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BACKGROUND: Poststroke cognitive impairment (PSCI) occurs in about half of stroke survivors. Cumulative evidence indicates 
that functional outcomes of stroke are worse in women than men. Yet it is unknown whether the occurrence and characteristics 
of PSCI differ between men and women.

METHODS: Individual patient data from 9 cohorts of patients with ischemic stroke were harmonized and pooled through the 
Meta-VCI-Map consortium (n=2343, 38% women). We included patients with visible symptomatic infarcts on computed 
tomography/magnetic resonance imaging and cognitive assessment within 15 months after stroke. PSCI was defined as 
impairment in ≥1 cognitive domains on neuropsychological assessment. Logistic regression analyses were performed to 
compare men to women, adjusted for study cohort, to obtain odds ratios for PSCI and individual cognitive domains. We 
also explored sensitivity and specificity of cognitive screening tools for detecting PSCI, according to sex (Mini-Mental State 
Examination, 4 cohorts, n=1814; Montreal Cognitive Assessment, 3 cohorts, n=278).

RESULTS: PSCI was found in 51% of both women and men. Men had a lower risk of impairment of attention and executive 
functioning (men: odds ratio, 0.76 [95% CI, 0.61–0.96]), and language (men: odds ratio, 0.67 [95% CI, 0.45–0.85]), but 
a higher risk of verbal memory impairment (men: odds ratio, 1.43 [95% CI, 1.17–1.75]). The sensitivity of Mini-Mental 
State Examination (<25) for PSCI was higher for women (0.53) than for men (0.27; P=0.02), with a lower specificity for 
women (0.80) than men (0.96; P=0.01). Sensitivity and specificity of Montreal Cognitive Assessment (<26.) for PSCI was 
comparable between women and men (0.91 versus 0.86; P=0.62 and 0.29 versus 0.28; P=0.86, respectively).

CONCLUSIONS: Sex was not associated with PSCI occurrence but affected domains differed between men and women. The 
latter may explain why sensitivity of the Mini-Mental State Examination for detecting PSCI was higher in women with a lower 
specificity compared with men. These sex differences need to be considered when screening for and diagnosing PSCI in 
clinical practice.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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Poststroke cognitive impairment (PSCI) is a com-
mon consequence of ischemic stroke, and a leading 
cause of long-term disability and reduced quality of 

life.1 PSCI occurs in approximately half of stroke survi-
vors within the first year.2,3 Early detection of PSCI can 
facilitate tailored rehabilitation and informed planning for 
long-term needs.4

Accumulative evidence indicates that functional out-
comes of stroke are worse in women compared with 
men. A review on sex differences in stroke outcomes 
showed that women experience more activity limitations, 
worse quality of life, and more poststroke depression 
than men.5 Whether women and men differ with regard to 
PSCI is less clear,5 since only limited and heterogeneous 
studies are available,6–10 which differ in the definition of 
PSCI and cognitive assessment protocols. Most studies 
used a global measure of cognitive functioning, mea-
sured with screening tests like the Montreal Cognitive 
Assessment (MoCA). This reflects clinical practice, as a 
screening test is more readily available and quicker than 
multidomain cognitive assessment. Moreover, it remains 
unclear whether the cognitive profile of PSCI, that is, 
affected cognitive domains, differs between women and 
men. In Alzheimer dementia, differences in cognitive 
profile between women and men have previously been 
shown, therefore such differences might also apply to 
other forms of cognitive impairment, such as PSCI.11

We aimed to investigate sex differences in the occur-
rence and type of PSCI in patients with acute ischemic 
stroke. As a secondary objective, we explored sex dif-
ferences in the sensitivity and specificity of cognitive 
screening tools to identify PSCI.

METHODS
The data that support the findings of this study are available 
from the corresponding author on reasonable request.

