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Abstract 

Cognitive training (CT) has been shown to reduce the risk of postoperative cognitive dysfunction (POCD) in surgical 
patients undergoing general anesthesia, but the evidence is controversial. Additionally, whether different timings 
of CT have diverse effects and which surgical populations benefit most are unclear. To answer these questions, we 
searched Medline, Embase, Web of Science and Cochrane Library through July 18, 2022, for randomized controlled 
trials (RCTs) of CT in surgical patients with general anesthesia reporting cognitive outcomes, and found 13 stud-
ies including 989 patients. Pooled analysis showed that CT could significantly reduce the incidence of POCD (k=7, 
RR=0.52, 95% confidence interval (CI)=[0.34–0.78]), especially for the noncardiac surgery population (k=4, RR=0.43 
[0.29–0.63], P<0.01,  I2 =0%). The pooled RRs for preoperative CT and postoperative CT were both low and statistically 
significant, while that for perioperative CT was not (k=2, RR=0.42 [0.25–0.70], P<0.01,  I2=0% vs k=4, RR=0.43 [0.28–
0.67], P<0.01,  I2=0% vs k=1, RR=1.44 [0.69–3.01], P=0.34,  I2=0%). Small to moderate effects were found for executive 
function, speed, language and verbal memory, while no statistically significant effects were found for postoperative 
delirium (POD), global cognition, working memory, and psychosocial functioning, including depressive symptoms 
and anxiety symptoms. Although RCT evidence remains sparse, current evidence suggests that preoperative and 
postoperative CT may help reduce the incidence of POCD, particularly in the noncardiac surgery population, and 
improve specific cognitive domains in surgical patients. This intervention therefore warrants longer-term and larger-
scale trials to examine the effects on the risk of POD and application to the cardiac surgery population.
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Graphical Abstract

1 Introduction
Cognitive change affecting patients after anesthesia and 
surgery, particularly in elderly individuals, has been 
recognized in one form or another for more than 100 
years [1]. Postoperative cognitive dysfunction (POCD) 
has gradually become one of the most common post-
operative complications, and such cognitive changes 
after surgery can last for months to years, which have 
a significant impact on prognosis and quality of life in 
patients, as well as increasing caregiver burden and 
health care costs [2–4]. Therefore, investigating poten-
tial methods of improving cognitive reserve in surgical 
patients is vital.

Currently, evidence-based strategies that effectively 
reduce the risk of POCD are still lacking. Some nonphar-
macologic interventions are considered first-line treat-
ments [5, 6]. A number of recent studies have proposed 

that cognitive training (CT) can be used as an innova-
tive, low-risk, scalable intervention to increase com-
munity  elders’ cognitive reserve, which is expected to 
improve cognitive functions, including attention, short-
term memory, visuospatial processing, and so on, and the 
effects can last for months or even years [7–10]. Improve-
ments in these cognitive domains may also protect against 
POCD, which can be characterized by deficits in one or 
more of these domains. Thus, in recent years, cognitive 
training in patients undergoing general anesthesia has 
generated widespread interest to explore whether cogni-
tive training can improve postoperative cognitive function 
and reduce the risk of POCD [11–16]. Both preoperative 
and postoperative cognitive training have been reported, 
covering cardiac surgery, neurosurgery and other major 
noncardiac surgery populations, but its feasibility and 
effectiveness are still controversial [16–21].
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We conducted this systematic review and meta-analysis 
to explore the effect of CT on the prevention of POCD 
in patients undergoing surgery with general anesthesia 
and to investigate whether different timings of CT have 
diverse effects and which surgical populations benefit 
most.

2  Methods
This work adheres with Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines [22] and was prospectively registered with 
PROSPERO (CRD42022355908).

