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Key summary points

Aim To conduct an updated systematic review of the literature and proportional meta-analysis to assess prevalence and
incidence of delirium in older adults with COVID-19.

Findings Delirium is a prevalent feature of COVID-19 in older adults, especially those living with frailty. Delirium may be
the only sign or symptom of COVID-19 in this population.

Message Delirium is common in older adults with COVID-19 and a formal inclusion as a COVID-19 feature is advisable.

Abstract

Purpose Delirium has been recognized as an atypical presenting feature of COVID-19 in older adults and is independently
associated with mortality. We aimed to perform an updated systematic review of the literature and proportional meta-analysis
to assess prevalence and incidence of delirium in older adults with COVID-19, addressing differences according to sex,
frailty status, and settings.

Methods We searched databases for English-language articles on prevalence and incidence of delirium in older adults with
COVID-19, published between March 2020 and January 2023.

Results Of the 1171 articles identified, 66 met selection criteria and were included in the meta-analysis (n = 35,035 partici-
pants, age-range 66-90 years old, 46.6% females). We observed similar pooled prevalence (20.6% [95% Confidence Interval
(CI) 17.8-23.8%]) and incidence (21.3% [95% CI 14.7-30%]) of delirium. Pooled occurrence (both prevalence and incidence)
of delirium was similar according to sex (females 21.3% [95% CI 16-27.5%] vs. males 23.8%% [95% CI 18.2-30.4%], p-value
= 0.55) and study setting (nursing homes 22.5% [95% CI 14.2-33.6%] vs. hospital 20.3% [95% CI 17-24%], p = 0.68), but it
was significantly higher in frail versus non-frail patients (37% [95% CI 26.6-48.8%] vs. 12.5% [95% CI 7.8-19.6%], p-value
< 0.01). Delirium definitions and assessment tools largely varied across studies.

Conclusion This review delineates delirium as a common feature of COVID-19, particularly in frail older adults, and sup-
ports its formal inclusion among COVID-19 symptoms. The considerable heterogeneity in delirium assessment highlights
the need for an operational strategy to standardize definitions and tools utilization in the management of frail older adults.
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Background

The coronavirus disease 2019 (COVID-19) pandemic,
caused by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), has triggered a global health crisis with
a disproportionate impact on the older population. Multi-
ple long-term chronic conditions, together with frailty, have
been identified as relevant elements that contributed to an
increased vulnerability of older adults to negative outcomes
associated with SARS-CoV-2 infection, such as increased
hospitalization and mortality rate [1, 2]. The elevated fatal-
ity rate observed among older adults, coupled with the
increased demands of medical attention and care, has placed
significant pressure on healthcare systems worldwide [3, 4].
As aresult, there has been an urge since the beginning of the
pandemic to develop effective ways to early detect infected
individuals to reduce viral spread and outbreaks. Older
adults with acute illness often present atypical symptoms
and can manifest geriatric syndromes, such as delirium or
falls, posing clinical challenges to an optimal management
of older patients [5-7].

Delirium, an acute global brain dysfunction that usu-
ally occurs in the setting of physical illness [6], has been
recognized as a presenting feature of COVID-19 and found
to independently increase post-discharge mortality in older
adults [8, 9]. Several studies have shown that a signifi-
cant proportion of older people, especially those who are
frail, can present with delirium as the only sign or symp-
tom of SARS-CoV-2 infection [10]. This atypical onset of
COVID-19 has been observed not only among hospitalized
and institutionalized older individuals but also among com-
munity-dwellers [8, 11]. Furthermore, the rate of delirium
in COVID-19 people admitted to the emergency depart-
ment (ED) has been reported to be significantly higher in
comparison to studies conducted in the same setting before
the COVID-19 pandemic, even when considering similar
risk factors [12]. Early recognition of delirium is essential
to reduce adverse outcomes such as mortality, intensive
care units (ICU) admissions, the need for ventilation, and
increased length of stay of older adults hospitalized for
COVID-19 [12-15]. A recent study showed that patients
with delirium were four times more likely to die than those
without delirium [14]. Similarly, a meta-analysis of nine
studies showed that the death rate in COVID-19 patients
with delirium was twice as high as those without delirium
[13—17]. In this scenario, the unique social factors of an
unprecedented pandemic, such as self-isolation and limited
family visits, may have negatively impacted on the man-
agement of delirium [10]. A study has shown that visita-
tion restriction increased delirium incidence in emergency
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inpatients regardless of the acute cause of admission, and
that the absence of close family members can lead to delays
in diagnosis and difficulties in implementing non-pharmaco-
logical treatments, further adding to the challenges in man-
aging patients affected by delirium [18].

