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Background: The incidence of delirium in patients in the intensive care unit (ICU) is relatively high.
Current research results on the effect of cognitive exercise on the incidence of delirium in ICU inpatients are
inconsistent. In this study, a meta-analysis was performed on the impact of cognitive exercise on the incidence
of delirium in ICU inpatients to provide an evidence-based reference for the clinical prevention of delirium.
Methods: Articles were searched in PubMed, MEDLINE, the Cochrane Library, Chinese National
Knowledge Infrastructure (CNKI), China Biology Medicine Disc (CBMD), Wanfang Database, and Western
Biomedical Journal Database. The search strategy and search terms for Chinese and English databases were
as follows: cognitive exercises or activity or functional exercise or rehabilitation or active intervention or
gradual training or physical therapy or physical therapy, delirium, and randomized controlled trial (RCT)
or randomization. Two researchers were required to independently screen the articles, extract data, and
repeatedly assess the risk of bias for the included articles.

Results: A total of 7 studies were included. The incidence of delirium was tested for heterogeneity,
which showed that 1’=94%>50% and P<0.00001, indicating heterogeneity among studies. There was no
significant difference between the treatment group and the routine group [Z=1.28, odds ratio (OR) =0.43,
95% confidential interval (CI): 0.12-1.58, P =0.20]. The duration of delirium in treatment group and routine
group was significantly different [Z=3.24, mean difference (MD) =-1.99, 95% CI: -3.20, -0.79, P=0.001]. The
heterogeneity test was conducted for the length of hospitalization, showing that Chi-squared test (Chi’) =2.16,
degree of freedom (df) =4, ’=0%<50%, and P=0.71, indicating that the heterogeneity of each study group
was acceptable. The difference between the treatment group and the routine group was statistically significant
(Z=10.84, MD =-2.10, 95% CI: -2.48, -1.72, P<0.00001).

Discussion: Meta-analysis results confirmed that cognitive exercises can reduce the incidence and duration

of delirium in ICU inpatients, and shorten the length of hospitalization.
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Introduction

Delirium is a fast-onset brain syndrome with non-specific
etiology. Its main manifestations are disturbances in
consciousness, attention, perception, memory, thinking,
mood, sleep cycles, and abnormal psychomotor behaviors,
with uncertain duration and severity (1). Intensive care
unit (ICU) delirium is a common clinical syndrome in
the treatment of critically ill hospitalized patients. ICU
patients in the special environment of disease and intensive
care unit may be the side effects of drugs, or they need
to face great pressure and fear every day, which leads to
delusions, hallucinations, delusions, eccentric behaviors,
excessive vigilance and even delirium (2-4). In the clinical
environment, the incidence of delirium is 10-60% and the
incidence in ICU inpatients is even as high as 60-82%,
while the incidence of mechanically ventilated patients is the
highest (5). Delirium can increase the mortality, length of
hospitalization, and medical expenses of critically ill patients.
After being discharged from hospital, patients with delirium
during their stay in the ICU have a significantly lower quality
of life (6-8). Delirium is one of the risk factors for cognitive
impairment in ICU inpatients. Patients with delirium are
more likely to suffer from long-term cognitive dysfunction
in the ICU, which severely hinders the patient’s recovery
progress and leads to an increase in the readmission rate (9).
Currently, there is no uniform plan for the treatment of
delirium. The efficacy of medication in the treatment of
delirium is not obvious, the cost of medication is expensive,
and it shows inconsistent efficacy compared to other non-
drug treatments (10). During the bed rest period of patients,
activity decreases, protein synthesis slows down, and
oxidative stress is promoted, which will increase the activity
of proteolytic enzymes, accelerate protein degradation,
accelerate muscle dysfunction, and increase the incidence
of delirium in the ICU (11). Through cognitive function
exercise, directional training of patients’ psychology and
behavior, and evaluation by Wechsler Adult Intelligence Scale
and Wechsler Adult Memory Scale can improve patients’
real perception and directional ability of things around
them and reduce patients’ fear of unfamiliar environment.
In addition, cognitive exercises can reduce the protein
degradation caused by oxidative stress in patients, thereby
preventing the occurrence of delirium in the ICU (12).
The specific content of cognitive exercise evaluation
includes initial evaluation and continuous evaluation, and
its implementation plans include progressive functional
exercises and goal-oriented functional exercises. Studies have
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shown that cognitive exercises can reduce the mechanical
ventilation time and length of hospitalization of patients,
and improve their muscle strength and ability of daily living.
The guidelines for sedation, analgesia, and delirium suggest
that cognitive exercises in ICU inpatients can effectively
promote the recovery of patients. Therefore, it is necessary
for ICU inpatients to perform cognitive exercises.