Study Design and Participants
Participants were identified through the Meta-VCI-Map con-
sortium (http://www.metavcimap.org/; for details see design 
paper12); an international collaborative platform for lesion-
symptom mapping studies initiated in 2018 and still expanding. 
For the current project, 12 cohorts (as of January 1, 2029) 
were identified based on: (1) cohort of patients with acute isch-
emic stroke; (2) brain computed tomography or magnetic reso-
nance imaging (T1/T2/FLAIR/DWI) showing the symptomatic 

infarct(s); (3) available infarct segmentations; and (4) cogni-
tive assessment within 15 months after stroke. Figure 1 shows 
the number of performed cognitive screening tools in relation 
to performed multidomain neuropsychological tests of eligi-
ble patients for the current study. For the main analysis, only 
patients with a multidomain neuropsychological assessment 
were selected. The data of 9 cohorts (n=2343) from France 
(N=2), Hong Kong (N=1), the Republic of Korea (N=2), the 
Netherlands (N=3), and Singapore (N=1), were pooled. For 
supplementary analyses on cognitive screening instruments, 
3 additional cohorts ([n=607] from the Netherlands [n=1], 
and the United Kingdom [N=2]) were identified with a cogni-
tive screening test (Mini-Mental State Examination [MMSE] or 
MoCA), but without multidomain neuropsychological assess-
ment. In all patients, language ability had to be sufficiently 
preserved to undergo cognitive testing. Inclusion and exclu-
sion criteria of participating cohorts are presented in Table S1. 
Data processing and analysis were performed at the University 
Medical Center Utrecht. The article adheres to the observa-
tional cohort guideline.

Participant Characteristics
Several sociodemographic and clinical characteristics were col-
lected (Table 1). All participating cohorts provided level of edu-
cation, however using different methods, for example, years or 
categories. Harmonization of educational level data was done 
as described previously,13 by recoding the original education 
data into a 4-category variable according to the approach in 
the Stroke and Cognition (STROKOG) consortium.14 Severity of 
stroke was measured by the National Institutes of Health Stroke 
Scale.15 Several cohorts used the Informant Questionnaire on 
Cognitive Decline in the Elderly to assess prestroke cognitive 
decline.16 For the current study, infarct type was divided into 
small subcortical infarcts versus other infarct type, which are 
mutually exclusive. Small subcortical infarcts were defined as 
single supratentorial infarcts without cortical involvement, with 
a lesion volume of ≤4.19 mL (ie, a sphere of ≤2 cm diameter; 
following the Standards for Reporting Vascular Changes on 
Neuroimaging criteria17). Lesion volume was based on infarct 
segmentation methods, as previously published.13

Cognitive Data Harmonization
The neuropsychological test battery (NTB) to assess cognitive 
performance differed by cohort (Table S2) and was generally 
performed 2 to 6 months poststroke (mean 117 days, SD, 79). 
The harmonization of the cognitive data has been described 
in detail previously.18 Cognitive tests from each cohort were 
assigned to 6 cognitive domains: (1) attention and executive 
functioning; (2) information processing speed; (3) language; (4) 
verbal memory; (5) visuospatial perception/construction; and 
(6) visuospatial memory. Only tests with (local) norm-referenced 
data were used. Assignment to cognitive domains was based 
on previous work19 and reviewed by a neuropsychology working 
group.13 An overview of normative data per cohort is provided 
in the appendix (Table S3). For each test performance, <5th 
percentile was defined as impaired. Performance on a cognitive 
domain was impaired if >50% of available neuropsychological 
tests on that domain were impaired, which was determined on a 
per-subject basis (ie, patients might have a different number of 

Nonstandard Abbreviations and Acronyms

MoCA Montreal Cognitive Assessment
NTB neuropsychological test battery
PSCI poststroke cognitive impairment
STROKOG Stroke and Cognition consortium
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available tests available per domain). PSCI was defined as cog-
nitive impairment in ≥1 cognitive domains, in accordance with 
the VASCOG criteria for Vascular Cognitive Disorders.20 The 
number of available tests and domains could differ between 
cohorts. To be able to rule out PSCI at patient level, data on a 
minimum of 3 cognitive domains needed to be available. The 
percentage of patients assessed per domain ranged between 
34% and 98% (Table 2). With regard to cognitive screening 
tools in the 9 cohorts with a multidomain neuropsychological 
assessment, MMSE was utilized in 4 cohorts (n=1814, missing 
score n=1), MoCA in 3 other cohorts (n=278, missing score 
n=22), and no cognitive screening test was available in the 
other 2 cohorts (n=251).

