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Abstract

Background: Delirium is an extremely common hospital complication. No study to date has assessed whether a
priori defined covariates; type of hospital setting and year of study publication, influence the relationship between
delirium and mortality. This is also the first study to examine the longitudinal trend of delirium-associated mortality
over recent decades, to analyse the trajectory of our efforts in combating this disease.

Methods: MEDLINE, EMBASE and PsycINFO, were searched from January 1981 to May 2018 for English-language
primary articles. Rigorous title and abstract screen and full-text screen were conducted independently by two
reviewers. This paper adhered to MOOSE guidelines. Data was extracted independently by one reviewer using
standardised data-collection sheets, with a separate reviewer verifying for accuracy. The quality of included studies
was assessed using the Newcastle-Ottawa Quality Assessment Scale. Unadjusted effect sizes and event counts were
analysed with a random effects model in primary meta-analysis and meta-regression, whereas a mixed effect model
was used in secondary sub-group analysis. Mortality data at longest follow-up and cumulative mortality (hospital
mortality combined with mortality at longest follow-up) data were analysed.

Results: As part of a larger project, 446 of 6790 articles were retrieved, including 71 studies that measured
mortality. Our results demonstrate that elderly inpatients with delirium had significantly greater odds of mortality
(OR 3.18 [95%Cl: 2.73, 3.70]) compared to non-delirious controls. Patients with delirium in the ICU had the highest
odds for mortality (OR: 7.09 [95%Cl: 3.60, 14.0]); double the risk compared to the average. Curiously, despite
advancements in delirium research, delirium associated in-hospital odds of mortality has not changed in 30 years.

Conclusion: This is the largest meta-analysis to confirm the association between delirium and mortality, in older
(age 2 65) hospital inpatients.

The current meta-analysis highlights the significant odds of mortality after an episode of delirium, and these odds
are much higher for ICU patients. However, in contrast to other medical conditions that have seen a decrease in
associated mortality over the past few decades, delirium associated mortality remains unchanged. These findings
underscore the urgent need for better delirium treatments.

PROSPERO Registration Number: CRD42018098627, https://www.crd.york.ac.uk/prospero/display_record.
php?RecordID=98627

Keywords: Delirium, Acute confusion, Death, Mortality, Prognosis

* Correspondence: mayzin.aungthein@student.unsw.edu.au

'Faculty of Medicine, University of New South Wales, Edmund Blackett
Building, Prince of Wales Hospital, Barker Street, Randwick, NSW 2031,
Australia

Full list of author information is available at the end of the article

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12877-020-01723-4&domain=pdf
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=98627
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=98627
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:mayzin.aungthein@student.unsw.edu.au

Aung Thein et al. BVIC Geriatrics (2020) 20:325

Background

Delirium is an acute state of confusion characterised by
inattention, cognitive dysfunction and a fluctuating
course associated with a medical cause [1], clinically di-
agnosed with the aid of delirium diagnostic tools such as
the Confusion Assessment Method (CAM) [2]. Delirium
is a significant clinical problem faced by clinicians [3],
with a prevalence of around 22.9% [4] across acute and
rehabilitation hospital wards. Meanwhile, an astonish-
ingly high incidence of up to 89% of delirium occurs in
the intensive care setting [5]. Overall, it is thought to
affect up to half of older (aged =65 years) hospital inpa-
tients [6]. Despite being of such importance, delirium re-
mains poorly understood, and there are limited effective
management options. There is scarce research on the
pharmaceutical interventions for delirium [7], while
non-pharmacological delirium interventions have risen
in popularity. Multi-component and some single-
component non-pharmacological interventions have
demonstrated efficacy in prevention, but not in the treat-
ment of delirium in patients > 60 years old [8]. Further-
more, the incidence and duration of delirium in critically
ill patients were not reduced by non-pharmacological in-
terventions [9]. This lack of effective treatment is dras-
tically different from other diseases that have similar
prevalence rates.

Therefore, there is a pressing need to evaluate the ef-
fect of delirium on the simplest and most significant
marker of health - mortality.

