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Abstract

Background: Inpatient prevalence of Parkinson’s disease (PD) delirium varies widely across the literature. Delirium in
general older populations is associated with adverse outcomes, such as increased mortality, dementia, and institutionalisation.
However, to date there are no comprehensive prospective studies in PD delirium. This study aimed to determine delirium
prevalence in hospitalised PD participants and the association with adverse outcomes, compared to a control group of older
adults without PD.
Methods: Participants were hospitalised inpatients from the ‘Defining Delirium and its Impact in Parkinson’s Disease’ and
the ‘Delirium and Cognitive Impact in Dementia’ studies comprising 121 PD participants and 199 older adult controls.
Delirium was diagnosed prospectively using the Diagnostic and Statistical Manual of Mental Disorders 5th Edition criteria.
Outcomes were determined by medical note reviews and/or home visits 12 months post hospital discharge.
Results: Delirium was identified in 66.9% of PD participants compared to 38.7% of controls (p < 0.001). In PD participants
only, delirium was associated with a significantly higher risk of mortality (HR = 3.3 (95% confidence interval [CI] = 1.3–
8.6), p = 0.014) and institutionalisation (OR = 10.7 (95% CI = 2.1–54.6), p = 0.004) 12 months post-discharge, compared
to older adult controls. However, delirium was associated with an increased risk of developing dementia 12 months post-
discharge in both PD participants (OR = 6.1 (95% CI = 1.3–29.5), p = 0.024) and in controls (OR = 13.4 (95% CI = 2.5–
72.6), p = 0.003).
Conclusion: Delirium is common in hospitalised PD patients, affecting two thirds of patients, and is associated with increased
mortality, institutionalisation, and dementia. Further research is essential to understand how to accurately identify, prevent
and manage delirium in people with PD who are in hospital.

D
ow

nloaded from
 https://academ

ic.oup.com
/ageing/article/53/3/afae046/7629821 by Eastm

an D
ental Institute user on 05 April 2024

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

 30309
40310 a 30309 40310 a
 
mailto:rachael.lawson@newcastle.ac.uk
mailto:rachael.lawson@newcastle.ac.uk
mailto:rachael.lawson@newcastle.ac.uk
mailto:rachael.lawson@newcastle.ac.uk
mailto:rachael.lawson@newcastle.ac.uk
mailto:rachael.lawson@newcastle.ac.uk
mailto:rachael.lawson@newcastle.ac.uk
mailto:rachael.lawson@newcastle.ac.uk
mailto:rachael.lawson@newcastle.ac.uk
mailto:rachael.lawson@newcastle.ac.uk


F. Gerakios et al.

Keywords: Delirium, Parkinson’s disease, Outcomes, Mortality, Institutionalisation, Older people

Key Points

• Delirium occurred in two thirds of people with Parkinson’s disease when hospitalised.
• People with Parkinson’s disease are much more likely to get delirium whilst in hospital than older adults without Parkinson’s

disease (67% vs. 39%).
• An episode of delirium whilst in hospital increases the risk of mortality, institutionalisation, and dementia in Parkinson’s

disease.
• The risks of mortality and institutionalisation following delirium are higher in those with Parkinson’s disease than older

adults without Parkinson’s disease.

Background

Delirium is a serious, neuropsychiatric syndrome defined by
acute changes in attention, level of arousal and cognition [1].
Delirium is often both underreported and under recognised
[2–4]. Parkinson’s disease (PD) may be a risk factor for delir-
ium, but reported inpatient prevalence varies from 11–60%
[5]. This variance is likely due to challenges in recognising
delirium in PD due to shared clinical features [6], the range
of criteria and methods used for delirium diagnosis [5], along
with the reliance on retrospective delirium ascertainment in
many studies, which has been shown to miss nearly two
thirds of cases of delirium in PD [7].

