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BACKGROUND: Cognitive impairment is common after stroke and linked to poor outcomes, yet long-term recovery or decline, 
particularly across specific cognitive domains, remains unclear. Most studies use brief global screeners with short follow-up, 
limiting insight into recovery patterns. This study aimed to characterize domain-specific cognitive trajectories over ≥2 years 
poststroke and identify predictors of persistent impairment.

METHODS: Participants were recruited at a regional acute stroke unit (John Radcliffe Hospital, Oxford, United Kingdom; 
2012–2019) and assessed acutely, at 6 months, and ≥2 years poststroke. The Oxford Cognitive Screen was administered 
at all timepoints. Global impairment severity was quantified by the proportion of Oxford Cognitive Screen subtasks impaired. 
Logistic mixed-effects models examined longitudinal change and predictors of domain-specific impairments (language, 
memory, attention, executive function, and number processing). Latent class growth analysis identified distinct cognitive 
trajectories. Models were adjusted for acute cognitive impairment severity and time.

RESULTS: Of 866 patients assessed acutely, 105 were followed up at ≥2 years (98 with complete Oxford Cognitive 
Screen data; median, 4.1 [interquartile range, 3.3] years; mean age, 69 years, 41% female). Cognitive impairment severity 
improved substantially by 6 months (β=−0.11; P<0.001) and further long-term (β=−0.15; P<0.001). Acute impairment 
severity strongly predicted long-term outcomes (β=0.50; P<0.001), while demographic and vascular factors explained 
minimal variance. Latent class growth analysis identified 4 overall trajectories: no or mild acute impairment with stability 
(47.6%), moderate-improving (32.3%), large improvement (15.2%), and decline (4.8%). Domain-specific improvements 
were greatest in memory (odds ratio, 16.40 [95% CI, 5.52–48.7]) and language (odds ratio, 8.17 [95% CI, 3.17–21.1]), 
more limited in attention (odds ratio, 5.41 [95% CI, 2.52–11.6]) and executive function (odds ratio, 4.14 [95% CI, 1.96–
8.75]). Domain models revealed additional classes of persistent or delayed recovery, particularly in executive function 
and attention.

CONCLUSIONS: Cognitive recovery is most pronounced within 6 months and continues across domains though executive 
dysfunction often persists. Acute impairment severity best predicted long-term outcomes, while vascular and demographic 
factors were less informative. Distinct trajectory classes highlight the need for individualized, long-term cognitive monitoring 
to guide rehabilitation and prognostication. These findings underscore the importance of long-term cognitive follow-up in 
stroke care and provide empirical benchmarks for recovery across domains.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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Cognitive impairment is common following stroke1,2 
and frequently contributes to poor functional out-
comes,3,4 increased dependency,5 and reduced 

quality of life.4 While many individuals experience some 
degree of cognitive recovery, others may show persistent 
impairment or delayed decline.3,6 However, the long-term 
trajectories of change across different cognitive domains 
remain poorly understood.7 This is partly due to cognitive 
deficits often being overlooked beyond the immediate 
postacute period unless dementia develops, which is not 
an inevitable outcome.6,8,9

See related article, p 2163

Most longitudinal studies of poststroke cognition have 
assessed performance at only 1 or 2 timepoints within 
the first year10 often using brief global screening tools 
or undifferentiated assessments.6 While these tools offer 
a general overview, they lack the sensitivity to detect 
domain-specific patterns of impairment and recovery 
that are common following stroke.11 Furthermore, cog-
nition is frequently conceptualized dichotomously, either 
impaired or unimpaired, masking within-person variability 
and limiting insight into the heterogeneity of outcomes. 
Even large-scale efforts to map long-term trajectories, 
such as the recent pooled analysis of over 20 000 indi-
viduals across 14 cohorts,12 found consistent evidence 
of acute and accelerated poststroke cognitive decline 
but were constrained by variability in cognitive measures 
and limited resolution of domain-specific change. Conse-
quently, it remains unclear whether a change in specific 
cognitive domains may occur in later years, as observed 
in scarce long-term (10-year) follow-up studies.8,13

Determining which cognitive domains are most sus-
ceptible to long-term decline, and which early impair-
ments persist, resolve, or fluctuate, is essential for 
improving prognostic accuracy and informing long-term 
care planning14 and extending the care pathway to cog-
nitive monitoring.15 While several risk factors for post-
stroke cognitive impairment have been identified, such 
as age, stroke severity, education level, and vascular 

comorbidities,9,16 a recent systematic review highlighted 
the most predictive factor to be baseline cognition.17 
However, few studies have investigated how this relates 
to domain-specific cognitive trajectories over extended 
periods.

To address the critical knowledge gap around long-
term domain-specific cognitive trajectories after stroke, 
this study aimed to delineate long-term trajectories of 
global and domain-specific cognitive function following 
stroke and to examine how early cognitive impairments, 
clinical variables, and demographic factors relate to dif-
ferent patterns of cognitive recovery or decline.

METHODS
Data Availability
Deidentified study data are freely available for public research 
use via an application to https://www.dementiasplatform.uk/.

Participants
Participants were initially recruited through the Oxford 
Cognitive Screening program based within the regional acute 
stroke unit at the John Radcliffe Hospital, United Kingdom, 
from 2012 to 2019 (National Research Ethics Committee 
[United Kingdom] approval references 14/LO/0648 and 18/
SC/0550). Participants were included if they had a confirmed 
stroke diagnosis, were aged ≥18 years, and had sufficient 
English language comprehension to understand assess-
ment instructions. Patients were excluded if they were unable 
to provide written or witnessed informed consent or unable 
to concentrate for 20 minutes as judged by the multidisci-
plinary team. A total of 866 stroke patients were recruited 
and received cognitive screening acutely (≤2 weeks post-
admission; timepoint 1 [T1]), 430 (49.7%) of whom completed 
6-month follow-up (T2). Following this, 208 individuals con-
sented to being recontacted for potential inclusion in further 
research and were invited to participate in the OX-CHRONIC 
(Oxford Chronic Stroke Study) long-term follow-up study (UK 
REC Ref: 19/SC/0520).