In 1987, delirium was still defined as a transient dis-
order [10]. We now understand that delirium is associ-
ated with several negative sequelae. A meta-analysis in
2010 established that delirium in older people was asso-
ciated with increased mortality, institutionalisation and
dementia [11]. This underlines the importance of delir-
ium recognition and treatment, as failure to diagnose de-
lirium may have devastating consequences.

Recent studies examining the effect of delirium on mor-
tality across various settings have had inconsistent findings
[12-16]. Newer meta-analyses on this topic have been con-
ducted in 2013 and 2015, both focused on critically ill pop-
ulations [17, 18], while one in 2017 focused specifically on
postoperative delirium [19]. Therefore, our current clinical
practice is informed by studies with small sample size and
isolated surgical or critically ill populations. An updated
and statistically robust review is required to make a public
health level impact statement that will change the way de-
lirium is understood. Additionally, with the advent of multi-
component interventions, delirium tools, and efforts to
increase delirium awareness, reviewing the trend of
delirium-associated mortality over time would be a valuable
reflection of the medical community’s efforts in combating
delirium. Therefore, a rigorous quantitative review of the
prognosis associated with delirium is crucial and timely.

Page 2 of 12

Our study aims to explore the relationship between
delirium and its sequelae, in older (> 65 years old) hos-
pital inpatients, as well as the prognosis of delirium for
patients in different settings (e.g. medical, surgical).

Methods

This paper is part of a larger project examining the asso-
ciation between delirium and adverse outcomes in older
(= 65years old) hospital inpatients, compared to non-
delirious controls using a meta-analysis and meta-
regression approach. We endeavoured to systematically
review unadjusted effect sizes and raw event counts to
produce a comprehensive and summarised picture of the
adverse consequences of delirium. Since adjustment var-
ies from study to study, examining unadjusted data al-
lows the study of raw mortality rates over time.

The focus of this paper will be on

1) Primary meta-analysis of the effect of delirium on
mortality, as an adverse outcome, in older hospital
inpatients.

2) Secondary subgroup meta-analysis comparing the
effect of delirium on mortality within different set-
tings (medical, surgical).

3) Secondary meta-regression analysis of the effect of
the association between delirium and mortality,
over time (year of publication).

Data sources and search strategy

This project adhered to the Meta-analyses Of Observa-
tional Studies in Epidemiology (MOOSE) guidelines. A
comprehensive and systematic literature search of
EMBASE, MEDLINE and PsycINFO was developed with
a librarian and with a specialist of geriatric medicine.
Search terms including, “delirium”, “acute confusion”,
“prognos* (prognosis/prognoses/prognostic) OR course*
OR sequalae or outcome*”, “mortality”, were combined
with appropriate Boolean operators, while considering
the alternative spellings used in different countries
(Supplementary Table S1). Primary articles written in
English and published from January 1981 to 2018 were
considered, while conference abstracts, posters and non-
full text articles were excluded. The year 1981 was
chosen as a starting point because the Diagnostic and
Statistical Manual of Mental Disorders-3, which pro-
vided the first formal differentiation between dementia
and delirium, was first published in 1980. Titles and
abstracts were retrieved throughout 26th—29th May
2018. The protocol was successfully registered in the
PROSPERO registry on 26th June 2018, (Registration
Number: CRD42018098627) and the full search strat-
egy is documented in Supplementary Table S1.



Aung Thein et al. BMC Geriatrics (2020) 20:325

Selection criteria

A title and abstract screen and a full text screen were
conducted independently by the study investigators
(MZAT and JP), and any disagreements were resolved
through consultation with a co-author (GC). Both re-
viewers adhered to the inclusion and exclusion criteria
(Supplementary Table S2). Random samples of 100 arti-
cles were trialled until inter-rater agreement reached
99%, and Kappa value 0.85, before commencing on the
actual screening process. The inclusion and exclusion
criteria were refined between title/ abstract screen, and
full-text screen (specifics in Supplementary Table S2), to
limit heterogeneity of studies without compromising the
quantity of data that could be gathered.