2.1  Information sources and study selection
In this review, we systematically searched Medline, 
Embase, Web of Science and Cochrane Library from 
inception to July 18, 2022, for randomized controlled 
trials that examined the effects of CT on cognitive out-
comes in surgical patients with general anesthesia (see 
full search strategy in Table S1). The search terms used 
a combination of subject and entry terms. We did not 
apply database and publication language limits, and ref-
erence and citation lists of relevant studies were manu-
ally scanned for potential eligible articles. One reviewer 
(W.J.Z. performed initial eligibility screening based on 
the title and abstract, and two independent review-
ers (Y.J. and P.P.F.) assessed full-text versions. If there 
were discrepancies that could not be solved, a senior 
researcher (X.S.L.) joined and approved the final list 
of included studies. One reviewer (W.J.Z.) contacted 
authors for full information when data or eligibility was 
unclear.

2.2  Eligibility Criteria
2.2.1  Types of participants and interventions
We included published reports of randomized con-
trolled trials (RCTs) examining cognitive outcomes 
of CT in surgical patients with general anesthesia. 
Interventions included cognitive training, which was 
defined as repeated practice of cognitively challeng-
ing tasks, including strategy training or drill exercises 
using computer or paper-and-pencil methods. For stud-
ies that used a combination of CT and other interven-
tions (e.g., exercise rehabilitation), only those in which 
CT accounted for at least 50% of the intervention were 
included.

2.2.2  Types of controls
Passive (no-contact, wait-list) or active (e.g., psychoedu-
cation) controls were needed.

2.2.3  Types of outcomes
The main outcome was the incidence of POCD. Inci-
dence of postoperative delirium (POD), global cognition, 
various subdomains of cognition (executive function, 
working memory, speed, language and verbal memory) 
and psychosocial functioning (depressive symptoms and 
anxiety symptoms) were included as secondary outcome 
measures. All eligible outcomes per study and domain 
were included. We did not exclude pilot studies because 
some of them had a large sample size.

2.3  Data collection and coding
According to accepted neuropsychological categorization 
[23], two reviewers (Y.J. and W.J.Z.) coded each outcome 
measure into cognitive domains (for categorization of 
outcomes by domains, see Table S2). The main outcome 
was the incidence of POCD, coded by consensus and 
approved by X.S.L. It should be noted that POCD within 
30 days after anesthesia and surgery, as we have defined 
it in this study, would be classified as “delayed neurocog-
nitive recovery” using a newly recommended nomencla-
ture for describing perioperative cognitive disorders [1], 
which could be assessed by single scale or neuropsycho-
logical battery tests (NPTs) (full details about the defini-
tion of the outcome are shown in supplementary Table 
S4). Secondary outcomes included postoperative delir-
ium, global cognition, cognitive subdomains (executive 
function, speed, language, verbal memory and working 
memory) and psychosocial function (depressive symp-
toms and anxiety symptoms). Outcomes were recorded 
as the proportion of POCD risk or as the mean and 
standard deviation (SD) of cognitive and psychosocial 
function.

2.4  Risk of bias in individual studies and quality appraisal
The Cochrane Collaboration’s risk of bias tool was used to 
evaluate the risk of bias of the included studies [24]. This 
tool contains the following 6 items: sequence generation, 
allocation concealment, blinding of outcome assessment, 
incomplete outcome data, selective outcome reporting 
and other sources of bias, with each item assessing results 
as low bias, high bias, or unclear. Studies that lacked 
assessor blinding or complete outcome data were consid-
ered to have a high risk of bias. In addition, methodologi-
cal quality within studies was assessed using the adapted 
version of the Physiotherapy Evidence Database (PEDro-
P) Rating Scale [25]. The original scale consists of 11 
items. However, blinding of therapists and patients was 
not assessed due to impracticality in CT trials, and thus, 
the maximum obtainable score was set at 9. Assessments 
were conducted by multiple independent reviewers (Y.J., 
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Z.X.S., and S.G.). A senior reviewer (X.S.L.) established 
consensus scores and resolved disagreements.