A total of 105 participants were enrolled in OX-CHRONIC, 
98 of whom completed cognitive assessments ≥2 years 
poststroke (T3). Detailed recruitment and attrition across all 
timepoints are summarized in Figure 1, with demographic 
information of those retained versus those lost to attrition in 
Figure S1. Patient demographics, comorbidities, vascular risk 
factors, stroke characteristics, neuroimaging, and laboratory 
data were collected on admission or retrospectively through 
electronic medical records. Further information outlining the 
OX-CHRONIC study design was published previously18,19 
together with detailed data on attrition at 6 months2 and beyond 
(OX-CHRONIC).19

Cognitive Assessment
At all 3 timepoints, each participant received domain-specific 
cognitive screening with the Oxford Cognitive Screen (OCS).20 
The 12 OCS subtest scores were categorized into 5 cognitive 
domains: language (picture naming, semantic understanding, 
and sentence reading), attention (egocentric and sustained 

Nonstandard Abbreviations and Acronyms

AIC	 Akaike information criterion
BIC	 Bayesian information criterion
NIHSS	� National Institutes of Health Stroke 

Scale
OCS	 Oxford Cognitive Screen
OR	 odds ratio
SABIC	� sample-adjusted Bayesian information 

criterion
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spatial attention, and allocentric attention), executive function 
(trail-making), memory (orientation, verbal recall and recogni-
tion, and episodic recognition), and number processing (cal-
culations and number writing). Subtests were binarized into 
impaired or unimpaired based on published normative scores 
for each subtest.18,20 A domain impairment was characterized 
as at least 1 impaired subtest in that domain, as the number 
of subtests ranges from 1 to 3 across domains. To measure 
the severity of cognitive impairment continuously, we utilized 
the proportion of OCS subtests impaired divided by the total 
number of subtests completed in analyses to provide a more 
granular interpretation of the data.

Due to COVID-19 disruption, the third timepoint 
(OX-CHRONIC) assessment was performed remotely through 
videoconferencing or telephone calls. A testing pack was 
mailed to the participant, and the assessor provided instruc-
tions throughout the call, asking for verbal (or nonverbal, for 
example, tapping phone, completing paper, and pencil tasks in 
the workbook) responses to tasks. This remote testing meth-
odology using the OCS has since been validated,21 and remote 
neuropsychological assessment more generally has been found 
to be reliable.22 Due to the remote nature of assessment, the 
OCS praxis domain (gesture imitation) could not be tested, and 
therefore, only 5 cognitive domains were assessed within those 

Figure 1. Flowchart of participant recruitment and attrition across all assessment timepoints at acute, 6 months, and ≥2 years 
poststroke (chronic).
OX-CHRONIC indicates Oxford Chronic Stroke Study.
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assessed at ≥2 years poststroke: language, attention, execu-
tive function, memory, and number processing. The Montreal 
Cognitive Assessment23 was used to assess general cognitive 
status at long-term follow-up (T3) to increase comparability of 
cognitive function with other studies.

Statistical Analysis
All analyses were conducted using R, version 4.4.0. Descriptive 
statistics were used to summarize sample demographics and 
clinical characteristics, and to report prevalence rates of global 
and domain-specific impairments at each timepoint (acute, 6 
months, and chronic follow-up).

To examine longitudinal trajectories of cognitive function 
over time, a 3-stage analytic approach was applied across 
global and domain-specific outcomes of the 105 participants 
and 98 with complete OCS data at T3. The 7 with missing T3 
OCS data were still retained in analyses as models accounted 
for unbalanced data using maximum likelihood estimation.

First, global cognitive function was analyzed using linear 
mixed-effects models, with the proportion of OCS subtasks 
impaired (severity of impairment) as the outcome. Fixed effects 
included timepoint (acute, 6 months, and chronic), and random 
intercepts were included to account for within-subject cluster-
ing. Model 1 included time only; model 2 added the propor-
tion of acute OCS impairments; and model 3 further adjusted 
for age, sex, education, lesion hemisphere, acute National 
Institutes of Health Stroke Scale (NIHSS) score, atrial fibrilla-
tion, hypertension, diabetes, smoking status, stroke recurrence, 
and days poststroke. Models were fit using maximum likelihood 
estimation, with cases containing missing data excluded. Model 
performance was evaluated using marginal and conditional R2, 
intraclass correlation coefficients, and fit information criteria 
(Akaike information criterion [AIC] and Bayesian information 
criterion [BIC]). Pairwise comparisons between timepoints 
were assessed using Tukey-adjusted post hoc tests.

Second, domain-specific impairment was modeled using 
mixed-effects logistic regression. For each domain (language, 
memory, attention, executive function, and number processing), 
impairment was defined as at least 1 subtask impaired (0=at 
least 1 subtask impaired and 1=unimpaired). Models were 
adjusted for time and baseline impairment status, with random 
intercepts per participant; no additional covariate adjustment 
was applied. Model performance was reported using marginal 
and conditional R2 and intraclass correlation coefficients. Odds 
ratios (ORs) and 95% CIs were calculated for all fixed effects, 
and Wald z-tests were used to evaluate statistical significance, 
with ORs signifying the likelihood of cognitive recovery.