Ethics Statement
Participating centers adhered to their local regulations for data 
deidentification and data sharing and obtained ethical approval 
from their local institutional review boards before participation.

Statistics
Women and men were compared using independent samples 
t tests for parametric data, Mann-Whitney U test for nonpara-
metric data, and χ2 tests for proportions. We used general linear 
models to obtain age-adjusted women-to-men differences and 
95% CI for characteristics of cognitive impairment.

Logistic regression analyses with cohort as covariate were 
performed to obtain odds ratios (ORs) for PSCI and impair-
ments in the separate cognitive domains; women denoted the 
reference group. To identify PSCI, norm-referenced data was 
used to express cognitive performance in percentiles. This 
normative data was already corrected for age, level of educa-
tion and sex, therefore we did not add these covariates to the 
regression analyses. To investigate the potential influence of 
age, education, and infarct type in further detail, the analyses 
were repeated stratified by age (<65 versus ≥65 years), educa-
tion (<high school versus ≥high school), and infarct type (small 
subcortical versus other infarct type). In addition, we evalu-
ated a putative interaction with the 3 aforementioned strati-
fication variables with sex by adding an interaction-term (eg, 
sex×age<65 years) to separate models. Sensitivity analyses on 
the risk of PSCI per cohort were performed (Figure S1). All of 
the above mentioned analyses were done in SPSS 26.

For the meta-analysis of the sensitivity and specificity of 
cognitive screening tools, only cohorts with both NTB and 
MoCA (n=3) or NTB and MMSE (n=4) were used. PSCI was 

diagnosed on the above-described criteria of NTB. The standard 
cutoffs were used for the MMSE21 (<25) and for MoCA22 (<26.) 
The Cochrane Handbook for Systematic Reviews of Diagnostic 

Table 1. Baseline Characteristics Total Study Sample and 
Stratified by Sex

Characteristics 

All Women Men 
P 
value (n=2434) (n=913) (n=1430)

Demographic characteristics

  Age in years, 
mean (SD)

66.2±11.8 68.3±12.3 64.9±11.3 <0.001

  Education level (STROKOG), n (%) <0.001

   Less than high 
school

1297 (55) 648 (71) 649 (45)  

   High school 
completion

462 (20) 138 (15) 325 (23)  

   Technical/col-
lege diploma

226 (10) 63 (7) 163 (11)  

   University or 
higher

357 (15) 64 (7) 293 (21)  

Clinical characteristics

  NIHSS, median 
[IQR] (n=2091)

2 [1–5] 3 [1–5] 2 [1–5] 0.26

  IQCODE, 
median [IQR] 
(n=1532)

3.1 [3–3.4] 3.2 [3–3.5] 3.1 [3–3.4] <0.001

Medical history

  Hypertension* 1527 (67) 616 (69) 911 (66) 0.07

  Hyperlipidemia* 978 (43) 374 (42) 604 (43) 0.62

  Diabetes* 640 (28) 240 (27) 400 (29) 0.33

  History of 
stroke†‡

261 (11) 97 (11) 164 (12) 0.60

Brain imaging

  Imaging timing, n 
days after event, 
median [IQR]*

5 [2–28] 5 [2–15] 5 [2–30] 0.43

  Normalized acute 
infarct volume 
in mL, median 
[IQR]

2.8 
[0.9–14.4]

2.8 
[1.0–12.7]

2.8 
[0.9–15.8]

0.70

Infarct type§ 0.002

  Small subcortical 720 (31) 315 (35) 405 (28)  

  Other 1623 (69) 598 (66) 1025 (72)  

Cognitive testing

  Timing cognitive 
assessment, n 
days after event, 
median [IQR]

101 
[71–168]

102 
[74–167]

101 
[69–168]

0.65

Data are presented as mean±SD, n (%), or median [IQR]. Comparison between 
the sex strata by Student t (mean), Mann-Whitney U test (median), χ2 for n (%) are 
reported as P value (unadjusted). IQCODE indicates Informant Questionnaire on 
Cognitive Decline in the Elderly; IQR, interquartile range; NIHSS, National Insti-
tutes of Health Stroke Scale; STROKOG, Stroke and Cognition; and TIA, transient 
ischemic attack.

