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Introduction

The intensive care unit (ICU) provides isolation and 
equipment for patients with severe illness or coma to 
undergo simultaneous treatment, nursing, and rehabilitation 
(1,2). Severe trauma, major surgery, continuous and 
intensive monitoring of vital indicators, and life support 
require ICU treatment, with patients transferred back to 
the general ward when their condition improves (3,4).

Delirium, also known as acute cerebral syndrome, refers 

to a clinical syndrome with a variety of causes (5). Delirium 
is characterized by cognitive dysfunction, lack of attention, 
urgent onset, obvious emotional fluctuations, and mostly 
occurs in the elderly (6,7). There is an obvious circadian 
rhythm to disturbance of consciousness, which worsens 
at night when there is less light. Disorientation includes 
confusion concerning time and place, and in severe cases,  
disorientation of people (8,9). Perceptual disorders include 
hypersensitivity, delusions, and hallucinations (10). Once 
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the delirium has passed and the patient has improved, 
the presentation of delirium or what occurred is mostly 
forgotten. Laboratory tests include whole blood routine, 
blood glucose, liver function, renal function, blood 
ammonia, blood gas analysis, urine analysis, and drug 
screening in urine (11). The diagnosis can be made based 
on typical clinical symptoms, including consciousness 
disorder, disorientation, and thinking disorder with 
fluctuating cognitive impairment (12). The etiology of 
delirium, such as physical disease, electrolyte disorder, 
alcohol or other substance dependence, can also be 
determined based on patient history, physical examination, 
and laboratory examination (13,14). The nursing measure 
of delirium syndrome is to actively cooperate with doctors 
for treatment. When patients show symptoms, we should 
pay attention to protect patients’ personal safety and avoid 
patients from injury or impulsive behavior. In daily life, 
patients should be protected from emotional stimulation 
to avoid self-injury and personal injury (15). In addition, 
measures such as directional guidance, treatment of 
cognitive impairment, reduction of psychotropic drug use, 
increased activity, promotion of sleep, maintenance of the 
balance of nutrition and water and electricity, and provision 
of visual and auditory assistance should be taken to control 
the risk factors of delirium.

The risk factors for delirium generally belong to 
susceptible factors, such as senile dementia, poor physical 
condition, cancer and cerebrovascular disease. Depression, 
audio-visual disorders, malnutrition, water and electrolyte 
imbalance, drug dependence and alcohol dependence (16).  
Brain function is impaired in the presence of one or more 
predisposing factors. At this time, the brain internal 
environment of the brain is affected, and acute changes 
resulting in neurotransmitter, neuroendocrine and 
neuroimmune damage in the brain all become triggering 
factors, and sometimes environmental changes can promote 
delirium (17).

At present, delirium has been studied in China and 
abroad. Most articles agree that age or severe disease is 
closely related to delirium. However, a small number of 
articles hold the opposite opinion, including all aspects 
of risk factors. All of them are controversial. Most of the 
articles included the research with small sample size and 
single patient, so most of the articles had certain limitations 
and the results between the articles were inconsistent, 
which was a normal phenomenon. At present, there is no 
study on the fundamental etiology of delirium in China 
and abroad. In this study, the meta-analysis was used to 

comprehensively analyze the concentration points of risk 
factors of delirium in critical patients based on the literature 
factors related to delirium in critical patients published 
since the establishment of the database, so as to provide a 
theoretical basis for further guiding the clinical treatment of 
postoperative delirium in critical patients in ICU. 

We present the following article in accordance with the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis (PRISMA) reporting checklist (available at 
https://apm.amegroups.com/article/view/10.21037/apm-
21-3954/rc).

Methods

Literature search strategy

A computer-based search of the China National Knowledge 
Network (CNKI) database, China Biomedical Literature 
Database, Wanfang Database, VIP Database, Baidu 
Academic, Chinese Medical Citation Index (CMCI), 
Medl ine,  Embase,  PubMed,  and other  databases 
was undertaken. Literature analyzing risk factors for 
postoperative delirium in critically ill ICU patients 
published between the database establishment date and May 
30, 2021 was retrieved using the Boolean logic retrieval 
method of compound logic. The Chinese databases were 
searched using a combination of “meta-analysis”, “risk 
factors for delirium”, and “ICU patients with severe illness”. 
“Meta analysis” “Risk factors of delirium”, and “ICU severe 
patients” were used as search terms in the English databases. 
The quality of the literature was evaluated using RevMan 5.3 
software for Cochrane reviews.

