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Background: Dementia is a gradual and ongoing cognitive decline due to 
damage to nerve cells in the brain. This meta-analysis aimed to assess the 
potential relationship between regional anesthesia (RA) and the risk of dementia.

Methods: Electronic databases including Embase, Medline, Google Scholar, 
and Cochrane Library were searched for studies investigating the association 
between RA and dementia risk from inception to March 2022. The primary 
outcome was the risk of dementia in patients who underwent RA (RA group) 
and those who received general anesthesia (GA group). Secondary outcomes 
included identifying other potential risk factors for dementia and comparing 
dementia risk between individuals receiving RA and those not receiving surgery/
anesthesia (placebo group).

Results: Eight cohort studies published between 2014 and 2023 were included 
in this analysis. A meta-analysis of the available data demonstrated no 
differences in baseline characteristics and morbidities (i.e., age, male proportion, 
hypertension, diabetes, depression, and severe comorbidities) between the RA 
and GA groups (all p  >  0.05). Initial analysis revealed that the risk of dementia 
was higher in the GA group than in the RA group (HR  =  1.81, 95% CI  =  1.29–2.55, 
p  =  0.007, I2 =  99%, five studies). However, when a study featuring a relatively 
younger population was excluded from the sensitivity analysis, the results 
showed a similar risk of dementia (HR, 1.17; p  =  0.13) between the GA and RA 
groups. The pooled results revealed no difference in dementia risk between 
the RA and placebo groups (HR  =  1.2, 95% CI  =  0.69–2.07, p  =  0.52, I2  =  68%, 
three studies). Sensitivity analysis revealed that the evidence was not stable, 
suggesting that limited datasets precluded strong conclusions on this outcome. 
Anxiety, stroke history, hypertension, diabetes, hyperlipidemia, and diabetes are 
potential predictors of dementia.

Conclusion: Our results emphasize that, while RA could be protective against 
dementia risk compared to GA, the association between the type of anesthesia 
and dementia risk might vary among different age groups. Owing to the 
significant prevalence of dementia among older people and their surgical needs, 
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further investigations are warranted to clarify the association between dementia 
risk and regional anesthesia.

Systematic review registration: https://www.crd.york.ac.uk/prospero/, 
CRD42023411324.
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1 Introduction

Dementia, which is a gradual and ongoing decline in 
cognition due to damage to nerve cells in the brain (1), is a 
progressive and irreversible disease that affects a person’s ability 
to think, reason, communicate, and perform daily activities (2). 
The global incidence of dementia rises sharply with age from 5 
to 7% in individuals above the age of 60–20% in those over the 
age of 85 years (3). As the disease progresses, patients with 
dementia may require assistance with daily activities and may 
eventually require 24-h care in a long-term care facility (4). In 
addition to the impact on the health and well-being on an 
individual level, dementia can have a significant influence on 
medical resources (5). Those with dementia often require 
frequent medical attention, including hospitalizations, emergency 
department visits, and specialist consultations (6–8), imposing a 
major public health burden worldwide. Efforts are needed to 
improve early detection and diagnosis as well as avoidance of 
related risk factors.

As the global population ages, the demand for surgical 
procedures is expected to increase significantly (9). In particular, 
orthopedic procedures, such as hip and knee replacements, are 
expected to rise due to aging and the corresponding increase in 
the prevalence of obesity (10–12). Given that the incidence of 
dementia tends to rise with advancing age (3), early recognition 
and mitigation of surgery-related risk factors for dementia in the 
aged population are critical. Taking into account the results of a 
prior meta-analysis that reported a potential association between 
the exposure of general anesthesia (GA) and an increased 
likelihood of developing dementia (13), the use of alternative 
anesthetic strategies may be  preferred for older individuals 
undergoing surgery. On the other hand, compared to GA, 
controversy still exists over the correlation of regional anesthesia 
(RA) with a decreased risk of dementia in surgical populations 
(14, 15). Due to the lack of pooled evidence regarding the 
beneficial effect of RA against the risk of dementia, the objective 
of this meta-analysis was to assess the potential relationship 
between RA exposure and the risk of dementia compared with the 
use of GA.