2.5  Statistical analysis
We calculated the summary relative risks (RRs) using a 
random effects model effect size, indicating the differ-
ence in proportion of POCD and POD between the CT 
condition and control condition. In addition, the stand-
ardized mean difference (SMD) between the CT and 
control groups of change from baseline to posttraining 
was used for cognitive and psychosocial functioning out-
comes. Analogous to Cohen’s d, [26] we calculated SMD 
as Hedges’ g with a 95% confidence interval (CI) for the 
above outcome measure, in which estimates of <0.30 and 
≥0.30 but <0.60 and ≥0.60 were considered small, mod-
erate, and large, respectively. A positive SMD indicated a 
therapeutic effect of CT over and above the control. SMD 
and variance were combined into a single study-level 
estimate where studies provided more than one outcome 
per domain for analysis.

The  I2  statistic with 95% CI was used to quantify the 
heterogeneity across studies, and  I2 values of 25%, 50%, 
and 75% were considered low, moderate, and large, 
respectively [27]. We drew funnel plots for each analy-
sis to inspect for asymmetry that might suggest a small 
study effect (publication bias) [28]. There were fewer than 
10 studies in each outcome; thus, planned analysis of fun-
nel plot asymmetry using Egger’s test of the intercepts 
was not performed due to insufficient power for such 
an analysis [29]. A sensitivity analysis was conducted by 
repeating the random-effects analysis after removal of 
the included studies one by one once potential asym-
metry was found, and the results were robust when the 
removal of any study did not change the findings. Simi-
larly, to explore potential heterogeneity, we conducted 

subgroup analyses by study characteristics (timing of CT, 
evaluation period, implementation methods of CT, meth-
ods of evaluation and surgical populations). All analyses 
were performed using Stata 15.0 (Stata Corporation, Col-
lege Station, TX) software.

3  Results
3.1  Study selection
We initially obtained 7635 articles in the databases, and 
6514 articles were screened for initial eligibility based on 
titles and abstracts after removing duplicate entries. We 
then assessed the full-text versions of 117 full-text arti-
cles, of which 15 studies were eligible for inclusion in 
the review. Two articles did not provide summary data, 
one responded to our contact but could not offer the full 
information [30], and the other did not respond [31]. In 
addition, we requested additional data from the authors of 
5 reports, of which 2 provided data [32, 33]. Finally, a data 
set of 13 independent comparisons remained (Fig. 1).

3.2  Characteristics of included studies
Overall, there were 989 participants across the 13 
included studies (CT, n=497, mean group size=38; con-
trols, n=492, mean group size=38; Table 1). The mean age 
ranged between 49 and 72 years old, and approximately 
47.83% of participants were male. The types of surgery 
included cardiac and noncardiac surgery (cardiac, k=4, 
noncardiac, k=9). Two of the 13 studies compared CT to 
an active control intervention. The mean PEDro-P score 
was 7.4/9 (SD=0.96), and 7/13 studies were found to have 
a high or unclear risk of bias (for risk of bias assessments, 
see Table S3 and Figure S4 in the Supplement).

There were varied intervention designs across stud-
ies. Approximately half of the studies (7/13) adminis-
tered supervised on-line CT (computer based), while 

Fig. 1 Summary of trial identification and selection. Note that a single study could be excluded on more than one criterion, but appears only once 
in the chart. RCT randomized controlled trial
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the remaining used off-line CT (paper-and-pencil 
based). Four studies trained participants in  the  pre-
operative  period, 7 in  the  postoperative  period, and 2 
in  the perioperative period. Each training session lasted 
from 20 to 60 minutes, and the total training time ranged 
from 3 to 30 hours (Table 1). The primary outcome con-
sisted of the majority of delayed neurocognitive recovery 
evaluated within 30 days after anesthesia and surgery, 
and only two studies evaluated POCD from 30 days after 
anesthesia and surgery to 12 months of follow-up. POD 
was evaluated within 7 days after surgery. Other sec-
ondary outcomes were evaluated within 3 months after 
surgery.