Multiple retrievals were carried out to determine the 
final included references. Search engines were used to trace 
the identified references, and experts and researchers in the 
field were contacted to access the latest research progress.

Inclusion and exclusion criteria for articles

The inclusion criteria were: (I) randomized controlled 
studies; (II) subjects were postoperative ICU patients with 
severe illness, aged at least 18 years, and hospitalization 
time was at least 1 day; (III) index comparison was reliable 
at 95% confidence interval (CI); (IV) outcome indicators 
were risk factors for delirium; and (V) 1 or more delirium 
assessment tools were used to determine the diagnosis of 
postoperative delirium.

The exclusion criteria were: (I) other ICU patients, 

https://apm.amegroups.com/article/view/10.21037/apm-21-3954/rc
https://apm.amegroups.com/article/view/10.21037/apm-21-3954/rc
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not postoperative, and younger than 18 years of age; (II) 
repeated publications and studies with incomplete original 
data that could not be obtained even after contacting the 
authors; (III) conference materials, literature reviews, 
single case study reports, lectures, and critical literature; 
(IV) studies with research data that could not be extracted 
and applied; and (V) patients with a history of delirium or 
patients with incomplete clinical data.

The title, abstract and full text were screened by 2 industry 
experts, and 3 more preliminary assessments were needed 
before inclusion. If the opinions of the 2 experts differed, a 
discussion was held to reach a consistent conclusion.

Observation index

The studies included in the meta-analysis involved three 
types of risk factors: (I) personal factors, including age, sex, 
and alcohol consumption; (II) acute Physiology and Chronic 
Health Evaluation (Apache)-II score; and (III) treatment 
factors, including mechanical ventilation, the duration of 
mechanical ventilation, and the use of sedative drugs.

Data extraction

Data extracted were: (I) first author; (II) year of publication; 
(III) sample size; (IV) research design type; (V) general data 
of subjects (diagnostic criteria, gender, age, and diagnosis 
time); and (VI) evaluation indicators (risk factors).

Bias risk and quality assessment

Two professional researchers evaluated the risk of bias at 
the same time. If their opinions differed, agreement was 
determined through communication and discussion. We 
used the recommendations of the National Institute of 
Clinical Excellence (NICE) for quality evaluation. Quality 
was evaluated on a scale of 0–8, with scores of 6–8 indicating 
high-quality research, 3–6 medium-quality research, and 
0–2 low-quality research. Two researchers were assigned to 
separately evaluate the quality of the literature as “high risk 
bias”, “low risk bias” or “unclear”. In case of disagreement, 
a unified evaluation was obtained through discussion or a 
third party was consulted to obtain a consistent evaluation. 

Statistical analysis 

Statistical analysis was carried out using Stata SE14.0 
software, and the effect quantities were combined. Odds 

ratio (OR) was used as the effect quantity index, and 
standardized mean difference (MD) was used as the effect 
index of continuous variables. Heterogeneity was tested, 
and results of P≥0.1 and I2≤50% indicated that there was 
some homogeneity among multiple studies, and thus 
a fixed effect model was used for meta-analysis. When 
the heterogeneity test results were P<0.1 and I2>50%, it 
indicated that heterogeneity of the studies was significant 
and a random effects model was used for meta-analysis, 
allowing the comprehensive influence of the research results 
causing heterogeneity to be excluded from the calculation 
so that the reliability of the results was more guaranteed. 
We used the bias risk assessment chart in RevMan 5.3 
software to evaluate the risk bias of the studies. Every index 
effect needed to be expressed by a 95% CI.

Results

Literature search results

A total of 234 literatures were retrieved from Chinese 
database and 312 literatures were retrieved from English 
database, totaling 546 literatures. A total of 290 literatures 
were excluded as duplicates, leaving 256 literatures. After 
browsing of titles and abstracts, 189 literatures were 
excluded, leaving 67 literatures. After reading of the whole 
article, 57 literatures were removed, and 10 literatures were 
finally included into the meta-analysis. The flow chart of 
literature retrieval is shown in Figure 1. The main reasons 
for the exclusion of literatures were as follows: the types of 
literatures were duplicated [290], the types of literatures 
were not randomized controlled analysis [189], the subjects 
were not post-ICU patients [30], and the patients with lack 
or partial lack of relevant research information could not be 
obtained [27]. Figure 2 shows the quality evaluation results 
of the recommendations of the National Institute of Clinical 
Excellence. As for the quality evaluation of references, there 
were 3 references with scores of 6–8, accounting for 30%, 
6 references with scores of 3–5, accounting for 60%, and  
1 reference with scores of 0–2, accounting for 10%.

