Al Fawal et al. The Egyptian Journal of Neurology, Psychiatry and Neurosurgery
(2021) 57:15
https://doi.org/10.1186/s41983-021-00270-y

The Egyptian Journal of Neurology,
Psychiatry and Neurosurgery

RESEARCH

Open Access

Post-stroke dementia: frequency,
predictors, and health impact
Bastawy Al Fawal1, Ahmed Ibrahim2 and Mohamed Abd Elhamed3*

Abstract
Background: Cognitive impairment is an important aspect for stroke survivors. Little data are available about the
frequency and risk factors of post-stroke dementia in Egypt.
Objectives: The aim of this study is to evaluate the frequency and predictors of post-stroke dementia and its
impact on outcome.
Methods: A total of 380 patients with acute stroke were included. Patients were subjected to demographic data
collection, neurological examination, and assessment of vascular risk factors. Furthermore, assessment of stroke
severity by Barthel Index was done. After 6 months, patients were assessed for outcome and development of poststroke dementia.
Results: Post-stroke dementia was detected in 20.8% of patient. It was recorded more in old ages, illiterates,
unmarried, unemployed, and those with recurrent stroke and with cerebral infarction (significantly with cardioembolic).
Conclusion: Post-stroke dementia is high in Egypt, especially in those with illiteracy, atrial fibrillation, brain atrophy,
severe strokes, and those presented with hemiplegia, sphincter affection, abnormal gait, and psychotic features.
Assessment for post-stroke dementia should be done during follow up of stroke patients.
Keywords: Post-stroke dementia, Barthel Index, Cognitive impairment

Introduction
Cerebrovascular stroke (CVS) is one of the leading
causes of mortality and disability worldwide [1]. Many
patients are left with residual cognitive deficits [2, 3].
Post-stroke dementia (PSD) is the second most common
cause of dementia [4] and one of the main causes of dependency in survivors [5]. About one-third of stroke survivors are found to have a significant degree of cognitive
impairment within the first months after the event [6].
The prevalence of PSD in stroke survivors is about
30% and having a stroke doubles the risk of dementia
[7]. The risk factors for PSD are multifactorial and
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include genetic predisposition, demographic factors such
as old age and low education, pre-stroke cognitive and
functional status, number of prior transient ischemic attacks or strokes, and vascular risk factors of stroke [8].
The mechanism of PSD remains unclear and its pathological substrates are poorly understood, but the most
accepted theory is that the heterogeneous nature of vascular lesions of stroke may have an effect on cognition
through altered blood and oxygen supply to brain tissues, chronic inflammation, disruption of axonal tracts,
or altered cortical connectivity [9]. Moreover, medical
comorbidities such as hypertension and diabetes mellitus
can cause cerebral hypoxia or ischemia leading to cerebral hypoperfusion, which serves as a basis for PSD [7].
In a study in NY, USA, dementia diagnosed 3 months
after stroke was associated with triple increase in the risk
of stroke recurrence and might be a surrogate marker
for more severe vascular disease leading to lack of
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compliance that can contribute to worse outcome [10].
Several studies have shown that PSD was independently
associated with increased post-stroke mortality, after
adjusting for vascular risk factors and stroke severity [11,
12].
To the best of our knowledge, data about the frequency and risk factors of PSD is still deficient in Egypt
and we hypothesize that the frequency and risk factors
of PSD varied among different populations due to different genetic and environmental factors. So, this article
aimed to discuss the frequency, risk factors, and impacts
of PSD on outcome, and consequently recommended
early and optimal intervention in the window before dementia sets in for proper health plan.