2 Method

We registered the protocol of the current meta-analysis on 
PROSPERO (registration no: CRD42023411324). The report of this 
study followed the PRISMA criteria.

2.1 Data sources and search strategy

Two independent investigators conducted a search in MEDLINE, 
EMBASE, Cochrane Library, and Google Scholar for articles focusing 
on the association of RA with the long-term risk of dementia from 
inception to March 26, 2023. The search terms included: (“Subarachnoid 
block” or “Intrathecal anesthesia” or “Spinal block” or “Epidural block” 
or “Epidural anesthesia” or “spinal anesthesia” or “Epidural nerve 
block” or “Epidural spinal anesthesia” or “Lumbar epidural anesthesia” 
or “Lumbar epidural block” or “regional anesthesia” or “Extradural 
Anesthesia” or “epidural anesthesia” or “neuraxial anesthesia”) and 
(“General anesthesia” or “Inhalational anesthesia” or “Gas anesthesia” 
or “Inhalation anesthesia” or “Volatile anesthesia” or “Vapor anesthesia” 
or “Gaseous anesthesia” or “Inhalation general anesthesia” or “total 
intravenous anesthesia” or “propofol” or TIVA) and (dementia or 
Alzheimer’s disease). To facilitate a comprehensive search, both 
controlled vocabulary and synonyms were used with no restrictions on 
language and publication date. The search syntax for one database (i.e., 
MEDLINE) was summarized in Supplementary Table  1. The 
investigators also scanned the reference lists of the related articles to 
ensure the identification of all relevant studies.

2.2 Eligibility criteria for study inclusion

The following inclusion criteria were employed: (a) Population: 
adults (i.e., 18 years of age or above) without prior history of dementia 
undergoing surgery regardless of its type and duration; (b) Exposure: 
patients receiving surgery under RA served as the exposure group; (c) 
Control: patients subjected to surgery under GA or those did not 
undergo surgery/anesthesia served as control groups; (d) Outcomes: 
availability of data on the risk of dementia [i.e., hazard ratio (HR)]; 
and (e) Type of study: randomized controlled studies or cohort studies 
(e.g., case–control studies or population-based studies).

The exclusion criteria were (1) studies that focused on patients 
undergoing surgery under peripheral nerve block; (2) studies that had 
no information on events or the risk of dementia; (3) surgical 
procedures involving a combination of RA and GA; and (4) articles 
presented as reviews, conference abstracts, letters, case reports, or 
non-peer-reviewed articles.

2.3 Data extraction

Information relevant to the current study, namely the author, 
publication year, patient characteristics (e.g., age), sample size, study 
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design, risk of dementia, severity of comorbidities, maximum 
follow-up time, and country of publication, was extracted. Two 
authors independently retrieved the data using a specific data 
extraction sheet. A discussion was held to resolve all disagreements. 
Whenever there was any uncertainty or missing information, the 
corresponding authors of the studies were contacted for clarification.

2.4 Outcomes and definitions

The main objective of this meta-analysis was to examine the 
likelihood of dementia in patients who underwent RA (i.e., RA group) 
vs. those who received GA (i.e., GA group). The secondary outcomes 
included identifying other potential risk factors for dementia and 
comparing dementia risk between individuals who received RA and 
those who did not undergo surgery/anesthesia (i.e., placebo group). 
The definition of RA for this meta-analysis encompassed spinal or 
epidural anesthesia with or without the use of adjunct agents such as 
local anesthesia and sedation, while GA involved the use of volatile or 
intravenous agents for anesthesia maintenance. Patients who had a 
Charlson comorbidity score or American Society of Anesthesiologists 
(ASA) physical status classification system score of 3 or higher were 
regarded as having severe comorbidities.