*Missing in <3%.
†Missing in <1%
‡Clinical diagnosis of TIA or stroke.
§Small subcortical infarcts are defined as single supratentorial infarcts with-

out cortical involvement, with lesion volume of ≤4.19 mL (ie, a sphere of ≤2 cm 
diameter); other infarct type include both supra and infratentorial large subcortical 
(>4.19 mL) and cortical infarcts (any volume).

Figure 1. Number of performed cognitive screening tools in 
relation to performed multidomain neuropsychological tests.
*Pooled data for main analysis. #Can have both Montreal Cognitive 
Assessment (MoCA) and Mini-Mental State Examination (MMSE). 
PSCI indicates poststroke cognitive impairment.
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Test Accuracy was used for the analysis.23 Heterogeneity is to 
be expected in meta‐analyses of diagnostic test accuracy.24 
First, forest plots were created and evaluated for heterogeneity. 
Next, a ROC plot was created to evaluate potential threshold 
effect. Where the ROC plot showed evidence of a threshold 
effect, the meta-analyses used the bivariate model, and where 
there was little evidence, separate analyses for sensitivity and 
specificity. In all cases, the within-study variance was modeled 
as binomial.23 SAS 9.4 (www.sas.com) was used for the analy-
sis, and R 3.6.2 (https://cran.r-project.org/) for the graphs.

Statistical significance was based on threshold P<0.05.
This article follows the STROBE reporting guideline.25

RESULTS
We included 2434 patients, 38% of whom were women, 
from 9 cohorts. Baseline characteristics for the total 
sample and stratified by sex are presented in Table 1 and 
per cohort in Table S4. Women were on average older 
(mean age, 68.3; SD, 12.3 years versus 64.9 SD, 11.3 
years) and lower educated than men (71% <high school 
versus 45%). Stroke severity was higher in women than 
men (National Institutes of Health Stroke Scale: median, 
3 [interquartile range, 1–5] versus 2 [interquartile range, 
1–5]). The scores on the Informant Questionnaire on 
Cognitive Decline in the Elderly were also higher in 
women than men (median, 3.2 [interquartile range, 3–3.5] 
versus 3.1 [interquartile range, 3–3.4]). The acute lesion 
was more commonly a small subcortical infarct in women 
(35% compared with men 28%), whereas consequently, 
other types of infarcts (large subcortical, cortical, or 
infratentorial) were more common in men (72% compared 
with women 66%) There was no difference between men 
and women with respect to history of previous stroke (11 
versus 12%), nor the median time to imaging, (5 days) or 
cognitive testing (101 days, Table S5).

PSCI was found in 51% of both women and men 
(age-adjusted women-to-men differences, −1% [95% 
CI, −5 to 4). Women and men were equally likely to have 
PSCI (OR, 1.03 [95% CI, 0.87–1.21]; Figure 2). Different 

cognitive domains were impaired in variable frequencies, 
ranging from 11% to 29% in women and 13% to 29% 
in men (Table 2). The most commonly affected domain 
was visuospatial perception/construction for women and 
verbal memory for men. Men had a lower risk of impair-
ment in the cognitive domains of attention and executive 
functioning (OR, 0.76 [95% CI, 0.61–0.96]), and language 
(OR, 0.67 [95% CI, 0.54–0.85]) than women but a higher 
risk of impairment in verbal memory (OR, 1.43 (95% CI, 
1.17–1.75; Figure 2). The risk of impairment in the other 
domains (information processing speed, language, visuo-
spatial perception/construction, and visuospatial memory) 
was comparable between the sexes. There was no signifi-
cant interaction between sex and age, level of education, 
or type of stroke on PSCI occurrence. Figure 3 shows the 
risk of PSCI between the sexes stratified by age, level of 
education, and type of infarct (similar analyses for the 6 
cognitive domains are shown in Figure S2).