After eliminating duplicates using Rayyan software
[20], 6790 entries were reviewed for the three adverse
outcomes of mortality, nursing home placement and de-
mentia. Articles with the same title, author name and
abstract content but a different journal title and/or issue
number were also considered duplicates, and studies in-
vestigating delirium intervention were excluded. Hand
searching in terms of a forward citation of a similar art-
icle [11] published in 2010 was also conducted to
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expand the breadth of this search. This process is docu-
mented in the PRISMA flow-chart (Fig. 1).

Data extraction

A standardised data-collection sheet was used to extract
data, including but not limited to the following variables:
study design, criteria for diagnosis of delirium, number
of deaths, time of longest follow-up for mortality out-
come (Supplementary Table S3). Characteristics of in-
cluded studies are recorded in Additional file 1: Table 4.
Studies were given a unique identifying number, which
appears before the primary author on the forest plots.
Every possible effort was undertaken to obtain included
articles by contacting corresponding authors.

One reviewer independently extracted the data, while
another reviewer checked the data-extraction sheet for
errors and ambiguous recordings. All disagreements
were resolved by discussion and consultation with GC.
In cases where several studies were part of the same lar-
ger study, data was obtained from the study with the lar-
gest sample size. For studies that measured outcomes at
various time points, data at the longest follow-up was

PsycINFO (1981 - 2018): N = 705

MEDLINE (1981-2018): N =

EMBASE (1981 - 2018): N = 5463
Forward Citation of 1 article (11): N =563

2901

}

N =6790

Non-Duplicated Citations Screened

A4

Excluded on Title and Abstract Screen
N = 6344

Full Text Reviewed
N = 446

Excluded on Full Text Review
N =315

Data Extracted

Excluded (N =62)

N=131
1 Article added -
from reference —>
review v
1 Article treated as Included
2 studies as N=71

separate outcome
data reported for
2 sub-populations
(no overlap of
participants)

Fig. 1 PRISMA flow chart describing process of article search and selection

Lack of adequate definition of delirium: N =8
Delirium tremens and/or hepatic encephalopathies
included: N =4
Inadequate data for meta-analysis: N = 28
Part of a larger study: N=7
Non-mortality outcomes reported: N = 15
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used. Cumulative mortality (hospital mortality combined
with mortality at longest follow-up) data were analysed.

Risk of bias and quality assessment

Quality assessment was conducted using the Newcastle-
Ottawa Quality Assessment Scale (NOS) and each study
was given an overall rating. All included articles were
observational cohort studies. In accordance with previ-
ous literature that used the NOS, a summary score esti-
mate of 0-3 stars reflected low quality, 4-6 stars
moderate quality and 7-9 stars indicated high quality
[21]. Articles with an overall rating of <5 stars were ex-
cluded from our analysis.

Statistical analysis
All statistical analyses were conducted with Comprehen-
sive Meta-Analysis V3 software. For primary analysis,
the overall effect size was calculated using either re-
ported raw data of event counts or reported unadjusted
effect sizes with their 95% confidence intervals (CI). All
analyses were conducted using random effects models to
produce an overall odds ratio (OR) as the principal sum-
mary measure. A random effects model was used as the
assumption of true differences in exposure effect be-
tween studies, and its estimates of average exposure ef-
fect [22] was more conservative and realistic. For
secondary analysis, studies were sub-grouped according
to setting, as a categorical moderator and analysed for
overall effect size within each sub-group.
Meta-regression was used to explore if the following a
priori defined covariates accounted for heterogeneity of
study-level effect sizes [23]:

1. Setting (categorical variable)
2. Year of publication (continuous variable)

a. Not all studies reported their year of study,
therefore year of publication was adopted as a
homogenous time measurement. This should
not affect our analysis as this paper is interested
in observing temporal trends of study results,
instead of study results relative to an absolute
time point.

These covariates were chosen for their high variability
between, rather than within, studies [23]. Assessment
and interpretation of heterogeneity are crucial in under-
standing meta-analytic results. Heterogeneity of effect
sizes were analysed by I” analysis: 25% was low hetero-
geneity; 50% moderate, and 75% considered high hetero-
geneity [24]. A meta-regression analysis will explore the
reasons why the overall effect size obtained from the
meta-analysis did not correspond to each study-level ef-
fect size. A random effects meta-regression was under-
taken, because not all the heterogeneity can be
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accounted for by our meta-regression, with the inevit-
able existence of “residual heterogeneity” [23].

