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Background: Acute ischemic stroke (AIS) is frequently complicated by post-stroke cognitive impairment (PSCI), which significantly
affects long-term prognosis and quality of life. However, the evidence regarding its risk factors remains inconsistent.

Methods: A systematic search was conducted in PubMed, Embase, Cochrane Library, and Web of Science up to December 30, 2025.
Observational studies evaluating risk factors for PSCI after AIS were included. Pooled odds ratios (ORs) with 95% confidence intervals
(CIs) were calculated using fixed- or random-effects models. Heterogeneity, sensitivity analyses, and publication bias were assessed.
Results: Fifteen studies involving 30,022 participants were included. Age >75 years (OR = 1.07, 95% CI: 1.04-1.10), female sex (OR =
1.72,95% CI: 1.41-2.10), diabetes (OR = 1.76, 95% CI: 1.29-2.40), elevated C-reactive protein (CRP; OR = 1.36, 95% CI: 1.14-1.62), and
lower educational level (OR = 1.24, 95% CI: 1.12-1.38) were significantly associated with an increased risk of PSCI after AIS. Substantial
heterogeneity was observed for some predictors, particularly age (I° = 89.9%) and educational level (° = 89.6%).

Conclusion: Several factors, including advanced age, female sex, diabetes, elevated CRP, and lower educational level, were
associated with an increased risk of PSCI after AIS. These findings may support risk stratification and early monitoring strategies.
However, the substantial heterogeneity observed for some predictors should be considered when interpreting the pooled estimates.
Further prospective studies are needed to confirm these associations and clarify causal relationships.
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Background
Acute ischemic stroke (AIS) is a major global cause of death and disability, imposing substantial physical, psychological,
and economic burdens on patients and their families.! According to statistics from the World Health Organization (WHO),
an estimated 15 million people experience stroke annually, with ischemic stroke accounting for approximately 80% of all
stroke cases.” Although advances in medical care have improved outcomes and survival after AIS,** many patients
continue to experience post-stroke cognitive impairment (PSCI) beyond the acute phase. PSCI generally refers to decline
in one or more cognitive domains after stroke, including memory, attention, executive function, language, and visuospatial
ability.” It substantially impairs quality of life and increases long-term caregiving and socioeconomic burdens.® '°
PSCI after AIS is a complex and multidimensional syndrome. Its development may be driven by overlapping
mechanisms, including vascular burden, ischemic brain injury, neurodegenerative changes, inflammatory responses,
reduced premorbid cognitive reserve, and brain network dysfunction.!'™'® Non-biological factors, such as social support,
psychological status, and physical activity, may also influence cognitive recovery or deterioration after stroke.'® Thus,
PSCI likely reflects interactions among demographic, clinical, biochemical, imaging-related, and psychosocial factors.
Although observational studies' ""'® have explored potential risk factors for PSCI following AIS, their findings remain
inconsistent because of limited sample sizes, heterogeneous study designs, variable cognitive assessment tools and PSCI
definitions, different follow-up durations, and insufficient adjustment for confounders. Previous systematic reviews and
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meta-analyses'® ' have provided valuable evidence by summarizing potential risk factors for PSCI after stroke.
Nevertheless, their applicability to AIS-specific clinical practice remains limited. First, most previous reviews focused
on the prevalence and general risk factors of PSCI across all stroke types, while AIS patients were less frequently
considered as a distinct clinical population.'® ' Second, most analyses evaluated only a limited range of risk factors,
such as sociodemographic and disease-related factors, and therefore could not provide a comprehensive profile integrat-
ing demographic, clinical, biochemical, and imaging-related predictors.'®® Third, some reviews lacked comprehensive
subgroup or sensitivity analyses to explore heterogeneity or did not incorporate evidence published in the past three
years.”! Thus, the overall profile of factors associated with PSCI after AIS remains insufficiently defined.

To address these gaps, the present meta-analysis specifically focused on patients with AIS and excluded hemorrhagic
stroke, previous or chronic ischemic stroke, and other non-AIS populations to reduce clinical heterogeneity. We
systematically evaluated a broad range of demographic, clinical, biochemical, and imaging-related predictors and
updated the literature search to December 30, 2025. In addition, we performed subgroup analyses, heterogeneity
assessments, and sensitivity analyses for key clinical variables to explore potential sources of inconsistency. By
integrating updated evidence with a more focused population and broader predictor framework, this study provides
a comprehensive synthesis of key factors associated with PSCI after AIS, thereby informing early identification,

individualized monitoring, and future research.

Methods

This systematic review and meta-analysis was conducted in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement. The protocol was prospectively registered in
PROSPERO (CRD420261280566).

