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Abstract

Background: Delirium is a common neurocognitive disorder in hospitalised older adults with vast negative consequences.
The predominant method of subtyping delirium is by motor activity profile into hypoactive, hyperactive and mixed groups.
Objective: This systematic review and meta-analysis investigated how predisposing factors differ between delirium motor
subtypes.

Methods: Databases (Medline, PsycINFO, Embase) were systematically searched for studies reporting predisposing factors
(prior to delirium) for delirium motor subtypes. A total of 61 studies met inclusion criteria (V= 14,407, mean age
73.63 years). Random-effects meta-analyses synthesised differences between delirium motor subtypes relative to 22 factors.
Results: Hypoactive cases were older, had poorer cognition and higher physical risk scores than hyperactive cases and were
more likely to be women, living in care homes, taking more medications, with worse functional performance and history
of cerebrovascular disease than all remaining subtypes. Hyperactive cases were younger than hypoactive and mixed subtypes
and were more likely to be men, with better cognition and lower physical risk scores than all other subtypes. Those with no
motor subtype (unable to be classified) were more likely to be women and have better functional performance. Effect sizes
were small.

Conclusions: Important differences in those who develop motor subtypes of delirium were shown prior to delirium
occurrence. We provide robust quantitative evidence for a common clinical assumption that indices of frailty (institutional
living, cognitive and functional impairment) are seen more in hypoactive patients. Motor subtypes should be measured across
delirium research. Motor subtyping has great potential to improve the clinical risk assessment and management of delirium.
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Key Points

* Individuals who develop hypoactive delirium show more indices of frailty than other subtypes.

* Men are more likely to develop hyperactive delirium and women are more likely to develop hypoactive delirium.

* Differences between subtypes were more pronounced in analyses in older adults.

* Incorporating risk scores for individual motor subtypes could improve delirium prediction tools and the planning of care.
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Background

Delirium is an acute and fluctuating disorder characterised
by deficits in attention commonly seen in older adults across
settings (e.g. surgical, medical, community, palliative care,
aged care), with highest rates in intensive care (19-82%)
[1-3]. Several negative consequences are associated with
delirium, including functional and cognitive decline,
increased institutionalisation, dementia and death [4-7].

Delirium subtypes can be derived from its motor activity
profile: hyperactive (increased quantity of motor activity,
loss of control of activity, agitation), hypoactive (decreased
activity and speech, reduced speed and alertness) and mixed
(uctuations between hyperactive and hypoactive) [8]. There
has been recent work to refine the systematic classification
of motor features [9, 10]. Notwithstanding their defining
motor differences, motor subtypes of delirium also differ in
detection rates, treatment and outcomes [10, 11]. Recent
delirium research emphasises the importance of considering
subtypes [2].

A considerable proportion (30-40%) of delirium is pre-
ventable, yet current risk prediction tools lack sensitivity
[1, 12, 13]. Risk factors for delirium can be categorised as
precipitating (e.g. surgery type or infection which represents
the acute insult that drives delirium) or predisposing (indi-
vidual factors which represent vulnerability to delirium). A
focus on predisposing factors represents a broad approach
encompassing general vulnerability to delirium across vari-
ous precipitants. Understanding predisposing risk factors for
delirium subtypes is of emerging importance as the incorpo-
ration of these nuanced factors could improve prediction tool
accuracy. The literature has yet to be systematically and quan-
titatively synthesised. Many studies appear to have assessed
only a small number of predisposing factors for delirium
motor subtypes, or only assessed one setting (e.g. intensive
care) [14-16]. Studies report associations between poorer
functional status, increased comorbidity, intravenous access
and hypoactive delirium, while antipsychotic prescriptions
have been associated with the hyperactive subtype [15, 16],
though both these observations may be subject to reverse
causation. Through a semi-quantitative analysis, a recent
review in critical care [14] reported inconsistent findings or
no association for differences between the motor subtypes in
relation to age, sex and mortality risk score.

Quantifying how predisposing factors differ between
delirium motor subtypes could inform our understanding
of the neurobiological bases of delirium [2, 17, 18].
Despite different symptomatology, no theories of delirium
neurobiology make differential predictions relative to
subtype [19, 20]. This contrasts with other disorders such
as attention deficit hyperactivity disorder [21], where
subtypes are theoretically and empirically considered,
leading to improved assessment and treatment, along with
neurobiological understanding.