In older adults, delirium has been associated with
increased risk of institutionalisation, dementia, and mor-
tality [8–10]. However, there is a paucity of similar evidence
in PD. One recent retrospective study of people with PD
found that delirium was associated with a three-fold increase
in mortality and in those with PD or a parkinsonism it was
associated with a six-fold increased risk of dementia [11].
However, to date, there are no comprehensive prospective
studies that use robust definitions of delirium with longi-
tudinal follow up. This study aimed to comprehensively
determine the prevalence of delirium and its association with
mortality, institutionalisation, and dementia at 12 months in
an inpatient population with PD compared to older adults
without PD.

Methods

Population

Participants were from the ‘Defining Delirium and its
Impact in Parkinson’s Disease’ (DELIRIUM-PD) and the
‘Delirium and Cognitive Impact in Dementia’ (DECIDE)
[12] studies comprising participants with PD and an
older adult, non-PD control group. The DELIRIUM-
PD study included people with PD diagnosed by a
movement disorders expert using the Queen’s Square Brain
Bank Criteria [13] who attended outpatient clinics in
Newcastle Hospitals for the management of their PD.
Participants were invited to take part on admission to
hospitals in Newcastle between 7th March 2018 and 31st
January 2022 (the study was paused due to the COVID-19

pandemic during the periods of 17th March 2020 to 5th
October 2020, 5th January 2021 to 2nd March 2021 and
7th January 2022 to the end of the recruitment period).

The DECIDE study (general older adults which included
people with multimorbidity, such as PD or dementia) was
nested within the Cognitive Function and Ageing Study
II—Newcastle cohort (CFAS II–Newcastle) [14]. CFAS II-
Newcastle is a large, population-based cohort of people
aged≥65 years from three geographical areas in the UK
including Newcastle upon Tyne, measuring prevalence and
incidence of dementia. Parkinson’s disease participants had
a diagnosis based on criteria from the Queen’s Square Brain
Bank [13]. From 5th January 2016 to 5th January 2017, par-
ticipants from CFAS II-Newcastle were invited to participate
in DECIDE on admission to hospitals in Newcastle. In both
studies, elective and emergency admissions, in both surgical
and medical settings, were included.

In both studies, potential participants were provided with
written information and given the opportunity to opt-out
of further contact. An electronic recurring admission patient
alert (RAPA) was added to their records to alert researchers
when they were admitted to either the Royal Victoria Infir-
mary (RVI) or Freeman Hospital (FRH), Newcastle upon
Tyne, UK. For each study, the research team aimed to
approach participants as soon as possible following admis-
sion.

These studies were approved by Research Ethics Commit-
tees (DELIRIUM-PD: Yorkshire & The Humber—Bradford
Leeds Research Ethics Committee 18/YH/0486; DECIDE:
Newcastle and North Tyneside 2 Regional Ethics Committee
15/NE/0353). A formal capacity assessment based on the
Mental Capacity Act [15] was performed by a trained mem-
ber of the research team. If participants lacked capacity to
provide full written informed consent, a personal consultee
was identified. They provided advice on participation as per
Section 32 of the Mental Capacity Act [15].

Participants were excluded from the studies if they lacked
capacity to give informed consent and did not have an
appropriate consultee available, if they were receiving end
of life care, they were isolated for infection control, or they
were expected to be in hospital for fewer than 24 hours.
In the DELIRIUM-PD study, participants were addition-
ally excluded if they had a diagnosis of non-idiopathic
PD or atypical parkinsonian disorders, they were not
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recruited within 72 hours of admission or had insufficient
command of the English language to take part in the
cognitive assessments.