3.3  Overall efficacy on POCD risk
Seven studies were included in the analysis of CT and 
POCD risk, of which analysis yielded a significant 
decrease in the risk of POCD (k=7, RR=0.52 [0.34–0.78], 
P<0.01,  I2 =40%, Fig.  2). The funnel plot revealed one 
conspicuous outlier [11]. Removal of this study yielded 
a lower and statistically significant combined effect size 
(RR=0.43 [0.31–0.60], P<0.01,  I2 =0%), which did not 
change the original result (Figure S6). We conducted a 
subgroup analysis according to the possible predictors. 
The studies of noncardiac surgery were associated with a 
statistically low RR, while those of cardiac surgery were 
not  (k=4, RR=0.43 [0.29–0.63], P<0.01,  I2 =0% vs k=3, 
RR=0.73 [0.28–1.87], P=0.51,  I2 =68.5%, Figure S2.1). 
The pooled RRs for preoperative CT and postoperative 
CT were both low and statistically significant, while that 
for perioperative CT was not (k=2, RR=0.42 [0.25–0.70], 
P<0.01,  I2 =0% vs k=4, RR=0.43 [0.28–0.67], P<0.01, 
 I2=0% vs k=1, RR=1.44 [0.69–3.01], P=0.34,  I2=0%, Fig-
ure S2.4). The studies of off-line CT were associated with 

a statistically low RR, while those of on-line CT were 
not  (k=5, RR=0.40 [0.27–0.59], P<0.01,  I2=0% vs k=2, 
RR=0.85 [0.31–2.32], P=0.75,  I2 =75.9%, Figure S2.2). CT 
is effective in reducing the risk of both delayed neuro-
cognitive recovery and POCD (Figure S2.3). The removal 
of two studies that assessed POCD by different methods 
also resulted in statistically significant effect sizes (Figure 
S2.5). Sensitivity analyses demonstrated that the results 
were robust (Figure S5).

3.4  Overall efficacy on POD risk
Four studies were included in the analysis of CT and 
POD risk, of which analysis did not yield a significant 
decrease in the risk of POD (k=4, RR=0.86 [0.50–1.48], 
P=0.59,  I2=20.6%, Fig. 3). The funnel plot did not reveal 
substantial asymmetry (Figure S6). A subgroup analysis 
according to the surgical populations was conducted, and 
the pooled RR of CT did not show a significant decrease 
in the risk of POD in cardiac or noncardiac surgery (k=2, 
RR=1.02 [0.32–3.26], P=0.97,  I2=21,3% vs k=2, RR=0.86 
[0.37–1.98], P=0.73,  I2=53.5%, Figure S3.1). We were 
unable to perform a subgroup analysis according to the 
other two possible predictors because of the small num-
ber of included studies. Sensitivity analysis demonstrated 
robust results (Figure S5).

3.5  Overall efficacy on cognitive outcomes
3.5.1  Global cognition
A total of 3 articles provided outcomes of global cog-
nition. The overall effect of CT on global cognition 
was not statistically significant (k=3, g=1.56 [−0.46–
3.57], P=0.13,  I2=95.9%, Fig.  4). The funnel plot 

Table 1 Characteristics of included studies

Abbreviations: CT Cognitive training, PEDro-P Physiotherapy Evidence Database Rating Scale
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revealed one conspicuous outlier [33]. Removal of this 
study yielded a lower and statistically insignificant 
combined effect size (g=0.31 [−0.11–0.72], P=0.14, 
 I2 =0%), which did not change the original result (Fig-
ure S6). A sensitivity analysis proved that the results 
were robust (Figure S5).

3.5.2  Executive function
A total of 6 articles provided outcomes of executive 
function. The overall effect of CT on executive function 
was moderate and statistically significant (k=6, g=0.30 
[0.05–0.55], P=0.02,  I2=20.7%, Fig. 4). The funnel plot did 

Fig. 2 Overall efficacy of CT on risk of POCD. POCD  postoperative cognitive dysfunction, CT cognitive training, CI confidence interval

Fig. 3 Overall efficacy of CT on risk of POD. POD postoperative delirium, CT cognitive training, CI confidence interval
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not reveal substantial asymmetry (Figure S6). Sensitivity 
analysis proved robust results (Figure S5).

3.5.3  Working memory
A total of 5 articles provided outcomes of working mem-
ory. The overall effect of CT on working memory was 
moderate and statistically insignificant (k=5, g=0.44 
[−0.05–0.92], P=0.08,  I2=74.9%, Fig.  4). The funnel plot 
did not reveal substantial asymmetry (Figure S6). A sen-
sitivity analysis proved that the results were robust (Fig-
ure S5).