Ten literatures met the final inclusion criteria, and a 
total of 6,720 patients were counted in the literatures, 
including 1,047 delirium patients and 5,673 non-delirium 
patients. After reading of the 10 articles, most of these were 
small sample studies, the sample size of all articles ranged 
from 25 to 4,450, and all subjects were over 18 years old. 
Sample size, assessment time, and risk factor outcome 
indicators were described in detail in 10 articles. Table 1 
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shows the basic characteristics of the included literature. 
The experimental group was patients with delirium and the 
control group was patients without delirium.

Bias risk assessment of included articles

Figures 3,4 show the evaluation results generated by RevMan 
5.3 software of the multiple risk biases of the 10 included 

studies. 

Meta-analysis of age factors

Among the 10 studies, 7 articles were related to age factors. 
In Figure 5, there were 764 cases in the experimental group 
and 1,216 cases in the control group, a total of 1,980 cases. 
Heterogeneity was significant, histological analysis (P<0.0001, 
I2=81%), and the random-effects model was therefore used, 
with statistically significant differences between the two 
groups. Meta-analysis showed that the MD value was 5.65, 
95% CI: 2.29–9.01, indicating that the age of postoperative 
delirium in ICU patients was generally higher than that in 
non-delirium patients. Figure 6 shows publication bias. After 
analysis of the risk factor of age in 7 studies, MD value was 
set as horizontal plane and standard error was set as vertical 
plane to draw funnel plot of age risk factors. It’s asymmetrical 
on both sides. The experimental results indicate that there 
may be publication bias in the included literature.

Meta-analysis of gender factors

Nine of the 10 studies were related to gender factors. In 
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Table 1 Basic characteristics of the included literature

First author Year Group Sample size Diagnosis of time Diagnostic criteria Outcome indicators

Wolters (7) 2014 Experimental 412 12 h CAM-ICU 12

Control 689

Kamdar (8) 2015 Experimental 123 12 h CAM-ICU 125

Control 100

Liu (9) 2017 Experimental 35 – – 12,467

Control 35

Li (10) 2017 Experimental 102 12 h CAM-ICU 123 

Control 234

Zaal (11) 2015 Experimental 13 – CAM-ICU 1,257

Control 12

Yang (12) 2017 Experimental 52 4 h CAM-ICU 236

Control 89

Limpawattana (13) 2016 Experimental 44 24 h CAM-ICU 1,234

Control 55

Mori (14) 2016 Experimental 69 12 h CAM-ICU 5

Control 80

Yanaguchi (15) 2014 Experimental 35 8 h ICDSC 124

Control 91

Pipanmekaporn (16) 2015 Experimental 162 – ICDSC 256

Control 4,288

The outcome indicators were risk factors, and there were three kinds of them. The first kind of risk factor was self-caused, which were age 
[1], gender [2], and alcohol consumption [3]. The second kind of risk factor was the influence of disease, that was, the score of APACHE-II [4]. 
The third kind of risk factor was therapeutic effect [5] mechanical ventilation, duration of mechanical ventilation [6], and sedative drug effect 
[7]. CAM-ICU, Pediatric Confusion Assessment Method for the ICU; ICDSC, Intensive Care Delirium Screening Checklist.

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 High risk of bias

Figure 3 Evaluation results of literature risk bias.
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Figure 7, there were 978 cases in the experimental group 
and 5,593 cases in the control group, a total of 6,571 cases. 
Heterogeneity was significant with histological analysis 
(P=0.01, I2=59%), so the difference between the two groups 
was not statistically significant using a random-effect model. 
Meta-analysis showed that the OR value was 1.01 (95% CI: 
0.73, 1.40), indicating that the incidence of postoperative 
delirium in ICU patients was higher in males than in 
females. Figure 8 shows publication bias. After the risk 
factor of gender in 9 studies was analyzed, the OR value was 
set as the horizontal plane and the standard error was set 
as the vertical plane to draw the funnel plot of gender risk 
factors. It’s asymmetrical on both sides. The experimental 
results indicate that there may be publication bias in the 
included literature.

Meta-analysis of alcohol consumption factors

Three of the ten studies were related to alcohol consumption. 
In Figure 9, there were 198 cases in the experimental 
group and 378 cases in the control group, totaling  
576 cases. Histological analysis suggested that (P=0.83, 
I2=0%). Therefore, using the fixed effect model, the 
difference between the two groups was not statistically 
significant. Meta-analysis showed that the OR value was 
0.02 (95% CI: −0.04 to 0.08), indicating that the incidence 
of postoperative delirium in ICU patients who drank alcohol 
was higher than those who did not, but the difference was 
not significant. Figure 10 shows publication bias. In the 
three studies, after the risk factor of alcohol consumption 
was analyzed, the OR value was set as the horizontal plane 
and the standard error was set as the vertical plane to draw 
the funnel plot of risk factors of alcohol consumption. It’s 
asymmetrical on both sides. The experimental results indicate 
that there may be publication bias in the included literature.