Literature Retrieval
A systematic literature search was conducted in PubMed, Embase, the Cochrane Library, and Web of Science from
database inception to December 30, 2025. The search strategy included terms related to AIS, PSCI, and risk factors. The

full electronic search strategy is presented in Supplementary materials.

Inclusion and Exclusion Criteria

Inclusion criteria: Studies were eligible if they included adults (=18 years) with AIS diagnosed according to interna-
tionally accepted criteria and evaluated cognitive function. Eligible studies reported the association between potential risk
factors and PSCI. PSCI was mainly defined based on standardized cognitive assessment tools. Observational studies
(cohort or case—control) that provided sufficient data for statistical analysis were included. The control group comprised
patients with AIS without PSCI or with only mild cognitive decline.

Exclusion criteria: Studies including patients without a confirmed diagnosis of AIS, such as those with hemorrhagic
stroke or brain tumors, were excluded. Participants aged <18 years and studies that did not provide data on PSCI
assessments will also be excluded. Studies that do not clearly record and analyze factors associated with PSCI following
AIS, or those that fail to reasonably assess exposure factors, will not be included. Additionally, studies classified as case
reports, reviews, low-quality papers, or articles not peer-reviewed will be excluded.

Study Selection

Two reviewers (FJS and XJG) independently screened the retrieved records using EndNote 21 software. Titles and
abstracts were first examined to exclude studies that obviously failed to satisfy the eligibility criteria. The remaining full-
text articles were then assessed to determine whether they met the final eligibility requirements according to the preset
criteria. Any disagreements in the screening process were solved via discussion between the two reviewers; if no

consensus was achieved, a third reviewer (YZS) was involved to reach a final decision.
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Data Extraction

Two reviewers (FJS and XJG) independently extracted relevant data from the included articles using a standardized Excel
spreadsheet. The extracted data consisted of basic study characteristics (first author, publication year, country, and study
design), demographic and clinical features of participants (sample size, number of patients with PSCI, sex distribution,
and mean age), statistical methods used in the analysis (multivariable regression or univariate analysis), and the criteria
used for diagnosing PSCI. Any inconsistencies identified were resolved through discussion between the two reviewers
(FJS and XJG). If consensus could not be reached, a third reviewer (YZS) was consulted to guarantee the accuracy and
reliability of the data.

Quality Evaluation
The Newcastle-Ottawa Scale (NOS)** was used to assess case-control and cohort studies. This tool evaluates potential
biases across three key domains: study selection, comparability, and outcome assessment.

Statistical Analysis

All statistical analyses were conducted using Stata 17.0 software. Effect estimates were pooled as odds ratios (ORs) with
95% confidence intervals (CIs). A fixed-effects model was applied if /7 < 50%, indicating low to moderate heterogeneity.
Otherwise, a random-effects model was used to provide a more conservative estimate. When substantial heterogeneity
was detected, sensitivity analyses were performed to assess the robustness of the pooled estimates. Publication bias was
evaluated visually using funnel plots and statistically using Egger’s test. Statistical significance was determined based on
the pooled ORs and their corresponding 95% Cls.

Results

Literature Screening Results

A total of 4765 records were initially identified from PubMed (n=591), Embase (n=1632), Cochrane Library (n=228),
and Web of Science (n=2314). After removing 1055 duplicates, the remaining 3710 articles underwent title and abstract
screening, leading to the exclusion of 3689 records. Following a rigorous full-text review of the remaining papers, an

23-37

additional 6 studies were excluded. Finally, 15 articles met the inclusion criteria for the final analysis. The detailed

selection process is presented in the PRISMA flow diagram (Figure 1).

Basic Characteristics of Literature

This study included 15 articles involving 30,022 participants, 10> >

of which were from China, and the others were
from Bulgaria,** Singapore,®> Poland,* South Korea,*® and the UK.?” One article™® used Cox regression, and the rest
used logistic regression (Table 1).

Quality Assessment Results

This study used the NOS score, and the results (Table 2) showed that 2 articles>**? scored 7 points, 5 articles
23,28,29,31,34-37

24-27.33 gcored 8

points, and 8 articles scored 9 points. These results indicate that all included articles were of high quality.

Meta-Analysis Results
A total of 5 potential risk factors for PSCI in patients with AIS were identified across the included studies: age >75 years,
female sex, history of diabetes, elevated C-reactive protein (CRP), and lower educational level.

14 studies evaluated age >75 years. Substantial heterogeneity was observed (I = 89.9%, P = 0.001), and therefore
a random-effects model was applied. The pooled analysis (Figure 2) demonstrated that age >75 years was significantly
related to an increased risk of PSCI in AIS patients (OR = 1.07, 95% CI: 1.04-1.10), with stable results in sensitivity
analyses (Supplementary Figure S1).
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Figure | Flow diagram of the literature search and study selection process. The diagram illustrates the identification, screening, eligibility, and inclusion of studies according
to the PRISMA guidelines.