At present, there has been a systematic evaluation on the
influence of cognitive function exercise on delirium of ICU
patients, but there are many intervention measures, and the
quality of literature is uneven; In addition, the conclusions
of the study are not uniform. The innovation of this study
lies in the use of Cochrane system to comprehensively
search and collect the randomized controlled trials (RCTs)
of delirium in ICU patients after intervention of cognitive
function exercise for systematic evaluation and meta-
analysis, in order to provide evidence-based medical basis
for prevention and management of delirium in ICU.

We present the following article in accordance with
the PRISMA reporting checklist (available at https://apm.
amegroups.com/article/view/10.21037/apm-21-3938/rc).

Methods
Article retrieval

English articles were searched in PubMed, MEDLINE, and
the Cochrane Library, and Chinese articles were searched in
Chinese National Knowledge Infrastructure (CNKI), China
Biology Medicine Disc (CBM), Wanfang Database, and
Western Biomedical Journal Database. The search strategy
and search terms for Chinese and English databases were as
follows: cognitive exercises or activity or functional exercise
or rehabilitation or active intervention or gradual training
or physical therapy or physical therapy, delirium, and RCT
or randomization.

Subject words and free words were combined, aiming
to include more relevant articles. RCTs on the occurrence
of delirium in ICU inpatients after the intervention of
cognitive exercises published from the establishment of the
database to June 28, 2021 were retrieved.

Inclusion and exclusion criteria of the included articles

The inclusion criteria of articles were as follows: articles
which were prospective RCTs, without restrictions on
allocation concealment and blinding; articles with adult
patients with delirium in the ICU as the research subjects;
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articles with intervention of cognitive exercises on the basis
of routine care, including active or passive exercise on the
bed, sitting on the bed, standing on the bed, sitting on the
bedside chair, and assisted walking in the experimental
group, and giving routine care, including basic care, health
education, specialist care, and intensive care in the routine
group; and articles which mentioned the outcome indicators
of the incidence of delirium, duration of delirium, delirium-
free time, and hospitalization days. Medical staff in the
ICU evaluated patients’ consciousness, underlying diseases,
respiratory status, muscle strength, activity intensity, pain,
and developed cognitive exercise plans, including passive
exercises and active exercises.

Articles meeting the following criteria were excluded:
articles which were non-prospective RCTs; articles with
research subjects who were not ICU inpatients; articles
with the intervention measures of no cognitive exercises
combined with other methods; articles which were
published repeatedly; and articles whose authors could not
be contacted to obtain relevant outcome data.

Outcome indicators

The outcome indicators included the incidence of delirium,
duration of delirium, delirium-free time, and hospitalization
days.

Article screening and data extraction

Two professionals were required to use a unified Microsoft
Excel table to independently filter articles, read the titles
and abstracts of articles, extract data, and then cross-check
them. If they encountered differences, it would be resolved
through discussion. The main data extracted included:
general information of the articles (journal, publication
data, title, first author, and country), basic information
of the research subjects (gender, age, and sample size),
intervention measures (specific operation and follow-up
time), major factors for the risk of bias, and extraction of
outcome indicators (incidence of delirium, duration of
delirium, delirium-free time, and hospitalization days).