2.5 Risk of bias assessment and certainty of 
evidence

The quality of articles was assessed using the Newcastle-Ottawa 
Scale (NOS) that consists of eight items grouped under three 
categories: selection, comparability, and outcome. The selection 
category includes three items that examine the representativeness of 
the exposed and unexposed cohorts, the selection of controls, and the 
assessment of exposure. The comparability category has one item that 
evaluates the comparability of the cohorts. The outcome category 
consists of four items that assess the measurement of outcomes, the 
length and adequacy of follow-up, as well as the ascertainment of 
exposure. Each item is scored based on predefined criteria, with a 
higher score indicating a lower risk of bias. The maximum score for 
the NOS is nine stars. Studies with a score of seven or more stars are 
considered to have a “low-risk” of bias.

Two authors utilized the Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) method (16) to 
evaluate the certainty of evidence for the study outcomes. For any 
difference in opinion between the two authors, a third author was 
invited to resolve the discrepancy through arbitration.

2.6 Statistical analysis

The data were analyzed using the random-effects model to 
determine the pooled odds ratio (OR) and hazard ratio (HR). 
Additionally, the 95% confidence interval was calculated and reported 
for each outcome. To check for heterogeneity, I2 statistics values ≥50% 
were considered to represent substantial heterogeneity. The reliability 
of the primary and secondary outcomes was checked by conducting a 
sensitivity analysis using a leave-one-out approach. Potential 
publication bias was identified for outcomes that were reported in 10 

or more studies through a visual analysis of a funnel plot. The 
statistical analyses were conducted using either the Review Manager 
(RevMan) or comprehensive Meta-Analysis (CMA) V3 software 
(Biostat, Englewood, NJ, United States). A probability value (p) of less 
than 0.05 was considered to be of statistical significance.

3 Results

3.1 Study selection

Figure 1 shows the process of comprehensive search for relevant 
studies. We  conducted searches in multiple databases, including 
Medline, Embase, Cochrane library, and the Google scholar, resulting 
in the identification of 314 potentially eligible studies. After removing 
duplicates (n = 34) and conducting title and abstract screening, 17 
reports were assessed for eligibility. After further exclusion of nine 
studies based on full-text review due to not performing RA (n = 5), not 
reporting relevant outcomes (n = 3), and being a conference abstract 
(n = 1), eight cohort studies published between 2014 and 2023 were 
included in the final review (14, 15, 17–22).

The characteristics of studies including age, gender distribution, 
sample size, study design, maximum follow-up duration, and country 
are summarized in Table 1. The populations in the eligible studies 
included individuals aged 50 years and above (14), 55 years and above 
(19), 58 years and above (15), 65 years and above (17), 66 years and 
older (22), female patients aged ≥30 years undergoing hysterectomy 
(18), patients who received elective hip fracture surgery (20), and 
patients who underwent major elective surgery (21). The sample sizes 
varied widely, ranging from 877 to 280,308. The smallest sample size 
was noted in a case–control study from Sweden (i.e., 877) (15), while 
a population-based study from Taiwan had the largest sample size (i.e., 
280,308) (18). The proportion of males in each study varied between 
zero and 49.5%. Regarding study design, there were five population-
based studies (14, 18, 20–22), one cohort study (19), one case–control 
study (15), and one prospective study (17). The maximum follow-up 
period ranged from 5 to 20 years. The studies were conducted in 
various countries, including the United States (17), Taiwan (14, 18, 20, 
21), Korea (19), and Canada (22).

A summary of study qualities is presented in Table  1, which 
indicated a variation based on NOS. Four studies (19–22) were 
assigned a score of nine while two studies (14, 18) were assigned a 
score of 7. In contrast, two others (15, 17) received a relatively low 
score of 6, suggesting possible limitations in terms of study quality.