6 studies assessed the relation between female sex and PSCI. No significant heterogeneity was detected (I = 0%, P =
0.551). Therefore, a fixed-effects model was used. Female sex was significantly (Figure 3) related to a higher risk of
PSCI (OR = 1.72, 95% CI: 1.41-2.10).

9 studies reported the association between diabetes and PSCI. Moderate heterogeneity was observed (I° = 69.6%, P = 0.001),
and a random-effects model was applied. The pooled results (Figure 4) revealed that a history of diabetes increased the risk of
PSCI (OR = 1.76, 95% CI: 1.29-2.40), with stable results in sensitivity analyses (Supplementary Figure S2).

4 studies investigated elevated CRP levels. Moderate heterogeneity was present (I’ = 51.6%, P = 0.102), and the
pooled (Figure 5) analysis using a random-effects model demonstrated a significant association between high CRP and
PSCI (OR = 1.36, 95% CI: 1.14-1.62), with stable results in sensitivity analyses (Supplementary Figure S3).

4 studies examined educational level. Considerable heterogeneity was detected (I = 89.6%, P = 0.001), and
a random-effects model was applied. Lower educational level (Figure 6) was significantly related to an increased risk
of PSCI (OR = 1.24, 95% CI: 1.12—1.38), with stable results in sensitivity analyses (Supplementary Figure S4).
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Table | Table of Basic Characteristics

Study Year | Study Design Country Sample Size | No. of Cognitive Gender (M/F) Mean Age (Years) | Timepoint of Cognitive Regression
Impairment Assessment Model

Alexandrova®* | 2016 | Cohort study Bulgaria 47 20 26/21 63.0 3 months Logistic regression
Chander® 2017 | Cohort study Singapore 445 190 295/150 64.5 3 months Logistic regression
Chen? 2018 | Cohort study China 354 114 222/132 62.3 3 months Cox proportional
Dec® 2025 | Cohort study Poland 582 418 323/249 66.1 3 months Logistic regression
Ding?* 2019 | Cohort study China 179 77 103/76 63.0 6 months Logistic regression
Gong® 2021 Cohort study China 228 122 162/66 62.2 12 months Logistic regression
Guo?® 2024 | Cohort study China 120 56 69/54 66.4 12 months Logistic regression
He?”’ 2023 | Cohort study China 24055 18,923 8260/15,795 65.0 12 months Logistic regression
Ji®8 2023 | Cohort study China 350 220 239/111 66.4 6 months Logistic regression
Lee® 2021 | Cohort study South Korea 345 71 222/123 60.3 3 months Logistic regression
L% 2016 | Cohort study China 840 NR 495/345 62.3 3 months Logistic regression
Ohlmeier®” 2023 | Case-control UK 1337 411 NR 67.2 12 months Logistic regression
Xu*® 2008 | Cohort study China 526 193 337/189 64.8 6 months Logistic regression
Yang®' 2021 | Cohort study China 180 96 106/94 60.0 6 months Logistic regression
Zhou*? 2005 | Cohort study China 434 161 229/205 67.6 3 months Logistic regression

Abbreviations: M, male; F, female; No., number; NR, not reported; UK, United Kingdom.
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Table 2 NOS Scores

Case control
Study Is the case Representativeness Determination Definition of Comparability of | Ascertainment of | Same method of Non Total scores
definition of the cases of control group Controls cases and exposure ascertainment response
adequate? controls based on for cases and
the design or controls
analysis
Ohlmeier 2023* * * * * o * * * 9
Cohort study
Study Representativeness Selection of non- Determination Identification of Comparability of Design and Adequacy of | Adequacy of | Total scores
of the exposed exposed groups of exposure outcome exposed and statistical the study’s follow-up in
group factors indicators not unexposed groups analysis evaluation of | exposed and
yet to be considered in the outcome unexposed
observed at design and groups
study entry statistical analysis
Alexandrova 2016%* * * * * ok * * * 9
Chander 2017 * * * * * * * * 9
Chen 20182 * * * * Aok * * * 9
Dec 202533 * * * * * * * * 8
Ding 2019%* * * * * * * * * 8
Gong 2021% * * * * * * * * 8
Guo 2024* * * / ok * * * * 8
He 2023% * * / ok * * * * 8
Ji 2023% * * * ok % % " « 9
Lee 20213¢ * * * ok % # ¥ % 9
Li 2016% * * * ok * % * x 9
Xu 2008%° * * * / * * * * 7
Yang 20213 * * * sk * * * * 9
Zhou 2005* * * * / * * * * 7