This systematic review and meta-analysis will investigate
how predisposing factors (e.g. demographic and medical
factors) differ between delirium motor subtypes. Findings

will (i) enable clinical delirium risk prediction tools to be
improved, and (ii) indicate whether neurobiological mecha-
nisms underlying subtypes diverge.

Methods

This work was conducted according to the PRISMA 2020
statement [22] (see supplementary data for Supplementary
Table S1 for PRISMA checklist) and was registered prior to
data extraction (osf.io/j69g2).

Search strategy and selection criteria

Databases (Medline, PsycINFO, Embase) were searched
without database limits through Ovid from inception to 7
June 2021. The complete search strategy was (delirium/OR
delirix) AND (hypoactive OR hypo-active OR hyperactive
OR hyper-active OR mixed OR subtype OR sub-type OR
motorx). We did not include search terms for confusion or
encephalopathy as, while they share similar features, delirium
is a distinct concept [23] and the focus of the current review.
All identified records were screened by two reviewers, first by
title and abstract, and then by full text, with disagreements
resolved through reviewer discussion and consensus.
Prospective and retrospective original empirical research
papers published in English language after 1990 (first formal
definition of motor subtypes [8]) including adult partici-
pants (>18 years) were eligible for inclusion. Studies could
measure delirium and motor subtype (hypoactive, hyper-
active, mixed or no motor subtype for those unable to be
classified) using any method. Data to calculate an effect
size for an appropriate factor must have been reported for
two motor subtypes. Predisposing factors must have been
measured prior to (not during or after) delirium for those
which change over time (e.g. cognition), but may have been
measured during or after delirium if stable over time (e.g.
sex). Precipitating factors (e.g. surgery type, aetiology) were
not included. To be included, studies must report sufficient
data (V> 1) for at least two delirium motor subtype groups.

Data collection and coding

Data were extracted independently by two reviewers with
discrepancies resolved through discussion and consensus. We
extracted study and sample information (country, design,
setting, demographics), delirium and subtype assessment
details, and statistics for an appropriate factor and motor
subtypes of delirium. Factors were grouped (see supplemen-
tary data for Supplementary Table S2) by author discussion
and consensus.

Risk of bias in individual studies

Risk of bias was assessed with the Risk of Bias for Non-
randomised studies (RoBANS) [24] tool for observational
studies (including randomised controlled trials where only
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Table 1. Motor subtype comparison groupings

Motor subtype Group A Group B
comparison

1 Hypoactive Hyperactive

2 Hypoactive Mixed

3 Hypoactive No motor subtype
4 Hyperactive Mixed

5 Hyperactive No motor subtype
6 Mixed No motor subtype
7 Hypoactive Remaining

8 Hyperactive Remaining

9 Mixed Remaining

10 No motor subtype Remaining

Note: ‘Remaining’ in comparisons 7-10 refers to the average of all other
reported motor subtypes (not including Group A).

observational data, pre-intervention, was used). Two inde-
pendent reviewers assessed risk of bias with disagreements
resolved through discussion and consensus.

Data analysis

All data analyses were conducted in R using the metafor
package [25], with data and code publicly available (gi
thub.com/ericaghezzi/delirium_subtypes_metaanalysis). All
medians were converted to means and standard deviations
using the quantile estimation method within the estmeansd
package [26].

Ten delirium motor subtype comparisons were considered
in analyses (Table 1). Random-effects models were used to
calculate effect sizes for differences between Group A and
Group B for each factor/subtype comparison reported by
>2 studies. Statistical dependency in analyses was accounted
for by averaging effect sizes and variances within studies to
produce a single study-level estimate for each analysis. We
used the Paule and Mandel estimator [27] of between-study
variance and the Knapp and Hartung method [28]. Between-
study variance was quantified using 7z#’ and the propor-
tion of between-study heterogeneity out of total variance
was assessed using the F statistic (classified as low (25%),
moderate (50%) or high (75%) [29]).

Categorical and continuous factors were summarised sep-
arately (Hedges’ g for continuous, odds ratio for categorical).
Positive Hedges’ g represents higher scores in Group A com-
pared with group B. An odds ratio greater than 1 represents
greater likelihood of the factor being present in Group A
compared with Group B.