Third, to identify distinct subgroups of cognitive trajectories 
over time, latent class growth analysis was conducted using the 
lcmm package.24 Separate models were fitted for global cogni-
tion and each cognitive domain. For global cognition and the 
domains of language, memory, attention, and number process-
ing, the outcome was the proportion of OCS subtasks impaired 
at each timepoint to allow for greater sensitivity in detecting 
classes. For executive function, raw mixed trail-making task 
scores were used. Models specifying 1 to 5 latent classes were 
fitted, with time as a fixed effect. Model fit was evaluated using 
standard information criteria, including the AIC (a measure of 
model fit that penalizes for a greater number of parameters), BIC 
(a fit measure that penalizes the number of parameters more 

heavily), sample-adjusted BIC (SABIC), and log likelihood. Final 
model selection was guided by a combination of statistical fit, 
parsimony, and clinical interpretability of the identified trajecto-
ries, with entropy (H; measure of class separation) values ≥0.80 
considered indicative of acceptable classification certainty. For 
each selected model, trajectory class membership was com-
pared across demographic (age, sex, and education), clinical 
(NIHSS score, stroke type, recurrence, and lesion hemisphere), 
and neuroimaging variables (lesion volume, white matter hyper-
intensities, and cortical atrophy), as well as acute and chronic 
cognitive functioning (number of acute domains impaired and 
Montreal Cognitive Assessment score at follow-up). We addi-
tionally explored between-group statistical comparisons of 
global severity of cognitive impairment subgroups using 1-way 
ANOVAs, with due caution in interpretation due to potentially 
small group sizes and limited power. This study was reported 
in accordance with the STROBE guidelines (Strengthening the 
Reporting of Observational Studies in Epidemiology) for obser-
vational studies (Supplemental Material).

RESULTS
The 105 patients in OX-CHRONIC at the time of stroke 
had a mean age of 68.9 (SD, 13.0) years, and 40.9% 
were female, with a mean of 13.9 years of education 
(SD, 3.7) and a median acute NIHSS score of 7 (inter-
quartile range, 5). Further demographics and acute clini-
cal characteristics of the cohort are outlined in Table 1. 
Attrition from acute to long-term follow-up was ≈50% 
between each recruitment stage, primarily due to partici-
pants declining further follow-up or death (Figure 1).

Full descriptive statistics of acute demographic, clini-
cal, and cognitive characteristics across global cognitive 
trajectory subgroups are presented in Table S1. OCS 
cognitive assessments were completed at long-term 
follow-up (T3) in 98 patients at a mean of 4.5 (SD, 2.1) 
years after stroke (range, 2.0–9.4 years). Details regard-
ing the prevalence of domain-specific impairments at 
long-term follow-up are outlined in Table S2. Prevalence 
of acute and chronic cognitive impairment status strati-
fied by lesion hemisphere is presented in Table S3. At 
acute (T1), language (χ2=10.3; P<0.05), and memory 
(χ2=10.2; P<0.05) impairments were more common in 
those with left hemisphere lesions, and attention impair-
ments were more common in those with right hemisphere 
lesions (χ2=12.2; P<0.01). There were no differences 
in cognitive impairment status by lesion hemisphere at 
long-term follow-up (T3).

Predicting Overall Severity of Cognitive 
Impairment Over Time
Mixed-effects models examining overall cognitive func-
tion, indexed by the proportion of OCS subtasks impaired, 
showed significant recovery over time (model 1: β=−0.11 
at 6 months and −0.15 at ≥2 years; P<0.001). In real 
terms, the sample on average went from having 23% of 

D
ow

nloaded from
 http://ahajournals.org by on July 3, 2026

https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.125.054555
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.125.054555
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.125.054555
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.125.054555


CL
IN

IC
AL

 A
ND

 P
OP

UL
AT

IO
N 

SC
IE

NC
ES

Milosevich and Kusec et al Stroke Longitudinal Cognitive Trajectories

2154    July 2026� Stroke. 2026;57:2150–2162. DOI: 10.1161/STROKEAHA.125.054555

tasks impaired acutely (≈3 of 12 OCS tasks impaired) to, 
on average, having 12% of tasks impaired at 6 months 
(1–2 OCS tasks impaired) and 8% at chronic follow-up 
(1 task impaired).

The inclusion of acute impairment status (model 
2) explained over half of the variance (R2=0.52), with 
higher acute burden predicting greater persistent defi-
cits (β=0.50; P<0.001). A fully adjusted model (model 
3) confirmed the predictive role of acute impairment but 

found no added explanatory value from demographic or 
clinical covariates, with covariates collectively contrib-
uting to only 3% of the variance (model 3: R2=0.55). 
Random-effect variance dropped to zero once acute sta-
tus was included, indicating minimal residual between-
subject heterogeneity. Full model results are presented 
in Table 2.

