emphasize the experiences of
those with dementia with Lewy bodies but they can be used for LBD
more generally. The diagnostic code F02.3 (dementia in Parkinson's
disease or parkinsonism) was not included. Results may not be gen-
eralizable to individuals with unrecognized LBD. The relatively small
sample size limited the ability to perform multivariable regressions to
control for variables such as age and disease duration, a variable for
which data was also largely lacking. Most statistical analyses were
performed at the encounter level, so patients with different hospitali-
zations were included more than once, but a sensitivity analysis using
only the initial hospitalizations in the date range showed similar results.
Statistics reflect associations and do not imply causation; it may be that
inpatient antipsychotic use reflected higher dementia severity or more
complicated inpatient courses. The association is still of use, as it may

Fig. 1. Change in Living Situation from Baseline (Pre-Admission) to Discharge (n= 178). Caption: Graph demonstrates living situation prior to admission for each of
the 178 reviewed hospitalizations and the discharge disposition after hospitalization.

Table 2
Characteristics of hospitalizations of individuals with Lewy body dementia.

Characteristic N (%) (total n= 178)

Reason for hospital admission
Hallucinations or confusion 71 (40%)
Falls 43 (24%)
Infection 41 (23%)

Urinary tract infection 19 (11%)
Pneumonia 12 (7%)
Sepsis 10 (6%)
Other infection 5 (3%)

Other 23 (13%)
Gastrointestinal disease 12 (7%)
Cardiac disease 11 (6%)
Respiratory illness 9 (5%)
Failure to thrive, failure to cope 9 (5%)
Genitourinary disorder 5 (3%)
Elective surgery 5 (3%)
Intracranial hemorrhage 4 (2%)
Planned admission (non-surgical) 3 (2%)
Syncope 2 (1%)
Stroke 2 (1%)

Neurology consultationa 44 (28%)
Psychiatry consultationa 14 (9%)
Neurology or psychiatry consultationa 50 (32%)
Hospital complications
Delirium 88 (49%)
In-hospital pneumonia 30 (17%)
In-hospital fall 8 (5%)
In-hospital death 8 (5%)

a For admissions to services other than neurology inpatient (n= 157).
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reflect an opportunity for improved care or identify patients at higher
risk of longer or more complicated hospitalizations, regardless of un-
derlying cause.

Our findings support prior studies suggesting that neuropsychiatric
symptoms are a major driver of hospitalization in dementia in general
[3] and LBD in particular [4]. While symptomatic care in LBD is chal-
lenging, the top two reasons for hospital admission in this study –
neuropsychiatric symptoms and falls – are both potentially modifiable,
suggesting that improved treatments could potentially reduce hospita-
lizations. Once patients are hospitalized, opportunities for improved
care include increased involvement of neurological and psychiatric
services, increased non-pharmacologic and multi-component strategies
to prevent hospital-associated delirium [29], and reduced antipsychotic
use, particularly for those antipsychotics associated with higher risks in
LBD. Physicians providing inpatient care must be aware of the high
frequency (15%) with which hospitalizations in LBD are associated with
end-of-life, reflecting either inpatient death or transition to hospice,
and counsel patients and families appropriately. Burdensome inter-
ventions such as hospitalization are common in the last 3 months of
individuals with advanced dementia [30] and reducing hospitalization
in individuals with LBD at the end of life represents an area for im-
provement.

Consistent with a recent call for further research regarding prog-
nosis and hospitalization in dementia with Lewy bodies [1], this study
highlights areas for improved care for individuals with LBD and the
need for additional research regarding strategies to avoid hospitaliza-
tion in this population, predictors of hospital outcomes, and standards
for inpatient care.

Declaration of interest

Funding sources

Lewy body dementia research at the University of Florida is sup-
ported by the University of Florida Dorothy Mangurian Headquarters
for Lewy Body Dementia and the Raymond E. Kassar Research Fund for
Lewy Body Dementia.

Author roles

CCS: Acquisition of data, analysis and interpretation of data,
drafting and revising the article, final approval; AB: acquisition of data,
analysis and interpretation of data, drafting and revising the article,
final approval; EHM: analysis and interpretation of data, revising
manuscript critically for important intellectual content, final approval;
DMR: conception and design of the study, analysis and interpretation of
data, revising article critically for important intellectual content, final
approval; LA: conception and design of the study, analysis and inter-
pretation of data, revising article critically for important intellectual
content, final approval; MJA: conception and design of the study,

acquisition of data, analysis and interpretation of data, drafting the
article and revising it critically for important intellectual content, final
approval.