Notes: The NOS was used to assess the methodological quality of the included case-control and cohort studies. *, one point awarded for the corresponding NOS item; **, two points awarded for the corresponding NOS item; /, no
point awarded or not applicable.
Abbreviation: NOS, Newcastle-Ottawa Scale.
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Study %

ID OR (95% Cl) Weight
Alexandrova (2016)* —~ 1.31(1.07,1.61) 1.81
Chander (2017) % . 1.03 (1.00,1.06) 10.69
Chen (2018)23 . 1.02(1.00,1.04) 11.22
Dec (2025) 33 . 1.07 (1.05,1.09) 11.36
Ding (2019)% . 1.07 (1.02,1.12) 9.05
Gong (2021)% . 1.03 (1.00, 1.06) 10.66
Guo (2024)2% re— 1.32(1.03,1.88) 0.93
He (2023)27 e 1.89 (1.39,2.56) 0.90
Ji (2023)%8 : ————— 10.61 (3.52, 31.91) 0.07
Lee (2021)°¢ . 1.04 (1.01,1.07) 10.71
OhImeier (2023) 37 . 1.01(1.00,1.02) 11.64
Xu (2008)*° . 1.05 (1.03,1.07) 11.31
Yang (2021) ! [i————— 1.92(1.12,6.59) 0.11
Zhou (2005) 32 . 1.22(1.16,1.27) 9.54

1.07 (1.04,1.10) 100.00

Overall (I-squared = 89.9%, p = 0.000) Jq

I:ysis

NOTE: Weights are from random effects an
T
.0313 1 31.9

Figure 2 Forest plot of the association between age >75 years and cognitive impairment after acute ischemic stroke. Squares represent individual study estimates (ORs)
with 95% confidence intervals (Cls), and the diamond indicates the pooled effect. The vertical line represents no association (OR = 1). A random-effects model was used.

Study %
ID OR (95% Cl) Weight
Alexandrova (2016) 34 + > 3.76 (0.66,21.43)  1.31
Chen (2018) 23 —o— 1.53 (0.96, 2.45) 18.20
Dec (2025) 33 —0— 1.41(1.01,1.96)  36.16
Gong (2021) 25 —+— 2.04 (1.17, 3.53) 13.10
Lee (2021) 36 —*— 2.27 (1.09, 4.73) 7.38
Xu (2008) 30 —0— 2.05 (1.36, 3.08) 23.85
Overall (I-squared =0.0%, p = 0.551) @ 1.72 (1.41, 2.10) 100.00
T : T
0467 1 21.4

Figure 3 Forest plot of the association between female sex and cognitive impairment after acute ischemic stroke. Squares represent individual study estimates (ORs) with
95% Cls, and the diamond indicates the pooled effect. The vertical line represents no association (OR = 1). A fixed-effects model was used.
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Figure 4 Forest plot of the association between history of diabetes and cognitive impairment after acute ischemic stroke. Squares represent individual study estimates
(ORs) with 95% Cls, and the diamond indicates the pooled effect. The vertical line represents no association (OR = I). A random-effects model was applied.

Study

Alexandrova (2016) 34
Dec (2025) 33
Guo (2024) 26
Yang (2021) 31

Overall (I-squared =51.6%, p =0.102)

NOTE: Weights are from random effects analysis

'
!
——
'
'
'
'
R —
'
'
'
—_—

<

OR (95% ClI)

1.19 (1.04, 1.36)

1.82 (1.22, 2.76)

1.31 (1.06, 1.46)

—o% 2.16 (1.36, 5.50)

1.36 (1.14, 1.62)

%

Weight

41.89

14.11

38.18

5.81

100.00

T
182

5.5

Figure 5 Forest plot of the association between elevated C-reactive protein and cognitive impairment after acute ischemic stroke. Squares represent individual study
estimates (ORs) with 95% Cls, and the diamond indicates the pooled effect. The vertical line represents no association (OR = ). A random-effects model was used.