Sensitivity analyses used to test the robustness of the
results included the secondary analyses on setting, and
running the analysis with a fixed effects model (to deter-
mine if a similar result to the random effects model was
produced). Observational studies, which are used in this
study, are more susceptible to publication bias which
can jeopardise the validity of meta-analyses [25]. There-
fore, publication bias was rigorously assessed with sev-
eral tools, including the Classic Fail-safe N test, which
suggests the number of unpublished null result studies
required to bring the p-value to >0.05. Using a funnel
plot, publication bias is suggested when the plot appears
asymmetrical [25]. This subjective visual method was
complemented with an objective Egger’s test intercept
value. The intercept value is a quantitative measure of
asymmetry which deviates further from zero with greater
asymmetry [26]. A p value of < 0.05 was considered sta-
tistically significant.

Results

Primary analysis of mortality associated with delirium

A total of 71 studies were included in the primary ana-
lysis, amounting to >49,566 participants (some studies
provided OR without specifying the number of patients).
Older patients who had an episode of delirium had sig-
nificantly greater odds of mortality (OR 3.18, 95% CI:
2.73, 3.70) compared to non-delirious controls (Fig. 2).
There was significant statistical heterogeneity between
the included studies (I* =73.9%, P <0.001), that will be
analysed using a meta-regression approach in subse-
quent sections.

Sensitivity analysis with fixed effects model showed
that delirium was significantly associated with mortality
regardless of the type of model used (OR 2.17, 95% CL:
2.10, 2.30). On visual inspection of the funnel plot,
asymmetry was observed, and presence of publication
bias was suggested on Egger’s Test of the Intercept
(1.63, 95% CI: 1.13, 2.13; p < 0.001). However, the classic
fail-safe N indicated that 12,838 “null” studies would be
required for the P-value to >0.050. Further, Duval and
Tweedie’s trim-and-fill analysis, which recomputes the
overall OR taking into account articles that would have
been omitted due to publication bias, produced an im-
puted point estimate OR of 2.10 (95% CI: 1.80, 2.46).
The results of both tests indicate low risk of publication
bias.

Secondary sub-group analysis of mortality in various
settings

Secondary analysis using a random effects model was
conducted with studies stratified according to hospital
setting: intensive care unit (ICU), medical (e.g. general
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Study name

003 Dimitrios Adamis, 2017 (42)
004 Dimitrios Adamis, 2007 (43)
006 Tamara G. Fong, 2012 (44)

008 Kenneth Rockwood, 1989 (45)
010 Bonnie J. Wakefield, 2002 (46)
012 S Jean Hsieh, 2015 (47)

016 Mark Ardren, 1993 (48)

018 Giuseppe Bellelli, 2007 (49)
020 Agneta Edlund, 2006 (50)

021 Edward R. Marcantonio, 2000 (51)
023 Doris Ka Ying Miu, 2016 (52)
024 Peter Pompei, 1994 (53)

027 Boukje Koebrugge, 2009 (54)
028 Matias Gonzalez, 2005 (55)
029 J. Holden, 2008 (56)

030 Jacob Feldman, 1999 (57)

032 Gianluca Isaia, 2009 (58)

037 Maria Krogseth, 2014 (59)

040 Filippo Pieralli, 2014 (60)

043 Brigitta Olofsson, 2005 (61)
047 Donna M. Fick, 2013 (62)

048 Maria-Laura Muresan, 2016 (63)
049 B. Olofsson, 2018 (64)

050 Maria Lundstrom, 2003 (65)
052 Sharom K. Inouye, 1998 (66)
054 Christina A Mosk, 2017 (67)
055 C. Ruggiero, 2017 (68)

059 David M. Edelstein, 2004 (69)
063 Emilija Dubljanin Raspopovic, 2015 (70)
065 Kannayiram Alagiakrishnan, 2009 (71)
066 Hochang B. Lee, 2017 (72)

069 Matias Gonzalez, 2009 (73)
070 Malaz Boustani, 2010 (74)

072 Francisco J. Noriega, 2015 (75)
073 Michael C. Large, 2013 (76)
074 Maciej Bagineski, 2017 (77)
076 Giovanni Falsini, 2017 (78)