The meta-analysis of sensitivity and specificity of the 
cognitive screening tools, MMSE (n=1813) and MoCA 
(n=256), for PSCI by sex are presented in forest plots in 
Figures 4 and 5. The heterogeneity in sensitivity seen in 
the forest plots for the MMSE is due to a threshold effect 
(ROC curve in Figure S3). The sensitivity and specificity 
of MoCA for PSCI did not differ between women and 
men (0.91 versus 0.86; P=0.62 and 0.29 versus 0.28; 
P=0.86, respectively). The sensitivity of MMSE for PSCI 
is higher in women (0.53) compared with men (0.27; 
P=0.02). The specificity of MMSE for PSCI was lower 
in women (0.80) compared with men (0.96; P=0.01). 
Details on this analysis are shown in Table S6. The MMSE 
score was below the cutoff for impairment in 63% of 
women with PSCI and in 39% of men with PSCI. In the 
group without PSCI, 35% of the women and 9% of the 
men scored below the MMSE cutoff. The MoCA score 
was below the cutoff for impairment in 91% of women 
with PSCI and 90% of men with PSCI. In the group with-
out PSCI, the MoCA score was below the cutoff in 71% 
of women and in 70% of men (Table S7).

Table 2. PSCI and Impairment of the Cognitive Domains

 

Assessed in* Impairment, n (%) Women-to-men mean Δ (95% CI)

Total n: women/men All Women Men Difference unadjusted 
Difference  
age adjusted 

PSCI 2343: 913/1430 1188/2343 (51%) 464/913 (51%) 724/1430 (51%) 0.2% (−4 to 4) −1% (−5 to 4)

AEF 2195: 807/1388 375 (17%) 159 (20%) 216 (16%) 4% (1 to 7)† 3% (0.2 to 7)†

Speed 2091: 791/1300 360 (17%) 147 (19%) 213 (16%) 2% (−1 to 1) 2 (−2 to 5)

Language 2304: 906/1398 374 (16%) 178 (20%) 196 (14%) 6% (3 to 9)† 5% (2 to 8)†

Verbal mem. 2286: 889/1397 605 (27%) 207 (23%) 398 (29%) −5% (−9 to −2)† −6% (−10 to −3)†

VS functions 1875: 734/1141 509 (27%) 214 (29%) 295 (26%) 3% (−1 to 7) 2% (−3 to 6)

VS memory 806: 312/494 98 (12%) 35 (11%) 63 (13%) −2% (−6 to 3) −1% (−6 to 4)

Sex difference calculated as women-to-men adjusted for age. AEF indicates attention and executive functioning; speed, information processing speed; PSCI, post-
stroke cognitive impairment; and VS, visuospatial.

*The number of available tests and domains could differ between cohorts, but data on a minimum of 3 cognitive domains was needed to rule out PSCI.
†Significant differences (P<0.05).

D
ow

nloaded from
 http://ahajournals.org by on O

ctober 16, 2023

www.sas.com
https://cran.r-project.org/
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.123.042507
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.123.042507
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.123.042507
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.123.042507
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.123.042507
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.123.042507


CL
IN

IC
AL

 A
ND

 P
OP

UL
AT

IO
N 

SC
IE

NC
ES

Exalto et al Sex Differences Poststroke Cognitive Impairment

2300  September 2023 Stroke. 2023;54:2296–2303. DOI: 10.1161/STROKEAHA.123.042507

In the 3 supplementary cohorts without NTB (n=607), 
but with a MMSE (n=410) or MoCA (n=607), women 
were (in line with the main cohort) older and less edu-
cated compared with men (Table S8). MoCA score was 
below the cutoff for impairment in 84% of women and 
66% of men (P<0.000). The MMSE score was below the 
cutoff for impairment in 48% of women and 52% of men 
(P=0.39; Table S5).