3.2 Outcomes

3.2.1 Baseline characteristics between RA and GA 
groups

To examine potential differences in baseline characteristics, 
we  initially analyzed the age, incidence of male proportion, 
hypertension, diabetes, depression, and severity of comorbidities 
between the RA and GA groups. Some studies in our meta-analysis 
were designed to compare GA with placebo groups or RA with 
placebo groups. Consequently, not all studies provided the specific 
data required for a direct comparison between the GA and RA groups 
in terms of patient characteristics, such as age and sex. As shown in 
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Figure 2, there were no differences in age (MD: 0.15 years, 95% CI: 
−0.15 to 0.45, p = 0.33, I2  = 81%) (Figure  2A), incidence of male 
proportion (OR: 1.01, 95% CI: 0.95–1.08, p = 0.67, I2  = 80%) 
(Figure 2B), and hypertension (OR: 1.0, 95% CI: 0.92–1.09, p = 0.98, 
I2  = 82%) (Figure  2C) between the two groups. Similarly, the 
incidences of diabetes (OR: 0.98, 95% CI: 0.93–1.05, p = 0.59, I2 = 68%) 
(Figure 3A), depression (OR: 1.0, 95% CI: 0.96–1.03, p = 0.87, I2 = 36%) 
(Figure 3B), and severe comorbidities (OR: 1.02, 95% CI: 0.97–1.06, 
p = 0.45, I2  = 46%) (Figure  3C) were comparable between the 
two groups.

3.2.2 Difference in risk of dementia between RA 
and GA groups

Five studies provided information for comparing the risk of 
dementia between patients receiving RA and those undergoing 
GA. Meta-analysis revealed a higher risk of dementia after GA 

exposure than that following RA exposure (HR: 1.81, 95% CI: 1.29–
2.55, p = 0.007, I2 = 99%) (Figure 4) (14, 18, 20–22). When one study 
(21) featuring a relatively younger population was excluded from the 
sensitivity analysis, the results showed a notable change. The 
comparison between GA and regional RA exposure demonstrated a 
similar risk of dementia (HR, 1.17; 95% CI: 0.95–1.43, p = 0.13; 
I2 = 96%) after this exclusion. This adjusted outcome implies that in an 
older population, RA exposure may not offer a protective effect 
against dementia.

We did not examine the funnel plot as only seven datasets 
were available.

3.2.3 Risk of dementia between RA and placebo 
groups

Three studies provided the dementia risk in RA and placebo 
groups (i.e., those receiving no anesthesia/surgery). Meta-analysis 

FIGURE 1

Selection process of studies based on inclusion and exclusion criteria. RA, Regional anesthesia.
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revealed no difference in dementia risk between RA and placebo 
groups (HR: 1.2, 95% CI: 0.69–2.07, p = 0.52, I2 = 68%) (Figure 5) 
(15, 17, 19). However, when one study was removed from the 
pooled evidence, a higher risk of dementia was noted in the RA 
group, indicating questionable robustness of the pooled 
evidence (17).

3.2.4 Other risk factors for dementia
Other factors that contributed to dementia based on the current 

study are shown in Figures  6, 7. Anxiety, history of stroke, 
hypertension, diabetes, and hyperlipidemia were identified as 
significant risk factors for dementia. In contrast, the likelihood of 
developing dementia was not associated with male gender, or the 
presence of head injuries, obesity, and hearing impairment.

3.3 Certainty of evidence

The level of certainty of evidence for various outcomes is presented 
in Supplementary Table  2. Due to the inherent limitations of 
observational studies, the certainty of evidence for five outcomes, 
namely anxiety, history of stroke, diabetes, hyperlipidemia, and male 
gender, was deemed to be  low. Similarly, for six other outcomes, 
including risk of dementia between RA and GA groups, risk of 
dementia between RA and placebo groups, hypertension, head 

injuries, obesity, and hearing impairment, the certainty of evidence 
was considered to be very low.

4 Discussion

An objective of this meta-analysis was to synthesize available 
evidence from previous studies to provide a better understanding of 
the potential association between RA exposure and dementia risk. 
Our findings showed a higher risk of dementia associated with GA 
exposure compared to RA exposure. As the pooled data did not reveal 
any noteworthy difference in age, male proportion, incidence of 
hypertension, diabetes, and depression, as well as the severity of 
comorbidities between patients undergoing RA versus those receiving 
GA, the bias of our results may be minimized. In addition, a lack of 
difference in dementia risk between RA and placebo groups further 
supported an absence of correlation between surgery under RA and 
the risk of dementia. Besides GA, additional risk factors for dementia 
were identified as hypertension, diabetes, hyperlipidemia, anxiety, 
history of stroke, and depression, while male gender, history of head 
injury, obesity, and hearing impairment were not associated with 
dementia risk.

