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Delirium 

Introduction 
Delirium is associated with future dementia progression. Yet whether this occurs 
subclinically over months and years, or persistent delirium merges into worsened 
dementia is not understood. Our objective was to estimate the prevalence of persistent 
delirium and understand variation in its duration. 

Methods 
We adopted an identical search strategy to a previous systematic review, only including 
studies using a recognised diagnostic framework for ascertaining delirium at follow-up 
(persistent delirium). Studies included hospitalised older patients outside critical and 
palliative care settings. We searched MEDLINE, EMBASE, PsycINFO and the Cochrane 
Database of Systematic Reviews on 11th January 2022. We applied risk of bias 
assessments based on Standards of Reporting of Neurological Disorders criteria and 
assessed strength of recommendations using the grading of recommendation, 
assessment, development and evaluation (GRADE) approach. Estimates were pooled 
across studies using random-effects meta-analysis, and we estimated associations with 
follow-up duration using robust error meta-regression. 

Results 
We identified 13 new cohorts, which we added to 10 from the previous systematic review 
(23 relevant studies, with 39 reports of persistent delirium at 7 time-points in 3186 
individuals admitted to hospital care (mean age 82 years and 41% dementia prevalence). 
Studies were mainly at moderate risk of bias. Pooled delirium prevalence estimates at 
discharge were 36% (95% CI 22% to 51%, 13 studies). Robust error meta-regression did 
not show variation in prevalence of persistent delirium over time (-1.6% per month, 95% 
CI -4.8 to 1.6, p=0.08). Margins estimates for this model indicate a prevalence of 
persistent delirium of 16% (95% CI 6% to 25%) at 12 months. 

Conclusions 
This systematic review emphasises the importance of delirium as a persistent and 
extensive problem (GRADE certainty = moderate), raising questions on chronic delirium 
as a clinical entity and how it might evolve into dementia. Addressing persistent delirium 
will require a whole-system, integrated approach to detect, follow-up and implement 
opportunities for recovery across all healthcare settings. 

INTRODUCTION 

Delirium is particularly prevalent among older people and 
is associated with significant adverse outcomes, including 

long-term cognitive decline and increased mortality.1 Sev
eral clinical guidelines and standards address its detection, 
prevention and management in hospitals.2–6 Each of these 
recognises that questions remain over the natural history of 
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delirium, particularly in its relationship with dementia.7 Al
though greater brain atrophy is associated with prolonged 
delirium, and incident delirium with future dementia pro
gression,8–10 whether underlying dementia leads to a more 
severe or prolonged delirium remains unknown.11,12 In ad
dition, the course and timeframe over which delirium-as
sociated cognitive decline occurs, either stepwise or insid
iously over months and years, or how persistent delirium 
symptoms phenotypically transform into worsened demen
tia, is not understood. 

Persistent delirium is both a challenge to health care sys
tems and a research opportunity.13 First, there is no cur
rent clinical or academic consensus on how long delirium 
has to be present to be described as persistent. Defining start 
and end points of delirium is already challenging, particu
larly in the context of pre-existing dementia, when overlap
ping clinical features reduce specificity of both delirium and 
dementia screening instruments.8 This potentially delays 
delirium recognition and prolongs it. Moreover, there is no 
agreement on the time between temporal clusters of delir
ium symptoms that would constitute a single episode. Over
all, our understanding of how delirium resolves remains 
limited: do clinical features improve as a single entity or 
do deficits resolve at varying rates? Are resolution patterns 
heterogeneous among different patients with divergent 
cognitive prognoses? 

Persistent delirium has been of academic interest since 
a systematic review from 2009 suggested one in five cases 
were still evident six months after discharge.14 Subse
quently, the number of older people presenting for urgent 
and emergency care has increased.15 There has also been a 
consistent trend for more acute presentations of people liv
ing with dementia; around half are admitted within the first 
12 months of diagnosis.16 In light of these changes, we set 
out to update the systematic review to provide current esti
mates for the prevalence of persistent delirium and under
stand variation in its duration. For this review, persistent 
delirium was defined as an accepted diagnosis of delirium 
during admission and at follow-up, performed at least one 
week after initial assessment. 

