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Key points
Aim To investigate aetiology-specific associations with mortality among older patients with delirium.
Findings Delirium predicted mortality, as did inflammatory and metabolic disorders. However, there was no evidence for
any interactions between these factors.
Message Mortality from delirium is consistent regardless of underlying aetiology, suggesting that no aetiology carries better or worse prognosis than another.
Abstract
Purpose To describe aetiology-specific associations with mortality among older hospital patients with delirium.
Methods Over 21 months, a cohort of 1702 patients with 2471 acute hospital admissions (median age 85, IQR 80–90, 56%
women) were assessed for delirium, categorised with inflammatory and metabolic aetiologies based on available laboratory
results, and followed up for all-cause mortality. Interactions between aetiology and delirium were tested.
Results The total mortality for the cohort was 35.2%. While inflammation, metabolic disturbance, and delirium at time of
admission all demonstrated independent associations with mortality, there was no evidence for any interactions between
delirium and these laboratory-measured aetiologies.
Conclusions Delirium remains an important predictor of death in older hospital patients, irrespective of underlying aetiology.
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Introduction
Delirium, characterised by acute inattention and altered
arousal, is common and serious in older inpatients [1]. It is
associated with adverse outcomes including mortality, prolonged hospital stay, institutionalisation, and accelerated
cognitive decline [2, 3]. Delirium aetiology is often multifactorial, though it is unclear whether the precipitating cause
of delirium directly influences mortality. In order to address
this question, we sought to quantify the relationship between
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different causes of delirium and mortality in a longitudinal
cohort of older hospital patients.

Methods
Participants
We undertook a secondary analysis of a cohort presenting
to an acute geriatric medicine service, previously described
[4]. In brief, between April 2015 and January 2017, consecutive patients were assessed for frailty, dementia and delirium
during the first 24 h of admission to a single tertiary centre, University College Hospital, London, which ran a parallel admissions service for older people based on frailty.
Patients were included if they were admitted under this service for ≥ 24 h and had contemporaneous blood tests as part
of their clinical work-up. Information from each admission
was used if participants were hospitalised more than once.

13

Vol.:(0123456789)

European Geriatric Medicine

These analyses were conducted as part of a service evaluation project, and individual consent was not necessary as
determined by the NHS Health Research Authority (HRA),
the regulatory body for medical research for England, UK.
The HRA has the Research Ethics Service as one of its core
functions, and they determined the project was exempt from
the need to obtain approval from an NHS Research Ethics
Committee.

Outcomes
Mortality was ascertained through statutory reporting (notifications to the National Health Service Spine registry). We
considered outcomes up until December 2018.

Exposures
Delirium was determined on initial presentation by a consultant geriatrician, often using a validated diagnostic tool
such as the 4AT [5]. Dementia was generally diagnosed or
identified by consultant geriatricians from medical records
or collateral history at the time of admission. Frailty was
graded according to the Clinical Frailty Scale [6].
Delirium aetiology was classified into four categories:
inflammation, metabolic, neither, both. These categories were inferred from laboratory results and were also
applied to non-delirious controls. Systemic inflammation
was defined by an abnormal C-reactive protein (> 5 mg/L)
or White Cell Count (< 4 or > 12 × 109/L). Metabolic disturbance was defined by a high blood urea nitrogen/creatinine ratio (> 18 mg/dL:mg/dL) in the context of high
creatinine (> 92 µmol/L) or by any other electrolyte abnormality (sodium < 135 or > 145 mmol/L; potassium < 3.5
Table 1  Patient characteristics
and delirium status for
admissions
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or > 5.1 mmol/L, calcium (albumin-adjusted) < 2.15
or > 2.55 mmol/L). Such data were readily available from
retrospective interrogation of electronic patient records.

Statistical analysis
We used a proportional Cox hazard model to estimate risk
of death in those with and without delirium, stratified by
aetiology as defined above. To account for individuals with
multiple admissions, we right-censored by readmission date
[7] and clustered by individual to estimate robust standard
errors. In a series of univariable and multivariable models,
we tested interactions between delirium and each available
aetiological factor, including the above exposures and demographic data (age, sex). Heteroskedasticity was assessed by
inspecting Schoenfeld residuals. We used Python 3.6, Jupyter Notebook [8, 9], to pre-process the data and Stata 15.1
(StataCorp) for all other analyses.

Results
In this sample, 1750 individuals were assessed. With 31%
being admitted more than once, there were 2552 separate
admissions. Inclusion criteria were met for 2471 admissions
(96.8%, 1702 individual patients, 97.2%) (Table 1). Of these
admissions, the median age was 85 years (range 52–103),
1378 (55.8%) were women, 1235 (50%) had dementia, and
median Clinical Frailty Scale score was 6 (IQR 5, 7). Delirium was identified in 831 (33.6%) admissions. Inflammation
and metabolic abnormalities were apparent in 1948 (78.8%)
and 772 (31.2%) admissions, respectively. There were 866