Subgroup Analysis
Subgroup analyses according to study design and geographic region are summarized in Table 3. For age >75 years,
significant associations were observed in both cohort (OR = 1.08, 95% CI: 1.04—1.12) and case—control studies (OR =
1.01, 95% CI: 1.00-1.02). The association appeared stronger in Chinese populations (OR = 1.14, 95% CI: 1.06-1.23)
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Study

Chander (2017)
Chen (2018) 23
Dec (2025) 33
Ding (2019) %4
Gong (2021)%°
He (2023) 27
Lee (2021) 36
Zhou (2005) 32

35

Overall (I-squared = 89.6%, p = 0.000)

NOTE: Weights are from random effects an3

OR (95% Cl)

1.16 (1.10, 1.23)
1.06 (1.00, 1.13)
1.23 (1.14,1.33)
1.41 (1.21, 1.65)
1.07 (1.01, 1.13)
1.71 (1.51, 1.93)

%
Weight

15.93
15.89
15.42
12.48
15.94
13.75

1.04 (0.97,1.73) 7.50

.Iysi's

2.02 (1.17,3.49) 3.10

1.24 (1.12, 1.38) 100.00

.286

1

Figure 6 Forest plot of the association between lower educational level and cognitive impairment after acute ischemic stroke. Squares represent individual study estimates
(ORs) with 95% Cls, and the diamond indicates the pooled effect. The vertical line represents no association (OR = I). A random-effects model was used.

relative to non-Chinese populations (OR = 1.04, 95% CI: 1.01-1.06). Female sex remained a significant risk factor in
both Chinese (OR = 2.04, 95% CI: 1.17-3.53) and non-Chinese studies (OR = 1.56, 95% CI: 1.21-2.00). Similar patterns
were observed for diabetes and educational level across study designs and regions, whereas elevated CRP showed

comparable but less precise estimates between subgroups.

Table 3 Subgroup Analysis Results

Risk Factors Group Subgroup No of Study | Heterogeneity OR 95% CI P
Age>75 years Study design | Cohort study 13 87.9 1.08 (1.04, 1.12) | 0.001
Case control | NA 1.01 (1.00, 1.02) | 0.049
Country China 8 90.7 1.14 (1.06, 1.23) | 0.001
Non-China 6 849 1.04 (1.01, 1.06) | 0.001
Female Country China | NA 2.04 (1.17, 3.53) | 0.00I
Non-China 4 0 1.56 (1.21, 2.00) | 0.001
History of diabetes Study design | Cohort study 8 728 1.74 (1.20, 2.51) | 0.001
Case control | NA 1.98 (1.40, 2.80) | 0.019
Country China 5 83.1 1.93 (1.10, 3.40) | 0.001
Non-China 4 0 1.76 (1.40, 2.22) | 0.001
High CRP Country China 2 46.7 1.49 (0.97, 2.29) | 0.252
Non-China 2 734 1.41 (0.94, 2.11) | 0.18I
Lower educational level Country China 5 93.7 1.32 (1.10, 1.59) | 0.001
Non-China 3 1.3 1.19 (1.13, 1.25) | 0.001

Abbreviations: 95% Cl, 95% confidence interval; CRP, C-reactive protein; NA, not applicable; No., number of studies; OR, odds ratio; P, P value.
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Publication Bias
Publication bias was assessed using funnel plots (Supplementary Materials Figures S5-S9) and Egger’s test. Visual inspection

suggested asymmetry for age >75 years and CRP. Egger’s test confirmed potential publication bias for age >75 years (P = 0.005)
and CRP (P = 0.048). After applying the trim-and-fill method (Supplementary Materials Figures S10-S11), the adjusted
estimates remained largely unchanged, indicating that the overall findings were robust. No other bias was found in female sex
(P =0.098), diabetes (P = 0.993), or educational level (P = 0.155).

Meta Regression
Since the heterogeneity for age > 75 and low educational level was close to 90%, we conducted a meta-regression analysis based
on year, country, study design, diagnosis of PSCI, and regression model (Supplementary Material Table S1). For age > 75, the

diagnosis of PSCI (P = 0.001) was found to be a potential source of heterogeneity. However, for low educational level, the result
was P > 0.05, indicating no obvious source of heterogeneity.

Discussion

This systematic review and meta-analysis assessed the risk factors for PSCI in patients with AIS, revealing several
significant associated factors, including age >75 years, female sex, history of diabetes, high CRP levels, and low
educational level. These risk factors shed light on their roles in PSCI from different biological and sociological
perspectives. Although there was significant heterogeneity among the studies and some results were subject to publica-
tion bias, the findings were generally robust in sensitivity analyses and meta-regression analysis.

Main Findings
Age is an important factor influencing PSCI. Our meta-analysis results show that AIS patients aged >75 years have a 1.07
times higher risk of PSCI than patients in other age groups. This result is consistent with many previous studies,***’
indicating that as people age, the elasticity of cerebral blood vessels weakens, the vessel walls harden, and cerebral blood
flow decreases. Impaired cerebral vascular function exacerbates the consequences of stroke, leading to insufficient blood
supply to brain tissue, neuronal loss, reduced synaptic connections, and white matter lesions in the brain, all of which are
neurodegenerative changes.*® After a stroke, these degenerative changes may further exacerbate brain damage, resulting
in significant cognitive decline.*' However, the heterogeneity for age >75 years in this study was high (I =89.9%),
suggesting that there may be differences among studies in terms of study population selection, stroke severity, cognitive
assessment tools, and timing of cognitive assessment. Some studies reported weaker or non-significant associations after
adjusting for pre-stroke cognitive status or stroke severity, which may reflect differences in baseline cognitive reserve,
and comorbidity burden. Sensitivity analyses supported the robustness of the pooled association, but the effect size may
still vary across populations and measurement methods and should be interpreted cautiously.