Evaluation of the risk of bias

"Two researchers were required to evaluate the methodological
quality of the included articles using the bias risk assessment
tool provided by the Cochrane Handbook Version 5.1.0 (13).

If there was a disagreement, a consensus conclusion would
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be obtained through discussion. Evaluation items included
determination of the random sequence generation method;
allocation concealment; researcher blinding and research
outcome blinding; loss to follow-up and withdrawal;
judgment selection bias; and other biases. Each item was
evaluated as “low risk of bias”, “unclear risk of bias”, and
“high risk of bias”. The included articles which fully met the
above criteria were defined as grade A, suggesting that the
possibility of various biases was low. Articles satisfying the
above quality standards were defined as grade B, indicating
that the possibility of bias was moderate. Original articles
which did not meet the above quality standards at all were
defined as grade C, indicating that the possibility of bias
was high.

Sensitivity analysis

We also aimed to study the impact of each study on the
total combined effect size, and excluded the more influential
studies. The random effect model (REM) and fixed effect
model (FEM) were used to compare the results. According
to the consistency of the results, the reliability of the
combined results was analyzed and the funnel plot was used
to determine whether there was publication bias.

Statistical analysis

The risk of bias evaluation chart of RevMan 5.3 software
provided by the Cochrane Collaboration was used to
evaluate the risk of bias of the included articles, and the
data was sorted, filtered, and then input into the software
to draw the plot. Binary variables were analyzed using odds
ratio (OR) and 95% confidential interval (CI) as effect
indicators, and continuous variables were analyzed by taking
the mean difference (MD), standardized MD (SMD), and
95% CI as the effect indicators. The heterogeneity among
the articles was explored using the I’ test. When P>0.01 and
I’<50%, it indicated that the heterogeneity of the included
articles was small, and the FEM was used for meta-analysis.
When P<0.01 and I’>50%, it indicated that the included
articles showed obvious heterogeneity, and the REM was
used for meta-analysis.

Results
Search results and basic information of the included articles

A total of 459 articles were obtained by searching the
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Figure 1 Flowchart of the article retrieval process.

databases and 153 articles were obtained by registers.
Of these, 138 articles that were duplicate articles were
eliminated, 82 articles were not qualified after the titles
and abstracts were read, and 31 articles were eliminated
for other reasons. After the selection of titles and abstracts,
361 papers were included. After the full texts were read,
225 articles were removed, leaving 136 articles. There were
62 research reports and reviews, and 74 papers remained. A
total of 51 non-RCT5 articles were excluded, and 16 articles
were excluded because the relevant information of the
research could not be further extracted. Seven articles were
finally included in the meta-analysis. Figure I shows the
flowchart of the article retrieval process.

There were 7 articles that met the inclusion criteria,
involving 1,291 patients. Among the 7 articles, the sample
size ranged from 94 to 300. The incidence of delirium,
duration of delirium, delirium-free time and hospitalization
days were described in detail in the 7 articles. Table 1 shows
the basic characteristics and scale scores of the included
articles.

Risk of bias evaluation results of the included articles

Figure 2 shows the risk of bias evaluation results of the
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included articles drawn by Rev Man 5.3 software. Figure 3 is
a summary diagram of the risk of bias of the articles. Among
the 7 RCTs in this study, 1 RCT described allocation
concealment in detail, 7 described the correct random
allocation method, and 1 article did not use blinding. The
quality evaluation results of all articles were grade B.

Meta-analysis on the incidence of delirium

A total of 4 articles (16,18-20), analyzed the incidence of
delirium in the RCTs and their relative risk. The 4 articles
described the incidence of delirium using dichotomous
variables. Figure 4 is a forest plot for incidence of delirium
using REM. The overall heterogeneity test was performed,
and the results revealed I’=94%>50% and P<0.00001, so
the heterogeneity among the articles was acceptable. The
REM analysis results showed that the treatment group and
the routine group were not significantly different in terms
of the incidence of delirium (Z=1.28, OR =0.43, 95% CI:
0.12-1.58, P=0.20). These findings showed that cognitive
exercises could reduce the incidence of delirium in the ICU.

