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In this review, we aimed to identify the risk factors that may influence cognitive impairment among stroke survivors, namely,
demographic, clinical, psychological, and physical determinants. A search from Medline, Scopus, and ISI Web of Science databases
was conducted for papers published from year 2004 to 2015 related to risk factors of cognitive impairment among adult stroke
survivors. A total of 1931 articles were retrieved, but only 27 articles met the criteria and were reviewed. In more than half of the
articles it was found that demographical variables that include age, education level, and history of stroke were significant risk factors
of cognitive impairment among stroke survivors. The review also indicated that diabetes mellitus, hypertension, types of stroke and
affected region of brain, and stroke characteristics (e.g., size and location of infarctions) were clinical determinants that affected
cognitive status. In addition, the presence of emotional disturbances mainly depressive symptoms showed significant effects on
cognition. Independent relationships between cognition and functional impairment were also identified as determinants in a few
studies. This review provided information on the possible risk factors of cognitive impairment in stroke survivors. This information

may be beneficial in the prevention and management strategy of cognitive impairments among stroke survivors.

1. Introduction

It has been reported that approximately 15 to 30% of
stroke survivors live with permanent disability [1]. This
includes physical, social, and cognitive functions [2-4].
Various domains of cognitive function such as attention,
concentration, memory, social cognition, language, spatial
and perceptual skills, and higher-order executive functions
may be affected in stroke survivors [5]. The most common
cognitive impairments among stroke survivors are memory,
orientation, language and attention [6], executive dysfunc-
tion (initiation inhibition, mental flexibility), and aphasia
[7, 8]. Some of the consequences of cognitive impairments
are high prevalence of morbidity and mortality, increased

length of hospital stay, increased number of admissions
to rehabilitation centre, dependency in ADL, and reduced
functional outcomes [9-11].

Cognitive deficits among stroke survivals are widely rec-
ognized research area. However, the risk factors for cognitive
impairment among stroke survivors have not been addressed
adequately [12]. Previous literature reviews predominantly
explain vascular risk factors and mechanisms of cognitive
impairments [12, 13], impact and treatment options for
cognitive impairment [14], and interaction of vascular risk
factors with stroke [15], and overlooked or little emphasis was
given on the psychological and physical determinants. This
may be due to difference in studied variables, methodologies,
and outcome measurements. Most of the studies focused on
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modifiable variables such as sociodemographic and clinical
factors. Education level, level of alcohol use, smoking status,
dietary intake, atrial fibrillation, and cerebral microbleeds
are some of the factors that could be modified to prevent
poststroke cognitive decline [16, 17]. Physical activity has
been reported to be a protective factor to prevent the risk
for cognitive impairment and vascular dementia among
older adults with white matter changes [18]. Stroke survivors
with vascular cognitive impairment who attended day care
rehabilitation were reported to benefit from physical activity
and exercise. Exercise is advocated to heighten cognitive
function among stroke survivors [19].

Stroke survivors with cognitive impairment are most
likely to be dependent in activities of daily living. Further
deterioration is possible as a result of limitation in activities.
Psychiatric problems are also common among stroke sur-
vivors. This may delay recovery process and further impair
cognitive function due to adaptations to unhealthy lifestyles
or noncompliance to rehabilitation [20]. Prevalence of mod-
erate to severe depression and anxiety was found to be 22.8%
and 21.1%, respectively, in stroke survivors [21]. It has been
deduced that cognitive factors such as speed of processing
and verbal memory were more related to mood disturbances
than level of physical independence with a contribution of
51.3% and 38.5% for both depression and anxiety, respectively
[21].

In order to improve overall physical function among
stroke survivors, emotional disturbances such as depressive
symptoms require management because both cognition and
mood impairments are associated [21, 22]. Knowledge of the
risk factors for cognitive impairments in stroke survivors may
be useful in the holistic management. Thus, the aim of this
review was to identify risk factors that include demographic,
clinical, psychological, and physical determinants that may
likely influence cognitive function among stroke survivors.

(1) Cognitive Impairment in Stroke Survivors. Cognitive
impairment is a spectrum of intellectual decline with mild
to severe cognitive functional deterioration [23]. Some of
the researchers used the terms mild cognitive impairment
(MCI) and dementia to represent cognitive impairment [24-
27]. MCI is a transitional phase between healthy aging
and dementia. It involves impairment in memory domains
that was reported by stroke survivors or their caregivers.
Other cognitive domains normally remain intact and stroke
survivors have the ability to perform activities of daily living
(ADL). In contrast with MCI, dementia occurs where patients
experience severe memory loss, impairments in other cog-
nitive domains, and decline in physical function [24, 25].
Statistics showed that approximately 1-25% of older adults
with MCI per year are at high risk to develop Alzheimer’s
disease [28, 29]. Meanwhile, progression rate of MCI to
dementia in 4-year period is 12% per year in stroke survivors
as compared to progression rate of normal adults to dementia
with only 1-2% per year within 10-year period [29]. This is a
concern and calls for prevention of further deterioration as
stroke will cause more severe cognitive damage.