From the beginning of the pandemic, several meta-anal-
yses and reviews have been published on the association
between delirium and COVID-19. However, there has been
a lack of definitive prevalence data across different settings,
with some reviews mixing incidence and prevalence or fail-
ing to contextualize with frailty status [19].

Objectives

The aim of the present study is to systematically review
the literature and provide an updated pooled prevalence
and incidence of delirium in older adults with COVID-19,
addressing differences between males and females, frailty
status, and study settings, shedding light on the unique
aspects of delirium in this vulnerable population.

Methods

We reviewed all studies providing information on the occur-
rence (prevalence and incidence) of delirium in older adults
(> 65 years old or older) affected by SARS-CoV-2 infection,
including those who were hospitalized, institutionalized, or
were community-dwelling, regardless of study design, defi-
nition of delirium or type of assessment tool for delirium.

The protocol of the present study was registered a priori in
the International prospective register of systematic reviews
PROSPERO (registration number CRD42022366613) and
was reported following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) recom-
mendations. The PRISMA 2020 checklist is available in
the Appendix. For the present study, no ethics committee
approval was required.

Search strategy and studies sources

We conducted a systematic review of studies retrieved
from PubMed, Web of Science, and Google Scholar. We
restricted the search to studies published in the English lan-
guage between March 2020 and January 2023. Complete
search strategies (available in the Appendix) were evaluated
and optimized by an expert bibliographer prior to the com-
mencement of the systematic review.
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Studies eligibility criteria, selection, and data
extraction

The titles and abstracts of the studies were independently
screened by two assessors (M.B.Z. and A.M.O.). Upon title
screening, we identified the metanalysis by Shao et al. [19].
To ensure an updated search, we performed a hand-search of
the reference lists of this metanalysis. Furthermore, the ref-
erence lists of the included articles were also hand-searched
to identify any additional relevant studies.

Studies that reported the occurrence of delirium in older
adults aged 65 years and older affected by SARS-CoV-2
infection and were either hospitalized or institutionalized
with SARS-CoV-2 infection were selected. Delirium was
classified as prevalent when it was identified as a presenting
symptom of COVID-19, either at the onset of infection or
on hospital admission. Delirium diagnosed during hospitali-
zation was considered as incident delirium. Articles were
excluded if they did not align with the aims of the review or
did not present original data. Articles that included individu-
als younger than 65 years were still considered if the mean/
median age of the study population was higher than 65 years
old or if data were provided according to age groups, allow-
ing for the extraction of subgroup data specifically for adults
aged 65 years and older. Given our specific focus on older
individuals with COVID-19, we selected studies that either
included COVID-19 patients identified based on positive
nasopharyngeal swab samples or by imaging findings sug-
gestive of COVID-19-related pneumonia and provided non-
aggregated data, that allowed for subgroup identification of
the study population (i.e., nursing home residents versus
staff members both infected by SARS-CoV2 infection) and
subgroup data extraction, when necessary. When a study
presented data on two different populations, both eligible
for the scope of this review (e.g., community-dwellers group
versus hospitalized group), we considered them as separate
study groups, assigning them a unique identifier based on
the first author’s name followed by an ordinal number. Delir-
ium definitions were screened in each included article and
information on definition of delirium or diagnostic instru-
ment used to support the diagnosis were recorded. Similarly,
we screened each included study for the use of a delirium
assessment tool and evaluation of frailty status. We finally
registered the type of tool used to assess frailty as well as the
study setting categorized into “Hospital”, “Nursing Home”,
and “Community” accordingly to where the study took
place. Long-term care units, nursing homes, and assisted-
living facilities were all classified as “Nursing Home”. For
each article, the following data were collected: number of
COVID-19 patients, number of COVID-19 patients expe-
riencing delirium, mean/median age and sex distribution

(number of females, %) of the study population, number of
females and males diagnosed with delirium, frailty status,
mean/median length of hospital stay of the study population
and number of deaths among patients with delirium.