078 Nadya Kagansky, 2004 (79)
080 Martin G. Kat, 2011 (80)

081 Willem A van Eijsden, 2015 (81)
082 ST Pendlebury, 2015 (16)

084 Giuseppe Bellelli, 2008 (82)
085 Rebecca Mitchell, 2017 (83)
087 Meng-Chang Tsai, 2012 (84)
090 J. W Raats, 2015 (85)

091 Paolo Mazzola, 2015 (86)

095 Markus F. Luger, 2014 (87)

096 Douglas L. Leslie, 2005 (88)

097 Robbert C. Bakker, 2012 (89)
100 Monidipa Dasgupta, 2014 (90)
102 Joseph Francis, 1992 (91)

104 Dimitrios Adamis, 2006 (92)
105 Jelle W. Raats, 2015 (93)

107 Leslie S P Eide, 2016 (94)

110 Rosalind Ramsay, 1991 (95)
112 Rungnirand Praditsuwan, 2013 (96)
113 Koji Sato, 2017 (97)

116 Martin G. Cole, 2008 (98)

117 Kathy H. Whittamore, 2014 (99)
118 Allan Gottschalk, 2015 (14)
120 Kenneth Rockwood, 1999 (100)
123 Meng-Chang Tsai, 2012 (101)
124 Shaun O' Keeffe, 1997 (102)
125 Sharon K. Inouye, 2016 (103)
127 Mitsunaga lwata, 2006 (104)
129 Shanmugam Uthamalingam, 2011 (105)
131 Aik Haw Tan, 2015 (12)

133 Sue. E Levkoff, 1992 (106)

134 Ozge Duman Atilla, 2014 (107)
135 Melanie Dani, 2018 (108)

137 Carlos Jorge-Ripper, 2017 (109)

Fig. 2 (See legend on next page.)

Time point Statistics for each study

Odds Lower Upper

ratio limit limit p-Value
2017.000 2965 1.481 5934  0.002
2007.000 1.401 0.630 3.114  0.408
2012.000 1795 0.942 3.421 0.075
1989.000 12.176 1.191 124470 0.035
2002.000 73.080 3.711 1439.109  0.005
2015.000 9.429 1.521 58.448 0.016
1993.000 0.379 0.048 3.015 0.359
2007.000 2.085 0.878 4.951 0.096
2006.000 2250 1.407 3.599  0.001
2000.000 1740 0.589 5.142 0.316
2016.000 2102 0.953 4.633  0.066
1994.000 4435 2.079 9.461 0.000
2009.000 10.833 1.872  62.707  0.008
2005.000 4263 1.820 9.987 0.001
2008.000 2.080 0.500 8.660 0.314
1999.000 18375 1.695 199.213 0.017
2009.000 0.928 0.041 20.788  0.962
2014.000 1712 0769 3.813 0.188
2014.000 2778 1398 5.523  0.004
2005.000 4968 0.570 43.307 0.147
2013.000 3.185 1210 8.386 0.019
2016.000 2.940 1.469 5.886  0.002
2018.000 2.554 1.167 5590 0.019
2003.000 4.255 1.598 11.333  0.004
1998.000 2928 1.810 4.737 0.000
2017.000 3.363 2.159 5.238  0.000
2017.000 2269 1.365 3.773  0.002
2004.000 2400 1.137 5.065 0.022
2015.000 11265 4.501 28.189  0.000
2009.000 9.000 2.172  37.286 0.002
2017.000 1967 1.264 3.062 0.003
2009.000 5.654 3.243 9.857 0.000
2010.000 2.146  0.949 4.853  0.067
2015.000 5.075 2340 11.008  0.000
2013.000 1.063 0.291 3.891 0.926
2017.000 16.343 4.704 56.782 0.000
2017.000 8.655 5.437 13.776  0.000
2004.000 2,050 0.381 11.031  0.403
2011.000 4944 2.888 8.464  0.000
2015.000 5.924 1.800 19.495  0.003
2015.000 4666 1.797 12.110  0.002
2008.000 2.398 1577 3.648  0.000
2017.000 1740 1.620 1.869  0.000
2012.000 1.527 1.006 2319  0.047
2015.000 3.529 1.084 11.496  0.036
2015.000 3.860 2.019 7.378  0.000
2014.000 1.254 0.433 3.635 0.677
2005.000 2,594 1.727 3.896  0.000
2012.000 48.284 2.762 843990 0.008
2014.000 4.087 2.636 6.337  0.000
1992.000 6.339 3.104 12.945  0.000
2006.000 4.296 0.999 18.485  0.050
2015.000 7.958 2494 25395 0.000
2016.000 2.486 0.483 12.785  0.276
1991.000 10.023 3.505 28.657 0.000
2013.000 6.645 3.278 13.471  0.000
2017.000 3.886 1.164 12976  0.027
2008.000 4639 1938 11.107  0.001
2014.000 1.603 0.933 2751  0.087
2015.000 2,360 1.433 3.886  0.001
1999.000 6.230 2.686 14.447 0.000
2012.000 1.052 0.739 1.498 0778
1997.000 2,500 1.315 4.754  0.005
2016.000 1578 0.770 3.233  0.213
2006.000 3.755 1.978 7.130  0.000
2011.000 3.159 2.134 4.675  0.000
2015.000 5.754 2394 13.830  0.000
1992.000 2401 1354 4.256  0.003
2014.000 4.050 2.060 7961 0.000
2018.000 4.418 2417 8.074  0.000
2017.000 1597 0.540 4724 0.398