METHODS 
ELIGIBILITY CRITERIA 

We followed the 2020 PRISMA guidance.17 We used the 
same criteria applied in the previous systematic review: (i) 
study population of at least 20 hospital patients; (ii) pa
tients aged ≥50 years; (iii) prospective study with follow-up 
of at least one week; (iv) acceptable definition of delirium 
at enrolment.14 Only studies published in English or French 
were included. Studies investigating delirium in critical care 
and in the context of terminal illness or palliative care were 
excluded: we deemed delirium in these groups was likely 
to have been driven by setting specific precipitants, such as 
intubation, central venous access, anaesthesia and sedative 
medications, resulting in a population distinct from ward-
based patients. 

Our only modification required studies to use a recog
nised diagnostic framework for ascertaining delirium at fol
low-up (persistent delirium); studies from the original sys

tematic review meeting this criterion were carried over into 
the current analysis. Given this was an update of a previous 
systematic review, we did not devise a de novo protocol for 
PROSPERO. Risk of bias assessments were based on Stan
dards of Reporting of Neurological Disorders criteria and 
strength of recommendations were assessed using the grad
ing of recommendation, assessment, development and 
evaluation (GRADE) approach.18,19 

OUTCOME MEASURES 

The a priori defined primary outcome was proportion of pa
tients with delirium at follow-up, where the denominator 
was the number of participants who had delirium at incep
tion, extracted as prevalence percentages. We considered 
any definition based on the Diagnostic and Statistical Man
ual (DSM), International Classification of Disease, the Con
fusion Assessment Method (CAM) or the Delirium Index to 
be sufficiently detailed to ascertain delirium reliably.20,21 

SEARCH STRATEGY 

Updating the original review, we searched from 1 year be
fore the previous end date (September 2006) to 11th January 
2022. We searched the same electronic databases: MED
LINE, EMBASE, PsycINFO and the Cochrane Database of 
Systematic Reviews, using the following search terms: 
Delirium [Title] AND (prognosis OR outcome OR aged OR 
occurrence) [Title/Abstract], replicating the original search 
strategy. We confirmed the sensitivity of the search by en
suring that we captured all studies identified by the pre
vious review when we applied these terms to that review’s 
timeframe. 

DATA COLLECTION AND STUDY SELECTION 

Covidence (www.covidence.org, Veritas Health Innovation 
Ltd.) was used to manage the abstract and full-text screen
ing, assessing risk of bias and data extraction (including 
study characteristics, ascertainment methods, delirium 
prevalence at each time point, study-level mean age, study-
level dementia prevalence). We also documented the dura
tion of the delirium – usually the length of stay – where this 
was reported for persistent delirium at discharge. Three re
searchers independently reviewed titles and abstracts (J.W., 
A.N., A.T.) to determine the eligibility. Conflicts were re
solved by discussion and consensus. The same reviewers ex
tracted data using a pro forma. 

ASSESSMENT OF QUALITY AND BIASES 

Using the Standards of Reporting of Neurological Disorders 
criteria to determine risk of bias, we considered bias arising 
(i) from specific patient settings, e.g., general medical pa
tients, cohorts with intracerebral haemorrhage; (ii) from 
sample selection, e.g., convenience, consecutive; (iii) from 
sample criteria, e.g., excluding patients unable to consent, 
assessed as being too sick; (iv) from reference standard 
used, e.g., DSM, CAM; (v) from expertise in applying the 
reference standard, e.g. routine data, dedicated re
searcher.19 We rated studies high, low or unclear risk of bias 
in each of the five domains, graphically representing these 
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using the robvis app.22 Strength of evidence was assessed 
using the GRADE framework, which takes into account risk 
of bias, inconsistency, indirectness, imprecision and publi
cation bias.18 

STATISTICAL ANALYSIS 

We extracted prevalence of persistent delirium at each time 
point from within each study and calculated their standard 
errors (sqrt [p (1-p) / n)] and 95% confidence intervals. We 
assumed methodological heterogeneity across studies, ac
counting for this heterogeneity using DerSimonian–Laird 
random-effects models.23 Statistical heterogeneity was as
sessed with the I² statistic. To assess publication bias, we 
plotted the estimated proportion of delirium occurrence 
against the standard error of that estimate and inspected 
the degree of asymmetry. 