Predicting Domain-Specific Cognitive 
Impairment Over Time
Mixed-effects logistic regression models (Table S4) 
showed significant reductions in impairment across 
all domains. Memory impairment showed the great-
est improvement over time, with a high odds of hav-
ing improved at both postacute follow-up assessments 
(OR, 3.56 [95% CI, 1.41–8.99] at 6 months and 16.40 
[95% CI, 5.52–48.7] at ≥2 years). However, having an 
acute impairment substantially increased long-term 
risk (OR, 55.2 [95% CI, 21.5–141.0]; mR2=0.60). Simi-
larly, language abilities also improved at 6 months (OR, 
3.47 [95% CI, 1.50–8.07]; P=0.004) and further at ≥2 
years (OR, 8.17 [95% CI, 3.17–21.1]; P<0.001), with 
acute impairment strongly associated with persistent 
deficits at follow-up (OR, 29.9 [95% CI, 13.3–67.2]; 
mR2=0.51). Attention impairment improved over time 
(OR, 3.65 [95% CI, 1.81–7.38] at 6 months; OR, 5.41 
[95% CI, 2.57–11.4] at ≥2 years), with acute deficits 
remaining a strong predictor of persistence (OR, 11.1 
[95% CI, 5.46–22.6]; mR2=0.37). Executive function 
impairment also improved (OR, 2.86 [95% CI, 1.21–
6.77] at 6 months; OR, 4.14 [95% CI, 1.68–10.2] at 
≥2 years), with acute impairment linked to a 17-fold 
increase in long-term risk (OR, 17.9 [95% CI, 8.36–
38.40]; mR2=0.37). Number processing impairment 
showed the steepest early improvement (OR, 11.70 
[95% CI, 4.35–31.4] at 6 months), which was sustained 
at follow-up (OR, 7.48 [95% CI, 2.91–19.4]); similarly, 
acute impairment increased odds of chronic impair-
ment (OR, 33.99 [95% CI, 13.6–84.6]; mR2=0.55). 
Across models, random-effect variance was negligible 
(ICCadj ≤0.02 or singular), indicating minimal residual 
between-subject variability after accounting for time 
and baseline status.

Trajectories of Global Cognitive Impairment
To examine patient trajectories, we visualized 
individual-level change in the proportion of OCS tasks 
impaired from acute hospitalization, 6 months post-
stroke, and in chronic stroke (Figure 2, left). There 
appeared to be a global trend of a greater degree 
of recovery from acute to 6 months; however, there 
was substantial variability with some patients show-
ing no change or fluctuation across timepoints, fur-
ther justifying our approach of examining potential 

Table 1.  Chronic Stroke Cohort Baseline Demographics and 
Clinical Characteristics

N=105

Age, y; mean (SD)

 � Acute stroke (T1) 68.9 (13.0)

 � 6-mo follow-up (T2) 69.4 (13.0)

 � Chronic follow-up (T3) 72.9 (13.0)

Sex, female; N (%) 43 (40.9)

Education y, mean (SD) 13.9 (3.8)

Stroke subtype, N (%)

 � Ischemic 88 (83.9)

 � Hemorrhagic 17 (16.1)

Lesion side, N (%)

 � Left 42 (40.0)

 � Right 41 (39.1)

 � Bilateral 8 (7.6)

 � Undetermined 14 (13.3)

First-ever stroke, N (%) 70 (66.7)

NIHSS score (n=76),* mean (SD), median (IQR; range) 7.4 (5.6), 7 
(5, 0–27)

 � NIHSS score ≤3, N (%) 29 (37.2)

 � NIHSS score >3, N (%) 49 (62.8)

Independent at admission,† N (%) 93 (94.90)

CCI score, median (range) 1 (0–4)

Atrial fibrillation, N (%) 24 (24.5)

Hypertension, N (%) 51 (52.0)

Diabetes, N (%) 11 (11.2)

Smoking, N (%) 24 (24.5)

Length of stay in hospital, d; mean (SD) 9.8 (9.6)

Time to assessment poststroke

 � Acute (T1), d; mean (SD) 4.06 (4.5)

 � 6-mo follow-up (T2), mo; mean (SD) 6.82 (1.3)

 � Chronic follow-up (T3), y; mean (SD) 4.50 (2.1)

Recurrent stroke between T2 and T3, N (%) 8 (8.2)

Proportion of OCS tasks impaired, mean (SD)

 � Acute (T1) 0.23 (0.21)

 � 6-mo follow-up (T2) 0.13 (0.14)

 � Chronic follow-up (T3) 0.08 (0.11)

CCI indicates Charlson comorbidity index; IQR, interquartile range; NIHSS, 
National Institutes of Health Stroke Scale; and OCS, Oxford Cognitive Screen.

*NIHSS score (≤3 minor, >3 major); NIHSS score data available for n=76 
(78%); n=42 no cognitive impairment, and n=34 cognitive impairment.

†Independence was categorized as not receiving any formal support (family 
or carer).
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trajectory subgroups. In the global cognitive impair-
ment model, the 4-class model demonstrated the best 
balance between fit, parsimony, and interpretability 
(AIC=−371.73, BIC=−329.27, SABIC=−379.82, and 
H=0.80; Table 3). Although the 2-class solution had 
better entropy (ie, class separation), it was judged to 
oversimplify the heterogeneity observed in poststroke 
cognitive recovery profiles. The final model identified 
4 distinct trajectories (Figure 2, right).

1.	 Class 1: no or mild acute impairment with stable 
performance over time (47.62%).

2.	 Class 2: moderate acute impairment with improve-
ment over time (32.38%).

3.	 Class 3: severe impairment with large improvement 
over time (15.24%).

4.	 Class 4: moderate acute impairment with decline 
(4.76%).

Full model fit statistics and class membership dis-
tributions are shown in Table 3. As expected, classes 
differed on baseline cognitive severity (a greater pro-
portion of OCS tasks impaired) and total number of 
domains impaired. Chronic Montreal Cognitive Assess-
ment scores also differed across classes (F=12.67; 
P<0.001), with lower scores observed in the declining 
(M=19.3 [SD, 5.8]) and persistently impaired (M=19.1 
[SD, 3.5]) groups compared with those with moderate 

Table 2.  Predicting Changes in Global Cognitive Impairment Over Time (Acute, 6 Months, and Chronic Follow-Up)

Global cognitive impairment (proportion of 
OCS tasks impaired) β SE 95% CI df t value Pr(>|t|)