DISCUSSION
In this large multicenter study, we found that PSCI was 
equally common in women and men, but that the cog-
nitive profiles differed between sexes. Women more 
often had impairment in the domains of attention, exec-
utive functioning, and language, whereas men more 
often had impairment in verbal memory. In addition, the 
MMSE had a higher sensitivity in women compared with 
men, but the specificity was lower in women compared 
with men.

Few previous studies reported on differences between 
women and men in PSCI. Some studies reported that 
women have a higher risk of PSCI, but others reported 
no relevant differences.6–9 Most previous studies used 
cognitive screening tests with general cutoffs to estab-
lish PSCI, in contrast to the current study that used 
an NTB and norm-referenced data to define cognitive 
impairment. Only one previous study used multidomain 
neuropsychological testing. In the CogFast Nigeria study 
(n=143),9 female sex was associated with an increased 
risk of PSCI (OR, 2.27 [95% CI, 1.15–4.45]). Two pre-
vious studies (n=302, n=342), using MoCA to identify 
PSCI, also have shown that female sex was associated 
with an increased risk of cognitive impairment (OR, 
1.60 [95% CI, 1.01–2.57] and OR, 1.72 [95% CI, 1.05–
2.80]).6,8 Compared with the current study, these cohorts 
were modest in size and included both ischemic and 
hemorrhagic stroke. Another previous study that used 
the modified MMSE (n=1227; included both ischemic 
and hemorrhagic stroke) did not find sex differences in 
the risk of PSCI.7

The current study further shows that the cognitive 
profile of PSCI differs by sex, an understudied topic. In 
a Korean cohort (n=141) of stroke patients with mild 
PSCI, men had an increased risk of impairment in ver-
bal memory (OR, 3.07 [95% CI, 1.12–8.42]) compared 
with women.10 This is in line with our findings, although 
they did not report on other cognitive domains. In gen-
eral, women at all ages perform better on verbal memory 
tasks,26 and men perform better on visuospatial tasks.27 
In patients with Alzheimer dementia, women have better 
verbal memory performance than men,11,28 but this is less 
clear for visuospatial tasks.11 Application of sex-specific 
cut scores for defining verbal memory impairment has 
previously been shown to improve diagnostic accuracy 
in both sexes and avoids false diagnoses in men.27 In 
the current study, we have applied norm-referenced data, 
adjusted for sex when applicable. Our findings show that, 
in line with Alzheimer dementia, women are also less 
likely to have verbal memory impairment after ischemic 
stroke. Future research will need to investigate potential 
differences in cognitive trajectories by sex in PSCI.

There are no previous studies on sex differences in 
the performance of cognitive screening tools for PSCI. 
Our results show that the MMSE has a higher sensitivity 
for detecting PSCI in women than men, but the specific-
ity was lower in women than men. The sensitivity and 
specificity of MoCA was comparable between the sexes. 
However, the sample size of patients with NTB and MoCA 
was small (women n=83, men n=173) compared with 
the subgroup with NTB and MMSE (women n=722, men 
n=1091). Also in the 3 additional cohorts without NTB 
but with an available MoCA score (n=607; Table S7)  
more women (84%) than men (66%) had a MoCA score 
below the cutoff (<26). This pattern differs from our 
main results in which, based on NTB, PSCI occurrence 

Figure 3. Sex differences in risk of poststroke cognitive 
impairment (PSCI) stratified by demographics and infarct type.
Logistic regression analyses were performed to obtain odds ratio 
(OR) for PSCI with covariate study cohort. The P values correspond to 
the interaction term, so stratification-by-sex interaction, for example, 
age×sex.