3.178 2.733 3.695  0.000

Odds ratio and 95% CI
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(See figure on previous page.)

Fig. 2 Primary analysis of unadjusted data from 71 studies ([42-109]). Odds Ratio of > 1 indicates greater odds of mortality in patients who
experienced delirium. Studies named according to unique identification number and name of primary author. Time point indicates the year of
publication. Lower limit and upper limit mark the confidence intervals (Cl) of the odds ratio. (Please note: software does not allow us to remove

column “Time point”)

medical or acute wards), surgical, mixed (e.g. acute and
post-acute wards, surgical and medical wards) or post-
acute (e.g. rehabilitation and/or psychiatry).

Patients who experienced delirium in different settings had
different odds for mortality: OR: 7.09 (95% CI: 3.60, 14.0) in
the ICU setting, OR: 3.64 (95% CIL: 2.99, 4.44) in the medical
setting, OR: 3.00 in the surgical setting (95% CI: 2.33, 3.88),
OR: 298 in the mixed setting (95% CIL: 2.30,3.86) and lastly
OR: 1.67 in the post-acute setting (95% CI: 1.17, 2.39).

Meta- regression analysis of mortality in various settings
A meta-regression with setting as a covariate in a ran-
dom effects model was subsequently carried out. With

an R? of 0.41, and a p-value of 0.006, different settings
appear to account for a significant portion of the hetero-
geneity observed in the overall primary analysis (Fig. 3).

An exploratory secondary analysis used mixed setting as a
reference point (intercept). There was no significant differ-
ence in delirium associated mortality between the medical,
surgical and mixed settings (R? of 0.05, P value of 0.24).

In a follow-up analysis, we grouped medical, surgical
and mixed settings together, and compared this to the
ICU setting. There was a trend towards higher mortality
in ICU (R? of 0.19, P-value of 0.06). When post-acute
setting was compared to the combined medical, surgical
and mixed setting, there was significant heterogeneity,

Regression of Log odds ratio on Setting

6.00

500

400 - O

3.00
2
S
S 200 -
[7)
T
o
o
o 100 -
o
-

0.00

.00 O

=200

-3.00

mixed ICU medical post-acute surgical
Setting
Fig. 3 Meta-regression analysis using setting (ICU, mixed, medical, post-acute, surgical) as a covariate to measure the effect of delirium on
mortality. Each circle represents one study, and the size of the circles are proportional to the study size. Overall effect size in each group
indicated as a horizontal line
J
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indicating lower mortality in post-acute settings (R® of
0.27, P- value of 0.004).

Meta-regression analysis of mortality over the years

Year of publication did not account for significant het-
erogeneity between effect sizes across all our included
studies (R* of 0.00, P-value of 0.44) (Fig. 4).