In a study by Sachdev et al. [27], it was found that 58%
of stroke survivors had cognitive impairment with a quarter
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of them diagnosed with dementia. It has also been reported
that a stroke will double the risk of dementia [30]. In a
Latin American study, 66% and 61% of stroke survivors were
cognitively impaired at three and 12 months of the study (39%
cognitive impairment with no dementia; 22% demented) [31].
The prevalence of cognitive impairment remains 21% at 3
months after stroke and after 14 years of follow-up period
[32]. Prevalence varied due to differences in study popu-
lation with nonlacunar and lacunar stroke being common
in hospital and community based studies, respectively [33].
There is higher cognitive decline after lacunar stroke due to
pathological causes where small vessel disease (SVD) affects
wide region of the brain compared to nonlacunar stroke that
involves extracranial region [33].

A cross-sectional study in United Kingdom (UK) found
that the prevalence of cognitive impairment was high in the
first month after ischemic stroke. This impairment involved
speed and attention, frontal executive, nominal skills, per-
ceptual skills, and visual memory [38]. Hurford et al. [38]
reported that stroke survivors had improvement in visuospa-
tial neglect and persistent impairment in speed and attention
domain after 3 months of stroke. In a range of studies,
researchers found that prevalence of cognitive impairment
ranged from 75% to 72% from different studies which
involved stroke survivors who had dementia and cognitive
impairment with no dementia (CIND). The common terms
for cognitive impairment that are used to refer to poststroke
are cognitive impairment (PSCI), mild cognitive impairment
(MCI), CIND, vascular cognitive impairment (VaCl), vascu-
lar mild cognitive impairment (VaMCI) subjective cognitive
impairment (SCI), age-associated cognitive decline (AACD)
dementia, vascular dementia (VaD), poststroke dementia
(PSD), and cognitive dysfunction.

2. Methodology

Searches were conducted using three databases (i.e., Medline,
Scopus, and ISI Web of Science). Researchers used the same
search terms for all databases: “stroke” OR “cerebrovascular
disease” OR “cerebrovascular accident” OR “CVA” AND
“mild cognitive impairment” OR “cognitive impairment” OR
“MCI”. There were 37 articles in Medline, 1654 articles in
Scopus, and 240 articles in ISI Web of Science. Searches
were refined by identifying the studies published in the
years 2005-2015, full-text English articles, and adult aged
as studied population. In addition, researcher restricted
searching to area of study in psychology as an additional
search criterion. Three hundred and twenty-six retrieved
articles were screened using their titles and abstracts. Only
32 articles were related to review objectives and reviewed (12
articles in Medline, 7 articles in Scopus, and 13 articles in
ISI Web of Science). Articles related to prestroke cognitive
impairment, studies on validation of measurement tools,
and molecular factors among stroke survivors were excluded
from this review. Only 27 articles were included in this review
after excluding five similar articles from different databases
(Figure 1). Table 1 depicts the following features of related
studies: (a) study reference, (b) objective of study, (c) sample
size, (d) methodology, (e) setting, (f) prevalence of CI, and
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Articles searched from Medline, Scopus, and ISI Web of Science by
inserting keywords: “stroke” OR “cerebrovascular disease” OR
“cerebrovascular accident” OR “CVA” AND “mild cognitive
impairment” OR “cognitive impairment” OR “MCI”
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Medline

U

U

Y

Scopus

ISI Web of Science

U

U

37 articles retrieved.
Limited to
(a) year = 2005-2015
(b) full text
(c) English
(d) age =19 and
above (adult age)

1654 articles retrieved.
Limited to
(a) year = 2005-2015
(b) articles
(c) English

240 articles retrieved.

Limited to
(a) year = 2005-2015

U

(e) subject area; ﬂ 122 articles retrieved.
psychology
- - Limited to
167 articles retrieved. () articles
ﬂ Limited to (b) English
(a) academic journal (c) subject area:
(b) subject area: psychology
12 articles included. psychology
Unrelated articles
excluded by screening ﬂ
the titles and
abstracts 7 articles included. Unrelated
articles excluded by screening 13 articles included.
the titles and abstracts Unrelated articles
excluded by screening
the titles and abstracts
N -

—

27 articles reviewed. Similar articles excluded (1 article in Scopus and 4
articles in IST Web of Science)

FIGURE 1: Flow chart of the reviewing process.