Declarations of interest

CCS: None.
AB: None.
EHM: None.
DMR: None.
LA: Dr. Almeida has received compensation from Medtronic as an

educational consultant.
MJA: Dr. Armstrong receives compensation from the AAN for work

as an evidence-based medicine methodology consultant and serves on
the level of evidence editorial board for Neurology and related pub-
lications (uncompensated). She receives research support from ARHQ
(K08HS24159), the Michael J. Fox Foundation, a 1Florida ADRC
(AG047266) pilot grant, and as the local PI of a Lewy Body Dementia
Association Research Center of Excellence. She receives royalties from
the publication of the book Parkinson's Disease: Improving Patient Care
and she has received honoraria for presenting at the AAN annual
meeting (2017) and participating in Medscape CME.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.parkreldis.2019.03.014.

References

[1] C. Mueller, C. Ballard, A. Corbett, D. Aarsland, The prognosis of dementia with
Lewy bodies, Lancet Neurol. 16 (2017) 390–398, https://doi.org/10.1016/S1474-
4422(17)30074-1.

[2] J.E. Galvin, J.E. Duda, D.I. Kaufer, C.F. Lippa, A. Taylor, S.H. Zarit, Lewy body
dementia: caregiver burden and unmet needs, Alzheimer Dis. Assoc. Disord. 24
(2010) 177–181, https://doi.org/10.1097/WAD.0b013e3181c72b5d.

[3] T.C. Russ, M.A. Parra, A.E. Lim, E. Law, P.J. Connelly, J.M. Starr, Prediction of
general hospital admission in people with dementia: cohort study, Br. J. Psychiatry
206 (2015) 153–159, https://doi.org/10.1192/bjp.bp.113.137166.

[4] C. Mueller, G. Perera, A.P. Rajkumar, M. Bhattarai, A. Price, J.T. O'Brien, C. Ballard,
R. Stewart, D. Aarsland, Hospitalization in people with dementia with Lewy bodies:
frequency, duration, and cost implications, Alzheimers Dement. (Amst.) 10 (2017)
143–152, https://doi.org/10.1016/j.dadm.2017.12.001.

[5] D.L. Murman, S.B. Kuo, M.C. Powell, C.C. Colenda, The impact of parkinsonism on
costs of care in patients with AD and dementia with Lewy bodies, Neurology 61
(2003) 944–949.

[6] C.C. Chang, P.H. Lin, Y.T. Chang, N.C. Chen, C.W. Huang, C.C. Lui, S.H. Huang,
Y.H. Chang, C.C. Lee, W.A. Lai, The Impact of admission diagnosis on recurrent or
frequent hospitalizations in 3 dementia subtypes: a hospital-based cohort in Taiwan
with 4 Years longitudinal follow-ups, Medicine (Baltim.) 94 (2015) e2091, https://
doi.org/10.1097/MD.0000000000002091.

[7] F. Boström, L. Jönsson, L. Minthon, E. Londos, Patients with Lewy body dementia
use more resources than those with Alzheimer's disease, Int. J. Geriat. Psychiat. 22
(2007) 713–719.

[8] O.H. Gerlach, M.P. Broen, W.E. Weber, Motor outcomes during hospitalization in
Parkinson's disease patients: a prospective study, Parkinsonism Relat. Disord. 19

Table 3
Odd ratios of transition to a higher level of care post-hospitalization (n=178).

Variable Odds Ratioa (95% CI)

Age (per additional year) 1.00 (0.96, 1.03)
CCI score (per additional point) 0.95 (0.79, 1.14)
Male gender 0.98 (0.52, 1.84)
Home cholinesterase inhibitor use 1.22 (0.64, 2.33)
Home antipsychotic use (any) 1.68 (0.86, 3.27)
Home antipsychotic use other than quetiapine, clozapine (versus use of quetiapine, clozapine or no antipsychotic use) 2.02 (0.77, 5.28)
Experience of hospital complication 0.82 (0.44, 1.54)
Experience of hospital delirium 0.84 (0.45, 1.58)
Inpatient antipsychotic use (any) 1.87 (0.98, 3.54)
Inpatient antipsychotic use other than quetiapine, clozapine (versus use of quetiapine, clozapine, or no antipsychotic use) 2.41 (1.06, 5.47)

CCI: Charlson Comorbidity Index.
a Unadjusted odds ratios.