Effects are unadjusted for important variables (e.g. age)
as too few studies reported multivariate analyses for these
to be analysed. To provide an indication of the effect of
age, we ran a subgroup analysis stratified by two groups: (i)
studies which included all adults and (ii) those which only
included participants >60 years (by some inclusion/exclu-
sion criteria, or by reported age range where minimum was
>60). We also ran a subgroup analysis stratified by delirium
type (incident or prevalent) to investigate the predictive
ability of factors (for incident delirium). With generally low

heterogeneity across analyses, further subgroup analyses were
deemed unnecessary.

Funnel plots of effect size versus standard error for all
significant analyses were visually examined for symmetry to
assess for bias across studies due to the small-study effect
[30]. In analyses with at least 10 studies, the small-study
effect was formally tested using Egger’s intercept test [31].
If evidence of asymmetry (one-tailed P < 0.1 on the Egger’s
test) was found, Duval and Tweedie’s [32] trim and fill
method was used to quantify the magnitude of potential bias.

Certainty in the body of evidence was assessed using the
GRADE approach (Grading of Recommendations, Assess-
ment, Development and Evaluation) [33]. Overall certainty
was categorised as high, moderate, low or very low according
to assessments of the eight GRADE criteria: risk of bias,
inconsistency of results, indirectness of evidence, impreci-
sion, publication bias, magnitude of effect, dose-response
gradient and influence of residual plausible confounding.

Results

Database searching identified 3,432 unique articles, and
863 were screened by full-text following initial title/abstract
screening (Supplementary Figure S1). A total of 62 studies
satisfied the inclusion criteria; however, one study [34] did
not include any factors reported in at least two other stud-
ies. Therefore, 61 studies were included in the quantitative
synthesis (Table 2).

The included studies comprised 14,407 cases of delirium
(55% male, mean age 73.63 years). Most studies (50/61)
reported prevalence of delirium across various settings
(mostly acute) and the remaining reported incidence (mostly
post-surgery). Subtype proportions differed greatly across
studies, and not all reported every subtype. On average
when measured across studies, hyperactive delirium was
seen in 33% of cases, hypoactive in 34%, mixed in 31%
and no motor subtype in 12%. Subtype categorisation
methods varied, but most involved clinical observation of
symptoms (13/61), a Richmond Agitation Sedation Scale
cut-off (11/61) or the Delirium Motor Subtype Scale (11/61)
(Table 2).

A robust analysis of more factors than anticipated was
conducted, so we did not qualitatively synthesise remaining
factors or pool descriptive data for categorical factors. Sup-
plementary data item Supplementary Table S3 lists factors
with insufficient data for meta-analysis (e.g. biomarkers,
smoker status, depression, frailty).

The following sections summarise significant results from
122 individual analyses. The analyses each study contributed
to are shown in Supplementary Table S4 in the supple-
mentary data. Detailed model results are shown in Sup-
plementary Table S5 in the supplementary data, and all
factor/subtype comparisons are shown in Figures 1 and 2.

Demographic factors

At least one subtype comparison was assessed for eight
demographic factors (Figures 1 and 2). The hypoactive group
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Figure 1. Effect sizes (Hedges’ g) for random-effects meta-analyses conducted on differences between motor subtypes of delirium

on continuous predisposing factors. Positive Hedges” g indicates higher scores on factor in Group A compared with Group B.
X = non-significant result (P > 0.05), — = analysis unable to be conducted (insufficient data).

was significantly older than hyperactive, and hyperactive
was significantly younger than the mixed group and all
non-hyperactive subtypes pooled. The hypoactive group was
taking significantly more daily medications than all non-
hypoactive subtypes pooled and was significantly more likely
to live in a care home compared with all non-hypoactive
subtypes pooled. There were significant sex differences in
all comparisons except hypoactive versus no motor subtype.
Hypoactive and no motor subtype groups were less likely to
be men, and hyperactive and mixed groups were more likely.
Null to moderate heterogeneity was seen across these analyses
(/” median [range] = 19.19% [0-72.14%]).