Data collection

In both studies, baseline demographic and clinical data were
collected at recruitment on admission to hospital, including
age, sex, comorbidities, medications, pre-admission frailty
(using the Clinical Frailty Scale, CFS [16]), living arrange-
ments and functional dependency. In DELIRIUM-PD, par-
ticipants with mild cognitive impairment (PD-MCI) or PD
dementia (PDD) were identified from clinic letters by their
treating clinician. In DECIDE, baseline dementia diagnosis
was ascertained from the interview for CFAS II using an algo-
rithmic approach called the Automated Geriatric Examina-
tion for Computer Assisted Taxonomy [17]. The full content
of the interviews is available online (http://www.cfas.ac.u
k). In DELIRIUM-PD, PD duration, levodopa equivalent
daily dose (LEDD) [18], motor severity as measured by
the total Movement Disorder Society—Unified Parkinson’s
Disease Rating Scale Part III (MDS-UPDRS III) score and
the Hoehn and Yahr stage were also assessed [18].

Delirium ascertainment

Delirium was assessed using a structured interview based
upon the Diagnostic and Statistical Manual of Mental Dis-
orders 5th Edition (DSM-5) criteria as described previously
[12]. In brief, this comprised researcher observations, stan-
dardised testing and information obtained from the infor-
mant and hospital staff to consider changes in attention,
level of arousal and cognition and to establish an acute
change from baseline (Supplementary Table 1) [19–21].
When there was diagnostic uncertainty, vignettes were pre-
sented to an expert consensus panel made up of two expert
independent reviewers and a third for any disagreement of
cases (DELIRIUM-PD: FG and RAL, and AJY or SJR;
DECIDE: LMA and DHJD, SGP) [22]. Delirium screen-
ing was performed consecutively for up to five days where
possible. Following this, participants were seen once weekly
until discharge (DELIRIUM-PD), or daily until delirium
resolution or screened twice weekly (DECIDE).

Outcomes

Death

Both studies determined date of death up to 12 months fol-
lowing last hospital discharge by review of medical records.

Dementia

In DELIRIUM-PD, medical notes were reviewed and a
new diagnosis of PDD was determined through clinicians’
diagnosis and agreed expert consensus (RAL, FG and AJY)
based on MDS diagnostic criteria, in keeping with previous
work [23, 24]. This comprised evidence of cognitive decline,
indicated by impaired cognitive screening tools, subjective

cognitive decline and/or impaired functional dependence
[25–27]. Dementia diagnosis was collected 12 months after
the last dementia free discharge.

In DECIDE, a home visit was carried out 12 months after
the most recent hospital discharge, to repeat the CFAS II
interview performed at baseline, described above.

Institutionalisation

In DELIRIUM-PD, new institutionalisation was collected
12 months post last discharge compared to where partici-
pants lived at baseline.

In DECIDE, a home visit was carried out 12 months after
the most recent hospital discharge, and institutionalisation
was determined as where they lived during this follow up
visit compared to where they lived at baseline.

Statistical analysis

Statistical analysis was completed in SPSS Statistics (Version
28; SPSS Armonk, NY: IBM Corp) and using R soft-
ware (Version 4.2.1; R Foundation for Statistical Comput-
ing, Vienna, Austria) implementing Survival [28], survminer
[29], ggplot2 [30], and ggpubr [31] packages. Participants
from each study were classified as having PD or as con-
trols (older adults without PD); all participants including
those with baseline cognitive impairment were included
in these analyses. Normality of continuous variables was
tested using the Kolmogorov–Smirnov statistic and visual
inspections of histograms. Chi-squared, Kruskal-Wallis or
Mann–Whitney U tests were implemented, as appropriate,
to compare baseline group differences. Survival time and
cumulative survival were calculated using the date of the last
hospital discharge to date of death or censored at approxi-
mately 12 months post discharge using Kaplan–Meier plots.
Multivariate Cox regression was used to determine whether
delirium was associated with survival in PD participants and
controls. Multivariate binomial logistic regression models
were used to determine whether delirium was associated
with experiencing at least one outcome, a new diagnosis of
dementia or new institutionalisation in surviving PD and
control participants. For these analyses, those with baseline
dementia or institutionalisation were excluded from mod-
els evaluating risk of new dementia or institutionalisation,
respectively. Covariates included age, sex, and frailty in all
models; additionally baseline dementia was included for
death and institutionalisation.