The full text of the articles selected by at least one of the
assessors underwent further evaluation. The same assessors
independently extracted information from the selected stud-
ies. Any disagreement was resolved through consensus.

Assessment of risk of bias

The quality of the included studies was evaluated indepen-
dently by the two assessors through the Newcastle Ottawa
Scale (NOS), a tool for the qualitative evaluation of obser-
vational studies. For cross-sectional studies, the assessors
used a modified version of the NOS specifically designed
for such study designs [20]. The decision was made based
on the work by Moskalewicz et al. [21], which found no
significant difference between the use of the modified-NOS
scale and the Appraisal Tool for Cross-Sectional Studies
[22]. The choice was based on the simplicity of the tool and
time optimization.

Studies with scores of > 7 indicated low risk of bias,
scores of 4-7 indicated moderate risk of bias, and scores
of <4 indicated high risk of bias. Any disagreement in qual-
ity assessment was resolved through consensus. The likeli-
hood of publication bias was assessed via funnel plots (avail-
able in the Appendix) and Egger’s test.

Data analysis

For each measure of interest (prevalence and incidence), we
ran a proportional meta-analysis. Considering the observa-
tional design of the retrieved studies and the methodological
differences between them, pooled proportions were obtained
through random effect models and Mantel-Haenszel weight-
ing. The lack of homogeneity within the pooled studies was
assessed through the I? statistics (significant if >50%),
which provides an estimate of the proportion of variability
explained by differences between the included studies. Anal-
yses are presented according to the prevalence and incidence
of delirium. For the subgroup analysis by sex, frailty status
and study settings, we consider the occurrence of delirium
(both prevalence and incidence) as a single measure of inter-
est. Results are presented as forest plots. Publication bias
was assessed by mean of Egger’s test and funnel plot. All
statistical analyses were performed with R Studio (R Core
Team Version 4.2.1) [23] using the “meta” and “metafor”
packages [24, 25].
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Results

Through the literature search, we retrieved 1171 articles.
After excluding duplicates and articles that were not writ-
ten in English, we screened 231 works and hand-searched
the references lists. We finally assessed for eligibility of
130 articles for full-text reading. We excluded 63 of the
screened full text due to the study design (case reports
and reviews), inclusion of participants younger than 65
years old, and/or the mean/median age of the study popu-
lation was less than 65 years. Additionally, we excluded
2 articles that were not written in English but had titles
and abstracts in English, leading to a final number of 66
articles included in the present review. PRISMA 2020 flow
diagram of the identification of eligible articles is pre-
sented in Fig. 1.

Main characteristics and findings of selected studies are
summarized in Supplementary Table Sla and S1b of the
Appendix. The overall number of participants was 35,035,
with a mean/median age ranging from 66 to 90 years old;
among the participants 46.6% were females, with a preva-
lence ranging from 22 to 78% (Supplementary Table S1b).

Most of the studies were carried out in Europe between
Italy (n =16, including one study co-conducted with Spain)
and the United Kingdom (n= 16, including one study with
an international multicenter designed. Remaining studies
in European countries were conducted in: France (n=6),
Spain (=5, including one study co-conducted with Italy),
Netherlands (=4), Belgium (n=2), Sweden (n=1), Ger-
many (n=1), Poland (n=1), Norway (n=1) and Switzerland
(n=1). A total of 9 studies were conducted in North and
South America (USA =4, Canada=3, Brazil=2). The rest
of the studies were conducted in India (n=1), Iran (n=1),
China (n=1), Japan (n=1) and Turkey (n=1).