Methods
The current work was a prospective cohort study. Three
hundred eighty patients with acute cerebrovascular
stroke (within 1 week) were recruited from stroke unit
and neurology ward, and followed up at outpatient
clinics of Assiut and Aswan University Hospitals from
September 2017 to August 2019 and included in this
study.
Patients with transient ischemic attack, brain lesions
other than stroke such as brain tumors, with unreliable
informant, refuse to participate, known to have serious
renal, hepatic dysfunction. Patients with known psychiatric disease, or have mild cognitive impairment and
other types of dementia from the history (diagnosed according to DSM-V), inability to communicate such as
sensory aphasia and those receiving medications that
affect cognition such as antipsychotics and antidepressants were excluded from the study.
To confirm the diagnosis of stroke, all patients underwent CT and /or MRI brain. Patients were classified according to their clinical picture and neuroimaging into
ischemic and haemorrhagic stroke (cerebral and subarachnoid hemorrhage) with localization of cerebral
lesions.
Data on self or family reported risk factors for stroke,
including socio-demographics, hypertension, diabetes
mellitus, heart diseases, smoking, family history, and
number of recurrence of stroke, were obtained from the
patient/or his caregivers. At time of admission, all patients were subjected to meticulous neurological and
general examination. Assessment of lipid profile was
performed to all patients, where hypercholesterolemia
and hypertriglyceridemia were considered when serum
levels > 239 mg/dl and > 200 mg/dl respectively [13].
Electrocardiography (ECG) and/or echocardiography
were performed to determine any arrhythmias and/or
any ischemia (CON-TEC, model: ECG100G, China).
Assessment of patients by Barthel Index (BI) [14] was
done at the onset of stroke and 6 months later. The
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severity of all strokes was determined, where there were
three grades; very poor: complete dependence (BI score
< 60), poor: assisted independence (BI score 60–< 95),
and excellent: minimal or no disability (BI score ≥ 95).
Stroke was considered severe when the patient had poor
or very poor grade on BI.
Within 6 months from onset, all patients were evaluated for the development of PSD. The diagnosis of dementia was made according to Hachinski Ischemic
Score [15] and the criteria of vascular dementia in the
DSM-V [16]. Mini-Mental State Examination (MMSE)
was performed to detect dementia and its grades, where
patients with scores 19 ≤ 23 (17 ≤ 21 for illiterates) were
diagnosed to have mild dementia, 10 < 19 (9 < 17for illiterates) have moderate, and < 10 (< 9 for illiterates) to
have severe dementia [17]. The outcome of all CVS patients was assessed clinically and by BI by the end of the
6 months.
Sample size calculation was carried out using G*Power
3 software [18]. A calculated minimum sample of 154
stroke patients divided into two groups (77 with PSD
and 77 without PSD) were needed to detect an effect
size of 0.1 in the mean GCS, MMSE, and BI, with an
error probability of 0.05 and 90% power on a two-tailed
test. The sample was raised to include 79 with and 301
without PSD.
Data were processed by the researchers and analyzed
using IBM-SPSS 21.0 (IBM-SPSS Inc., Chicago, IL, USA)
[19]. Descriptive statistics: means, standard deviations,
and percentages were calculated. Test of significances:
chi-square test was used to compare the difference in
distribution of frequencies among different groups. Independent t test analysis was carried out to compare the
means of dichotomous data. Significant variables from
the univariate analysis were entered in multivariable logistic regression model to test the independent predictors of dementia in patients with stroke using odds ratio
(OR), 95% confidence interval (CI), and p value. A significant p value was considered when it is equal or less
than 0.05.

Results
A total number of 432 stroke patients were assessed for
eligibility criteria. Twenty-two of them were excluded
because they did not met the inclusion criteria, while
thirty patients dropped out during the follow up (Fig. 1).
Among the 380 stroke patients included and completed
the current study, 20.8% developed dementia.
The mean PSD patients’ age was 71.6 ± 9.8 years. PSD
was detected in 19.8% and 22% of male and female patients, respectively. Also, it was detected in about onequarter (24.3%) and one-fifth (19.5%) of rural and urban
inhabitant patients, respectively. Furthermore, PSD was
recorded in about three-quarters (76%) and four-fifth
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Fig. 1 Algorithm for enrolment of study participant