C.C. Spears, et al. Parkinsonism and Related Disorders 64 (2019) 106–111

110

https://doi.org/10.1016/j.parkreldis.2019.03.014
https://doi.org/10.1016/j.parkreldis.2019.03.014
https://doi.org/10.1016/S1474-4422(17)30074-1
https://doi.org/10.1016/S1474-4422(17)30074-1
https://doi.org/10.1097/WAD.0b013e3181c72b5d
https://doi.org/10.1192/bjp.bp.113.137166
https://doi.org/10.1016/j.dadm.2017.12.001
http://refhub.elsevier.com/S1353-8020(19)30107-5/sref5
http://refhub.elsevier.com/S1353-8020(19)30107-5/sref5
http://refhub.elsevier.com/S1353-8020(19)30107-5/sref5
https://doi.org/10.1097/MD.0000000000002091
https://doi.org/10.1097/MD.0000000000002091
http://refhub.elsevier.com/S1353-8020(19)30107-5/sref7
http://refhub.elsevier.com/S1353-8020(19)30107-5/sref7
http://refhub.elsevier.com/S1353-8020(19)30107-5/sref7


(2013) 737–741, https://doi.org/10.1016/j.parkreldis.2013.04.017.
[9] T.G. Fong, R.N. Jones, E.R. Marcantonio, D. Tommet, A.L. Gross, D. Habtemariam,

E. Schmitt, L. Yap, S.K. Inouye, Adverse outcomes after hospitalization and delirium
in persons with Alzheimer disease, Ann. Intern. Med. 156 (2012) 848–856, https://
doi.org/10.7326/0003-4819-156-12-201206190-00005 W296.

[10] T.G. Fong, R.N. Jones, P. Shi, E.R. Marcantonio, L. Yap, J.L. Rudolph, F.M. Yang,
D.K. Kiely, S.K. Inouye, Delirium accelerates cognitive decline in Alzheimer disease,
Neurology 72 (2009) 1570–1575, https://doi.org/10.1212/WNL.
0b013e3181a4129a.

[11] M.F. Weiner, Impact of delirium on the course of Alzheimer disease, Arch. Neurol.
69 (2012) 1639–1640, https://doi.org/10.1001/archneurol.2012.2703.

[12] D.H. Davis, G. Muniz-Terrera, H.A. Keage, J. Fleming, P.G. Ince, F.E. Matthews,
C. Cunningham, E.W. Ely, A.M. MacLullich, C. Brayne, Epidemiological
Clinicopathological Studies in Europe (EClipSE) Collaborative Members,
Association of delirium with cognitive decline in late life: a neuropathologic study
of 3 population-based cohort studies, JAMA Psychiatry 74 (2017) 244–251, https://
doi.org/10.1001/jamapsychiatry.2016.3423.

[13] P. Gallagher, D. Curtin, A. de Siún, E. O'Shea, S. Kennelly, D. O'Neill, S. Timmons,
Antipsychotic prescription amongst hospitalized patients with dementia, QJM 109
(2016) 589–593, https://doi.org/10.1093/qjmed/hcw023.

[14] I.G. McKeith, B.F. Boeve, D.W. Dickson, G. Halliday, J.P. Taylor, D. Weintraub,
D. Aarsland, J. Galvin, J. Attems, C.G. Ballard, A. Bayston, T.G. Beach, F. Blanc,
N. Bohnen, L. Bonanni, J. Bras, P. Brundin, D. Burn, A. Chen-Plotkin, J.E. Duda,
O. El-Agnaf, H. Feldman, T.J. Ferman, D. Ffytche, H. Fujishiro, D. Galasko,
J.G. Goldman, S.N. Gomperts, N.R. Graff-Radford, L.S. Honig, A. Iranzo,
K. Kantarci, D. Kaufer, W. Kukull, V.M.Y. Lee, J.B. Leverenz, S. Lewis, C. Lippa,
A. Lunde, M. Masellis, E. Masliah, P. McLean, B. Mollenhauer, T.J. Montine,
E. Moreno, E. Mori, M. Murray, J.T. O'Brien, S. Orimo, R.B. Postuma,
S. Ramaswamy, O.A. Ross, D.P. Salmon, A. Singleton, A. Taylor, A. Thomas,
P. Tiraboschi, J.B. Toledo, J.Q. Trojanowski, D. Tsuang, Z. Walker, M. Yamada,
K. Kosaka, Diagnosis and management of dementia with Lewy bodies: Fourth
consensus report of the DLB Consortium, Neurology 89 (2017) 88–100, https://doi.
org/10.1212/WNL.0000000000004058.