Results

Characteristics

Participants from the DELIRIUM-PD study (n = 115) and
the DECIDE study (n = 205) comprised: 121 participants
with PD and 199 older adult controls. Participants
were excluded on admission if they had an atypical
parkinsonism (DELIRIUM-PD n = 15) or inappropriate
diagnosis (DECIDE n = 12), being near death or too
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Table 1. Baseline demographics and clinical characteristics comparing PD and controls with and without delirium

Variable PD (n = 121) Controls (n = 199)

Delirium
n = 81

No Delirium
n = 40

Delirium
n = 77

No Delirium
n = 122

F/Z/χ 2 p-value Pairwise

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Age (years) 78(9) 74.5(17.5) 85(9) 81(9.5) χ 2 = 52.8 <0.001 b,d,e,f
Women, n(%) 29(35.8) 18(45) 39(50.6) 68(55.7) χ 2 = 8.1 0.044 c
Years in education 11(3) 11(2.8) 10(1) 10(2) χ 2 = 43.4 <0.001 b,c,d,f
Clinical Frailty Scale 6(2) 5(2) 5(2) 4(2) χ 2 = 102.8 <0.001 a,b,c,e,f
Number of Admissions 2(1.5) 1(.00) 2(1.5) 1(1) χ 2 = 16.8 <0.001 a, d
PD duration (months) 69(83) 97(110) U = 1,183 0.077
LEDD mg/day 600(475) 600(641.25) U = 1,488 0.605
MDS-UPDRS III Total Score∗ 62.5(24.5) 50(13) U = 765 0.003
Cognition
No cognitive impairment, n(%) 38(46.9) 30(75.0) 62(80.5) 118(96.7) χ 2 = 69.9 <.001 a, b, c, e, f
PD-MCI, n(%) 24(29.6) 7(17.5) χ 2 = 2.1 0.187
Dementia, n(%) 19(23.5) 3(7.5) 15(19.5) 4(3.3) χ 2 = 22.2 <.001 c, e
Care Home, n(%) 8(9.9) 1(2.5) 5(6.5) 6(4.9) χ 2 = 3.2 0.368

All are median and IQR unless stated otherwise. Significant results highlighted in bold. ∗Missing in 21 participants. Pair-wise comparisons – significant results after
correction for multiple comparisons p < 0.008. A = PD Delirium vs PD No Delirium, B=PD Delirium vs Control Delirium, C=PD Delirium vs Control No
Delirium, D=PD No Delirium vs Control Delirium, E = Control Delirium vs Control No Delirium, F=Control No Delirium vs PD No Delirium Parkinson’s disease
(PD); Parkinson’s disease Mild Cognitive Impairment (PD-MCI); Parkinson’s disease Dementia (PDD); Levodopa Equivalent Daily Dose (LEDD); Movement
Disorder Society—Unified Parkinson’s disease rating Scale (MDS-UPDRS)

unwell (DELIRIUM-PD n = 20; DECIDE n = 0), having
no informant available (DELIRIUM-PD n = 5; DECIDE
n = 0), lacking capacity with no appropriate consultee
(DELIRIUM-PD n = 11; DECIDE n = 12), having insuf-
ficient English to complete assessments (DELIRIUM-PD
n = 6), having an infectious disease (DELIRIUM-PD n = 7;
DECIDE n = 5), being out of area (DELIRIUM-PD n = 1),
or not approached (DECIDE n = 14) (Figure 1). There
were 173 participants with outcome data available from
DECIDE and 115 from DELIRIUM-PD. PD participants
were significantly younger than controls (median = 77 years,
IQR = 11 vs. median = 82 years, IQR = 9, respectively), had
more years in education (median = 11 years, IQR = 3 vs.
median = 10 years, IQR = 2, respectively) and were frailer
(median CFS = 6, IQR = 1 vs. median CFS = 4, IQR = 2
respectively, p < 0.001 for all). Of the PD participants,
18.2% (n = 22) had a dementia on admission to hospi-
tal compared to 9.5% (n = 19) of controls (p = 0.020).
Delirium occurred in 66.9% (n = 81) of participants with
PD compared to 38.7% of older adult controls (n = 77,
p < 0.001). Parkinson’s disease participants with delirium
were frailer compared to those without delirium (CFS
median = 6, IQR = 2 vs. median = 5, IQR = 2, respectively,
p < 0.001), had more severe motor symptoms (MDS-
UPDRS III median = 62.5, IQR = 24.5vs. median = 50,
IQR = 13, respectively, p = 0.003) and had more hos-
pital admissions (median = 2, IQR = 1.5 vs. median = 1,
IQR = 0.00, respectively, p < 0.001).