Figure 2. Sex differences in risk of poststroke cognitive 
impairment (PSCI) and impaired cognitive domains.
Logistic regression analyses were performed to obtain odds ratio 
(OR) for PSCI with covariate study cohort. AEF indicates attention 
and executive functioning; speed, information processing speed; and 
visuospatial, visuospatial perception/construction.
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was equal in women and men. This suggests that MoCA 
might perform differently by sex in poststroke patients. 
Overall, both MMSE and MoCA performed modestly as 
stand-alone screening instruments, thus caution is war-
ranted when cognitive screening tools are used to iden-
tify PSCI. In clinical practice and research, it could cause 
over- or underestimating cognitive impairment in one sex.

The sex differences in cognitive profile of PSCI have 
several potential consequences. First, different profiles 

of PSCI by sex likely lead to different experienced dis-
abilities when trying to resume activities of daily life.29 
In clinical practice, consideration of the impaired and 
preserved cognitive abilities of a patient can help tailor 
communication and rehabilitation strategies. Second, 
due to the difference in cognitive profiles, detection 
of PSCI might differ between sexes, depending on the 
cognitive screening test or NTB used. Lastly, the dif-
ferent performance of cognitive screening tests by sex 

Figure 5. Specificity of Montreal Cognitive Assessment (MoCA) and Mini-Mental State Examination (MMSE) by sex. 
Forrest plots based on random effects model.

Figure 4. Sensitivity of Montreal Cognitive Assessment (MoCA) and Mini-Mental State Examination (MMSE) by sex.
Forrest plots based on random effects model.
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might be related to sex differences in cognitive profile. 
The MMSE has a larger focus on verbal abilities than 
MoCA, whereas MoCA contains more items testing 
executive and visuoconstructive function and covers 
more cognitive domains than MMSE. Although women 
in general perform better on verbal memory tasks, this 
seems only to be reflected by MoCA and not by the 
MMSE.30 This may be due to differences in difficulty 
between tasks on each test, namely verbal recall of 
3 words in the MMSE compared with 5 words in the 
MoCA).30 In the current study, we found that women are 
less likely to have verbal memory impairment. This could 
explain previous conflicting findings, where a study7 that 
used the modified MMSE did not find sex differences, 
while 2 studies6,8 that used MoCA reported women 
had a higher risk of PSCI. Overall, the tested cogni-
tive domains influence the chance of detecting PSCI in 
women and men. A multidomain cognitive assessment 
with norm-referenced data is less likely to underesti-
mate the occurrence of PSCI in either sex.

Strengths of the current study are the large sample 
size and availability of multidomain cognitive data, that 
allowed us to report on cognitive profiles. Our defini-
tion of PSCI, a binary measure that covered impairment 
in any cognitive domain, is in line with internationally 
established criteria20 and reflects the diagnosis of cog-
nitive impairment in clinical practice. Although neuro-
psychological test batteries differed between cohorts, 
our PSCI definition did allow us to cover a broad range 
of cognitive profiles and deficits. Secondly, we were 
able to use norm-referenced data to define impairment. 
Performance on cognitive tests is known to differ by 
geographic region and can be influenced by age, edu-
cational level, and sometimes sex. Applying normative 
data in research cohorts improves diagnostic accuracy 
in both women and men.31 Third, we included mul-
ticenter data that enabled a much larger sample size 
than individual studies to date. However, this inherently 
resulted in heterogeneity.

Some potential limitations must also be noted. First, 
information on prestroke cognitive status was not avail-
able for a substantial number of cohorts, therefore we 
could not take this into account in our analyses. Sec-
ond, women are known to be underrepresented in stroke 
studies, possibly introducing bias. Also in the current 
pooled data, more men (62%) than women (38%) were 
included. Thirdly, MoCA scores were available only for a 
small sample to calculate sensitivity and specificity, and 
therefore, those results should be interpreted with cau-
tion. Fourthly, we did not account for prestroke brain 
changes such as features of small vessel disease that 
are known to increase PSCI and differ between men 
and women: this can be addressed in future research. 
Finally, our pooled sample only includes White and Asian 
patients, thus generalizability to other ethnicities remains 
undetermined.
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