Focusing on the impact of GA on short-term cognitive 
dysfunction, although postoperative delirium can occur in up to 28% 
of older person subjected to major surgery under general anesthesia 

TABLE 1 Characteristics of included studies (n  =  8).

Study Population Age (years) Male 
proportion

Sample 
size

Study 
design

Follow-up 
time (year)

Country NOS

Aiello Bowles et 

al. (17)

Patients aged 

≥65 years.
73 (69–79)a 41%a 3,988

Prospective 

study
12 United States 6

Chen et al. (14)
Patients aged 

≥50 years.

63 (55–71) vs. 61 

(54–69)b
49.5 vs. 48.2%b 135,873

Population-

based study
3–7 Taiwan 7

Chen et al. (18)

Female patients 

aged ≥30 years 

undergoing 

hysterectomy.

NA 0 280,308
Population-

based study
8.6 Taiwan 7

Kwon et al. (19)
Patients aged 

≥55 years.

55–64 years: 42.2 vs. 

42.2% 65–74 years: 

35.6 vs. 35.6% 

≥75 years: 22.3 vs. 

35.6%c

45.5 vs. 45.5%c 5,610
Cohort 

study†
10 Korea 9

Strand et al. (15)
Patients aged 

≥58 years.

82.0 ± 0.4 vs. 

76.7 ± 0.4d
43.3 vs. 48.1%d 877

Case–control 

study
20 Sweden 6

Sun et al. (20)

Patients ≥65 years 

who received 

elective hip 

fracture surgery.

66.7 ± 6.4 vs. 

66.3 ± 6.3 vs. 

66.3 ± 6.3e

40 vs. 40.1 vs. 

40.2%e
268,014

Population-

based study†
8.22 Taiwan 9

Sun et al. (21)

Patient aged 

>20 years who 

underwent major 

elective surgery.

49.49 ± 16.51 vs. 

49.46 ± 16.41 vs. 

49.30 ± 16.55e

44.8 vs. 44.3 vs. 

44.3%e
63,750

Population-

based study†
7.2 Taiwan 9

Velkers et al. 

(22)

Patients aged 

≥66 years.

74.3 ± 5.8 vs. 

74.3 ± 5.8f
41.9 vs. 41.9%f 14,998

Population-

based study†
5 Canada 9

†Matched; aData are presented as overall population; bData are presented as anesthesia vs. control group; cData are presented as RA vs. non-anesthesia group; dData are presented as dementia 
vs. non-dementia group; eData are presented as RA vs. inhalation vs. non-inhalation group; fData are presented as RA vs. GA group; NOS, Newcastle-Ottawa Scale.
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(23), the link between GA and cognitive dysfunction after surgery has 
not been well established. For instance, one retrospective study 
involving older person aged over 60 who underwent major 
non-cardiac surgery reported no significant difference in the incidence 
of postoperative cognitive dysfunction (POCD) between patients 
undergoing GA (i.e., 14.3%) and those receiving RA (i.e., 13.9%) at the 
three-month follow-up (24). A recent randomized clinical trial 
comprising 950 older adults who underwent surgical repair for hip 
fracture also found that RA without sedation did not significantly 
reduce the incidence of postoperative delirium in comparison with 
GA (6.2 vs. 5.1%, respectively) (25). Consistently, a meta-analysis 
comprising eight studies involving 3,555 older person aged over 
65 years who underwent hip-fracture surgery revealed no statistically 
significant difference in the prevalence of postoperative delirium 
(POD) or postoperative cognitive dysfunction (POCD) between those 
receiving RA and those undergoing GA at 24 h, 3 days, and 7 days after 
surgery (26), indicating a potentially important role of surgery or 
other provoking factors (e.g., postoperative pain) (27, 28) rather than 
the choice of anesthesia in the development of short-term 
postoperative cognitive dysfunction.