When the medical (R* 0.00, P 0.40), surgical (R*
0.00, P 0.91) and mixed (R? of 0.00, P 0.99) settings
were analysed in isolation, year of publication did not
account for the heterogeneity observed in delirium as-
sociated mortality. Since there was no significant het-
erogeneity in the above three settings, they were
combined in subsequent temporal analysis (R* 0.03, P
0.30), but remained unaccountable for heterogeneity
in delirium mortality. A separate analysis was con-
ducted for the post-acute setting (R?* 0.06, P 0.51),
whereas the ICU was excluded because it only had
two studies published in the setting, both in the same
year. The regression analyses demonstrate that year of
publication does not influence delirium associated
mortality, regardless of setting.
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Discussion

This is the first study to find that delirium related
mortality has not decreased in the past 30 years. It is
also the largest meta-analysis to-date analysing the re-
lationship between delirium and mortality. Our find-
ings show that delirium is associated with increased
risk of all-cause mortality in elderly hospitalised pa-
tients compared to sick inpatients without delirium,
which emphasises that delirium is a serious medical
condition requiring immediate investigation and man-
agement. This result also serves as an important call
to action, for increased efforts to improve implemen-
tation of delirium management in clinical practice,
and more research into delirium treatment and
prevention.

Association between delirium and mortality

The exact nature of the relationship between delirium
and death remains unknown, and several theories
have been proposed to explain this phenomenon.
These theories are likely overlapping and complemen-
tary, interacting to contribute to mortality [27]. Delir-
ium may directly cause brain damage through a
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combination of mechanisms including neuroinflamma-
tion, neurotransmitter dysregulation [28] and dis-
rupted cerebral metabolism [29]. These processes
cause neuronal dysfunction and eventually lead to ir-
reversible neuronal destruction, potentially explaining
why the effects of delirium often persist long after
each episode. Delirium may also cause death indir-
ectly through various hospital-acquired complications.
These are sequelae of delirium, such as increased risk
of falls, aspiration pneumonia, pressure ulcers and ad-
ministration of restraining devices; all of which result
in increased morbidity and mortality [30]. That delir-
ium also increases hospital length of stay and ICU
length of stay [18], further compounds the problem
by increasing the risk of acquiring in-hospital compli-
cations. Further research into the pathophysiology of
delirium is needed to fully understand why delirium
leads to adverse consequences.

Association between delirium related mortality and
clinical setting

There was considerable statistical heterogeneity be-
tween studies for the outcome of mortality, according
to the I” analysis. Our meta-regression showed that
only setting, but not year of publication, accounts for
this heterogeneity. Therefore, the residual heterogen-
eity may be explained by other covariates such as age,
baseline cognitive state and effectiveness of thera-
peutic interventions, all of which were difficult to in-
corporate into this study because of variable
reporting.

Subgroup analysis focusing on the effect of study
setting on delirium-associated mortality found greater
mortality in the acute setting compared to the post-
acute setting. This is the first meta-analysis to com-
pare delirium-associated mortality between different
hospital settings. The odds ratio was greater in the
acute setting, especially ICU, compared to the post-
acute setting. A likely explanation for the difference
in effect size is the greater severity of illness in ICU.
An alternative explanation could be that ICU delirium
may mediate the effect of increased mortality indir-
ectly, through increasing length of stay which in turn,
prolongs exposure of critically ill patients to nosoco-
mial complications [31]. Our findings highlight that
ICU delirium is a potentially fatal complication. How-
ever, only 40% of health professionals consistently
screen for ICU delirium [32], suggesting that there is
scope for improved detection and effective treatment
of delirium in ICU and acute settings to improve out-
comes. Furthermore, the variation in delirium mortal-
ity across different settings suggests that tailored
management for patients with delirium may be
required.
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Delirium associated mortality over the years