3.5.4  Speed
A total of 5 articles provided outcomes of speed. The 
overall effect of CT on speed was small and statistically 
significant (k=6, g=0.28 [0.06–0.50], P=0.01,  I2=0%, 
Fig. 4). The funnel plot did not reveal substantial asym-
metry (Figure S6).

3.5.5  Language
A total of 5 articles provided language outcomes. The 
overall effect of CT on language was small and statisti-
cally significant (k=4, g=0.28 [0.03–0.52], P=0.03,  I2=0%, 
Fig. 4). The funnel plot did not reveal substantial asym-
metry (Figure S6).

3.5.6  Verbal memory
A total of 5 articles provided outcomes of verbal memory. 
The overall effect of CT on verbal memory was small and 
statistically significant (k=6, g=0.22 [0.01–0.44], P=0.04, 
 I2=0%, Fig. 4). The funnel plot did not reveal substantial 
asymmetry (Figure S6).

3.6  Overall efficacy on psychosocial function
3.6.1  Anxiety symptoms
A total of 2 articles provided outcomes of anxiety symp-
toms. The overall effect of CT on anxiety symptoms was 
small and statistically insignificant (k=2, g=0.1 [−0.27–
0.46], P=0.61,  I2=0%, Fig.  5). The funnel plot did not 
reveal substantial asymmetry (Figure S6).

3.6.2  Depressive symptoms
A total of 2 articles provided outcomes of depres-
sive symptoms. The overall effect of CT on depressive 
symptoms was small and statistically insignificant (k=2, 
g=0.1 [(−0.27–0.47), P=0.59,  I2 =0%, Fig. 5). The funnel 
plot did not reveal substantial asymmetry (Figure S6).

3.6.3  Adverse events
No adverse events related to CT were reported.

4  Discussion
Previous studies have focused on healthy populations and 
populations with mild cognitive impairment and demen-
tia, and have demonstrated the effectiveness of cogni-
tive training in these populations [34–39]. We were the 
first to conduct a meta-analysis that sought to conclude, 
based on the results of 7 moderate-quality randomized 
controlled trials, that CT may be a feasible intervention 
for reducing the risk of POCD in surgical patients. Het-
erogeneity of the results of the component studies was 
modest.

The results  of  subset  analysis  showed that  vari-
ous  types  of  surgery and timings of CT mainly 
caused  heterogeneity. CT in population of noncardiac 
surgery was associated with a statistically low risk of 
POCD while in population of cardiac surgery was not, 
may be due to the insufficient number of CT studies 
in cardiac surgery patients and the potential different 
mechanisms of POCD between cardiac and noncardiac 
surgery may be another key factor [11, 12, 40]. This sug-
gests the need for further large-scale CT in the cardiac 
surgery population studies. Similarly, heterogeneity was 
reduced after grouping according to the timing of CT 
(preoperative period, postoperative period and perioper-
ative period). The subset analysis showed that preopera-
tive CT and postoperative CT statistically decreased the 
risk of POCD, while perioperative CT did not. This could 
be explained by the fact that there is only one feasibility 
study in the perioperative period subgroup, and the sam-
ple size may not have enough statistical power to detect 
significant differences [11]. Another subset analysis based 
on the type of CT suggested that off-line CT was associ-
ated with a low risk of POCD, while on-line CT was not. 
This result may be due to lower training adherence of 
surgical patients in the process of on-line CT, resulting in 
insufficient training time. Moreover, compared with off-
line CT conducted face to face by trained professionals, 
on-line CT lacks a focused environment, which might 
weaken the effect of CT. Future studies should consider 
dedicating more time to optimizing on-line CT consid-
ering its higher scalability and convenience. In addition, 
the efficacy of other subset analyses based on the assess-
ment  period coincided with the overall efficacy of CT 
on POCD risk, which suggested that CT is effective in 
reducing the risk of both delayed neurocognitive recov-
ery and POCD. The results of the subset analyses and 
sensitivity analyses described above demonstrate that the 
findings are robust and thus suggest a beneficial thera-
peutic effect of CT in the surgical population.