Several experimental studies have demonstrated a potential 
association between an exposure to inhalation agents and the 
neuropathogenesis of Alzheimer’s Disease (AD) as reflected by an 
increased production and aggregation of β-amyloid peptides (Aβ) as 

well as elevated levels of cerebrospinal fluid tau protein (29–32). 
Regarding the correlation of GA with long-term dementia risk, early 
evidence from clinical studies did not find a link between GA and 
dementia risk. For instance, there was no significant correlation 
between prior exposure to GA and the development of AD in a meta-
analysis published in 2011 that examined 15 studies involving 1,752 
cases and 5,261 controls (33). However, a subsequent population-
based study including 135,873 patients showed a dose-dependent 
relationship between GA and dementia risk (14), suggesting that early 
evidence may be inconclusive. A relatively recent meta-analysis, which 
involved 23 studies and 412,253 participants over the age of 60 or 
65 years without a pre-existing diagnosis of dementia or AD, revealed 
a significant positive correlation between exposure to GA and the 
incidence of AD despite significant heterogeneity (13). Therefore, even 
though a link between GA and short-term cognitive dysfunction has 
not been established, it appears that GA might be a potential risk 
factor for dementia.

Current interest in the prevention of dementia focuses on the 
identification of potentially modifiable risk factors (5, 34). Previous 
pooled evidence supported no impact of anesthetic techniques (i.e., 
RA vs. GA) on short-term cognitive dysfunction (26), while the 
influence of different anesthetic approaches on long-term dementia 
risk remained to be clarified. Compared with RA, our meta-analysis 
demonstrated a higher risk of dementia associated with exposure to 

FIGURE 2

Forest plot showing the difference in (A) age, (B) male proportion, and (C) incidence of hypertension between individuals undergoing regional 
anesthesia (RA group) and general anesthesia (GA group). M-H, Mantel–Haenszel; IV, Inverse variance; and CI, Confidence interval.
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GA. However, sensitivity analysis indicated that among older 
individuals, exposure to RA might not provide a protective effect 
against dementia. This discovery is significant, highlighting that older 

patients should employ preventive strategies irrespective of the type 
of anesthesia used. To the best of our knowledge, our meta-analysis is 
the first to address a potential beneficial effect of RA on the long-term 

FIGURE 3

Forest plot comparing the incidence of (A) diabetes, (B) depression, and (C) severe comorbidities between individuals receiving regional anesthesia (RA 
group) and general anesthesia (GA group). M-H, Mantel–Haenszel; CI, Confidence interval.

FIGURE 4

Forest plot showing the difference in risk of dementia between patients receiving regional anesthesia (RA) and those undergoing general anesthesia 
(GA). SE, Standard error; IV, Inverse variance; and CI, Confidence interval.
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dementia risk compared to GA. In addition, there was no significant 
difference in dementia risk between individuals receiving RA and the 
placebo group (i.e., those who did not receive surgery or anesthesia), 
supporting that RA may be protective against long-term dementia 
associated with surgery-related factors. As there is no curative 

treatment for patients with dementia, preventive measures are of 
critical importance (35). Dementia has become an increasingly costly 
and burdensome condition as populations age. Indeed, it is predicted 
that the number of patients with AD will increase to approximately 
13.8 million by the year 2050 (36). Our findings showed that RA may 

FIGURE 5

Forest plot showing the risk of dementia between regional anesthesia (RA) and placebo groups. SE, Standard error; IV, Inverse variance; and CI, 
Confidence interval.

FIGURE 6

Associations of hypertension, diabetes mellitus (DM), male gender, hyperlipidemia, and head injury with the risk of dementia. SE, Standard error; IV, 
Inverse variance; and CI, Confidence interval.

https://doi.org/10.3389/fpubh.2024.1362461
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Chen et al. 10.3389/fpubh.2024.1362461

Frontiers in Public Health 09 frontiersin.org

be a favorable alternative to GA for older adults or those at high risk 
of dementia.

