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Abstract
Introduction: Cognitive disorders frequency arising after a cardio-cerebral vascular disease
(stroke) is currently on the rise due to the ageing population and the increase in the number of
survivors after stroke occurrence. Objective: Determining post-stroke cognitive decline and identifying associated factors. Method: It consists in a cross-sectional, prospective, descriptive and
analytical study which was conducted from April 1 to August 31, 2013 in the Neurology Department of CNHU-HKM in Cotonou. The study involved 100 patients who have known stroke for at
least the past 6 months and were all admitted and discharged later on. The disease survivors were
re-contacted and examined again at home or at hospital. The cognitive decline (CD) was estimated
by using a modified and adapted MMSE to suit our cultural era. Results: All patients were aged
58.9 years ± 13.6 years. Sex-ratio was 1.4. Cognitive decline frequency was 20%. Post-stroke cognitive decline frequency per sex was 11.6% and 8.4% respectively for females and males. Ischemia
stroke patients had a higher cognitive decline (22.5%). 58.3% had severe CD. Moreover the CD
frequency increased with time, from 16.7% in a year to 50% in 3 years. Total MMSE varied from 6
to 23 with 21 as median. From the unvaried analysis, the presence of sphincter disorders (1.26
[0.35 - 4.59], p = 0.004), consciousness disorders (15.67 [1.46 - 168], p = 0.04), and convulsion
disorders (3.77 [1.01 - 14.00], p = 0.003) was associated with cognitive decline. From multi-varied analysis, the sole presence of convulsive attacks (11.5 [1.79 - 73.58], p = 0.01) was individually associated with post-stroke cognitive decline. Conclusion: This study reveals the importance of CD after stroke. The occurrence of convulsions at stroke acute stage is a prognostic factor
of CD medium or long-term occurrence. The overall coverage improvement depends on the integration of these data in stroke reach-out programs.
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1. Introduction
According to the World Health Organization, stroke is a sudden neurological deficit of vascular origin. It is a serious pathology with a serious impact on the functional and vital prognosis [1]. Throughout the world, stroke
represents the second cause of dementia behind Alzheimer’s disease [2]. With a frequency of 44.4%, stroke
constitutes in Benin the most frequent malady subject of hospitalization in the Neurology Department of
CNHU-HKM in Cotonou [3]. It has a serious impact on patients’ social life, considering post-stroke days full of
sufferings in the form of physical, emotional and cognitive symptoms which are really distressing [4]. The relationship between initial deficiencies and subsequent recovery is greatly variable, and this makes it difficult to
conduct exact prognosis for each patient [5]. Several studies were initiated and conducted on stroke in Benin
hospitals. In view of knowing the disease better in order to provide patients with effective coverage following
their discharge from hospital, this study was initiated and its main objective is determining the prevalence of
post-stroke cognitive decline and identifying associated factors.

2. Method
It consists in a cross sectional, prospective, descriptive and analytical study which was conducted from April 1,
2013 to August 31, 2013 in Hubert Koutoukou Maga teaching hospital of Cotonou Bénin. Benin is a French
Speaking country in West African (Figure 1) sharing border with Nigeria on the east. It boasts of 9 million inhabitants and an area of 112.622 km2. The population subjected to study consisted of patients suffering from
stroke at least for the past 6 months. The sample size was calculated using Daniel Schwartz formulae n = Zα2
pq/i2 = 96 with p = 48.3% (stroke prevalence in the neurology department at CNHU-HKM [6], α = 5% and I =
10%). But the total number of subjects enrolled in the study period was 100. During the study period, we performed a systematic enrollment of all patients who met the inclusion criteria and consented to participate in the
study, up to the number expected.

2.1. Inclusion Criteria
-

Having suffered from stroke and been treated in the Department of Neurology;
Having been suffering from stroke for at least 6 months;
Having provided one’s contacts in the medical record during hospitalization.

2.2. Non-Inclusion Criteria
-

Any patient with a meningeal hemorrhage, cerebral venous thrombosis or a neurological deficit associated
with head injury or brain tumor or other cause;
Exception of brain scan.