(81%) of illiterate and non-working patients, respectively
(Table 1).
Vascular risk factors such as hypertension, diabetes
mellitus, and dyslipidaemias had statistically insignificant
effect on PSD (P > 0.05). On the other hand, AF was reported among 21.5% of PSD versus 2.7% of patients
without PSD with statistically significant difference (P <
0.001). Moreover, PSD was recorded more in patients
with recurrent stroke (Table 2).
Table 3 demonstrated that PSD developed significantly
more in patients with severe initial stroke, and in those
with certain clinical and neuroimaging presentations (≤
0.01). In addition, it developed more significantly in patients with cerebral infarction (P = 0.044), especially in
those with cardio-embolic strokes (P < 0.001). Assessment
of the degree of PSD according to MMSE scores revealed
that 27.8% of cases of PSD were mild, 63.3% were moderate, and only 8.9% had severe dementia (Fig. 2).
After adjusting for age and sex, the final multivariate
model contained eight independent predictors, illiteracy,
AF, brain atrophy, poor prognosis, hemiplegia, sphincteric affection, abnormal gait, and psychotic features at

onset. In other words, illiterate patients and those with
AF were 1.6 and 6.1 times more at risk of having PSD
[AOR = 1.60 and 6.11, P = 0.041 and 0.005, respectively]
(Table 4).
Figure 3 showed the patient’s improvement. According
to clinical evaluation, the majority of patients with PSD
(98.7%) either did not improve or deteriorated compared
to 36.5% of those without dementia (P < 0.001). Likewise, about three-quarters (77.2%) of patients with PSD
had poor/very poor outcome as compared to less than
half (45.5%) of patients without dementia, according to
BI (P < 0.001).

Discussion
Prevalence of PSD has been found to be higher than previously expected, its course is non-linear, being higher in
the first 6 months after stroke, and it is reported to be
between 6 and 32%. This wide range may be due to
methodological differences [20]. In our hospital-based
study, the frequency of PSD was 20.8%, which was comparable to previous studies; (19.3%) in America, (23.2%)
in Iran, and (24.6%) in Italy [21, 22].

Table 1 Sociodemographic characteristics of the studied stroke cases
Variable

Without PSD (n = 301)

With PSD (n = 79)

P value

Age/years

58.90 ± 11.6

71.63 ± 9.8

< 0.001*

Sex (male/female)

170/131

42/37

= 0.344**

Residence (rural/urban)

78/223

25/54

= 0.234**

Work status (unemployed)

189 (62.8%)

64 (81%)

= 0.002**

Illiterate

132 (43.9%)

60 (75.9%)

< 0.001**

Marital status (unmarried)

63 (20.9%)

31 (39.2%)

= 0.001**

*Independent t test was used to compare the means among groups
**Chi-square analysis was used to compare the frequency among groups
PSD:post stroke dementia

Al Fawal et al. The Egyptian Journal of Neurology, Psychiatry and Neurosurgery

(2021) 57:15

Page 4 of 8

Table 2 Risk factors comparisons among the studied stroke cases
Without PSD (n = 301)

With PSD (n = 79)

P value

Hypertension

170 (56.5%)

50 (63.3%)

= 0.275*

DM

116 (38.5%)

34 (43%)

= 0.446*

AF

8 (2.7%)

17 (21.5%)

< 0.001*

Triglycerides (mg/dl)

181.17 ± 19.9

182.19 ± 16.7

= 0.941**

Cholesterol (mg/dl)

210.80 ± 52.4

215.88 ± 49.4

= 0.423**

Family history of stroke

19 (6.3%)

7 (8.9%)

= 0.282*

Stroke recurrence

1.17 ± 0.02

1.37 ± 0.09

= 0.002**

Variable

*Chi-square analysis was used to compare the frequency among groups
**Independent t-test was used to compare the means among groups
DM diabetes mellitus, AF atrial fibrillation, PSD post stroke dementia

The prevalence of our PSD was significantly higher in
unmarried, non-working, old aged, and illiterate subjects,
likewise other studies that proved non marriage [23, 24],
unemployment [25], advanced age [26, 27], and low education [28–33] were the major determinants of PSD.
The cognitive reserve hypothesis postulated that a higher
level of education is a protective against dementia, where
it increases neuronal plasticity and connectivity [34].
Also, likewise other studies [28, 35, 36], we reported
that the prevalence of PSD was more frequent in rural
than urban inhabitants, but the difference was insignificant (P = 0.234). This could be explained by the

protective role of education, where in our country urban
inhabitants have higher concern with education more
than rural.
Although, most studies [37–39] concluded that the
risk of PSD did not depend on gender and likewise other
studies [40–42], our results detected PSD among female
more than male patients but the difference was insignificant (P = 0.344). This high prevalence may be explained
by hormonal changes, lifestyles, and low level of education among females, and it supported the hypothesis that
gender has an important role in development and
organization of brain function [43].