Mortality

In PD participants with delirium, 46.9% (n = 38/81)
died within 12 months of their last discharge compared
to 15% (n = 6/40) of participants with PD without

delirium (p < 0.001) and 29.9% (n = 23/77) of the control
participants with delirium (p = 0.021). PD participants
with delirium had a significantly lower cumulative survival
probability at 12 months compared to those PD participants
without delirium (53.7% vs. 85%, respectively, p < 0.001)
and to controls with delirium (53.7% vs. 71.1%, p = 0.025,
Figure 2). Controls with delirium had a significantly lower
cumulative survival probability at 12 months compared to
controls without delirium (71.1% vs. 89.3%, p < 0.001).
Participants with PD delirium had three times the risk of
mortality (HR = 3.3, p = 0.014) at 12 months post discharge
compared to those without delirium, adjusted for age, sex,
frailty and baseline dementia. Whereas mortality risk did
not significantly differ in controls with and without delirium
(p > 0.05, Table 2).

Dementia

Of the surviving participants, who were dementia free at
admission, 37.2% (n = 16/43) of those with PD and delir-
ium developed dementia within 12 months compared to
9.4% (3/32) of those without delirium (p = 0.005) and
27% (n = 10/37) of the control delirium group (p = 0.233).
Delirium increased the risk of developing dementia by six
times (OR = 6.1) in PD participants compared to 13 times
(OR = 13.4) in controls (p < 0.05 for both, Table 2) adjusted
for age, sex, and frailty.

Institutionalisation

48.1% (n = 25/52) of surviving PD participants with delir-
ium who were not in care at baseline were institutionalised
within 12 months compared to 5.9% (2/34) of those with-
out delirium (p < 0.001) and 16.3% (7/43) of the control
delirium group (p = 0.002). Delirium incurred ten times
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Figure 1. Recruitment flowchart for DELIRIUM-PD. ∗Does not include people with PD admitted to hospital during study pauses due
to COVID-19 pandemic Parkinson’s disease (PD); Delirium and Cognitive Impact in Dementia (DECIDE); Defining Delirium and its
Impact in Parkinson’s disease (DELIRIUM-PD).

Table 2. Delirium as an independent predictor of death, dementia diagnosis, and institutionalisation.

PD Control
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Deatha∗ 3.3 (1.3–8.6), p = 0.014 2.2 (1.0–4.7), p = 0.053
New dementiab 6.1 (1.3–29.5), p = 0.024 13.4 (2.5–72.6), p = 0.003
New institutionalisationa 10.4 (2.0–52.9), p = 0.005 5.4 (.5–60.7), p = 0.170
Any adverse outcomeb 4.7 (1.8–12.1), p = 0.001 6.8 (2.7–14.2), p < 0.001

Data presented are odds ratio (95% confidence interval), P value unless otherwise stated. Significant results highlighted in bold. PD—Parkinson’s disease. ∗ Cox
regression. Data presented are hazard ratio (95% confidence interval), P value. Covariates included in model are a: age (years), sex, binary clinical frailty with cut
point 5, baseline dementia; b: age, sex, binary clinical frailty.