Model 1

 � Intercept 0.232 0.021 0.192 to 0.273 201 11.20 <0.001*

 � Time 2 (6 mo) −0.107 0.019 −0.143 to −0.070 201 −5.70 <0.001*

 � Time 3 (chronic) −0.150 0.020 −0.189 to −0.111 201 −7.60 <0.001*

Model 2

 � Intercept 0.115 0.014 0.088 to 0.143 201 8.28 <0.001*

 � Time 2 (6 mo) −0.107 0.017 −0.139 to −0.074 201 −6.43 <0.001*

 � Time 3 (chronic) −0.155 0.017 −0.188 to −0.122 201 −9.18 <0.001*

 � Acute OCS tasks impaired 0.504 0.032 0.441 to 0.568 103 15.59 <0.001*

Model 3

 � Intercept 0.042 0.062 −0.080 to 0.163 154 0.67 0.502

 � Time 2 (6 mo) −0.113 0.019 −0.150 to −0.075 154 −5.86 <0.001*

 � Time 3 (chronic) −0.181 0.038 −0.255 to −0.107 154 −4.80 <0.001*

 � Acute OCS tasks impaired 0.479 0.041 0.399 to 0.560 69 11.64 <0.001*

 � Age, y 0.0011 0.0007 −0.0005 to 0.0027 154 1.61 0.109

 � Sex 0.0075 0.016 −0.024 to 0.039 69 0.47 0.642

 � Years of education −0.0008 0.0023 −0.005 to 0.004 69 −0.34 0.732

 � Right lesion hemisphere 0.004 0.017 −0.029 to 0.037 85 0.231 0.818

 � Bilateral lesion hemisphere −0.029 0.039 −0.107 to 0.048 85 −0.755 0.453

 � Undetermined lesion hemisphere 0.003 0.028 −0.053 to 0.059 85 0.121 0.903

 � Acute NIHSS score −0.0005 0.0014 −0.0031 to 0.0022 69 −0.33 0.741

 � Atrial fibrillation −0.0039 0.019 −0.042 to 0.035 69 −0.20 0.843

 � Hypertension −0.0126 0.017 −0.045 to 0.020 69 −0.76 0.453

 � Diabetes 0.0046 0.026 −0.047 to 0.056 69 0.18 0.861

 � Smoking 0.0233 0.019 −0.014 to 0.061 69 1.22 0.228

 � First or recurrent stroke 0.0319 0.017 −0.0019 to 0.066 69 1.85 0.068

 � Days poststroke 2.2×10−5 2.3×10−5 −2.3×10−5 to 6.6×10−5 154 0.96 0.341

Three mixed-effects models were used to examine changes in global cognitive impairment over time, defined as the proportion of OCS subtasks 
impaired at each timepoint (acute, 6 mo, and chronic follow-up). Model 1 includes time only. Model 2 adjusts for the severity of acute cognitive impair-
ment (baseline OCS impairment). Model 3 additionally includes demographic and vascular risk factors as covariates. Negative coefficients for time 2 and 
time 3 reflect a reduction in the proportion of impaired tasks compared with the acute baseline (intercept). For dichotomous variables (atrial fibrillation, 
hypertension, diabetes, smoking, and recurrent stroke), values of 1 indicated the presence of these variables, while 0 indicated no presence (ie, higher 
beta values for first vs recurrent strokes indicate a positive association between having a recurrent stroke and global cognitive impairment). For the 
lesion hemisphere, left hemisphere lesions are the reference group (coded as 0). Age (years), education (years), acute OCS tasks impaired (proportion, 
0–1), time reference=acute (T1), and sex reference=male (coded as 0, female=1). NIHSS indicates National Institutes of Health Stroke Scale; and 
OCS, Oxford Cognitive Screen.

*P<0.001.
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acute impairment (M=23.3 [SD, 3.1]) and either stable or 
mild impairment (M=24.8 [SD, 3.5]; Table S1).

Acute Profiles of Global Cognitive Impairment 
Subgroups
Full descriptive statistics of acute demographic, clini-
cal, and cognitive characteristics across global cognitive 
trajectory subgroups are presented in Table S1. Partici-
pants with stable mild or no impairments poststroke had 
more years of education and smaller lesion volumes, and 
were less likely to show multidomain impairment in the 
acute phase. The declining subgroup showed the low-
est education levels and, along with those with severe 
acute impairments, showed the lowest Montreal Cogni-
tive Assessment scores at long-term follow-up (M=19.3 
[SD, 5.8]).

Trajectories of Domain-Specific Cognitive 
Impairments
Latent class trajectories for each cognitive domain are 
visualized in Figure 3, with model fit statistics reported 
in Tables S5 through S9. A 3-class solution best fit 
the data for language (AIC=−273.83, BIC=−241.99, 
SABIC=−279.89, and H=0.99), memory (AIC=−257.75, 
BIC=−225.90, SABIC=−263.81, and H=0.97), 
number processing (AIC=−110.98, BIC=−79.13, 
SABIC=−117.04, and H=0.98), and executive func-
tion (AIC=1525.28, BIC=1557.13, SABIC=1519.22, 
and H=0.90). For attention, a 4-class model provided 
the best fit (AIC=−29.56, BIC=12.91, SABIC=−37.64, 
and H=0.92). Across domains, some classes showed 
similar patterns (eg, late improvements from 6 months to 
long-term follow-up), while executive function uniquely 

Figure 2. Trajectories of global cognitive impairment following stroke. 
Distinct trajectories of poststroke global cognitive impairment over 3 timepoints (acute, 6 months, and chronic follow-up) for each of the 4 classes 
identified by Latent Class Growth Modeling. Global cognitive impairment was defined by the proportion of Oxford Cognitive Screen (OCS) tasks 
impaired. Classes are labeled by color, and the percentage of participants assigned to each latent class is displayed. The left-hand side shows 
individual change in the raw variable (proportion of OCS tasks impaired) over time, with positive change indicating improvement (in darker colors). 
The right-hand side shows the predicted proportion of OCS tasks impaired over time per identified latent class. 