2.3. Exclusion Criteria
Presence of aphasia during the study.

2.4. Collection Modalities
From the register-book and database made available by the data service, all patients having suffered from stroke
and meeting the inclusion criteria were identified up to the sample size. Only those who survived stroke and
were discharged after hospitalization were contacted via telephone. Those who were still alive were re-examined
either at hospital or in their home on appointment basis. A clinical examination of the patient was then carried
out together with a set of questionnaires. The data were supplemented by the analysis of patient medical records.
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Figure 1. Position of Bénin in Africa.

2.5. The Variables Studied Were
Dependent variable: the cognitive decline which was estimated using Mini Mental State Examination (MMSE)
modified and adapted to our cultural era. MMSE equal or below 24 was considered as cognitive decline.
- MMSE between 24/30 and 20/30 was considered as “moderate cognitive decline”.
- MMSE below 19/30 was considered as “severe cognitive decline”.
Independent variables:
- The socio-demographic data (age, gender, ethnicity, occupation, place of residence, marital status, laterality,
education level, monthly income).
- Past record (hypertension, diabetes, hyperlipidemia, hormonal contraception, coronary past record, stroke,
peripheral arterial disease of the lower limbs, vascular surgery, heart disease, dementia, and migraine).
- The patient’s lifestyle (alcohol, tobacco, inactivity, others).
- Data available when stroke occurred: date of stroke occurrence, stroke type, stroke topography, hemi-corpus
in deficit, hypertension, deficit type, aphasia, consciousness disorder, seizures, sphincter disorders, metabolic
disorders, time-limit between stroke occurrence and the day the survey was conducted, the use of traditional
medicine after hospitalization, duration of hospitalization, recurrence after hospitalization, physiotherapy and
any other rehabilitation act (motor, speech therapy, occupational therapy).
- Current clinical data: blood pressure, BMI, mobility.

2.6. Data Processing and Analysis
Data processing was conducted through EPI-DATA. Audit and data analysis were done using statistics software
STATA/IC 11.0. A descriptive analysis was completed with regard to the variables which were studied. So, as
far as qualitative variables were concerned, frequencies and proportions were determined. Either chi2 or
FISHER test was used if only expected values are lower than 5. For quantitative values, averages together with
their typical gaps, medians, minima and maxima have all been described. STUDENT test was utilized for comparisons. The study of associated factors was conducted using logistical regression model in unvaried and multivaried analyses. The multi-varied analysis was carried out by inserting into the model all variables, of which p
value in unvaried analysis is less or equal to 20% because of the exploratory nature of the study. The break-even
point in terms of significance was 5% and confidence gap rated at 95%.
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2.7. Ethical Considerations

Each patient or his/her next of kin submitted a written letter of consent upon explanation of the study objective
and modalities.

3. Results
3.1. Socio-Demographic Characteristics of the Population
All in all 100 patients were enrolled. Their age varied between 18 to 86 years with an average of 58.9 years ±
13.6 years. There were 58% of males against 42% of females meaning a sex-ratio (M/F) of 1.4.

3.2. Cognitive Decline Frequency
MMSE was conducted on sixty patients (aphasia patients were excluded); 12 had a cognitive decline, meaning
20% frequency. The cognitive decline was more recurrent with stroke patients aged over 70 years (23.5%) than
other age categories (p = 0.03) as indicated in Figure 2. Post-stroke females cognitive decline frequency was
11.6% while it was 8.4% with males. 22.5% of ischemia stroke patients presented cognitive disorders as shown
in Table 1. 58.3% of patients presented a severe cognitive decline after stroke (Figure 3). Post-stroke cognitive
decline frequency increased with time, from 16.7% in a year to 50% in 3 years as indicated in Figure 4.

3.3. Characteristic of the MMSE
The total MMSE ranged from 6 to 23 with a median of 21. Table 2 shows the classification of different MMSE
items with regard to subjects with cognitive decline. 50% of patients who had an ischemic stroke had a temporal
disorientation against 25% for hemorrhagic stroke subjects. Table 3 summarizes the classification of various
cognitive impairment related to the MMSE observed in both ischemia stroke patients and hemorrhagic stroke.

3.4. Factors Associated with Post-Stroke Cognitive Decline
During the unvaried analysis, among the elements included in the socio-demographic data, only sex (IC95% = 2.8
[1.77 to 3.22], p = 0.041) was found as associated with the cognitive decline after stroke, as shown in Table 4.
However, no past record is significantly associated with cognitive decline (Table 5). Clinically, the presence of
sphincter disorder (IC95% = 1.26 [0.35 to 4.59], p = 0.004), consciousness disorder (IC95% = 15.67 [1.46 - 168], p
= 0.04), and convulsion (IC95% = 3.77 [1.01 to 14.00], p = 0.003) at stroke occurrence, is associated with cognitive decline. Table 6 summarizes the data.