Figure 5 is a funnel plot of the incidence of delirium. The
distribution of most articles was relatively concentrated,
with only a few scattered, indicating that there was no
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Table 1 Basic characteristics and scale scores of the included articles
Number of cases Intervention
First author Ye.ar O.f Outcome indicators
publication Treatment group  Routine group Treatment group  Routine group

Balas (14) 2014 150 146 Cognitive exercises Routine Length of hospitalization and
nursing duration of delirium

Fraser (15) 2015 66 66 Cognitive exercises Routine Length of hospitalization and
nursing duration of delirium

Karadas (16) 2016 47 47 Cognitive exercises Routine Incidence of delirium
nursing

Morris (17) 2016 150 150 Cognitive exercises Routine Delirium-free time and length of
nursing hospitalization

Needham (18) 2010 57 57 Cognitive exercises Routine Incidence of delirium and length
nursing of hospitalization

Schweickert (19) 2009 49 55 Cognitive exercises Routine Duration of delirium
nursing

Shehabi (20) 2012 125 126 Cognitive exercises Routine Incidence of delirium and
nursing duration of delirium

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0% 25% 50% 75% 100%

[ Low risk of bias [[] Unclear risk of bias [l High risk of bias

Figure 2 Risk of bias evaluation results of the included articles.

publication bias in the articles included in this study.

Meta-analysis on the duration of delivium

A total of 3 articles (14,19,20) analyzed the duration of
delirium in the RCTs and their relative risk. Figure 6 is a
forest plot for the duration of delirium using REM. The
overall heterogeneity test was performed, and the results
revealed Chi’=80.08, df=2, I’=98% and P<0.00001, so the
heterogeneity among the articles was acceptable. The REM
analysis results showed that the treatment group and the
routine group were significantly different in terms of the

incidence of delirium (Z=3.24, MD =-1.99, 95% CI: -3.20,
~0.79, P=0.001).

Figure 7 is a funnel plot of the duration of delirium. The
distribution of most articles was relatively concentrated,
with only a few scattered, indicating that there was no
publication bias in the articles included in this study.

Meta-analysis on the delirium-free time

A total of 2 articles (15,17) analyzed the delirium-free
time in the RCTs and their relative risk. Figure § is a
forest plot for the delirium-free time using REM. The
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overall heterogeneity test was performed, and the results
revealed Chi’=11.06, df=1, I’=91% and P=0.0009, so the
heterogeneity among the articles was acceptable. The REM
analysis results showed that the treatment group and the
routine group were no significantly different in terms of the
delirium-free time (Z=0.97, MD =-0.11, 95% CI: -0.34,
0.12, P=0.33).

- | Allocation concealment (selection bias)

® O O O O ®| @  sindingof participants and personnel (performance bias)

@ | @ | Biinding of outcome assessment (detection bias)
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Schweickert 2009

® OO ® | G| ® | Random sequence generation (selection bias)
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Figure 3 Summary of the risk of bias evaluation of the articles. +,

low risk; -, high risk; ?, no clear.

Karadas2016 4 47 10 47  22.0%

Needham2010 107 285 125 452  27.0%
Schweickert2009 16 49 33 55 24.8%
Shehabi2012 30 125 81 126 26.2%
Total (95% CI) 506 680 100.0%
Total events 157 249

Heterogeneity: Tau? = 1.61; Chi? = 53.62, df = 3 (P < 0.00001); I> = 94%
Test for overall effect: Z = 1.28 (P = 0.20)
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Figure 9 is a funnel plot of the duration of delirium. The
distribution of most articles was relatively concentrated,
with only a few scattered, indicating that there was no
publication bias in the articles included in this study.