Table 3.  Model Fit Statistics and Class Membership for Latent Class Growth Analysis of Global Cognitive Impairment

No. of 
classes

Free 
parameters

Log like-
lihood AIC BIC SABIC H

Class membership (%)

1 2 3 4 5

1-class 4 127.38 −246.76 −236.15 −248.78 1.00 100.00

2-class 8 187.88 −359.76 −338.53 −363.80 0.94 80.95 19.05

3-class 12 192.51 −361.01 −329.17 −367.08 0.70 17.14 31.43 51.43

4-class* 16* 201.87* −371.73* −329.27* −379.82* 0.80* 47.62* 32.38* 15.24* 4.76*

5-class 20 201.87 −363.73 −310.65 −373.84 0.63 15.24 0.00 40.00 4.76 40.00

AIC indicates Akaike information criterion, a measure of model fit that penalizes for the number of parameters; BIC, Bayesian information criterion, another 
measure of model fit that penalizes more heavily for the number of parameters; H, entropy; measure of class separation; profile membership (%): the percent-
age of participants assigned to each latent class; and SABIC, sample-adjusted Bayesian information criterion.

*Final identified trajectory model.
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included a subgroup with fluctuating performance over 
time. Individual-level raw trajectories for each domain 
are presented in Figure S2 and illustrate the within-class 
variability underlying these modeled patterns.

Distinct trajectories of domain-specific cognitive 
impairment across 3 timepoints (acute, 6 months, and 
chronic follow-up) are identified using Latent Class 

Growth Modeling. For the language, memory, atten-
tion, and number processing domains, impairment was 
defined by the proportion of domain-specific subtasks 
impaired. For executive function, raw scores from the 
mixed trails subtask were used. Each plot displays pre-
dicted class-level trajectories, with class labels and the 
percentage of participants in each class shown. The y 

Figure 3. Trajectories of domain-specific cognitive impairments following stroke.
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axis represents the predicted level of impairment over 
time.

DISCUSSION
This study characterized global and domain-specific 
cognitive trajectories up to 9 years poststroke (mean 
follow-up, 4.5 years) using repeated, domain-sensitive 
assessments. In the majority of individuals, both global 
and domain-specific impairments declined over time, 
with the greatest recovery occurring within the first 6 
months and continued improvement observed in some 
domains, particularly memory and language. Acute cog-
nitive impairment was the strongest and most consistent 
predictor of long-term outcomes, while demographic and 
vascular factors explained minimal additional variance. 
Importantly, latent class analyses revealed substantial 
heterogeneity in recovery patterns, including subgroups 
with delayed improvement or late decline across all 
domains, highlighting that one-off assessments may fail 
to capture critical change. These findings underscore the 
need for individualized monitoring of long-term cognitive 
outcomes, information provision on possible poststroke 
trajectories, and customizing cognitive support and 
rehabilitation based on individual trajectories observed. 
Future research efforts should aim to replicate trajecto-
ries found here and better characterize baseline features 
using a range of methods so as to better predict recovery 
trajectories. By identifying replicable markers of trajecto-
ries of improvement, persistent impairment, and decline, 
rehabilitation efforts can be targeted more appropriately.

Global Cognitive Impairment
A significant reduction in global cognitive impairment 
over time was observed, with the steepest improve-
ments in function occurring within the first 6 months 
poststroke and further, though attenuated, gains evident 
at long-term follow-up (mean, 4.5 [range, 2–9] years). 
Mixed-effects modeling showed a consistent reduction 
in the proportion of OCS tasks impaired, going from an 
average of 3 OCS subtasks impaired at baseline to 1 to 
2 OCS subtasks impaired by the 6-month and chronic 
phase. These findings align with prior studies demon-
strating early subacute cognitive recovery25 but extend 
them by showing sustained improvement well beyond 
the assumed 1-year plateau26 and support data from 
longitudinal cohorts showing recovery up to 227 and even 
10 years poststroke.8,13 This long-term improvement may 
reflect a combination of rehabilitation efforts, spontane-
ous restitution, behavioral compensation, and persistent 
neuroplasticity.28,29 Of note, this may only be true of those 
assessed here, given that those with worsening impair-
ments withdrew from our sample or passed away.

The strongest and most consistent predictor of global 
cognitive outcome was the severity of acute cognitive 

impairment, which accounted for over half the variance 
in performance across timepoints (R2=0.52). However, 
despite previous meta-analytic findings also support-
ing a relationship between age, recurrent stroke, and 
NIHSS scores to poststroke cognition,17 we did not 
observe these relationships in our longitudinal models. 
Once acute cognitive burden was included, additional 
demographic, vascular, and clinical variables contrib-
uted negligible explanatory power. This mirrors earlier 
research indicating demographic and clinical variables 
have weaker relationships to poststroke cognition when 
compared with acute cognitive status17 and domain-
level studies showing acute deficits to be the strongest 
predictors of long-term impairment.2,9,30 This suggests 
that early multidomain cognitive screening may serve as 
a proxy for global cerebral vulnerability at the time of 
stroke, incorporating both acute lesion burden and pre-
existing pathology.9,31 Of note is that while acute cogni-
tive status in language, memory, and attention differed 
by lesion hemisphere, this was not the case at long-
term follow-up. This might suggest that such factors 
more strongly relate to acute cognitive presentation, but 
variation in access to cognitive rehabilitation, prestroke 
cognitive and brain reserve, and self-management of 
symptoms may play a larger role in long-term cogni-
tive impairment. However, it is also possible that demo-
graphic factors have comparably small effect sizes 
relative to acute cognition, only becoming identifiable 
in meta-analytic work where sample sizes are larger. 
These findings strongly support the clinical utility of 
acute cognitive profiling and its inclusion in early stroke 
care to inform prognostication, discharge planning, and 
resource allocation, an approach consistent with current 
guideline recommendations.7,32