This study found that female patients have a significantly higher risk of PSCI than male patients, with an OR of 1.72.

This result is consistent with existing literature,****

indicating that gender differences play a role in PSCI following
stroke. Although women have a relatively lower risk of stroke, they are more vulnerable to PSCI after stroke.
Biologically, hormonal levels in women (particularly estrogen) may play a crucial role in neuroprotection.** Estrogen
is believed to have neuroprotective effects and may play a positive role in the recovery process following a stroke.*> As
women age, particularly after menopause, declining hormonal levels may be associated with a higher risk of cognitive
decline. Additionally, women are generally more prone to mental symptoms such as depression, which themselves may
be closely associated with PSCL*® Therefore, future research should focus more on gender-specific biological mechan-
isms and how to tailor personalized treatment to the unique needs of female patients. The gender analysis in this study
showed low heterogeneity (I° = 0%), indicating that the conclusion regarding gender as a risk factor is consistent across
studies, with women consistently identified as an important risk factor for PSCI. This finding underscores the importance
of gender in the assessment and management of PSCI, and future research could further explore early warning signs and
intervention strategies for female stroke patients.
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A history of diabetes is a significant risk factor for PSCI in stroke patients. The results of this study indicate that patients
with a history of diabetes have a 1.76-fold increased risk of developing PSCI. The association between diabetes and PSCI
has been well-established in numerous studies. Diabetes patients experience long-term effects of hyperglycemia and
metabolic abnormalities on cerebral vasculature and the nervous system, potentially leading to more pronounced PSCIL.*’
Diabetes influences cognitive function through multiple mechanisms. Hyperglycemia may exacerbate vascular endothelial
damage, leading to impaired cerebral blood flow; simultaneously, chronic inflammation and oxidative stress induced by
diabetes can damage brain tissue, resulting in neurodegenerative changes.*® Additionally, diabetes is often accompanied by
metabolic abnormalities such as hypertension and hypercholesterolemia, and the combined effects of these factors make
stroke patients with diabetes more prone to PSCL*’ Despite the high heterogeneity for diabetes in this study (/°=69.6%),
which may stem from differences in population selection, glycemic control level, diabetes duration, cognitive assessment
tools, and timing of assessment, sensitivity analyses supported the robustness of the pooled association, but the effect size
may still vary across populations and measurement methods and should be interpreted cautiously. Overall, the findings
support an association between diabetes and PSCI. Future research should further explore the protective effects of diabetes
treatment strategies on cognitive function and implement early cognitive screening and intervention in diabetic patients.

CRP is a common inflammatory marker. In this study, high CRP levels were found to be significantly associated with PSCI
in AIS patients, with an OR of 1.36. This finding aligns with the hypothesis that systemic inflammation is related to PSCL.>
High CRP levels are often closely associated with chronic inflammation and vascular damage, and these factors may be linked
to more severe brain damage after stroke. Inflammatory responses are thought to be involved in the pathogenesis of stroke.’
The systemic inflammatory response following stroke may be associated with secondary damage to brain tissue, which could
contribute to poorer cognitive outcomes. Specifically, elevated CRP levels post-stroke may reflect persistent neuroinflamma-
tion, which has been reported in relation to neuronal damage, synaptic dysfunction, and impaired cognitive function.>?
Although the heterogeneity of CRP across different studies was moderate (I = 51.6%), sensitivity analysis indicated that the
pooled association was robust. However, the observed heterogeneity may stem from differences in CRP measurement timing,
laboratory methods, cutoff values for defining elevated CRP, and population characteristics. The timing of CRP measurement
relative to stroke onset may critically affect its predictive value for PSCI, as CRP levels typically peak within the first week
post-stroke and gradually decline thereafter. Future studies should standardize CRP measurement protocols, including timing
and assay methods, to better evaluate its potential as a biomarker for PSCI. Investigating the combined predictive value of
CRP with other inflammatory markers and exploring the dynamic changes of inflammatory profiles throughout the post-stroke
period may provide deeper insights into the inflammatory mechanisms underlying PSCI.