It is important to note that for some comparisons, including the 
analysis of dementia risk in the RA group versus placebo, only a 
limited number of studies were available. Although pooling results 
from three studies for this outcome suggested a comparable dementia 
risk with RA compared to placebo, sensitivity analysis revealed a 
contradictory finding. This highlights the unreliability of drawing 
conclusions from such a small number of studies. The limited datasets 
available for certain analyses are a major limitation of our work, which 
precludes strong conclusions from those particular comparisons. 
Larger, high-quality studies are needed to more definitively determine 
the impact of RA on dementia risk relative to both GA and no 
anesthesia exposure.

The development of dementia is influenced by a variety of factors, 
including environmental factors (e.g., air pollution), genetics (e.g., 
apolipoprotein E gene), and comorbidities (e.g., hypertension or 
diabetes) (37–41). In the current meta-analysis, anxiety, history of 
stroke, hypertension, diabetes, hyperlipidemia, and diabetes were 
identified as dementia risk factors. In contrast, male gender, head 
injuries, obesity, and hearing impairment did not increase the 

likelihood of developing dementia. Existing literature suggests a 
possible gender-related difference in dementia risk. Specifically, a 
previous study revealed that women exhibit a higher incidence of AD 
compared to men after the age of 85 (42). In contrast, another 
investigation reported an overall lower incidence of vascular dementia 
in women than that in men (43). However, it is worth noting that 
some studies conducted in the Italian and Spanish populations did not 
observe a significant association between gender and dementia risk 
(44, 45). In concert with the finding of those studies, the absence of a 
significant influence of gender on dementia risk in our study may 
be  due to the enrollment of individuals from different ethnic 
backgrounds as well as the inclusion of both AD and vascular 
dementia in our analysis.

The results of the current meta-analysis may have several limitations 
that may restrict the extrapolation of our findings. First, the scarcity of 
existing studies may impede the strength of evidence. In addition, the 
relatively small sample sizes in some of the studies available for specific 
analyses may obscure the significance of the findings as shown in the 
impaired robustness of our findings on sensitivity analysis. Second, given 
that age is a risk factor for dementia, the inclusion of individuals with a 
wide range of age may impact our results. Besides, the wide variation in 

FIGURE 7

Correlations of obesity, anxiety, stroke history, depression, and hearing impairment with the risk of dementia. SE, Standard error; IV, Inverse variance; 
and CI, Confidence interval.

https://doi.org/10.3389/fpubh.2024.1362461
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Chen et al. 10.3389/fpubh.2024.1362461

Frontiers in Public Health 10 frontiersin.org

follow-up duration from between 3 and 7 years to as long as 20 years may 
influence our outcomes. Third, despite our inclusion of studies recruiting 
individuals of different ethnicities (i.e., United States, Taiwan, Korea, and 
Sweden), the relatively small number of studies still limits the 
extrapolation of our findings to the global population. Fourth, the meta-
analytical nature of the current study precluded the exclusion of 
confounders that may affect the outcomes (e.g., selection bias in patient 
allocation). Finally, variations in the techniques of anesthesia (e.g., 
intravenous vs. inhalational anesthesia for GA; epidural vs. spinal 
anesthesia for RA) as well as the type’s dementia (e.g., Alzheimer’s disease 
vs. vascular dementia) could introduce heterogeneity into the current 
meta-analysis.

5 Conclusion

Our results showed an increased risk of developing dementia in 
individuals exposed to general anesthesia than those receiving regional 
anesthesia, but no significant difference in the risk of dementia between 
those subjected to RA and those in the placebo group (i.e., those did not 
receive surgery and anesthesia). Furthermore, hypertension, diabetes, 
hyperlipidemia, anxiety, a history of stroke, and depression were 
identified as risk factors for dementia, while there was no significant 
association of male gender, history of head injury, obesity, and hearing 
impairment with the risk of dementia. Further investigations are 
necessary to elucidate the impact of regional anesthesia on dementia risk, 
taking into account the high prevalence of dementia as well as the 
increasing need for surgery among the older person.
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