However, our findings contrast with recent large-scale 
pooled data from Lo et al,12 who reported an acute drop 
in global cognition followed by an accelerated decline 
in over 20 000 community-dwelling older adults, with 
no evidence of poststroke recovery. Several method-
ological differences may explain this divergence. While 
Lo et al12 harmonized disparate screening tools across 
cohorts, we used a validated, domain-specific measure 
(OCS) with high sensitivity to stroke-related cognitive 
deficits and the ability to distinguish them from sen-
sorimotor symptoms. In addition, our hospital-verified 
cohort underwent lesion and cognitive phenotyping, and 
our analytic approach explicitly modeled heterogeneity 
using latent class growth analysis, rather than assuming 
a single mean trajectory. Finally, our cohort predominantly 
included moderate strokes (mean NIHSS score, 7), with 
a majority showing focal cognitive impairments, whereas 
the majority of studies on poststroke cognition are biased 
toward milder stroke samples with lesser opportunity for 
recovery.

Latent class analysis identified 4 distinct global cog-
nitive recovery patterns. Nearly half the cohort (47.6%) 
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exhibited stable mild or no impairment throughout follow-
up. A further 32.4% presented with moderate impairment 
acutely but improved substantially, and 15.2% showed 
severe acute deficits with notable long-term gains. In 
contrast, 4.8% experienced delayed cognitive decline fol-
lowing an acute moderate presentation. This latter class 
resembles the plateau-then-decline trajectory observed 
by Delgado et al33 and may reflect the impact of progres-
sive small vessel disease, covert recurrent infarction, or 
emerging neurodegeneration.31,34

The clinical implications are considerable. First, these 
findings support early cognitive screening as a tool for 
risk stratification and long-term care planning. Second, 
the substantial recovery seen in individuals with moder-
ate or even severe acute deficits reinforces the potential 
for ongoing cognitive rehabilitation to maximize improve-
ments made over time. This research also challenges 
deterministic models of poststroke decline. Finally, the 
identification of a small but meaningful subgroup with 
delayed deterioration highlights the need for routine, 
long-term cognitive monitoring, ideally embedded within 
a stroke care pathway, to detect emerging decline and 
intervene appropriately.

Domain-Specific Cognitive Impairment
Unlike global scores, which may obscure important het-
erogeneity, domain-level modeling captured differential 
trajectories that reflect the neuroanatomical and func-
tional specificity of stroke-related damage. Mixed-effects 
models showed significant reductions in impairment over 
time across all domains assessed, including language, 
memory, attention, executive function, and number pro-
cessing, with the most pronounced recovery typically 
observed within the first 6 months. However, the degree 
and persistence of recovery differed by domain.

Language
Language function showed the most favorable recovery 
profile across domains. Latent class modeling identified 3 
distinct trajectories: the majority (81.9%) exhibited no or 
only mild impairment throughout follow-up; 11.4% showed 
early full recovery, while 6.7% showed late improvements. 
These patterns are consistent with prior studies showing 
rapid recovery from aphasia within the first 3 months post-
stroke, often attributed to spontaneous neurobiological 
restitution.35 However, evidence from longitudinal cohorts 
suggests that meaningful gains can continue well into 
the chronic phase, likely supported by adaptive functional 
reorganization and therapy-driven gains.36

Memory
Memory recovery showed a broadly favorable profile, 
though less consistent than language, with a greater 

proportion of individuals showing persistent impairment 
or delayed improvement. Latent class modeling identified 
3 trajectories: no or mild acute impairment that remained 
stable (78.1%), ongoing recovery (15.2%), and ongoing 
worsening (6.7%). These findings align with previous 
studies showing early memory gains poststroke, along-
side considerable long-term variability.37,38 Acute memory 
impairment remained a strong predictor of long-term out-
come, consistent with studies linking early deficits to per-
sistent dysfunction,39 though we note that memory was 
also the most well-recovered domain, potentially linked 
to language recovery and, therefore, improved verbal 
encoding. The observed heterogeneity in recovery may 
reflect the distributed neuroanatomical basis of memory, 
encompassing medial temporal, prefrontal, and subcorti-
cal structures variably affected by stroke and small ves-
sel disease.37,40

Attention
Attentional recovery was more variable than language 
and memory, with a notable minority of patients exhib-
iting persistent or worsening deficits. Four trajectory 
patterns emerged: no or mild impairment across follow-
up (60.9%), early recovery (19.1%), delayed recovery 
(9.5%), and progressive decline (10.5%). These find-
ings confirm substantial heterogeneity often masked by 
global cognitive scores and align with prior studies show-
ing persistent attention deficits in many stroke survivors, 
even years after the index event.41,42 Persistent impair-
ments in attention are particularly concerning given 
their association with reduced independence, increased 
safety risks, and poorer performance across other cogni-
tive domains, including executive function and memory 
encoding.2,16

Executive Function
Executive function showed the least favorable recovery 
profile. Three trajectories were identified: stable perfor-
mance (65.7), fluctuating performance (13.3%), and late 
recovery (21.0%). Mixed-effects modeling confirmed 
only a modest reduction in impairment over time (OR, 
0.53, ie, a 47% reduction in the odds of full recovery), 
and acute impairment remained the strongest predictor 
of long-term outcome. Therefore, a sizeable subgroup 
experiences executive dysfunction that persists or wors-
ens, with limited spontaneous recovery. This pattern 
mirrors prior work in both mixed-age and young-stroke 
cohorts,43,44 where only 20% showed meaningful gains at 
1 year, while the majority remained stable or declined.10 
A systematic review further highlights the variability in 
executive recovery, with many studies failing to demon-
strate improvements beyond measurement noise.6