Meta-analysis on the length of bospitalization

A total of 5 articles (14,15,17-19) analyzed the length of
hospitalization and MD of RCTs. Figure 10 shows the
forest plot of the length of hospitalization using FEM. Five
articles used continuous variables to describe the length of
hospitalization. There were 946 cases in total, including
472 cases in the treatment group and 474 cases in the routine
group. The overall heterogeneity test was performed, and it
was found that Chi’=2.16, df=4, I'=0%<50%, and P=0.71, so
the heterogeneity was acceptable. The FEM analysis results
demonstrated that the difference between the 2 groups was
statistically significant (Z=10.84, MD =-2.10, 95% CI: -2.48,
-1.72, P<0.00001). This indicates that cognitive exercises
can significantly shorten the length of hospitalization of
patients with delirium in the ICU. The 2 included articles
were eliminated one by one and then subjected to sensitivity
analysis. The results showed that the combined effect size did
not change significantly, indicating that the analysis results of
the outcome index were very stable and were not affected by
a single study.

Figure 11 is the funnel plot of the length of hospitalization.
The distribution of most articles was relatively concentrated
and basically symmetrical, indicating that there was no
publication bias in the articles included in this study.

Discussion

A total of 7 RCTs on cognitive exercise intervention for
the treatment of delirium in the ICU were included in this

Odds Ratio Odds Ratio
A 9 0 a gm_,_9_5_[g_Q|—°
0.34[0.10, 1.19] -7
1.57 [1.15, 2.16] -
0.32[0.14, 0.72] —
0.18[0.10, 0.30] =
0.43[0.12, 1.58] —eeti——
0.02 0.1 1 10 50

Favours [experimental] Favours [control]

Figure 4 Forest plot for the incidence of delirium using REM. REM, random effect model; CI, confidence interval; Chi’, chi-square test; df,

degree of freedom.
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Figure 5 Funnel plot of the incidence of delirium. SE, standard

error; OR, odds ratio.
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Figure 7 Funnel plot of the duration of delirium. SE, standard

error; MD, mean difference.

Mean Difference Mean Difference
IV, Random, 95% ClI IV, Random, 95% CI

Study or Subgroup  Mean SD Total Mean SD Total Weight
Balas 2014 2 1 150 3 1 146 33.8%
Schweickert 2009 2 1 49 4 1 55 33.1%
Shehabi 2012 2 1 125 5 2 126 33.1%
Total (95% CI) 324 327 100.0%

Heterogeneity: Tau? = 1.10; Chi? = 80.08, df = 2 (P < 0.00001); I> = 98%
Test for overall effect: Z = 3.24 (P = 0.001)

-1.00 [-1.23, -0.77] =
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Figure 6 Forest plot for the duration of delirium using REM. REM, random effect model; CI, confidence interval; Chi’, chi-square test; df,

degree of freedom; SD, standard deviation.

study, of which 1 RCT described allocation concealment in
detail, 7 described the correct random allocation method,
and 1 article did not use blinding. The results showed that
there was no significant difference between the baseline
data of the treatment group and the routine group (P>0.05),
indicating that they were comparable.