Comorbidities and risk scores

Thirteen comorbidities and one risk score (combined physi-
cal score, see Supplementary Table S2 in the supplementary
data) were investigated for at least one subtype comparison
(Figures 1 and 2). Significantly lower cognitive scores were
seen for hypoactive compared with hyperactive, and higher
cognitive scores for hyperactive compared with mixed and
all non-hyperactive groups pooled. Significantly worse
functional performance was seen for hypoactive compared
with mixed and all non-hypoactive subtypes pooled. Better
functional performance was also seen for no motor subtype
compared with hyperactive, mixed, and all non-no motor
subtype groups pooled. The hypoactive group was also

8

significantly more likely to have history of stroke/cerebrovas-
cular disease than all remaining subtypes. The hypoactive
group had significantly higher physical risk scores than
hyperactive, and hyperactive had lower scores than mixed
and all non-hyperactive groups pooled. Null to high
heterogeneity was seen across these analyses (/° median
[range] = 0% [0-81.23%)]).

Subgroup analyses

Differing from the main analyses, in the older group of the
age stratification analysis the hypoactive group were signifi-
cantly more likely to reside in a care home and less likely to
live independently than all non-hypoactive pooled together.
Dementia was also less likely for the no motor subtype
compared with all remaining subtypes. Differences were no
longer found between subtypes on functional performance
in the group with all ages. The hypoactive group was also
more likely to have cardiac comorbidities compared with
mixed group, and the mixed group had significantly more
years of education than all other subtypes pooled. No other
notable differences were seen in the age stratification analyses
(Supplementary Tables S6 and S7 in the supplementary
data).

No differences between the main analyses (mainly preva-
lent delirium studies) and the prevalent subgroup analyses
were found. The incident delirium analyses comprised fewer
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Figure 2. Effect sizes (odds ratio) for random-effects meta-analyses conducted on differences between motor subtypes of delirium

on categorical predisposing factors. OR > 1 indicates greater likelihood of the factor being present in Group A compared with
Group B. X = non-significant result (P > 0.05), — = analysis unable to be conducted (insufficient data).

studies, and the only significant differences were seen for
higher physical risk scores for the mixed subtype compared
with hypoactive and all remaining subtypes pooled (small
effect sizes). Importantly, while non-significant, most analy-
ses demonstrated similar effect sizes to the prevalence analy-
ses. There was one case where the effect size was in the oppo-
site direction: the hyperactive group was more likely to be
women than the mixed group (not statistically significant).
In some cases, smaller, non-significant effect sizes were seen.
This was true for the sex comparison between hyperactive
and remaining subtypes, as well as the cognition comparisons
for hypoactive versus hyperactive and hyperactive versus

remaining subtypes (Supplementary Tables S8 and S9 in the
supplementary data).

Risk of bias

Overall risk of bias across assessed domains (RoBANS [24])
was low (see Figure 3 for summary). Some studies did not
clearly report the study location or time period or failed to
adjust for major confounding variables (age, sex) through
their design or analysis. As such, some selection bias was
shown across studies. Attrition bias was deemed unclear for
studies where reasons for participant drop-out or exclusion
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The selection of participants (selection bias)
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Figure 3. Percentage of studies with high risk (black), low risk (white) or unclear (grey) risk of bias ratings for each Risk of Bias for

Non-randomised Studies (RoOBANS) item assessed by authors.

were not clearly reported and, as such, potential risk of bias
was unable to be ascertained. Risk of bias assessments for
individual studies are presented in Supplementary Table S10
in the supplementary data.

Reporting biases

Potential small study effect was found in two analyses. Trim
and fill estimation led to an increase in the size of the
effect for the difference in the likelihood of being male
between the hyperactive group and both the mixed and all
non-hyperactive subtypes (Supplementary Table S11 in the
supplementary data).

Certainty of evidence

Using the GRADE approach, the overall certainty in the
body of evidence presented here was deemed to be moderate:
we are moderately confident in reported effect estimates.
The true effect is likely to be close to reported estimates but
may be considerably different. We identified some impreci-
sion, with large confidence intervals and smaller sample sizes
in some analyses.