Lower educational level was identified as a risk factor for PSCI in four studies, with an OR of 1.24. Educational level
is often regarded as an important indicator of cognitive reserve, and low educational level may imply reduced cognitive

reserve, making the brain more susceptible to PSCI.>*

The cognitive reserve theory posits that individuals with higher
educational level possess greater brain functional resilience, enabling them to better cope with neural damage.>*
However, the relationship between low educational level and PSCI is complex and likely multifactorial. While educa-
tional level serves as a proxy for cognitive reserve, it may also capture broader socioeconomic disparities, differences in
healthcare access, and literacy-related influences on cognitive test performance.'®3>-*® For example, individuals with
lower education may have fewer opportunities for prevention and timely management of vascular risk factors, which
could increase the likelihood of cerebrovascular injury and subsequent PSCI. In addition, limited literacy and reduced
familiarity with test materials may affect how individuals understand and complete cognitive screening tasks, potentially
contributing to lower measured performance that is not solely attributable to underlying neuropathology.”’ Furthermore,
low educational level is closely linked to unhealthy behaviors such as smoking, alcohol consumption, and physical
inactivity, which may further increase the risk of PSCI. Although substantial heterogeneity was observed among low-
education groups in the meta-analysis (I° = 89.6%), this may stem from differences in educational system classifications,
measurement methods, study population selection, cognitive assessment tools, and timing of cognitive assessment.
Sensitivity analyses suggested that the pooled estimate was robust, but the effect size may still vary across populations
and educational contexts and should be interpreted cautiously. Overall, the findings support an association between low
education and PSCI, though the magnitude may differ depending on how education is defined and measured across
different cultural and healthcare settings.
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Furthermore, the potential influence of age and educational background on cognitive test performance should be
acknowledged. Both factors are known to affect scores on commonly used assessments such as MoCA, which may
partially inflate the observed associations with PSCI. Older individuals tend to perform more poorly on cognitive tests
irrespective of stroke status, and lower educational level is closely linked to reduced cognitive reserve and baseline test
scores.”® Although our subgroup analyses confirmed that age >75 years and lower educational level were consistently
associated with increased risk across study designs and regions, these associations may reflect not only true vulnerability
but also differential test sensitivity. Future studies using education-adjusted scoring norms, culturally adapted tools, or
longitudinal cognitive trajectories may help better disentangle measurement bias from genuine risk effects.

The subgroup analyses further strengthened the robustness of our findings by demonstrating that several key factors
associated with PSCI remained significant across different study designs and populations. Advanced age, particularly
those over 75 years, consistently increased the risk of PSCI, with a stronger effect observed in Chinese cohorts,
suggesting possible demographic differences. However, it may also be partly influenced by healthcare system related
factors and differences in cognitive assessment procedures, educational distributions, and rehabilitation access across
settings. These factors could affect both the measurement of PSCI and the observed associations. Female sex and
a history of diabetes also showed stable associations across regions, underscoring their generalizable impact on post-
stroke cognition. Although elevated CRP displayed a similar direction of effect in all subgroups, the wide confidence
intervals indicate that inflammatory biomarkers require further investigation. In addition, the consistent influence of
lower educational level across populations highlights the importance of cognitive reserve in mitigating PSCI. Overall,
these subgroup findings confirm that the identified risk factors are not restricted to specific study characteristics or
geographic settings, reinforcing their clinical relevance.

Many primary studies used heterogeneous cognitive assessment tools, such as NINDS-VCI criteria, or institution-
specific neuropsychological batteries, resulting in considerable variability in reported incidence and associated predictors.
In our updated evidence synthesis, we systematically examined all available MoCA-based studies published to date;
however, the number of eligible studies providing extractable risk-factor data remained limited, preventing a dedicated
MoCA-specific meta-analysis. This underscores an important gap in current research: while MoCA has been validated as
an effective screening tool for VCI, there is still a lack of large, methodologically consistent studies using MoCA to
evaluate risk factors. Our study therefore highlights not only the existing evidence but also the need for future
standardized research employing unified, validated cognitive assessments such as MoCA to improve comparability
and strengthen prognostic inferences.

Strengths and Limitations

A key strength of this investigation is the systematic synthesis of data from diverse primary studies, providing
comprehensive evidence to support the factors associated with PSCI in patients with AIS. This meta-analysis overcomes
the issue of limited sample sizes in individual articles, enhancing the reliability and generalizability of the conclusions.
The study employed methods such as sensitivity analysis, meta-regression, and publication bias assessment to ensure the
stability and accuracy of the analysis results, thereby minimizing the potential impact of bias on the conclusions.
Additionally, this study explored multiple related risk factors, including age, gender, history of diabetes, CRP levels,
and educational level, providing specific quantitative data that offers valuable references for clinical diagnosis and
intervention. The heterogeneity analysis in this study also provides valuable insights into the differences in results across
different contexts, further enhancing the scientific rigor and clinical applicability of this research.