(OR = 10.4, p = 0.005) increased risk of institutionalisation
in the PD group but there was no significant risk in the
control group (p > 0.05, table 2) adjusted for age, sex, frailty,
and baseline dementia.

Any adverse outcome

Most of those with PD and delirium (70%, n = 56/81)
experienced at least one adverse outcome (comprising
death, dementia, or institutionalisation) compared to
27.5% (n = 11/40) of those without delirium (p < 0.001)

and 58.8% (n = 40/68) of the control delirium group
(p < 0.001). Delirium increased the risk of a negative
outcome by four-fold in PD participants and six-fold in
controls (OR = 4.7 and OR = 6.8, respectively, p < 0.01 for
both, Table 2).

Discussion

In the first prospective study of delirium in PD, we have
shown that two-thirds of people with PD develop delirium
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Figure 2. A Kaplan–Meier survival curve in PD participants
and controls with and without delirium.

during hospitalisation compared to just over one third of
older adults without PD. We have also shown that delir-
ium in PD is associated with significantly higher risks of
institutionalisation and death within one year, compared to
delirium in older adults without PD. Taken together, these
results show that the high prevalence and poor outcomes seen
with delirium appear to be exaggerated in PD.

When compared to existing literature, our delirium preva-
lence of 67% in people with PD in hospital was higher (22–
48%) than reported previously in medical PD inpatients [5].
It is likely that published studies have underestimated delir-
ium prevalence due to several methodological limitations.
First, the methods used for delirium detection were highly
heterogeneous, including DSM-IV criteria, a new prescrip-
tion of antipsychotic medications and the use of delirium
screening tools, none of which have been validated in PD [5].
Second, multiple studies have relied on retrospective medical
notes reviews to diagnose delirium, despite delirium in PD
often being underreported in patient medical notes [7]. In
older adults without PD, it is well established that delirium
is associated with increased mortality [32–35]. However,
no previous prospective studies have specifically aimed to
evaluate outcomes after delirium in PD. A retrospective
study of outcomes in a PD cohort of 191 showed a three-
fold increased risk of mortality over a 16 year period [11].
We also found a three-fold increased risk of mortality in
people with PD who experienced delirium but within a
much shorter follow up, with only just over half of patients
with PD surviving to one year after an episode of delirium.
Another small study found survival rates to be worse over a
five-year period in a Parkinsonian delirium group compared
to a control group [36]. Our study built on this by directly
comparing survival rates following delirium in people with
and without PD, demonstrating the immediacy and urgency
of the outcome and reporting a more accurate risk estimate
by using a much larger cohort. Whilst controls with delirium
had a lower cumulative survival probability than controls
without delirium, this association did not remain significant
when controlling for age, sex, clinical frailty, and baseline

dementia. We have not only confirmed the risk of mortality
within the PD population, but we have also shown for the
first time that PD increases the risk of mortality over and
above a delirium in older adults.

Whilst as far as we are aware, the risk of institutional-
isation following an episode of delirium has never previ-
ously been considered in a PD cohort, several studies have
shown that delirium increases the risk of institutionalisation
by up to three times in general older adult populations
[10]. We showed that people with PD who experienced
delirium had a 10-fold increased risk of institutionalisation
within a year even when controlling for age, sex, frailty, and
baseline dementia. There are several potential reasons for
this. Hallucinations are often a predominant issue leading
to institutionalisation in PD, especially when considering
the associated carer burden [37]. Functional decline is also
a driver of nursing home placement [38]. Both may be
exacerbated following delirium [3] and may explain this
increased risk of nursing home placement. Understanding
the magnitude and drivers underlying this increased risk is
vital on both an individual and population level, particularly
given the current crisis in social care.