Overall (n = 2471)
Mortality, n (%)
870 (35.2)
Age, median (Q1,Q3)
85 [81,90]
Sex, female (%)
1378 (55.8)
1
2 (0.1)
2
9 (0.4)
3
32 (1.3)
4
170 (6.9)
Clinical Frailty Score (%)
5
602 (24.4)
6
912 (36.9)
7
622 (25.2)
8
95 (3.8)
9
27 (1.1)
Dementia (%)
1235 (50.0)
Inflammatory (%)
1947 (78.8)
Metabolic (%)
772 (31.2)

No delirium (n = 1640)

Delirium (n = 831)

p

499 (30.4)
85 (81,89)
914 (55.7)
2 (0.1)
9 (0.5)
31 (1.9)
138 (8.4)

371 (44.6)
85 (80,90)
464 (55.8)
0 (0)
0 (0)
1 (0.1)
32 (3.9)

< 0.001
0.745
0.995

473 (28.8)
603 (36.8)
325 (19.8)
44 (2.7)
15 (0.9)
626 (38.2)
1248 (76.1)
490 (29.9)

129 (15.5)
309 (37.2)
297 (35.7)
51 (6.1)
12 (1.4)
609 (73.3)
700 (84.2)
282 (33.9)

< 0.001

< 0.001
< 0.001
0.044
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(35.0%) deaths during the 44-month study period. Length
of follow-up ranged from 1 to 1340 days.
In univariable models, delirium, inflammation and
metabolic disturbance were all associated with mortality
(delirium HR 1.35, 95% CI 1.17–1.56, p < 0.01; inflammation HR 1.74, 95% CI 1.45–2.09, p < 0.01; metabolic HR
1.36, 95% CI 1.18–1.56, p < 0.01) (Table 2). Kaplan–Meier
curves, adjusted by age–sex–frailty, show survival stratified
by delirium status and aetiology (Fig. 1). In the multivariable model, there was no evidence of an interaction between
delirium status and aetiological factor (Table 2).

Discussion
In a sample of older people presenting to acute care, we
found the mortality associated with delirium was consistent, irrespective of underlying inflammatory, metabolic or
Table 2  Hazard ratios for
mortality by delirium,
inflammatory and metabolic
exposures, and covariate factors,
estimated by Cox regression

other aetiologies. This suggests any pathophysiological pathway from delirium to death does not specifically involve
inflammation or metabolic disturbance. It also indicates the
mortality after delirium is substantial, even if there are no
abnormal laboratory results. Taken together, our findings
highlight the need for continued recognition of delirium as
a harbinger for death from any cause.
Consistent with the case mix for an acute frailty service
(> 90% had CFS scores 5 or more), admissions with delirium
were of comparable age to those without. Similarly, dementia was not associated with death on univariable analysis,
compared with frail patients without dementia. These observations are in keeping with our finding that adjusting for
age did not make much difference between univariable and
multivariable analyses.
Our results are limited as a single-site study in an urban
university hospital. Moreover, we have assumed that
routine laboratory tests are valid approaches to classify

Univariable models

Age
Sex (female)
Clinical Frailty Score
Dementia
Delirium
Inflammatory
Metabolic

HR

95% CI

1.04
0.73
1.45
0.92
1.35
1.74
1.36

1.03
0.63
1.34
0.79
1.17
1.45
1.18

Multivariable model
p
1.05
0.83
1.56
1.07
1.56
2.09
1.56

< 0.01
< 0.01
< 0.01
0.28
< 0.01
< 0.01
< 0.01

HR

95% CI

p

1.03
0.72
1.43

1.02
0.64
1.33

1.04
0.83
1.54

< 0.01
< 0.01
< 0.01

1.32
1.76
1.36

1.15
1.47
1.18

1.52
2.11
1.57

< 0.01
< 0.01
< 0.01

Complete case analysis of 2471 admissions, clustered by 1702 patients
Fig. 1  Kaplan–Meier survival
curves describing age–sex–
frailty-adjusted survival from
admission, by aetiology and
delirium status (censored by
readmission or end of study,
clustered by patient)
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systemic inflammatory or metabolic aetiologies. Additional information on medications as delirium precipitants
may have strengthened our interpretation. Nonetheless,
the data benefit from prospective follow-up of a cohort
characterised by specialists in geriatric medicine, and the
outcome ascertainment is robust.
Other studies that have linked aetiology-based phenotypes in delirium with outcomes such as cognitive impairment, have been mainly in the context of critical illness or
after surgery [10–12]. In these settings, specific delirium
aetiologies may have different impacts on outcomes. This
contrasts with our finding that delirium carries similar
mortality outcomes, regardless of aetiology.
Our findings emphasise the impact of delirium on mortality irrespective of aetiology for older patients presenting to acute hospital. The main clinical implication is that
delirium, even when its precipitant does not affect laboratory
values (e.g. new medications or withdrawal, pain, constipation, urinary retention), confers an association with mortality comparable to other causes that may be perceived as
more serious. Further work is needed to confirm this in other
settings, such as intensive care or postoperative patients.
Mechanistically, if the causes considered here do not have
specific relationships with death, that is, any aetiology is
equally relevant, then it suggests that delirium represents
a final common (adverse) pathway. In any case, persistent
effort is needed to ensure best practice in delirium prevention but also that identifying all causes of delirium remains
an important aspect of geriatric medical care.
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