Fig.1 PRISMA 2020 flow
diagram [ Identification of studies via databases and registers ]
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Records screened Recor(:!s excluded after abstract
(n=231) —»| screening because they were not
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Most studies (58/66) enrolled patients admitted to acute
hospital or emergency department. None of the studies spe-
cifically focused on community-dwellers, but two studies
compared this population to nursing home and acute hospi-
tal populations, respectively. Additionally, nine studies were
carried out in long-term care facilities or nursing homes, and
one study was conducted in assisted-living facilities (see
Supplementary Table S1a for referral).

Out of the total sixty-six studies included in the analysis,
50% (n=33) reported a specific definition of delirium and/
or clearly stated that a clinical assessment was conducted by
a trained physician or nurse. Among these studies, in four of
them, the clinical evaluation was performed by a psychia-
trist, while in most of the remaining studies, patients were
evaluated either by clinicians on the day of admission or by
geriatricians. Among the thirty-three studies that provided a
delirium definition, sixteen of them explicitly referred to the
standard delirium assessment based on the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition (DSM-
5), as the defining criteria for delirium. In other studies,
delirium was classified under broader terms such as "confu-
sion" or "altered mental status." Notably, 75% (n=25) of the
studies that reported a definition of delirium also mentioned
the concomitant use of a delirium assessment tool other than
the DSM-5. Only five studies relied solely on the DSM-5
for delirium assessment. We identified the use of 13 dif-
ferent tools, including the DSM. The most commonly used
tools were the “Confusion Assessment Method (CAM)”
and “Assessment test for delirium & cognitive impairment
(4AT)”. In one study, it was clarified that comprehensive
geriatric assessment (CGA) was performed on all admitted
patients. All delirium definitions and used assessment tools
are summarized in Supplementary Table S1a.

Twenty-seven studies (41%) assessed frailty, with the
most used assessment tool being the Clinical Frailty Scale
(CFS). One study calculated a Frailty Index, another used
the Frailty Phenotype Criteria. The other two used tools
were represented by the Frail Non-Disabled survey (FIND),
and the Program on Research for Integrating Services for the
Maintenance of Autonomy-7 (PRISMA-7).

A total of 49 studies reported data on the prevalence of
delirium in older adults affected by COVID-19, 28 studies
reported data on the incidence of delirium and 11 studies
reported information on both. The forest plot of the pooled
proportion of delirium occurrence is presented in Fig. 2,
showing a delirium prevalence of 20.6% [95% Confidence
Interval (CI) 17.8-23.8%] while the forest plot of the pooled
proportion of incidence of delirium is presented in Fig. 3,
indicating an incidence of 21.3% [95% CI 14.7-30%]. A
high level of heterogeneity I> was present in both propor-
tional meta-analyses. The Egger’s test, performed to assess
publication bias, yielded non-significant p-values for both
prevalence and incidence data (respectively, p-value =0.54

and p-value=0.23). However, the visual methods of checking
for asymmetry via funnel plots show potential bias, espe-
cially in studies reporting the incidence of delirium (Sup-
plementary Fig. Sla, b). Finally, overall occurrence (both
prevalence and incidence) of delirium was 21.0% [95% CI
17.8-24.3%] (Supplementary Fig. S2). For the subgroup
analysis based on sex, we consider 18 studies that reported
the occurrence of delirium (prevalence and incidence) in
both males and females. The pooled occurrence of delirium
according to sex is presented in Supplementary Fig. S3 and
show a non-significant difference between females and males
(21.3% [95% CI 16-27.5%] vs. 23.8% [95% CI 18.2-30.4%],
p-value=0.55). A similar analysis was performed for frailty
status. Data on the occurrence of delirium according to
frailty status were available in 7 studies, presenting 8 study
populations (Supplementary Fig. S4), showing a significant
difference in the occurrence between frail and non-frail par-
ticipants (37.0% [95% CI 26.6-48.8%] vs. 12.5% [95% CI
7.8-19.6%] respectively, p-value < 0.01). Furthermore, we
performed a sub-analysis according to the study setting. Due
to the limited number of studies reporting data on commu-
nity-dwelling older adults affected by COVID-19—with a
total sample size of 308 observations and a total number of
events of 108—we did not perform a metanalysis for this
setting. Supplementary Fig. S5 shows data on the occurrence
of delirium accounting to the study setting. A slightly higher
occurrence of delirium was reported in nursing home settings
(22.5% [95% CI 14.2-33.6%]) compared to hospital settings
(20.3% [95% CI 17-24%], p=0.68), although the difference
was not significant.