The incidence and ORs of delirium in the 4 RCTs were
analyzed. Meta-analysis results showed that cognitive
exercise significantly reduced the incidence of delirium in
ICU inpatients (Z=1.28, OR =0.43, 95% CI: 0.12-1.58,
P=0.20), which was consistent with Thomason et a/.
[2004] (21). Cognitive exercise in ICU patients can improve
their mobility, enhance their self-confidence, improve their
psychological status, and enhance their belief in recovery.
Based on the existing research findings, clinical experience,
and expert consensus, cognitive exercise can significantly
reduce patients’ medical costs (22-25). A total of 2 studies
analyzed the length of stay and MD. When delirium occurs,
it can have serious short-term and long-term effects on
ICU patients, such as increased mortality, increased medical
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costs, longer hospital stays, cognitive impairment, and
post-traumatic stress reactions (26-28). Tatematsu ez al.’s
[2011] (29) research pointed out that cognitive function
exercise combined with drug treatment for delirium was
better than cognitive function exercise alone. Meta-analysis
showed that cognitive exercise significantly shortened
the length of hospital stay in ICU patients with delirium
(Z=10.84, MD =-2.10, 95% CI: -2.48, —1.72, P<0.00001).
Cognitive exercise can promote the recovery of patients,
enable them to return to society as soon as possible, and
effectively improve the quality of life of patients in the later
stage, which is consistent with the analysis results of Rosa
et al. [2018] (30). After the patients were discharged from
hospital, the longitudinal study was conducted by extending
the follow-up time, and it was found that the long-term
effect of cognitive function exercise was better than that of
routine nursing.

After the included articles were eliminated one by one,
sensitivity analysis was performed, and the results showed
that the combined effect size did not change significantly,
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Treatment group Routine group

r r Mean D Total Mean D Total Weigh
Fraser 2015 3.6 1.6 66 5.05 3 66 7.9%
Morris 2016 2 09 150 2 12 150 921%
Total (95% Cl) 216 216 100.0%

Heterogeneity: Chiz = 11.06, df = 1 (P = 0.0009); I> = 91%
Test for overall effect: Z=0.97 (P = 0.33)
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Figure 8 Forest plot for the delirium-free time using REM. REM, random effect model; CI, confidence interval; Chi’, chi-square test; df,

degree of freedom; SD, standard deviation.
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Figure 9 Funnel plot of the delirium-free time. SE, standard error;
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Treatment group Routine group

r r Mean D Total Mean SD Total Weigh
Balas 2014 1 2 150 13 2 146 69.4%
Fraser 2015 10.6 7 66 126 74 66 24%
Morris 2016 14.9 4 150 172 7.6 150 7.6%
Needham 2010 141 35 57 172 43 57  7.0%
Schweickert 2009 59 21 49 79 32 55 136%
Total (95% Cl) 472 474 100.0%

Heterogeneity: Chiz = 2.16, df =4 (P = 0.71); 2= 0%
Test for overall effect: Z = 10.84 (P < 0.00001)
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Figure 11 Funnel plot of the length of hospitalization. SE,

standard error; MD, mean difference.
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Figure 10 Forest plot for the length of hospitalization using FEM. FEM, fixed effect model; CI, confidence interval; Chi’, chi-square test; df,

degree of freedom; SD, standard deviation.

indicating that the analysis results of the outcome indicators
were very stable and were not affected by a single study.
The circles were scattered around the midline and
were roughly symmetrical, and there was no bias in the
publications. Generally speaking, cognitive exercises in
ICU inpatients, whether active or passive exercises, were
beneficial for reducing the incidence of delirium and length
of hospitalization. It not only saves medical resources, but
also improves the outcome of patients. It is recommended
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to be widely used in clinical practice. However, cognitive
exercise in ICU inpatients can be greatly affected by the
sedative effect of drugs, and it is necessary to improve
patient sedation management in the later stage to increase
the possibility of exercise.

Conclusions

In this study, the relevant RCTs on cognitive exercise in
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ICU inpatients with delirium were screened for systematic
evaluation and meta-analysis, aiming to explore the impact
of cognitive exercises and routine nursing on the incidence
of delirium. Meta-analysis results confirmed that cognitive
exercises can reduce the incidence of delirium and duration
of delirium in patients in the ICU, and shorten the length of
hospitalization of patients. The limitation of this study was
that there were few related studies on ICU inpatients after
discharge, and follow-up visits need to be added to future
studies to understand the long-term therapeutic effect of
cognitive exercises on delirium. In conclusion, this study
provides an evidence-based reference for the application of
cognitive exercises in ICU inpatients.
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