Our preliminary forest plots stratified the pooled data by 
length of follow-up. However, we found the estimates for 
persistent delirium at discharge reported a wide range of in
patient delirium durations (up to 30 days for one study24). 
Therefore, we corrected the reported follow-up duration to 
account for this initial difference. Where studies did not re
port initial delirium duration or length of stay (n=4), or they 
were conducted in a post-acute setting (n=3), we imputed 
the median delirium duration (6 days). 

Meta-regression was used to estimate the relationship 
between persistent delirium and follow-up time, mean age 
(the commonest reported metric, mean age otherwise cal
culated from published summary statistics), and dementia 
prevalence in each study sample. Standard errors were esti
mated using permutations based on a Monte Carlo simula
tion procedure to account for clustered observations, where 
studies reported serial prevalence in the same cohort.25 To 
further address the non-independence of these longitudinal 
observations, we used robust errors meta-regression to give 
summary estimates for persistent delirium over time.26 We 
used Stata 17.0 (StataCorp, Texas) for all analyses. 

RESULTS 

We identified 6474 articles, screening 5556 after removing 
duplicates (Figure 1). We assessed 119 full-text articles for 
eligibility. We identified 13 new cohorts, which we added 
to 10 from the previous systematic review, giving a total of 
23 relevant studies with 39 reports of persistent delirium 
at 7 time points in 3186 individuals (Table 1).24,27–48 Most 
studies were in medical or surgical patients (14 medical; 9 
surgical; 3 post-acute care; 2 stroke); all were from high-
income settings. Case mix by ethnicity was not generally re
ported. Samples ranged in size (n=23 to n=590) and dura
tion of follow-up (up to 18 months, 1 study). Mean age and 
proportion with dementia were 82 years and 41%, respec
tively, though both varied substantially between different 
study cohorts. Most studies either did not report details of 
dementia ascertainment or based it on a diagnosed medical 
history. However, two studies used the Blessed dementia 
scale33 or a follow-up assessment at 3 months to determine 
whether DSM-IV-TR criteria for pre-index dementia could 
be retrospectively diagnosed.44 One article from the origi
nal systematic review could not be directly accessed despite 

extensive archival searches,28 so we used secondary data re
ported in that review with appropriate caution in our risk of 
bias assessments for that study. 

In the main, studies were at low risk of bias insofar as 
most followed a sample representative of the target setting 
(e.g., acute hospital care) and used consistent outcome as
certainment instruments. Around half excluded patients 
unable to give consent (and did not report procedures to 
allow proxy consent) and/or excluded participants too sick 
to assess for delirium (GRADE certainty rating for risk of 
bias = moderate) (Supplementary Figure 1). Case ascertain
ment was based on a consensus definition (e.g. DSM) in 9 
studies; the rest used instruments such as CAM. Given each 
DSM definition has different degrees of restrictiveness,49 

the GRADE certainty rating for indirectness was moderate. 
Pooled estimates for delirium prevalence at discharge 

was 36% (95% CI 22% to 51%, 13 studies) (Figure 2). Al
though there were few studies with data beyond 6 months, 
each time point reported considerable persistent cases 
(pooled estimates ranging from 3% to 59%). There was sub
stantial statistical heterogeneity at all time points (all sub
group I² >89%). Funnel plots of prevalence versus the stan
dard error of the estimate did not demonstrate any 
asymmetry, leading to a GRADE certainty rating for lack of 
publication bias as high (Supplementary Figure 2). 

Robust error meta-regression did not show variation in 
prevalence of persistent delirium over time (-1.6% per 
month, 95% CI -4.8 to 1.6, p=0.08) (Table 2, Figure 3). The 
lack of monotonic decrease in prevalence over time led to 
a GRADE certainty rating for inconsistency as moderate. 
Older study sample age was not associated with higher 
prevalence of persistent delirium (1.5% per year, 95% CI 
-0.6% to 3.6%, Table 2). Persistent delirium did not vary 
with the proportion of study sample with dementia, though 
only 16 studies reported this (Table 2). Figure 3 shows the 
predicted robust error meta-regression for change in preva
lence over time. Margins estimates for this model indicate 
a prevalence of persistent delirium of 16% (95% CI 6% to 
25%) at 12 months (Figure 3). The GRADE certainty for rat
ing for precision was low. 