Discussion

We conducted an updated systematic review on the occur-
rence of delirium in COVID-19 patients, specifically
focusing on adults aged 65 years and older, and our analy-
sis included a total of 66 studies. The proportional meta-
analysis showed that almost one-fifth of older patients with
COVID-19 presented delirium during the course of the
infection, delineating delirium as a frequent symptom of
COVID-19.

Though several articles have been published since the
beginning of the pandemic, identifying delirium as a pre-
senting symptom of COVID-19, it is important to note that,
at the time of writing, neither delirium nor confusion are
listed as official feature of COVID-19 by major govern-
mental institutions. Only the website of the World Health
Organization (WHO) does include confusion as one of the
serious symptoms of COVID-19. After almost three years
of dealing with this novel type of Coronavirus, it seems det-
rimental that a formal inclusion of delirium as a COVID-
19 sign/symptom should take place. Furthermore, while
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First Author, Year

Alderman, 2020 UK 61 17
Annweiler, 2020 France 353 94
Bavaro, 2021 Italy 206 80
Bianchetti, 2020 Italy 82 55
Davis, 2021 UK 222 70
Di Giorgio, 2022 Italy 214 20
Emmerton, 2020 UK 71 12
Forget, 2021 Canada 127 53
Gan, 2020 UK 122 19
Garcez, 2020 Brazil 707 86
Garcia Clemente, 2020 Spain 249 29
GeMRC, 2021 UK/other 5711 1120
Giorgianni, 2021 Belgium 26 4
Goldberg, 2022 USA 1375 243
Graham, 2020 UK 126 43
Hetherington, 2020 UK 186 18
Karlsson, 2021 Netherland 102 30
Kennedy, 2020 UK 817 226
Knights, 2020 UK 108 23
Knopp, 2020 UK 217 64
Koduri, 2021 UK 500 47
Lovell, 2020 UK 101 24
Maguire, 2020 UK 224 26
Marengoni, 2020 Italy 91 1
Martin”Sanchez, 2020 Spain 636 36
Mattace-Raso, 2020 Netherlands 123 39
Mendes, 2021 Switzerland 235 48
Morandi, 2022 Italy, Spain 158 37
Myrstad, 2020 Norway 66 1
Pandurangan, 2021 India 169 3
Parrotta, 2023 Italy 337 39
Pilotto, 2021 Italy 147 24
Poco, 2021 Brazil 711 98
Poloni, 2020 Italy 57 21
Rawle (1), 2020 UK 70 22
Rawle (2), 2020 UK 64 33
Rebora, 2021 Italy 516 73
Romero-Sanchez, 2020 Spain 841 69
Roxby, 2020 USA 80 3
Rutten, 2020 Netherlands 1538 372
Sacco, 2020 France 41 3
Shi, 2020 USA 146 27
Steinmeyer, 2020 France 94 30
Strang (1), 2020 Sweden 1903 423
Strang (2), 2020 Sweden 202 63
Trevisan, 2021 Italy 981 89
Vena, 2020 Italy 317 29
Vrillon, 2020 France 76 54
Wong (1), 2022 Canada 927 497
Wong (2), 2022 Canada 115 17
Zazzara (1), 2020 UK 210 53
Zazzara (2), 2020 UK 238 84
Zerah, 2021 France 821 205