[15] D. Weintraub, C. Chiang, H.M. Kim, J. Wilkinson, C. Marras, B. Stanislawski,
E. Mamikonyan, H.C. Kales, Antipsychotic use and mortality risk in Parkinson's
disease, JAMA Neurol 73 (2016) 535–541, https://doi.org/10.1001/jamaneurol.
2016.0031.

[16] P.A. Harris, R. Taylor, R. Thielke, J. Payne, N. Gonzalez, J.G. Conde, Research
electronic data capture (REDCap)–a metadata-driven methodology and workflow
process for providing translational research informatics support, J. Biomed. Inform.
42 (2009) 377–381, https://doi.org/10.1016/j.jbi.2008.08.010.

[17] M.E. Charlson, P. Pompei, K.L. Ales, C.R. MacKenzie, A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation, J.
Chronic Dis. 40 (1987) 373–383.

[18] R.L. Gore, E.R. Vardy, J.T. O'Brien, Delirium and dementia with Lewy bodies: dis-
tinct diagnoses or part of the same spectrum? J. Neurol. Neurosurg. Psychiatry 86

(2015) 50–59, https://doi.org/10.1136/jnnp-2013-306389.
[19] A. Morandi, D. Davis, G. Bellelli, R.C. Arora, G.A. Caplan, B. Kamholz,

A. Kolanowski, D.M. Fick, S. Kreisel, A. MacLullich, D. Meagher, K. Neufeld,
P.P. Pandharipande, S. Richardson, A.J. Slooter, J.P. Taylor, C. Thomas, Z. Tieges,
A. Teodorczuk, P. Voyer, J.L. Rudolph, The diagnosis of delirium superimposed on
dementia: an emerging challenge, J. Am. Med. Dir. Assoc. 18 (2017) 12–18, https://
doi.org/10.1016/j.jamda.2016.07.014.

[20] D.M. Fick, M.R. Steis, J.L. Waller, S.K. Inouye, Delirium superimposed on dementia
is associated with prolonged length of stay and poor outcomes in hospitalized older
adults, J. Hosp. Med. 8 (2013) 500–505, https://doi.org/10.1002/jhm.2077.

[21] T.J. Avelino-Silva, F. Campora, J.A. Curiati, W. Jacob-Filho, Association between
delirium superimposed on dementia and mortality in hospitalized older adults: a
prospective cohort study, PLoS Med. 14 (2017) e1002264, https://doi.org/10.
1371/journal.pmed.1002264.

[22] D. Martinez-Ramirez, J.C. Giugni, C.S. Little, J.P. Chapman, B. Ahmed, E. Monari,
A. Wagle Shukla, C.W. Hess, M.S. Okun, Missing dosages and neuroleptic usage may
prolong length of stay in hospitalized Parkinson's disease patients, PLoS One 10
(2015) e0124356, https://doi.org/10.1371/journal.pone.0124356.

[23] R. McShane, J. Keene, K. Gedling, C. Fairburn, R. Jacoby, T. Hope, Do neuroleptic
drugs hasten cognitive decline in dementia? Prospective study with necropsy follow
up, BMJ 314 (1997) 266–270.

[24] D.T. Maust, H.M. Kim, L.S. Seyfried, C. Chiang, J. Kavanagh, L.S. Schneider,
H.C. Kales, Antipsychotics, other psychotropics, and the risk of death in patients
with dementia: number needed to harm, JAMA Psychiatry 72 (2015) 438–445,
https://doi.org/10.1001/jamapsychiatry.2014.3018.

[25] M.J. Armstrong, S. Alliance, P. Corsentino, S.T. DeKosky, A. Taylor, Cause of death
and end-of-life experiences in dementia with Lewy bodies, J. Am. Geriatr. Soc. 67
(2019) 67–73, https://doi.org/10.1111/jgs.15608.

[26] J.I. Friedman, L. Soleimani, D.P. McGonigle, C. Egol, J.H. Silverstein,
Pharmacological treatments of non-substance-withdrawal delirium: a systematic
review of prospective trials, Am. J. Psychiatry 171 (2014) 151–159, https://doi.
org/10.1176/appi.ajp.2013.13040458.

