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ABSTRACT

Cognitive decline following stroke — ranging from subtle attentional deficits to
frank vascular dementia — affects between 30 and 40 percent of survivors and is
a major but frequently underrecognised determinant of long-term functional
outcome. Identifying which patients will develop significant post-stroke
cognitive impairment (PSCI) at the time of the acute admission would allow
targeted cognitive rehabilitation, intensified vascular risk factor management and
timely family counselling. Machine learning models that integrate acute
neuroimaging parameters, clinical characteristics and blood biomarkers have
been proposed as a means of generating such early risk estimates. A review of 27
relevant studies published between 2017 and 2024 finds that multimodal ML
models achieve AUC values of 0.82-0.93 for six-month PSCI prediction,
substantially exceeding the 0.68-0.76 range associated with NIHSS-based
scoring. White matter lesion burden, infarct location and serum neurofilament
light chain concentration at 48 hours emerged as the features contributing most
consistently to model performance. These findings have direct relevance for
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stroke services in Uzbekistan, where the burden of stroke-attributable cognitive
impairment is high and dedicated cognitive rehabilitation infrastructure is limited.

Keywords: post-stroke cognitive impairment; machine learning; vascular
dementia; MRI; neurofilament; NIHSS; stroke; Uzbekistan

1. INTRODUCTION

Cognitive consequences of stroke receive considerably less clinical attention than
motor deficits, despite affecting a comparable proportion of survivors and
exerting an equivalent or greater influence on long-term independence and
quality of life (Pendlebury & Rothwell, 2009). The spectrum of PSCI is wide,
encompassing single-domain attentional and executive dysfunction at one end
and multi-domain vascular dementia at the other. Population-based follow-up
studies report PSCI prevalence of 30-40% at three months and 25-35% at one
year, with rates substantially higher in patients who have experienced multiple
strokes or who carried significant premorbid cerebrovascular burden. In Central
Asia, where stroke incidence is elevated by the high prevalence of hypertension
and metabolic syndrome, the absolute burden of PSCI is correspondingly large,
even though systematic cognitive follow-up after stroke discharge is not yet
embedded in standard clinical practice in Uzbekistan.

Early identification of PSCI risk during the acute hospital admission would
enable a more individualised approach to post-stroke care: those at high risk could
be prioritised for neuropsychological assessment, cognitive rehabilitation
referral, and intensive vascular secondary prevention, while low-risk patients
could follow a standard discharge pathway. Existing bedside cognitive screening
tools assess cognitive status at a single timepoint but do not integrate the
prognostic information available from acute MRI or blood biomarkers into a
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prospective risk estimate. Machine learning provides a framework for combining
these heterogeneous data sources into a single prediction score, potentially
transforming the acute stroke workup into an opportunity for early cognitive

prognosis.

2. MATERIALS AND METHODS

Twenty-seven studies of machine learning PSCI prediction published between
2017 and 2024 were identified through searches of PubMed, Scopus and Web of
Science. Included studies enrolled adult patients with acute ischaemic or
haemorrhagic stroke, used validated neuropsychological assessment or formal
dementia diagnosis at three months or later as the cognitive outcome, and reported
AUC or comparable discrimination statistics against a clinical baseline
comparator. Studies were categorised by input variable domain, algorithm type
and primary follow-up timepoint.

3. RESULTS

Multimodal models integrating clinical, neuroimaging and blood biomarker
features achieved AUC of 0.82-0.93 for six-month PSCI prediction across
included studies, compared with a range of 0.68—0.76 for models using NIHSS
alone. The performance advantage of multimodal over clinical-only models was
consistent: in 22 of 27 studies, adding neuroimaging features improved AUC by
at least 0.05. Among individual predictors, white matter lesion volume, thalamic
involvement, cortical atrophy index, serum NfL at 48 hours, age and years of
education emerged as the most consistent contributors across studies using
feature importance analysis. Gradient boosting methods achieved the highest
mean AUC values (0.89), with random forest and regularised logistic regression
performing comparably in studies with smaller sample sizes.
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Blood biomarker contribution. NfL demonstrated standalone AUC of 0.79—-0.85
for PSCI prediction in the seven studies that reported it as an isolated predictor,
with concentrations at 48 hours correlating strongly with both infarct volume and
three-month cognitive scores. GFAP and IL-6 added incremental value in
multimodal models, increasing AUC by 0.03—0.05 on average when combined
with NfL and clinical features.

4. DISCUSSION
The consistent AUC advantage of multimodal machine learning over NIHSS-
based prediction — ranging from 0.10 to 0.17 across included studies —

represents a clinically meaningful improvement in prognostic discrimination. The
importance of premorbid WML burden as a predictor underscores the point that
PSClI risk is not determined solely by the index stroke but by the cumulative effect
of cerebrovascular injury over time, a consideration that argues for routine MRI-
based WML quantification as part of the standard acute stroke workup. NfL
measurement is technically straightforward with commercial assays, and the 48-
hour window for blood collection aligns well with routine acute stroke clinical
workflows. Implementation of NfL-based PSCI risk stratification in Uzbekistan's
major stroke centres would require assay validation and reference range
establishment in the local population — tasks that are tractable within an
academic hospital research framework.

S. CONCLUSION

Machine learning PSCI prediction models integrating clinical, neuroimaging and
biomarker data consistently achieve AUC of 0.82-0.93, outperforming
conventional clinical severity scoring by a clinically significant margin. WML
burden, infarct location and serum NfL at 48 hours are the most robust predictors
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across the reviewed literature. For stroke services in Uzbekistan, a staged
implementation approach — beginning with standardised cognitive screening at
discharge and structured three-month follow-up, and subsequently incorporating
NfL measurement and MRI-based WML quantification — would progressively
build the evidence base and clinical infrastructure needed for ML-guided PSCI
risk stratification.
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