(d) outcomes (i.e., demographic, clinical, psychological, and
physical).

3. Results

A total of 27 studies fulfilled this review’s inclusion criteria in
identifying demographic, clinical, psychological, and physi-
cal related risk factors that are likely to influence cognitive
function among stroke survivors (refer to Table 1). Most of
the studies (18 studies/67%) were cross-sectional in manner
(17, 27, 34, 37-39, 41-50, 54, 55] and 74% (20 studies) were
carried out in hospital settings [27, 35, 37-39, 41, 42, 44-46,
48-57]. Only three studies covered all the related risk factors
in this review [35, 45, 46], whereas other studies discussed
some parts of it. Eighteen articles included demographic
factors in the discussion mainly age, education level, sex,
marital status, life styles, family history, and socioeconomic
status [17, 27, 32, 34, 35, 37, 40, 42, 44-46, 49, 51, 52, 54~
57]. Seventeen studies conferred the influence of clinical
factors including medical, vascular, and neurological factors

on cognitive impairment [17, 27, 32, 35, 37, 40, 42, 44-46,
49, 51, 52, 54-57]. Depression was the main psychological
factor of interest among researchers in 9 of the articles with
psychiatric illnesses and stress as the most often mentioned,
in spite of different psychological scales used in the studies
[27, 35, 41, 44-46, 54, 55, 57]. Meanwhile, seven studies
predicted the influence of physical functioning on cognitive
impairment among stroke survivors [35, 36, 39-41, 45, 46].

3.1. Demographic Factors and Cognitive Impairment. One
of the main predictors for cognitive impairment in stroke
survivors reported in most studies was increased age [17, 27,
32, 34, 35, 37, 40, 45, 49, 51, 52, 54, 57]. Meanwhile, a lower
level of education was highlighted as a risk factor for cognitive
impairment in half of the studies [17, 34, 37, 42, 45, 46, 49,
50, 54]. Older stroke survivors with lower education level
had higher prevalence of having cognitive impairment and
history of stroke accelerated the development of dementia
in them [34]. Life styles and dietary factors were also
reported as risks for cognitive decline in stroke survivors.
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Four Asian studies conducted at hospital and community
settings in China found that increased alcohol intake, lack
of hobbies, longer sleep, irregular health check-up, and less
vegetables, fruits, milk, and tea intake were identified as
potential risk factors of poststroke cognitive impairment
(17, 37, 54, 56].

Gender, family history of dementia, smoking habits,
socioeconomic status, marital status, and ethnicity affected
cognitive functioning [17, 27, 32, 34, 35, 42, 45, 46, 51, 52, 55].
In spite of the decline in cognitive status, approximately, 8% of
stroke survivors improved from demented to nondemented
state and 80% had stable cognitive functions after 24-month
period [57]. Stroke survivors who had progressed to dementia
were noted to be older, had history of cognitive impairment,
and were prescribed with more medications [57]. Cognitive
impairment was also high among black compared to white
ethnic group. Meanwhile, manual workers were at a higher
risk in comparison to nonmanual workers (UK occupational
codes) [32].