The results of POD from 4 randomized controlled tri-
als showed that CT did not yield a significant decrease 
in the risk of POD.The heterogeneity of the results 
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Fig. 4 Efficacy of CT on cognitive subdomains. CT cognitive training, CI confidence interval
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was small and was increased after grouping  according 
to types of surgery (cardiac surgery and noncardiac sur-
gery), and the results did not reveal any statistically sig-
nificant difference. The reason might be that the training 
adherence of the included studies varies widely in this 
field, and the training time of some studies falls short of 
the 10 hours presumed to be the effective “dose” of CT. 
Thus, the compliance of patients in the surgical popula-
tion may be an important consideration [41]. The type 
of CT and the timing of CT were possibly other sources 
of heterogeneity, but the potential predictors cannot be 
statistically tested in view of the insufficient sample size. 
Therefore, given the small sample size of the 4 included 
studies, further validation of the true efficacy of CT on 
POD in surgical patients is needed to cautiously address 
feasibility issues before conducting a large randomized 
controlled efficacy trial.

In line with previous findings in healthy elderly indi-
viduals, small to moderate effect sizes on most memory 
and learning domains were found in our analysis, espe-
cially on executive function, a key predictor of functional 

decline. However, the effect of working memory did not 
reach the threshold of statistical significance, and the 
effects in this domain were contrary to those found in 
elderly individuals with cognitive impairment, which 
showed a large effect [42]. This result may be due to inad-
equate working memory training in the surgical popula-
tion, and more time should be considered for working 
memory tasks in future studies. Moreover, similar  to a 
previous review of Parkinson’s disease [43], the effect on 
global cognition was not statistically significant. One rea-
son could be the insufficient sample size and large heter-
ogeneity in the analysis of global cognition, and another 
may be the use of diverse subjective measures.

Depression has been shown to be associated with cog-
nitive impairment and the progression of conversion 
to dementia. We found no significant effect of CT on 
depression and anxiety, which is consistent with previous 
studies and suggests that CT may not be beneficial for 
patients’ mood [42, 43]. One limitation in this area is that 
there were only two studies in the analysis of anxiety and 

Fig. 5 Efficacy of CT on psychosocial function. CT cognitive training, CI confidence interval
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depression symptoms, which may not provide adequate 
statistical power [13, 32].

There are several limitations, most notably that the pre-
cision of our results was influenced by the relatively small 
quantity of RCTs and their typically small sample sizes to 
some extent, which led to a lack of power of planned sub-
set analyses based on several possible predictors. Second, 
the methods used to evaluate POCD were not consistent 
across the included studies due to the lack of a unified 
diagnostic method for POCD. Therefore, considering the 
impact on the estimation of heterogeneity, subset analy-
ses were added based on different assessment criteria, 
but this potential heterogeneity still had some impact on 
our findings. In addition, we focused on the short-term 
effect of CT on account of the few studies on long-term 
effects, so generalizability to the long-term effect of CT 
in the surgical population is needed in the future. Finally, 
the included subjects focused on different surgical popu-
lations, varied CT methods and training periods, which 
may bring more possible confounding factors and biases 
and may render the results less valid. However, for our 
primary results, subset analyses and sensitivity analyses 
were performed based on possible predictors, and the 
conclusions proved to be ultimately reliable.

5  Conclusions
The current body of RCT evidence suggests that both 
preoperative and postoperative CT may be beneficial 
to reducing the incidence of POCD, particularly in the 
noncardiac surgery population, but CT did not yield a 
significant decrease in the risk of POD. Certain cogni-
tive domains, such as executive function, speed, verbal 
and verbal memory, were improved at mild or moderate 
intensity in surgical patients, whereas POD, global cog-
nition, working memory and psychosocial functioning 
were not. This intervention therefore warrants longer-
term and larger-scale trials to examine the effects on 
the risk of POD and application to the cardiac surgery 
population.
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