[27] C. Stinton, I. McKeith, J.P. Taylor, L. Lafortune, E. Mioshi, E. Mak, V. Cambridge,
J. Mason, A. Thomas, J.T. O'Brien, Pharmacological management of Lewy body
dementia: a systematic review and meta-analysis, Am. J. Psychiatry 172 (2015)
731–742, https://doi.org/10.1176/appi.ajp.2015.14121582.

[28] R.R. Tampi, D.J. Tampi, A.K. Ghori, Acetylcholinesterase inhibitors for delirium in
older adults, Am J Alzheimers Dis Other Demen 31 (2016) 305–310, https://doi.
org/10.1177/1533317515619034.

[29] N. Siddiqi, J.K. Harrison, A. Clegg, E.A. Teale, J. Young, J. Taylor, S.A. Simpkins,
Interventions for preventing delirium in hospitalised non-ICU patients, Cochrane
Database Syst. Rev. 3 (2016) CD005563, https://doi.org/10.1002/14651858.
CD005563.pub3.

[30] S.L. Mitchell, J.M. Teno, D.K. Kiely, M.L. Shaffer, R.N. Jones, H.G. Prigerson,
L. Volicer, J.L. Givens, M.B. Hamel, The clinical course of advanced dementia, N.
Engl. J. Med. 361 (2009) 1529–1538, https://doi.org/10.1056/NEJMoa0902234.

C.C. Spears, et al. Parkinsonism and Related Disorders 64 (2019) 106–111

111

https://doi.org/10.1016/j.parkreldis.2013.04.017
https://doi.org/10.7326/0003-4819-156-12-201206190-00005
https://doi.org/10.7326/0003-4819-156-12-201206190-00005
https://doi.org/10.1212/WNL.0b013e3181a4129a
https://doi.org/10.1212/WNL.0b013e3181a4129a
https://doi.org/10.1001/archneurol.2012.2703
https://doi.org/10.1001/jamapsychiatry.2016.3423
https://doi.org/10.1001/jamapsychiatry.2016.3423
https://doi.org/10.1093/qjmed/hcw023
https://doi.org/10.1212/WNL.0000000000004058
https://doi.org/10.1212/WNL.0000000000004058
https://doi.org/10.1001/jamaneurol.2016.0031
https://doi.org/10.1001/jamaneurol.2016.0031
https://doi.org/10.1016/j.jbi.2008.08.010
http://refhub.elsevier.com/S1353-8020(19)30107-5/sref17
http://refhub.elsevier.com/S1353-8020(19)30107-5/sref17
http://refhub.elsevier.com/S1353-8020(19)30107-5/sref17
https://doi.org/10.1136/jnnp-2013-306389
https://doi.org/10.1016/j.jamda.2016.07.014
https://doi.org/10.1016/j.jamda.2016.07.014
https://doi.org/10.1002/jhm.2077
https://doi.org/10.1371/journal.pmed.1002264
https://doi.org/10.1371/journal.pmed.1002264
https://doi.org/10.1371/journal.pone.0124356
http://refhub.elsevier.com/S1353-8020(19)30107-5/sref23
http://refhub.elsevier.com/S1353-8020(19)30107-5/sref23
http://refhub.elsevier.com/S1353-8020(19)30107-5/sref23
https://doi.org/10.1001/jamapsychiatry.2014.3018
https://doi.org/10.1111/jgs.15608
https://doi.org/10.1176/appi.ajp.2013.13040458
https://doi.org/10.1176/appi.ajp.2013.13040458
https://doi.org/10.1176/appi.ajp.2015.14121582
https://doi.org/10.1177/1533317515619034
https://doi.org/10.1177/1533317515619034
https://doi.org/10.1002/14651858.CD005563.pub3
https://doi.org/10.1002/14651858.CD005563.pub3
https://doi.org/10.1056/NEJMoa0902234

	Causes and outcomes of hospitalization in Lewy body dementia: A retrospective cohort study
	Introduction
	Methods
	Study design
	Participants
	Statistical analysis

	Results
	Demographic and clinical characteristics of participants
	Hospitalization details
	Hospital outcomes: complications, length of stay, and discharge disposition

	Discussion
	Declaration of interest
	Funding sources
	Author roles
	Declarations of interest

	Supplementary data
	References