Table 3 Clinical manifestations among the studied stroke cases
Without PSD (n = 301)

With PSD (n = 79)

P value*

• Hemiplegia

54 (17.9%)

27 (34.2%)

= 0.002*

• Hemiparesis

247 (82.1%)

52 (65.8%)

Variable
Motor deficit

Affected sphincter

57 (18.9%)

49 (62%)

< 0.001*

Gait affection

85 (28.2%)

35 (44.3%)

= 0.006*

Dysarthric speech

79 (26.2%)

30 (38%)

= 0.009*

Psychotic features

6 (2%)

21 (26.6%)

< 0.001*

Early seizures

33 (11%)

14 (17.7%)

= 0.104*

Extrapyramidal signs

13 (4.3%)

10 (12.7%)

= 0.010*

• Ischemic/Haemorrhagic

254/47

73/6

= 0.044*

• Cardio-embolic Stroke

17 (5.6%)

16 (20.3%)

< 0.001*

• Brain atrophy

42 (14%)

46 (58.2%)

< 0.001*

• Bilateral lesions

21 (7%)

17 (21.5%)

< 0.001*

Stroke subtype

CT/or MRI findings

• Small vessel disease

5 (1.7%)

9 (11.4%)

< 0.001*

BI

80.91 ± 12.5

67.72 ± 9.1

= 0.001**

BI (Poor/Very Poor)

133 (44.2%)

61 (77.2%)

< 0.001*

*

Chi-square analysis was used to compare the frequency among groups
**
Independent t-test was used to compare the means among groups
CT computed tomography, BI Barthel Index, PSD post stroke dementia
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Fig. 2 PSD categories according to MMSE

The present study demonstrated that AF is an important predictor of cognitive outcome after stroke. A cohort
study on AF diagnosed after stroke, published by Michal
and colleagues, 2019 [44] showed that AF diagnosed
after stroke increased the incident dementia, and patients on anticoagulant have a lower risk to develop dementia. The high incidence of PSD in patients with AF
may be explained by the high frequency of subclinical
micro infarcts and recurrent stroke, in addition to the
severity of stroke in patients with AF. Furthermore,

patients with AF may have atrial cardiomyopathy, endothelial dysfunction and fibrosis, and atrial hypercoagulability, which may act as a source of embolization [45].
The results of our study like previous studies [46–
48] had shown that diabetes mellitus was associated
with an increased risk of PSD; this may be attributed
to the high prevalence of atherosclerosis and arteriosclerosis in diabetics, impaired cerebral autoregulation, and increased blood viscosity. On the other
hand, the other vascular risk profiles, other than

Table 4 Predictors of dementia among stroke patients: logistic regression model
Variable

Univariate

Multivariate

OR (95% CI)

P value

OR (95% CI)

P value

Age/years

1.087 (1.059–1.115)

< 0.001

1.024 (0.985–1.065)

= 0.233

Sex

1.143 (0.695–1.890)

= 0.589

1.098 (0.587–3.656)

= 0.425

Work status (unemployed)

3.154 (1.51–6.224)

= 0.003

Illiterate

4.043 (2.300–7.106)

< 0.001

1.597 (1.019–5.156)

= 0.041

6.112 (2.002–11.192)

= 0.005

4.751 (2.278–7.910)

< 0.001

Unmarried
AF
Ischemic stroke
Cardio-embolic stroke

2.440 (1.436–4.146)

= 0.001

10.042 (4.149–24.305)

< 0.001

2.011 (1.043–3.957)

= 0.073

4.243 (2.034–8.850)

< 0.001

Number of stroke

1.752 (1.197–2.564)

= 0.004

CT (brain atrophy)

8.596 (4.943–14.949)

< 0.001

CT (bilateral lesions)

3.656 (1.823–7.334)

< 0.001

CT (small vessel disease)

7.611 (2.474–23.417)

< 0.001

BI (poor/very poor)

4.281 (2.414–7.591)