Discussion

Our quantitative synthesis of the literature identified
important differences in predisposing factors between
delirium motor subtypes. Those who developed hypoac-
tive delirium were more likely to be older, have poorer
cognition and higher physical risk scores than those with
hyperactive delirium (small effect sizes), and were more
likely to be women, living in care homes, take more daily
medications, have worse functional performance and history
of cerebrovascular disease compared with all remaining
subtypes (all with negligible to small effect sizes). Those who
developed hyperactive delirium were more likely to be men
and younger, with better cognition and lower physical risk
scores than all other subtypes (all with negligible to small
effect sizes). Individuals with mixed delirium were more
likely to be men than remaining subtypes (negligible effect
size). Those who developed no motor subtype were more
likely to be women and have better functional performance
than all remaining subtypes (albeit predominantly with
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small effect sizes). Taken together, we describe how different
delirium motor subtypes arise from heterogeneity of baseline
factors.

Identification of these differences extends recent discus-
sions about delirium as a unitary condition, and whether
further classification, as has been done for other brain dis-
orders (e.g. stroke, dementia), would be useful for delirium
research [2]. We now extend the argument for motor sub-
type classification, bolstering previous research demonstrat-
ing differences in their actiology, treatment and outcomes
[10, 11], now showing key individual differences (small
effect sizes) between motor subtypes even prior to delirium
occurring.

Key differences in predisposing factors between
delirium subtypes

Although we could not directly investigate standardised
frailty measures, indications of frailty (lack of independent
living, increased medication use, cognitive and functional
impairment) were more common in those who develop
hypoactive delirium. We provide quantitative evidence
for a commonly held clinical assumption that more frail,
older individuals develop hypoactive delirium [10]. Results
demonstrating better functional performance prior to delir-
ium occurrence in those with no motor subtype compared
with all other subtypes support literature, indicating that
those with no motor subtype have lower risk or less severe
delirium [11].

The most consistent difference across subtypes were sex
differences: men were more likely to have hyperactive and
mixed delirium, while women more likely to have hypoactive
and no motor subtype. It should be noted sex differences
were most consistent in the all-age stratified analysis (less
in the older age analysis). Sex differences are also apparent
in the behavioural symptoms of late-life dementia, with
men displaying more aggressive symptoms and women more
mood symptoms [35]. Given that dementia is a significant
risk factor for incident delirium [2, 36], and delirium a
risk factor for incident dementia [37], it is perhaps unsur-
prising to find sex differences here. The underlying biology
likely relates to hormonal and metabolic differences [38],
as well as neuroplastic changes across the lifespan related
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to stress, along with social, educational and occupational
opportunities [39, 40].

It is likely that factors associated with age (residual con-
founding), rather than age specifically, are driving the devel-
opment of delirium subtypes. While patients with hypoac-
tive delirium were found to be older than those with hyperac-
tive delirium, age differences for most subtype comparisons
were not statistically significant. Clinically, this calls for
comprehensive geriatric assessments for delirium patients,
for causes to be investigated beyond age [41, 42]. Differences
between subtypes in terms of functional status, physical risk
scores and presence of dementia were more pronounced
(and statistically significant) in the older age group. We
could not test whether these functional factors were driving
associations between age and delirium.

Future directions

Several central risk factors for delirium were lacking suf-
ficient data for meta-analysis. These include direct frailty
measures, depression, alcohol use and poor nutritional status
[2]. Future research should further investigate differences
in these factors between subtypes. Individual studies also
demonstrated differences between motor subtypes on factors
which had insufficient data for quantitative investigation
here. These factors include biomarkers (e.g. haemarocrit
levels) [43], depression [44], frailty [45], physical function
[46] and substance abuse [47].

Classification methods for subtypes differed across stud-
ies, with clinical observation most common (22% of studies).
To ensure consistency in research on motor subtypes of
delirium, future research must employ standardised tools
for classification (e.g. Delirium Motor Subtype Scale [9]).
Considering its relatively high rate across included studies
(12%), delirium with no motor subtype has received little
attention in the broader literature. With important differ-
ences in vulnerability for no motor subtype compared with
other motor subtypes shown here, future research should
consider those who do not experience a motor subtype as
an important group in delirium research.