However, several limitations remain. First, there was evidence of heterogeneity in this study, particularly when
analyzing age >75 years and lower educational level as risk factors, which may reflect differences in study design, sample
selection, and assessment criteria. Although these differences were controlled for using a random-effects model and
sensitivity analysis, the presence of heterogeneity may still affect the stability of the results. Second, while multiple risk
factors were associated with PSCI, these associations do not equate to causal relationships. Future longitudinal studies
may help further validate whether these factors directly lead to PSCI. Third, a limitation is publication bias; although the
Trim and Fill method was used for correction, there may still be missing unpublished data, affecting the generalizability
of the study conclusions. Fourth, the assessment criteria for PSCI vary across studies, which may lead to inconsistent
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results and further impact the external validity of the study conclusions. Fifth, although studies were included from
several countries, the evidence base remains heavily weighted toward Chinese cohorts. This may limit the external
validity of our findings, as differences in healthcare system organization, rehabilitation access, cognitive assessment
procedures, and the distribution of educational level across settings could affect both the measurement of PSCI and the
magnitude of the observed associations. Finally, most of the included studies did not use standardized tools to assess
patients’ prestroke cognitive status. Therefore, we could not fully distinguish new-onset PSCI from pre-existing cognitive
vulnerability. This limitation may bias the effect estimates for certain risk factors.

Clinical Significance

The clinical significance of this study lies in providing scientific evidence for the prevention and intervention of PSCI in
patients with AIS. Specifically, clinicians can reduce the incidence of PSCI by targeting and intervening in these risk
factors. For example, for older patients, especially those over 75 years of age, doctors can strengthen assessments of their
cognitive function and combine cognitive training and psychological intervention to identify and address signs of PSCI at
an early stage. Additionally, female patients may require closer monitoring of their neuroprotective mechanisms post-
stroke due to physiological factors such as hormonal changes and can benefit from a combination of medication and
lifestyle improvements to slow the progression of PSCI. Patients with a history of diabetes should also prioritize
glycemic control and vascular health interventions, as diabetes-related damage to cerebral blood vessels may accelerate
PSCI. Patients with elevated CRP levels, especially in cases of strong inflammatory responses, should initiate anti-
inflammatory treatment early to reduce brain inflammation and improve cognitive outcomes. Patients with lower
educational levels may face greater challenges in cognitive recovery post-stroke, so education and cognitive training
should be incorporated into intervention strategies to enhance patients’ brain functional reserves and strengthen the
brain’s recovery capacity.

Future Research Directions

Future research should focus on establishing more standardized diagnostic criteria and follow-up procedures for PSCI
after AIS to reduce heterogeneity across studies. High-quality prospective cohort studies with larger sample sizes are
needed to verify the causal relationships between identified risk factors, including age, sex, diabetes, inflammation, and
educational level, and post-stroke cognitive outcomes. Additionally, incorporating neuroimaging biomarkers, genetic
indicators, and comprehensive inflammatory profiles may help uncover underlying biological mechanisms. Future studies
should also evaluate whether early targeted interventions, including glucose control, anti-inflammatory therapies,
rehabilitation programs, and cognitive training, could effectively mitigate the development or progression of PSCI in
high-risk AIS patients. In addition, multicenter studies with more geographically balanced cohorts are needed to
strengthen the external validity of PSCI risk estimates across different healthcare systems and populations. Finally,
prospective cohort studies should routinely use standardized tools to assess patients’ prestroke cognitive status and,
whenever possible, obtain objective baseline cognitive measures from pre-stroke health records. Such a design would
help disentangle new-onset cognitive decline from pre-existing vulnerability.

Conclusion

This meta-analysis identified several factors associated with PSCI following AIS, including advanced age, female sex,
diabetes, elevated CRP, and lower educational level. These factors may be interrelated, collectively reflecting broader
vulnerability to PSCI. However, because the included studies were observational in nature, these associations should not
be interpreted as evidence of causality. Moreover, the clinical significance of factors with modest effect sizes, particularly
age, should be interpreted cautiously and considered within a multifactorial risk assessment framework. Although our
findings may help inform risk stratification and early clinical monitoring, they should be interpreted in the context of
between-study heterogeneity, variability in cognitive assessment tools and PSCI definitions, and potential publication
bias. These limitations may affect the robustness and generalizability of the pooled estimates. Future well-designed
prospective longitudinal studies using standardized cognitive assessment methods and harmonized PSCI definitions are
necessary to validate these associations, clarify their mechanisms, and determine their clinical utility in predicting PSCI.
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