< 0.001

3.924 (1.289–5.114)

= 0.002

Motor deficit (hemiplegic)

2.375 (1.370–4.118)

= 0.002

3.123 (1.152–5.025)

= 0.012

6.992 (4.082–11.967)

< 0.001

2.332 (1.101–4.937)

= 0.027

2.021 (1.214–3.366)

= 0.007

1.724 (1.014–4.687)

= 0.049

Psychotic Features

17.802 (6.885–46.028)

< 0.001

9.231 (3.158–21.348)

= 0.001

PS Extrapyramidal Manifestations

3.211 (1.352–7.627)

= 0.008

Sphincteric affection
Gait affection

OR odd ratio, CI confidence interval, AF atrial fibrillation, CT computed tomography, BI Barthel Index, PS post stroke
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Fig. 3 Outcome comparisons among the studied stroke cases

diabetes, indirectly affect PSD through cerebral infarcts and white matter changes.
In the current study, recurrent or severe stroke, multiinfarcts or small vessel disease in neuroimaging, and
sphincter disturbance were associated with increased
risks of PSD. This may be attributed to intracerebral circuit interruption or functional cortical disconnection, in
addition to the effect of inflammatory mediators of the
vascular insult or the systemic complications. A recent
study by Pendlebury and Rothwell [48] mentioned that
long-term risk of dementia can be reduced by appropriate stroke car.
Although, previous studies [38–40] stated that the risk
of PSD and its severity were not influenced by the type
of stroke (ischemic or haemorrhagic), our study demonstrated PSD more significantly among ischemic than
hemorrhagic stroke patients (P = 0.044). This could be
explained by the fact that cerebral infarction causes
more wide spread massive damage to brain parenchyma
and its occurrence in relatively old age with impaired
vascular supply increases the probability of dementia.
Our results showed that stroke survivors who presented by focal neurological manifestations such as
hemiplegia, dysarthria, affected sphincters, gait disorder,
extrapyramidal signs, or psychotic manifestations had a
significantly higher risk of PSD. This may be attributed
to the site of the lesion, and decreased physical activity.
In the current study, PSD was found to be associated
with psychotic symptoms. The relationship between
psychotic manifestations and PSD is still undefined, as
the relation may be bidirectional, or they may occur independently. Robertson and colleagues [49] stated that
both psychotic symptoms and cognitive deficits were related to the site of the lesion, as they noticed that patient
with psychotic manifestations had left sided lesion, but
in the current study, we cannot confirmed that as we

excluded patients with severe aphasia. Furthermore, another study demonstrated that psychotic symptoms were
prevalent in patients with severe cognitive deficit [50].
More than 90% of our patients had mild and moderate
degrees of PSD which were comparable to those of El
Tallawy and his colleagues in their studies in Al Kharga
and Al-Quseir cities [28, 29]. So that, the majority of our
PSD patients were candidates for treatment, this encourages us for further studies on PSD treatment protocols.
Our results confirmed the postulation of other studies
[9–11], which stated that PSD can contribute to worse
outcome through lack of compliance and less intensive
stroke management, where only about 1% of our patients
with PSD showed clinical improvement. These patients
were highly dependent in instrumental activities of daily
living that required more complex tasks [51] and according to BI, more than three-quarters (77.2%) of them had
poor and very poor outcome as compared to less than
half of patients without dementia (45.5%).
The results of the present study should be interpreted
in the light of the following limitations. First, lack of a
uniform diagnostic criteria, specific assessment tools,
and reliable markers such as a biochemical marker for
identification of PSD. Second, inability to have serial assessments of cognitive function with inability to assess
different cognitive domains.
Multi-centres’ future researches should be given high
priority on the pathophysiology and long-term cognitive
outcomes of stroke patients; this may come up with new
diagnostic neuroimaging techniques and biomarkers for
early recognition of PSD.

Conclusion
This research indicated that PSD is a quite common
problem and may adversely affect outcome of stroke. So,
assessment of cognitive status at an early stage of stroke
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and identifying post-stroke risk factors and predictors of
cognitive impairment are very important. This will assist
in the prevention of further cognitive decline and improve psychological wellbeing through effective
intervention.
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