Meta-analysis of Apache-II score

Among the 10 studies, 3 articles were related to APACHE-
II scoring factor. In Figure 11, there were 241 cases in the 
experimental group and 4,378 cases in the control group, a 
total of 4,619 cases. There was some homogeneity between 
the data, histological analysis (P=0.16, I2=46%), so the 
fixed effect model was used, and the difference between 
the two groups was statistically significant. Meta-analysis 
showed that the MD value was 4.84, 95% CI: 4.54–5.15, 
indicating that the incidence of postoperative delirium in 
ICU patients was positively correlated with APACHE-II 
score. Figure 12 shows publication bias. After analysis of 
APACHE-II scoring risk factors in the three studies, MD 
value was set as the horizontal plane and standard error was 
set as the vertical plane, and funnel plot of APACHE-II 
scoring risk factors was drawn. The lateral distribution was 
asymmetrical. The experimental results indicate that there 
may be publication bias in the included literature.

Meta-analysis of mechanical ventilation

Among the 10 studies, 4 articles were related to mechanical 
ventilation factors. In Figure 13, there were 366 cases in the 
experimental group and 4,480 cases in the control group, 
totaling 4,846 cases. The heterogeneity was significant 
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and histological analysis was performed (P=0.04, I2=65%), 
so the random-effect model was used, and the difference 
between the two groups was statistically significant. Meta-
analysis showed that the OR value was 6.02 (95% CI: 
3.24, 11.16), indicating that the incidence of postoperative 
delirium in ICU patients was significantly higher than that 
in patients without mechanical ventilation. Figure 14 shows 
publication bias. In the four studies, after the risk factor 
of mechanical ventilation was analyzed, the OR value was 
set as the horizontal plane and the standard error was set 
as the vertical plane to draw the funnel plot of mechanical 
ventilation risk factors. It’s asymmetrical on both sides. The 
experimental results indicate that there may be publication 
bias in the included literature.

Meta-analysis of mechanical ventilation duration

Among the 10 studies, there were 3 literatures related to 
mechanical ventilation time factor. In Figure 15, there 
were 249 cases in the experimental group and 4,412 cases 
in the control group, a total of 4,661 cases. The difference 

in heterogeneity was significant, and histological analysis 
was performed (P<0.00001, I2=95%), and the difference 
between the two groups was not statistically significant 
using a random-effect model. Meta-analysis showed that the 
MD value was 57.52, 95% CI: −39.92 to 154.97, indicating 
that postoperative delirium incidence in ICU patients 
was positively correlated with the duration of mechanical 
ventilation. Figure 16 shows publication bias. In the three 
studies, after the risk factor of mechanical ventilation time 
was analyzed, MD value was set in the horizontal plane 
and standard error was set in the vertical plane to draw 
funnel plots of mechanical ventilation time risk factors. 
It’s asymmetrical on both sides. The experimental results 
indicate that there may be publication bias in the included 
literature.

Meta-analysis of sedative use

Three of the ten studies were related to this factor in the 
use of sedatives. In Figure 17, there were 209 cases in the 
experimental group and 4,335 cases in the control group, 
4,544 cases in total. The difference in heterogeneity 
was significant, and histological analysis was performed 
(P<0.00001, I2=93%). Therefore, the random-effect model 
was used, and the difference between the two groups was 
statistically significant. Meta-analysis showed that the 
OR value was 1.88 (95% CI: 0.23–15.50), indicating that 
postoperative delirium incidence in ICU patients was 
significantly higher than that in patients without sedatives. 
Figure 18 shows publication bias. In the three studies, after 
the risk factor analysis of sedative drug use, the OR value 
was set as the horizontal plane and the standard error was 
set as the vertical plane to plot the funnel plot of risk factors 
of sedative drug use. It’s asymmetrical on both sides. The 
experimental results indicate that there may be publication 
bias in the included literature

Figure 5 Forest map of the relationship between age and delirium.
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Figure 6 Funnel diagram of literature publication bias for age 
factors.
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Discussion