3.2. Clinical Factors and Cognitive Impairment. Studies
showed that stroke survivors who had medical conditions,
such as low premorbid intellectual ability, preexisting cog-
nitive impairment, and high stroke severity, and history
of stroke and transient ischemic stroke (TIA), poststroke
dysphasia, and urinary incontinence (aconuresis) had higher
risk of cognitive decline [17, 27, 34, 35, 37, 44, 51, 52, 54, 57].
Vascular factors contributed more than medical factors as
the predictors were heart disease, diabetes mellitus, atrial
fibrillation, hyperlipidemia, TIA, obesity, high homocys-
teine level, presence of cerebral microbleeds, low diastolic
pressure, hypotension, dementia, hypertension, and hyper-
lipoproteinemia that appeared as significant determinants in
multivariate analysis [17, 30, 35, 45, 46, 51, 52, 54, 56, 57].
Neuroimaging characteristics which explained neurolog-
ical factors of stroke were also the most influential deter-
minants for poststroke cognitive impairment. There were
nine studies reporting on neurological factors. Researchers
indicated that infarct volume, left carotid infarction, high
level of paraventricular white matter lesion (WML), brain
atrophy, basal ganglia infarct, large infarct volume, more
cerebral white matter hyperintensities (WMHs), cortical
atrophy, lacunar infarct, small vessel occlusion, and dominant
hemisphericlesions and cortex lesion were the significant risk
factors for cognitive impairment [27, 32, 37, 44, 45, 49, 54].
On the other hand, two studies that provided neuroimaging
information deduced that area of infarction (i.e., cortical,
subcortical), type of infarctions (i.e., single, multiple), and
size of lesion were found not to be correlated with frontal
executive dysfunction and cognitive status [48, 50]. A study
by Sachdev et al. [27] showed that stroke survivors who
were in VaMCI group had larger volume of total, deep,
and periventricular WMHs. It was also found that VaMCI
group had smaller amygdala volume than noncognitive
impaired (NCI) and control groups [27]. Besides that, a
few researchers studied biomarkers as potentials to predict
cognitive functional status. The authors showed that blood
plasma homocysteine, APOE €4 genotype, HbAlc, LDL, and
HDL were clinical markers for cognitive status [44, 45, 47].
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3.3. Psychological Distress and Cognitive Impairment. The
common psychological distress among stroke survivors
regardless of the severity of cognitive impairment was depres-
sion [35, 45, 47]. Depressive symptoms were reduced over
time from time of admission to 6 months after stroke in
nearly half of the stroke survivors with decrement in cognitive
impairment [35]. In contrast, del Ser et al. [57] reported that
depression does not associate with cognitive decline at 3-
month period after stroke. It was found that four studies
showed depression and psychological problems had some
significant effects as risk factors for cognitive impairment
[35, 46, 54, 55]. Inconsistent findings were reported in other
studies [27, 44, 45, 57].

3.4. Physical Function and Cognitive Impairment. Stroke
survivors who are physically dependent and more impaired
usually perform poorly in tasks which require higher-order
cognitive functions such as motor control, organization,
problem solving, and memory. Lower performances in cog-
nitive functions were positively associated with dependency
in activity of daily living (ADL) [58]. It is a main concern
after stroke because impairment in information processing is
related to control of motor movement in executing ADL [59-
61] Those who had intact prestroke cognition were reported
to have higher personal ADL (P-ADL) and Barthel Index
(BI) score compared to those who had cognitive impairment
[36]. Stroke survivors with impaired cognitive impairment
are highly dependent on instrumental ADL (I-ADL) which
requires more complex tasks such as cooking, housework,
and outdoor mobility in comparison to personal activities
(i.e., eating, continence, bath, and dressing) [39].

Meanwhile, Liman et al. [40] reported differently where
stroke severity was measured using Barthel Index score and
was a significant predictor of cognitive impairment after
3 months of stroke. Stephens et al. [41] found that differ-
ent impairment in cognitive domains would affect physical
abilities differently. Researchers explained that those who
had impairment in (1) reaction time would face disabilities
in basic self-care, (2) impairment in executive function
is associated with disabilities in intermediate self-care, (3)
impairment in MMSE is associated with complex self-
management, and (4) deficit in memory is associated with
any basic, intermediate, and complex ADL components. Self-
care activities were the main outcome measures examined
because self-care activities correlate with general cognitive
performance such as visual perception and visuomotor orga-
nization [43]. Other studies also found that stroke severity
and lower Barthel Index score were significant predictors for
poststroke dementia and other types of cognitive impairment
(35, 45, 50].

4. Discussion

Findings from the current review suggested that there were
various risk factors of cognitive impairment among stroke
survivors. In terms of sociodemographic factors, age and
education level were found to be the main predictors of
cognitive impairment. Older adults were severely impaired
in cognition due to the nature of stroke that accelerates
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cognitive decline [34]. It is deduced that stroke survivors
with higher education level were less likely to be affected in
their cognitive functioning because they have larger brain
reserve capacity which can compensate for the brain damage
[62].

Clinical factors were also main risk factors of cognitive
impairment in stroke survivors. History of hypertension and
diabetes may reduce the brain volume and also cause white
matter lesions [63]. Affected regions of brain and types of
stroke were also important variables which determined cog-
nitive status of stroke survivors because lacunar infarcts and
cortical strokes (i.e., parietal, cingulated, premotor, occipital,
and temporal cortex) caused more severe deficits in cognitive
status [64, 65]. More severe outcomes were noted when the
stroke occurred at the important regions of brain which
controlled vital functions.