With the advent of technology and the progressive de-
velopments in delirium research, delirium outcomes
were compared temporally. We made a novel discovery
that delirium associated mortality had not changed over
the past 30 years. This was in contrast to the decline in
cardiovascular mortality observed in the past four de-
cades [33], as well as the steady drop of approximately
1.5% per year in cancer mortality over the past two de-
cades [34]. While pursuing an explanation for such a
phenomenon, it was found that neither antipsychotic
pharmacological therapy [35] nor non-pharmacological
[36] interventions showed any benefit in terms of de-
creasing mortality. Greater awareness of delirium over
the past three decades would have been expected to re-
sult in increasing diagnostic rates and lower mortality
simply due to greater detection of milder cases. How-
ever, the fact that mortality has not changed suggests
that we must consider novel research and treatment op-
tions. An intriguing finding that delirium incidence is re-
duced with alternate treatment settings in randomised
and non-randomised controlled trials of Hospital in the
Home [37] and that treatment in those settings reduces
mortality by 19% in the meta-analysis [38] suggests an-
other possible option for reducing delirium mortality.

Strengths and limitations

The limitations in this study stem from the large num-
ber of articles included, and therefore the unavoidable
diversity in methodology. For instance, censored data
could not be removed from the total sample size in
some articles, while they were deducted in others. Fur-
ther, while we aimed to use cumulative mortality data,
some articles excluded in-hospital deaths from deaths at
follow-up. Additionally, different diagnostic criteria of
delirium may have also contributed to the heterogeneity
of results. Another important confounder is the different
rates of antipsychotic prescription between countries.
For instance, the rate of prescription was 85.5% in
Thailand [39], compared to 66% prescription rate for se-
vere delirium in Melbourne [40]. Considering that anti-
psychotics like haloperidol have been associated with
73% increased mortality compared to placebo (hazard
ratio,1.73; 95% CI, 1.20-2.50; P =.003) [41], variation in
prescription rates across the world could influence delir-
ium associated mortality.

We could not do meta-regression on age as a covariate
because many studies lacked data on mean age. Simi-
larly, we acknowledge that we have not been able to
evaluate the baseline characteristics (e.g. cognitive status,
age, gender, and medical comorbidities) despite attempts
to gather this information. There was significant missing
information across different studies, making it unsuitable
for comparative analysis.
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Lastly, we would like to emphasize that while the ICU
setting yield the highest overall OR of 7.09 (95% CI:
3.60, 14.0), this is an analysis of merely 2 studies. Future
studies will therefore require more robust data, and in
higher quantities, to support this finding.

Nonetheless, these limitations should not affect the
strength of our current results, as we have included
many high-quality studies with a large sample size. Non-
English articles and data were not included due to prac-
tical limitations. At a review level, it must be acknowl-
edged that no screening, retrieval, data-extraction or
quality-assessment process is perfect, although the ut-
most effort had been made to ensure accuracy in con-
ducting the study.

Our study also has many strengths. Our analyses
with an enormous sample size give the study more
statistical power and allows for the discovery of previ-
ously hidden trends. The most appropriate analytic
models were also chosen. Although this study did not
include grey literature, publication bias was rigorously
analysed and did not appear to influence the reported
associations. Therefore, it is unlikely that the results
of this meta-analysis will be contradicted by larger
trials. The high quality of included studies was en-
sured by strict inclusion and exclusion criteria as well
as a comprehensive NOS assessment. For instance,
studies that did not diagnose delirium using a vali-
dated delirium instrument, and articles with ambiguity
in reported data were excluded.

Conclusion

Our findings challenge the archaic misconception that
delirium is a transient and reversible disorder. The
results are largely generalisable to the older inpatient
population as studies over a variety of settings and
countries were analysed; this may therefore encourage
policy makers to design delirium management proto-
cols. Our novel findings from stratified setting ana-
lysis may act as evidence for the need to carefully
allocate resources to different departments for delir-
ium management. We must recognise that delirium
mortality has not decreased over time as expected.
There is publication bias towards studies that support
the positive results of medical advancements. How-
ever, studies, like ours that show negative results are
equally important, as it beckons re-evaluation of our
efforts in understanding and treating this disturbingly
prevalent condition. Therefore, this study also aims to
raise awareness regarding the urgency and gravity of
delirium sequelae, and the need for increased research
into the identification, pathophysiology and treatment
of delirium, because delirium related mortality has
not improved over the past 30years, whereas out-
comes of other disease have.
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