DISCUSSION 

We showed that though individual estimates of prevalence 
differ substantially, persistent delirium can remain a prob
lem well beyond the acute phase and indeed may never re
cover. This persistence does not appear to vary with a prior 
diagnosis of dementia, but the study-level ecological mea
sure of dementia was unlikely to account for undiagnosed 
cognitive impairment. Neither was a clear association evi
dent with mean age of the study sample. Taken together, 
these findings provide evidence for a chronic form of delir
ium that may merge with underlying dementia. Either way, 
there appears to be a considerable need to focus delirium 
recovery for both individuals and health services. 

Our data should be considered in light of a number of 
limitations. Other than duration, the variables we could 
use for meta-regression relied on study-level data on mean 
sample age and dementia prevalence. Mean age might not 
have been the most appropriate summary measure in older 
cohorts. Interpreting meta-regression estimates may be 
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Table 1. Characteristics of included studies. 

Study Setting N Mean sample age 
(years) 

Dementia 
(%) 

Delirium ascertainment Inpatient 
delirium duration (median) 

Prevalence of persistent delirium 

Discharge 2w 1m 3m 6m 12m 18m 

Levkoff 199227 M, S 91 81 DSM-III 19 days 58% 37% 31% 

Gaudet 199328 M 52 85 39 DSM-IIIR 7 days 23% 

O’Keeffe 199724 M 94 82 46 DSM-III 30 days 1% 

Rudberg 199729 M, S 64 75 33 DSM-III-R 7 days 11% 

Marcantonio 200030 S 52 79 66 CAM 5 days 38% 29% 6% 

Kelly 200131 M 61 89 CAM 8 days 72% 46% 25% 

McCusker 200332 M 181 83 70 DSM-III-R 18 days 32% 32% 41% 

Kiely 200433 PAC 85 85 23 CAM N/A 51% 

McAvay 200634 M 55 80 27 CAM 15 days 24% 

Inouye 200735 M 169 80 20 CAM 7 days 51% 

Lundstrom 200736 S 129 82 32 DSM-IV 10 days 12% 

Kiely 200937 PAC 412 84 38 CAM N/A 67% 56% 40% 32% 

McManus 200938 Stroke 23 75 CAM 64% 

Arinzon 201139 M 92 80 90 CAM, DRS 16 days 50% 

Lee 201140 S 70 80 10 CAM 20% 13% 3% 

Velilla 201241 M 45 87 DSM-IV 18% 

Witlox 201342 S 27 84 CAM 19% 

Cole 201543 M, S 278 85 55 CAM 73% 61% 

Jackson 201644 M 125 84 36 DSM-IV 6% 

Miu 201645 PAC 89 84 CAM N/A 79% 85% 55% 

Vasunilashorn 201646 M, S 250 79 CAM 24% 

Cole 201747 M, S 152 85 52 CAM 14 days 63% 

Reznik 202248 Stroke 590 71 13 DSM-5 48% 

Dementia % refers to the proportion of participants in the individual study sample identified as living with dementia 
% reported refer to the denominator of patients with delirium in the original sample. 
M medical; S surgical; PAC post-acute care; DSM Diagnostic and Statistical Manual; CAM Confusion Assessment Method; DRS Delirium Rating Scale; DI Delirium Index 
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Figure 1. PRISMA flow diagram detailing study selection process. 
* One study included in original systematic review could not be directly retrieved, but it was possible to use data secondary reports. 
Reasons for exclusion at full 

Table 2. Meta-regression estimating the proportion of individuals with persistent delirium 

β 

Random effects 
estimates 

After robust 
standard errors 

95% CI p 95% CI p 

Time 
(per month) 

23 studies 
39 time points 

-1.6 -3.4 0.7 0.06 -4.8 1.6 0.08 

Age 
(per year) 