In a study on the effects of blood pressure, low diastolic
blood pressure and episode of hypotension were significantly
associated with cognitive declines [57]. In contrast, a study
conducted among MCI patient with high blood pressure
showed that stroke survivors’ performance deteriorated in
tasks requiring rapid responses and set shifting (TMT A and
B) and in expressive language (naming test) [66]. Therefore,
it is questionable if hypertension leads to hemorrhagic stroke
and vascular cognitive impairment. In addition, vascular
cognitive impairment occurs due to impairment in blood-
brain barrier and white matter lesion and increase in vascular
permeability due to endothelial cell retraction which may
also involve the blood flow [67]. Cerebral microbleeds in
stroke survivors with lacunar infarcts had significant cor-
relation with cognitive impairment. According to Zhang
et al. [68] thalamic microbleeds reduced the orientation
subscore, lobar (cortex/subcortex) microbleeds caused low
visuospatial/executive subscores, and basal ganglia microb-
leeds were found to significantly reduce attention and visu-
ospatial/executive subscores. The damage not only appeared
at the affected area but also may disrupt other tissues nearby
possibly due to lack of blood supply. Thus, pathological causes
of infarction and tissue necrosis may have significant effect on
cognitive function at the affected region [69].

Stroke had a significant impact on psychological wellbe-
ing of stroke survivors. Stroke survivors usually experience
sleep disturbances, low motivation, low self-esteem, and
worries about their future due to restrictions and disabilities
[70]. These psychological changes and stressful situations lead
to depression and anxiety symptoms which affect their per-
formance in executive function, memory, speed, and motor
processing [71]. In addition, older adults who were highly
anxious presented with cognitive decline and Alzheimer’s
disease after a year of cognitive impairment [72].

Mood changes and chronic stress due to physical limita-
tions, restrictions in ADL, and low motivation were possible
factors that caused emotional distress among stroke survivors
[73]. Depression was believed to reduce the effort in cognitive
test in older adults and resulted in poorer performance in the
test [58]. This is due to declined cognitive processing which
is related to slowness in responses and having difficulties to
keep track in conversation. On the other hand, depression,
somatisation, and insufficiency of thinking and acting were
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the most frequent psychiatric symptoms which were reported
to have problem in executive and global cognitive function
(i.e., orientation, attention, praxis, and language) [20]. Severe
cases of cognitive impairment such as vascular dementia were
also reported to present with more psychiatric symptoms
than the milder ones [20].

Poor performance in executive function can affect indi-
vidual's ADL and increase their risk for poststroke disabil-
ity [74]. In addition, cognitive impairment also disrupts
their orientation, perception, thinking process, and memory
leading to dependence in self-care activities [43]. Stroke
survivors with higher functional impairment were likely to
be diagnosed with cognitive impairment with no dementia
(CIND) [35].

There were two factors which caused cognitively impaired
stroke survivors to have poor functional outcomes and these
include higher stroke severity and poorer compliance to
rehabilitation [75]. Assessment of cognitive status at initial
stage of stroke is very important to determine functional
outcomes. Physical performance of stroke survivors after 6
months of stroke was associated with cognitive impairment
on admission and also cognitive improvement over 6 months
[22]. This indicates that physical function was independently
associated with cognitive status which was the main variable
affected after stroke.

Identifying poststroke risk factors for cognitive impair-
ment at early stage is important. Even more important is to
evaluate the contribution of each risk factor towards cognitive
impairment. Furthermore, current existing literature is lack-
ing on integrating risk factors which increases poststroke risk
for cognitive impairment. Previous studies mainly focus on
identifying and grouping risk factors (e.g., [45, 76, 77]) rather
than providing reliable information or data in predicting and
reducing the risk for poststroke cognitive impairment. Future
studies should focus on developing research on identifying
and enhancing protecting factors against poststroke cogni-
tive impairment. In addition, researchers need to explore
combined effect of both pharmacotherapy and nonpharma-
cotherapy, especially psychosocial intervention to improve
poststroke cognitive function. There is also a need for future
research to focus on clinical and evaluative studies on
holistic intervention to establish clinical effect size, especially
on modifiable risk factors. The impact of modifiable risk
factors on nonmodifiable risk factors to develop cognitive
impairment needs more systematic research approach.

5. Conclusion

This review indicated that age, level of education, history
of stroke, diabetes mellitus, hypertension, types of stroke,
affected region, size and location of infarction, depressive
symptoms, and physical function were the potential factors
that determine cognitive status of stroke survivors. Iden-
tifying these risk factors would be beneficial for clinician
and healthcare practitioners in the management of stroke
survivors. This will assist in the prevention of further cog-
nitive decline and improve psychological wellbeing through
effective intervention. Further research examining in-depth
and multiple risk factors discussed in this review is warranted.
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