We found that participants with PD were at a six-fold
increased risk of developing dementia following their delir-
ium compared to PD participants without delirium. This is
in line with results from a retrospective outcomes study by
Green et al [11]. We found that the risk of dementia was
lower in PD compared to our older adult controls without
PD. This may be due to considerable survival bias with
the higher mortality in the PD group (46.9%) compared
to the control group (29.9%); it is possible that a greater
proportion of PD participants may have developed PDD
had they survived. We found that participants with PD were
at an increased risk of mortality, institutionalisation, and
dementia, but in controls, delirium was only a predictor
of dementia. This raises the question of whether there is
something phenotypically or mechanistically different to
PD related delirium compared to older adults without PD.
Although exploring this was outside the scope of this study,
speculatively, deficits in neurotransmitters (e.g. dopamine
and acetylcholine) and proinflammatory cytokine profiles
associated with PD may play a role [3, 39]. It is important
for future research to consider if there is a phenotypic reason
for this, or if the outcomes are influenced by other factors
related to PD, such as disease severity or clinical frailty.

A major strength of this work was the combining of two
prospective studies using a standardised approach to delir-
ium ascertainment, allowing a direct comparison between
PD and older adult cohorts over time. However, data col-
lection was at one time point each day and frequency of
delirium screening differed between studies. In DELIRIUM-
PD, there was no data collection on weekends or bank
holidays and visits were reduced to once weekly after the five
consecutive days. Although this was mitigated by reviewing
medical notes and gaining collateral history from family
members and hospital staff, it is possible that some episodes
of delirium were missed due to the fluctuating nature of the
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condition. Due to the complex nature of delirium and hospi-
tal admissions in older adults, we were unable to account for
differences in acute disease severity, prescribed medications,
history of falls and admission type in this analysis. These
may have had an impact on delirium prevalence and adverse
outcomes. However, the aetiologies and driving factors of
delirium are extensive, where the cause can often be multi-
factorial and subtle, making it difficult to quantify. The scale
of the problem in terms of identifying causes of delirium
has been demonstrated in a recent systematic review which
reported 112 precipitating and predisposing factors includ-
ing systemic illness, metabolic abnormality, surgical and
pharmacological factors [40]. Despite this, it does highlight
the need for delirium to be assessed. During the COVID-
19 pandemic (2020–2022), there was a reduction in in-
person clinic visits during the DELIRIUM-PD study period
and, consequently, dementia cases may have been underes-
timated. We used a robust consensus criterion for dementia
diagnosis alongside medical notes reviews to manage this and
the differing methods for identifying dementia across the
studies. Finally, PD participants were frailer than controls at
baseline. Although frailty was a covariate in all models, it is
difficult to disentangle the relationship between frailty and
delirium, with poor outcomes. Whilst we may expect worse
clinical frailty to be a driving factor of survival rates, when
considering the bidirectional relationship between the risk
of delirium and frailty, along with the prevalence within a
PD population, it is a complex area where further research
is essential [41–44]. Our work has highlighted the necessity
to prevent and manage delirium in PD, particularly when
considering that delirium can be preventable in some cases
[45]. However, there is currently no PD-specific evidence
available to implement this change [6]. A major challenge
is differentiating delirium from PD due to the overlap in
clinical features. Despite this, only 11 studies pertain to
delirium symptoms in PD participants, no studies attempt
to differentiate PD symptoms from acute symptoms of delir-
ium and, there are no studies that have investigated PD in
delirium longitudinally [5, 6]. For clinicians to know how
to accurately identify, prevent and manage delirium, future
work must first describe the phenomenology of delirium in
PD, taking into consideration its subtypes. Subsequently,
delirium screening tools may need to be altered to be more
suitable for a PD delirium diagnosis [46].

In conclusion, people with PD are much more likely
to develop delirium in hospital than older adults without
PD. Delirium in PD leads to an increased risk of death,
dementia, and institutionalisation. There is an urgent need
for further research in people with PD to determine how best
to diagnose and manage delirium, including clinical trials to
reduce the risk of adverse outcomes.

Supplementary Data: Supplementary data mentioned in
the text are available to subscribers in Age and Ageing online.
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