Differences in the vulnerability profile between motor
subtypes have significance for clinical practice. Up to 30—
40% of delirium is preventable, and effective risk prediction
is essential to target preventative interventions towards at-
risk patients [1, 12]. However, existing risk prediction tools
for delirium are limited and lack sensitivity [13], possibly
due to heterogeneity in predisposing factors for delirium
in general, as we have demonstrated here. The addition of
risk scores for motor subtypes within risk prediction mod-
elling has potential to improve the sensitivity of these tools.
Stratifying risk according to motor subtype would allow for
tailored patient and family education on delirium risk prior
to elective procedures, as well as increasing awareness of the
subtypes and improving detection, especially for hypoactive
delirium [48, 49]. Future research would need to directly
assess the utility of risk stratification by subtype in delirium
prediction tools. The incident subgroup analyses provide
an idea of prediction to subtype. Despite reduced power

and non-significant effects, effect sizes and direction were
relatively stable, providing evidence that identified factors
appear to differentiate between subtypes prospectively. Fur-
ther prospective research is needed to examine the specific
predictive ability of risk factors for the individual delirium
subtypes. Regarding delirium prevention, our results indicate
that current preventative interventions [12, 50], which focus
on cognitive activation and mobilisation, mostly target those
at risk for hypoactive delirium. This focus is warranted
considering the poorer outcomes for hypoactive delirium,
including higher mortality [11, 14, 15, 51].

Leading neurobiological theories state that delirium vul-
nerability is characterised by functional brain disintegration
[19, 20]. It is thought that vulnerability for delirium is
determined by two important factors, and their interaction:
baseline brain network connectivity and level of inhibitory
tone [19]. Non-modifiable factors such as cognitive impair-
ment, age, dementia and depression are thought to impact
baseline level of brain connectivity. We show that hypoac-
tive cases are older (than hyperactive) with lower cogni-
tion, which potentially indicates greater network connec-
tivity breakdown than other subtypes. In contrast, level of
inhibitory tone is thought to be influenced by modifiable
factors such as infection, inflammation and medication (e.g.
benzodiazepines) [20]. There is some indication of hyperac-
tive delirium being more common in medication or GABA-
withdrawal states (e.g. benzodiazepine, alcohol) [10, 52, 53].
These differences in the predisposing risk factors (modifiable
and non-modifiable) between subtypes may lead to differing
degrees of brain network connectivity and level of inhibitory
tone. Future empirical and theoretical work needs to address
neurobiological differences in delirium subtypes, including
the roles of predisposing and precipitating factors.

Limitations and conclusion

Only English-language studies were included. Due to min-
imal reporting of multivariate comparisons between sub-
types, these were not used, and effects were unadjusted for
important covariates (e.g. age). However, we did investigate
this with a stratified age cut-off analysis. Patient populations
and delirium assessment methods were heterogeneous across
studies. This was not reflected statistically, with low hetero-
geneity found across most analyses. Additionally, pooling of
different delirium groups strengthens our findings with large
samples and effects shown across contexts.

Limitations also remain in subtype diagnostics, and cur-
rent delirium motor subtypes may require refinement. The
fact that 12% of cases across included studies could not
be subtyped is perhaps cause for concern and provides an
impetus for subtype clinical categorisation refinement. It is
important to note that while delirium categorisations may
be valuable for research, the unitary umbrella definition
may be more suited to some training and education con-
texts. Delirium is still widely underdiagnosed [2, 54, 55],
with fewer than half of cases detected in hospital settings,
and effective means of raising awareness are vital. Further,
research has shown there is a bias for the overrepresentation
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of hyperactive delirium diagnoses, especially in chart docu-
mentation [49]. The inclusion of retrospective study designs
(21% of included studies), which often rely on chart review
to identify delirium, may have led to an underrepresentation
of hypoactive delirium in our included sample.

Through a robust quantitative synthesis of available lit-
erature, we found significant differences between delirium
motor subtypes, albeit with small effect sizes, in their charac-
teristics prior to delirium occurrence. Importantly, indices of
frailty (institutional living, increased medication use, cogni-
tive and functional impairment) are seen more in hypoactive
patients, who are also more likely to be women. In con-
junction with research demonstrating differences by subtype
for pathophysiology, treatment experience and outcomes
[10], these results highlight the importance of consider-
ing motor subtypes in all delirium research. There is great
potential to improve delirium theory, prediction and clinical
management by considering subtypes.
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