23 studies 
39 time points 

1.5 -0.4 3.3 0.12 -0.6 3.6 0.13 

Dementia 
% 

16 studies 
26 time points 

0.2 -0.1 0.6 0.19 -0.4 0.8 0.23 

β represents % change in prevalence of persistent delirium. 
Confidence intervals estimated using random-effects meta-regression (left column) and after permuting with Monte Carlo simulations (right column) 
Age refers to the mean age of the study sample 
Dementia refers to % with dementia in the study sample 

limited due to residual confounding for quantities such as 
frailty. Most studies had significant attrition due to mor
tality and loss to follow-up, though this might be expected 
to underestimate the true prevalence of persistent delirium. 
All included studies were performed in high-income coun

tries, while all but one cohort involved acutely unwell pa
tients, making it difficult to generalise our findings to other 
lower-income, community or elective settings. Our findings 
also do not apply to critical care or palliative care, specif
ically being unable to describe delirium in the terminal 
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Figure 2. Forest plot showing pooled estimates of persistent delirium, stratified by study follow-up period. 
NOTE: Weights are from random-effects model 
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Figure 3. Robust error meta-regression showing 
estimated prevalence of persistent delirium over time. 
Solid line shows fitted meta-regression, with 95% CI (dashed lines). Circles are study es
timates, proportional to sample size (inverse variance weighting). 

phase. Many studies only included delirium detected in the 
first 24-48 hours of admission, which could have led to un
der-ascertainment. We addressed the degree of overlap be
tween the reports of delirium at discharge and the earlier 
follow-up time points (2-weeks and 4-weeks) by using exact 
intervals where possible. Some publications only reported 
persistent delirium at discharge, and it is impossible to 
know how long these patients remained as cases. Similarly, 
it is unclear how long delirium might have been present 
before transfer for individuals admitted to post-acute care. 
For longer follow-up intervals, it would not have been pos
sible to ascertain whether any incident delirium was per
sistent from the index event, or whether researchers were 
observing a second distinct episode of delirium. There was 
heterogeneity in delirium ascertainment measures. We also 
restricted our search to studies published in English or 
French, though only excluded one article based on publica
tion language. 

In updating the original systematic review with 15 years’ 
worth of new studies, we have extended those findings to 
demonstrate persistent delirium remains a significant pos
sibility for around one in eight older patients after 12 
months. We could not identify risk factors for persistent 
delirium, nor was there consistent information to describe 
if clinical findings evolved into a dementia syndrome. More 
broadly, these data are consistent with terminal decline in 
cognition observed in longitudinal studies.50 Higher educa
tion is associated with delayed onset of dementia, though 

a faster trajectory once terminal decline begins.51 Though 
previous cohorts have not considered delirium to be a dri
ver, the Delirium and Population Health Informatics Cohort 
has shown that the largest post-delirium decline in cogni
tion occurs in those with higher baseline cognition.52 Ded
icated prospective studies are needed to fully capture the 
influence of evolving dementia reciprocally affecting persis
tent delirium. 

Persistent delirium offers a unique opportunity to better 
understand the pathophysiological mechanisms underlying 
delirium. We postulate the optimum window might occur 
when the patient remains delirious, but the initial medical 
or surgical insult has resolved, perhaps pragmatically de
fined as normalisation of laboratory abnormalities, healed 
surgical wounds and beyond the active lifespan of newly ad
ministered potentially delirium-culprit medications. Labo
ratory and neuroimaging investigations can be compared 
with features already present in patients with dementia, 
identifying any differing or additional pathophysiological 
mechanisms unique to delirium, not operating in patients 
with dementia alone. 

The clinical implications of our findings indicate an ur
gent need to develop and evaluate delirium recovery and 
cognitive rehabilitation services. These services are almost 
non-existent, certainly out of proportion with the potential 
demand, though multicomponent interventions show 
promise.39 Recognising the opportunities for the emerging 
field of interface acute geriatrics would be an important 
starting point,53 and continued community-based manage
ment of delirium is likely to have an impact.54 This system
atic review emphasises the key importance of delirium as 
a persistent and extensive problem. Addressing persistent 
delirium will require a whole-system, integrated approach 
in order to detect, follow-up and implement opportunities 
for recovery across all healthcare settings. 
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