Random effects model

Heterogeneity: I° = 96%, 1* = 0.4077, p < 0.01

Country Patients with COVID-19, n Number of patients with delirium, n

Proportion 95%-Cl Weight
0.279 [0.171; 0.408] 1.8%
0.266 [0.221;0.316] 2.1%
0.388 [0.321;0.459] 2.0%
0.671 [0.558;0.771] 1.9%
0.315 [0.255;0.381] 2.0%
0.093 [0.058;0.141]  1.9%
0.169 [0.090; 0.277] 1.7%
0.417 [0.330;0.508]  2.0%
0.156 [0.096; 0.232] 1.9%
0.122 [0.098;0.148] 2.1%
0.116 [0.079;0.163]  2.0%
0.196 [0.186;0.207] 2.1%
0.154 [0.044;0.349] 1.2%
0.177 [0.157;0.198] 2.1%
0.341 [0.259;0.431] 2.0%
0.097 [0.058;0.149]  1.9%
0.294 [0.208; 0.393] 1.9%
0.277 [0.246;0.309] 2.1%
0.213 [0.140; 0.302] 1.9%
0.295 [0.235;0.360] 2.0%
0.094 [0.070;0.123]  2.0%
0.238 [0.159; 0.333] 1.9%
0.116 [0.077;0.165] 1.9%
0.011 [0.000; 0.060]  0.6%
0.057 [0.040;0.078]  2.0%
0.317 [0.236;0.407]  2.0%
0.204 [0.155;0.262] 2.0%
0.234 [0.171;0.308] 2.0%
0.167 [0.086; 0.279] 1.7%
0.018 [0.004; 0.051] 1.2%
0.116 [0.084;0.155]  2.0%
0.163 [0.107; 0.233] 1.9%
0.138 [0.113;0.165] 2.1%
0.368 [0.244; 0.507] 1.8%
0.314 [0.209; 0.436] 1.8%
0.516 [0.387;0.642] 1.9%
0.141 [0.113;0.175] 2.1%
0.082 [0.064;0.103] 2.1%
0.037 [0.008; 0.106] 1.2%
0.242 [0.221;0.264] 2.1%
0.073 [0.015;0.199] 1.1%
0.185 [0.126; 0.258] 1.9%
0.319 [0.227;0.423] 1.9%
0.222 [0.204;0.242] 2.1%
0.312 [0.249;0.381]  2.0%
0.091 [0.073;0.110]  2.1%
0.091 [0.062;0.129] 2.0%
0.711 [0.595; 0.809] 1.9%
0.536 [0.503;0.569] 2.1%
0.148 [0.089; 0.226] 1.8%
0.252 [0.195;0.317]  2.0%
0.353 [0.292;0.417] 2.1%
0.250 [0.220;0.281] 2.1%

0.206 [0.178; 0.238] 100.0%

T T T T T 1
0 0.2 0.4 0.6 0.8 1

prevalence

Fig. 2 Forest plot of the pooled prevalence of delirium in older adults affected by COVID-19

delirium is more commonly observed in older adults and
individuals with acute illness [6], there have been reports of
delirium in younger patients affected by severe COVID-19,
particularly those requiring intensive care unit (ICU) admis-
sion or mechanical ventilation [26]. This could potentially
explain the difference in delirium incidence between our

@ Springer

meta-analysis and the meta-analysis conducted by Shao et al.
[19], which also included studies with younger patients. An
older target population, which may have other predispos-
ing factors of delirium, such as cognitive impairment and
frailty [6], could potentially exhibit a similar proportion of
both delirium prevalence and incidence, as older adults are
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First Author, Year

Adiguzel , 2022 Turkey 282 31

Alderman, 2020 UK 61 34
Benussi, 2020 Italy 56 15
D'ardes, 2021 Italy 56 14
De Smet, 2020 Belgium 81 34
Di Giorgio, 2022 Italy 214 26
Fan, 2020 China 86 1

Fernandez-Jiménez, 2021 Spain 1785 225
Forget, 2021 Canada 127 9

Garcez, 2020 Brazil 707 234
GeMRC, 2021 UK/other 5711 439
Gholi, 2022 Iran 310 217
Heath, 2020 UK 31 24
Jéckel, 2020 Germany 20 13
Kandori, 2020 Japan 6264 158
Kotfis, 2021 Poland 201 39
Kremer, 2020 France 64 34
Kroon, 2022 Netherland 412 82
Lombardi, 2020 Italy 614 16
Marengoni, 2020 Italy 91 24
Mattace-Raso, 2020 Netherlands 123 8

Patel, 2020 USA 35 1

Pisaturo, 2021 Italy 69 15
Shi, 2020 USA 146 83
Steinmeyer, 2020 France 94 11

Ticinesi, 2020 Italy 852 94
Wong (1), 2022 Canada 927 201
Zerah, 2021 France 821 330