ICU in China began in the early 1980s, and intensive care 
units are now mandatory in secondary and above hospitals 
in China (18). Postoperative delirium of ICU patients is 
also an increasingly frequent problem in recent years, and 
the treatment of delirium mainly includes (I) etiological 
treatment: direct treatment of etiology (19), which is 
difficult to define or solve; (II) support treatment: maintain 
electrolyte balance and supplement nutrition, with light in 
daytime and dark light at night; (III) symptomatic treatment: 
psychotropic drug treatment, which aims to avoid deepening 
consciousness disorders, with small dose of short-term 
treatment. In terms of prognosis, it should be noted that 
many patients will recover in a short term, can’t fully recall 
the disease, and complications cause functional impairment, 
with a mortality rate of 22–76% (20). Prevention before 
the onset is equally important as treatment after the onset. 
Therefore, 10 literatures were screened and included to 

conduct a meta-analysis on the risk factors causing the 
onset. As for the quality evaluation results of the literatures, 
there are 3 literatures with 6–8 scores, accounting for 30%, 
6 literatures with 3–5 scores, accounting for 60%, and  
1 literature with 0–2 scores, accounting for 10%, indicating 
that the included literatures were credible.

Among the 10 studies, there were 7 literatures related 
to age. The MD value of meta-analysis was 5.65 (95% CI: 
2.29–9.01), indicating that the age of postoperative delirium 
in ICU patients was generally higher than that in non-
delirium patients. Meta-analysis showed that the OR value 
was 1.01 (95% CI: 0.73–1.40), indicating that the incidence 
of postoperative delirium in ICU patients was higher in 
males than in females. Meta-analysis showed that the OR 
value was 0.02 (95% CI: −0.04 to 0.08), indicating that the 
incidence of postoperative delirium in ICU patients who 
drank alcohol was higher than those who did not, but the 
difference was not significant. Meta-analysis showed that 
the MD value was 4.84 (95% CI: 4.54–5.15), indicating that 
the incidence of postoperative delirium in ICU patients 
was positively correlated with APACHE-II score. Meta-
analysis showed that the OR value was 6.02 (95% CI: 
3.24–11.16), indicating that the incidence of postoperative 
delirium in ICU patients was significantly higher than that 
in patients without mechanical ventilation. Meta-analysis 
showed that the MD value was 57.52 (95% CI: −39.92 to 
154.97), indicating that postoperative delirium incidence 
in ICU patients was positively correlated with the duration 
of mechanical ventilation. There were 3 literatures related 
to the use of mechanical sedatives. Meta-analysis showed 
an OR value of 1.88 (95% CI: 0.23–15.50), indicating 
that postoperative delirium incidence in ICU patients 
with severe symptoms was significantly higher than that 

Figure 7 Forest map of the relationship between gender and delirium.
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Figure 8 Funnel diagram of literature publication bias for gender 
factors.
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in patients without sedatives. Ten studies were included, 
studies on different risk factors were analyzed, and funnel 
plots were made for each risk factor. The results showed 
that there was asymmetry and possibly publication bias. 
The experimental results were generally stable, and the 
conclusions obtained were relatively credible. The quality 
level of the included experiments in the meta-analysis of 
this study was medium to high.

Conclusions

In this study, 10 literatures were included adopting the 

composite logic Boolean search method, and the risk factors 
for postoperative delirium in ICU patients were evaluated 
by meta-analysis. Because the factors causing delirium are 
various, the main points, including the gender and age of 
their own factors and whether they drink alcohol, were 
analyzed. APACHE-II score was found to affect the disease. 
The effects of treatment include mechanical ventilation, 
the duration of mechanical ventilation, and sedative drugs. 
Therefore, this study may have certain limitations, and 
the results may be contingent and different. In conclusion, 
different risk factors can influence the incidence of delirium 
in clinical practice, and corresponding treatment plans can 

Figure 10 Funnel diagram of literature publication bias for alcohol 
consumption factors.

Figure 12 Funnel diagram of literature publication bias for 
Apache-II score.
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Figure 9 Forest map of the relationship between alcohol consumption and delirium.

Figure 11 Forest map of the relationship between Apache-II score and delirium.
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Figure 13 Forest map of the relationship between mechanical ventilation and delirium.
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Figure 14 Funnel diagram of literature publication bias for 
mechanical ventilation.

Figure 16 Funnel diagram of literature publication bias for 
mechanical ventilation duration.
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Figure 15 Forest map of the relationship between mechanical ventilation duration and delirium.

Figure 17 Forest map of the relationship between sedatives and delirium.
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be implemented for ICU patients with severe conditions to 
reduce the incidence of delirium.
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