Persistent executive dysfunction may reflect the 
vulnerability of this domain to both focal and diffuse 

D
ow

nloaded from
 http://ahajournals.org by on July 3, 2026



CL
IN

IC
AL

 A
ND

 P
OP

UL
AT

IO
N 

SC
IE

NC
ES

Milosevich and Kusec et al Stroke Longitudinal Cognitive Trajectories

2160    July 2026� Stroke. 2026;57:2150–2162. DOI: 10.1161/STROKEAHA.125.054555

pathology. Executive control relies on distributed frontos-
triatal and frontoparietal networks, which are particularly 
sensitive to the effects of white matter disconnection 
and small vessel disease.45 Moreover, persistent execu-
tive impairment has been identified as a key predictor 
of poststroke dementia, particularly in the presence of 
mixed vascular and neurodegenerative pathology.16,33

Number Processing
Number processing recovery showed considerable het-
erogeneity. The majority (57.1%) showed stable mild/
no impairment, 23.8% showed ongoing improvement, 
9.5% showed late improvement, and 9.5% experienced 
delayed decline. The variability in recovery patterns likely 
reflects the complex neurocognitive demands of numeri-
cal cognition, which rely on distributed frontoparietal and 
subcortical networks susceptible to both focal and dif-
fuse brain injury.46,47

Strengths and Limitations
This study has several strengths. A key advantage is the 
long-term, domain-specific cognitive follow-up extend-
ing up to 9.3 years poststroke, offering insights into the 
chronic course of cognitive trajectories. The inclusion 
of moderate-to-severe stroke survivors and individuals 
with aphasia, groups often excluded from research,48 
enhances the generalizability of our findings. Use of 
the stroke-specific OCS enabled sensitive detection of 
both overall cognitive impairment severity and domain-
level impairments, allowing us to characterize distinct 
recovery trajectories across cognitive domains. However, 
various limitations should be acknowledged. Despite 
best efforts, attrition over time, largely due to death or 
severe illness, was considerable, as is common in long-
term stroke studies, especially in older cohorts. This may 
have led to underestimation of cognitive impairment and 
decline, as individuals lost to follow-up likely had more 
severe deterioration49 and cognitive trajectories in more 
impaired patients; therefore, it remains uncertain. A 
further limitation is the absence of prestroke cognitive 
data due to recruitment during acute hospitalization and 
the lack of data from questionnaires such as the Infor-
mant Questionnaire on Cognitive Decline in the Elderly. 
We were, therefore, unable to determine the impact of 
any preexisting cognitive impairment on our findings, 
restricting our ability to disentangle preexisting cognitive 
decline from stroke effects. Prior studies suggest that 
individuals who go on to experience stroke may already 
exhibit accelerated cognitive decline up to a decade 
before the event.50 In addition, one of our cohort inclu-
sion criteria was the ability to concentrate for 20 minutes, 
which may have skewed the sample toward excluding 
the more severe stroke phenotypes, though we note 
our resulting long-term follow-up mainly consisted 

of moderate stroke. Furthermore, though exploratory 
analyses between overall cognitive severity subgroups 
are valuable to guide future prediction of those at risk 
of decline, some subgroups constituted relatively small 
numbers of participants, affecting power. In addition, 
due to the remote nature of follow-up, the praxis domain 
could not be assessed beyond 6 months, limiting insights 
into long-term praxis recovery. Finally, while our model-
ing accounted for a range of clinical and demographic 
factors, remaining unexplained variance suggests that 
unmeasured factors, such as rehabilitation intensity, 
social engagement, or genetic vulnerability, may have 
contributed to changes in long-term cognition.

Future work should aim to replicate our findings in 
larger and more diverse samples and, where feasible, 
incorporate prestroke cognitive measures (eg, through 
proxy measures of cognition such as the Informant Ques-
tionnaire on Cognitive Decline in the Elderly) though 
these remain challenging to obtain. Longitudinal studies 
that combine early cognitive phenotyping with detailed 
neuroimaging may further clarify the mechanisms driving 
divergent recovery trajectories. In addition, further work 
is required to enable individualized prediction of spe-
cific cognitive trajectories to enable targeted follow-up 
in those at greatest risk of long-term cognitive decline 
and to provide reassurance regarding the high likelihood 
of spontaneous improvement. Finally, examining whether 
personalized, trajectory-informed interventions improve 
outcomes relative to standard care represents an impor-
tant next step for clinical application.

Conclusions
This study provides rare longitudinal insight into long-
term poststroke cognitive recovery, revealing that global 
and domain-specific functions often improve well beyond 
the subacute phase, particularly in language, memory, 
and number processing. Acute cognitive impairment 
emerged as the strongest and most consistent predic-
tor of long-term outcomes, while demographic and vas-
cular factors added limited explanatory value. Distinct 
trajectories across all domains, ranging from early and 
delayed recovery to persistent deficits and late decline, 
underscore the need to move beyond static models of 
cognitive outcome. In particular, executive dysfunction 
and attention deficits were less amenable to spontane-
ous recovery. These findings highlight the importance 
of early, domain-sensitive screening to inform progno-
sis and rehabilitation while supporting a shift toward 
dynamic, individualized cognitive surveillance. Incorporat-
ing trajectory-informed monitoring into stroke care may 
improve the identification of individuals at risk for decline 
and guide resource allocation, a strategy that merits pro-
spective evaluation in future trials to determine whether 
trajectory-based stratification improves functional and 
cognitive outcomes.
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