Random effects model

Heterogeneity: 1> = 99%, 7° = 1.4209, p = 0

Country Patients with COVID-19, n Number of patients with delirium, n

Proportion 95%-Cl Weight
B 0110 [0.076;0.152]  3.7%
—— 0.557 [0.424:0.685]  3.6%
—i— 0.268 [0.158;0.403]  3.5%
3 0.250 [0.144;0.384]  3.5%
P 0420 [0311;0.535]  3.6%
B 0121 [0.081;0.173]  3.7%
- 0128 [0.066;0.217]  3.5%
0126 [0.111;0.142]  3.8%
B 0071 [0.033;0.130]  3.5%
| 0331 [0.296;0.367] 3.8%
0.077 [0.070;0.084]  3.8%
i E 3 0.700 [0.646;0.750]  3.7%
—B— 0774 [0.589;0.904] 3.3%
i —— 0.650 [0.408;0.846] 3.3%
0025 [0.021;0.029]  3.8%
5 0.194 [0.142;0.256]  3.7%
—B— 0531 [0.402;0.657] 3.6%
B 0199 [0.162,0.241]  3.7%
0.026 [0.0150.042]  3.6%
- 0.264 [0.177;0.367)  3.6%
B 0.065 [0.028;0.124]  3.4%
| 0.029 [0.001;0.149]  2.2%
B 0217 [0.127;0.333]  3.6%
B 0.568 [0.484;0.650]  3.7%
B 0.117 [0.060;0.200]  3.5%
0110 [0.090;0.133]  3.7%
0217 [0.191;0.245]  3.8%
: B 0402 [0.368;0.436] 3.8%
— 0.213 [0.147; 0.299] 100.0%
I T T T T 1
0 02 04 06 08 1
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Fig. 3 Forest plot of the pooled incidence of delirium in older adults affected by COVID-19

intrinsically more prone to experience geriatric symptoms
even in the case of mild illness. This vulnerability may allow
delirium to manifest as the only feature of COVID-19. On
the contrary, younger patients might experience delirium
predominantly in case of severe distress, thus explaining
the increased incidence of delirium during the acute phase,
potentially undetected by our metanalysis that is exclusively
focusing on the older population.

Second, we found that delirium occurred more frequently
in male and frail patients. A higher occurrence of delirium
in male patients might be related to the role of sex in pre-
dicting severe COVID-19 illness. Male sex, obesity, and
multiple comorbidities are clinical features that have been
found to be associated with negative outcomes, including
the development of acute respiratory distress syndrome
(ARDS), multi-organ failure syndrome (MOFS), and ulti-
mately, mortality [27, 28]. Additionally, there is a possibility
that delirium is more common among male individuals due
to an increased severity of COVID-19. Frailty is associated
with adverse outcomes in COVID-19 patients, increasing
the risk of related mortality and care needs in survivors [29].
Frailty and delirium are intrinsically related and represent
multifactorial conditions that share many common patho-
physiological aspects, such as the potential involvement
of inflammatory pathways, and both have implications for

negative health-related outcome [30]. Although the data on
the occurrence of delirium in frail patients were assessed in
a relatively small number of studies, the significant differ-
ence in the delirium occurrence between frail and non-frail
patients underlines the importance of frailty as a contribut-
ing factor in the onset of delirium in COVID-19 patients.
This should be taken in consideration when addressing the
older population. Furthermore, we noted that the prevalence
of delirium varied depending on the study setting. We found
a moderately higher prevalence of delirium in the nursing
home population, which may reflect the higher level of
frailty among those already institutionalized. In long-term
care settings, especially during the first stage of the pan-
demic, restrictive measures were set in place to avoid out-
breaks and viral spread among residents and staff member
[3]. Facilities were forced to increase social isolation and
decrease family visitations, thus reducing the possibilities to
resort to conventional non-pharmacological methods to pre-
vent delirium—such as re-orientation and social interaction,
early mobilization, pain management, avoidance of physical
restraints—other than just pharmacological solutions [3, 10].

Finally, while frailty was evaluated using the same tool
(CFS) in most studies, the definitions of delirium were het-
erogeneous across different studies and there was a high
variability in the choice of the delirium assessment tool.
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Only 16 studies explicitly referred to the standard delirium
assessment based on DSM-V criteria. Amongst the stud-
ies that reported using a standardized assessment tool, the
CAM and the 4AT tools were the most commonly used. A
multicenter prospective diagnostic study published in 2019
by Shenkin et al. performed a sensibility and sensitivity
analysis to compare the accuracy of CAM and 4AT to detect
delirium during hospitalization and showed a higher sensi-
tivity and slightly lower specificity of the 4AT compared
to the CAM tool. As highlighted by the authors, evidence
suggests that the 4AT is a valid and rapid tool comparable
to the CAM when used by a trained assessor. However, the
performance of the CAM may be compromised if the asses-
sor is not familiar with the tool [31]. Overall, in clinical daily
practice, both tools are easy and rapid to use for physicians
treating this population. At the same time, it is possible that
the working conditions of healthcare professionals during
the pandemic, along with the use of personal protective
equipment that made the administration of tools relying on
verbal response difficult, may have discouraged the adoption
of delirium detection tools. Nevertheless, it has been shown
that, without using specific instruments, the ability to detect
delirium is very poor [32, 33]. Despite O’Hanlon and col-
leagues defining delirium as “a missing piece in the COVID-
19 pandemic puzzle” back in May 2020 [34], there has been
little systematic effort to enhance the prevention and man-
agement of delirium in COVID-19 patients, as restrictive
measures and self-isolations remain cardinal indications in
the prevention of SARS-CoV-2 infection. The recognition
of delirium as a key feature of COVID-19 by governmen-
tal institutions might help the implementation of delirium
detection tools thereby reducing the risk of under-detecting
SARS-CoV2 infection, especially when delirium represents
the sole presenting feature.

Strength and limitations

To conduct this study, we used a comprehensive search
strategy and systematic review method, consulting several
databases in the process, allowing clinically relevant con-
clusions in terms of overall delirium rates in COVID-19
patients aged 65 years and older. However, several limita-
tions should be considered. First, the studies included in
this analysis exhibited heterogeneity in terms of their study
samples and methods for collecting information on outcome
variables. In particular, none of the included studies specifi-
cally focused on adults with intellectual disabilities or older
adults affected by psychiatric conditions, special populations
intrinsically at higher risk of delirium in the case of an acute
illness and most studies assessed delirium using a dichot-
omous approach that may have biased the study results.
Additionally, the lack of information regarding whether
assessors were blinded to the outcome represent a potential
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source of bias. Second, the variability in the assessment
tool used to diagnose delirium among the included stud-
ies may have led to the under-recognition of certain cases
of delirium in COVID-19 patients, especially since types
of delirium—hyperactive, hypoactive or mixed were rarely
assessed. Third, not all included studies specifically focused
on investigating delirium in older COVID-19 patients and/or
investigated delirium only upon hospital admission, leading
to missing data for several variables of interest, especially
incidence. Fourth, most studies were conducted in hospital
settings, with only a few studies providing data from long-
term care facilities or community settings, thus allowing
only a pooled prevalence calculation. Lastly, a possible pub-
lication bias cannot be excluded, although it did not seem
to have influenced the measures of proportion substantially.

Conclusion

We conducted an updated systematic review and meta-anal-
ysis involving 66 studies and a total of 35,035 COVID-19
older patients. We found similar prevalence and incidence of
delirium in COVID-19 older patients, delineating delirium
as an important symptom of COVID-19, especially in frail
older adults. Formal inclusion of delirium as a COVID-19
feature in older adults is advisable. The high heterogeneity in
the assessment of delirium highlights the need for an opera-
tional strategy to standardize definitions and tools utilization
to facilitate the integration of delirium assessment in daily
clinical practice, especially when treating older and frail
population. Our findings underline the need for healthcare
professionals to consider the impact of delirium in this popu-
lation to optimize strategies to prevent and manage delirium,
especially in the context of a pandemic.
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