3.5. Cognitive Decline Prognosis
After multi-varied analysis and logistic regression, only the presence of convulsions (IC95% = 11.5 [1.79 to
73.58], p = 0.01) is individually associated with post-stroke cognitive decline, at stroke occurrence as shown in
Table 7.

4. Discussion
It is a cross-sectional and prospective study with descriptive and analytical aims. The method adopted met the
requirements of the type of study conducted. The calculated sample size was 96 and 100 stroke patients were finally enrolled. But the limitation of this study is the small number of subjects with cognitive impairment.
The prevalence of post-stroke cognitive decline observed in our study is 20%. This frequency is close to the
23% found by Garcia et al. in 2013 [7]. However, higher frequencies have been observed by several authors.
Thus, Odjagbemi et al., in a study of post-stroke cognitive impairment conducted in Nigeria in 2013, observed a
frequency of 27.9% [8]. At Dijon, in France, in 2012, Jacquin et al. [9], on his side reported a frequency of
post-stroke cognitive disorders estimated at 45.5%. This difference is due to the fact that, these two studies considered as post-stroke cognitive impairment an MMSE lower or equal to 26/30 whilst in ours, the presence of
cognitive impairment was defined by an MMSE modified and adapted to our cultural area which is lower or
equal to 24/30. All these results show that cognitive decline is quite common in the medium and long term with
patients who suffered from stroke.
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Figure 2. Classification of cognitive decline per age, Cotonou 2013.
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Figure 3. Classification of cognitive decline severity, Cotonou 2013.
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Figure 4. Cognitive decline frequency per time spent after stroke, Cotonou 2013.
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Table 1. Cognitive decline per stroke type, Cotonou 2013.
Cognitive condition

Ischemic stroke n (%)

Hemorrhagic stroke n (%)

total

No decline

31 (77.5)

17 (85.0)

48

Cognitive decline

9 (22.5)

3 (15.0)

12

Total

40

20

60

p = 0.115.

Table 2. Characteristics of MMSE score, Cotonou 2013.
MMSE items

Median score [Mini - Max]

Time concept
Space concept
Training
Reflection and calculation
Memory capacity
Language
Constructional apraxia

3 [0 - 5]
4 [0 - 5]
2 [2 - 3]
0 [0 - 2]
0 [0 - 1]
6 [2 - 8]
1 [0 - 1]

Table 3. Cognitive disorders frequency with mad subjects, Cotonou 2013.
Various disorders
Concept
• Time
• Space
Training
Reflection and calculation
Memory capacity
Language
Constructional apraxia

Ischemic stroke n (%)

Hemorrhagic stroke n (%)

6 (50%)
3 (25%)
6 (50%)
6 (50%)
7 (58.3%)
3 (25%)
3 (25%)

3 (25%)
2 (16.7%)
2 (16.7%)
3 (25%)
3 (25%)
1 (8.3%)
1 (8.3%)

Table 4. Socio-demographic factors associated with cognitive decline, Cotonou 2013.
Socio-demographic variables
Age (years)
<50
[50 - 60]
[60 - 70]
>70
Gender
Male
Female
Marital status
Single
Marital life
Life style
Alcohol
Tobacco
Sedentary living
Others
Profession
Civil servant
Private sector employee
Craftsman
Housewife
Pensioner

Total

Cognitive decline n (%)

RC [IC95%]

17
22
11
10

4 (23.5)
4 (18.2)
2 (18.2)
2 (20.0)

1
0.72 [0.15 - 3.43]
0.72 [0.11 - 4.82]
0.81 [0.12 - 5.50]

37
23

5 (13.5)
7 (30.4)

1
2.8 [1.77 - 3.22]

19
41

5 (26.3)
7 (17.1)

1
0.58 [0.15 - 2.13]

31
3
18
2

5 (16.1)
1 (33.3)
5 (27.8)
1 (50.0)

1
2.6 [0.20 - 34.4]
2 [0.49 - 8.17]
5.2 [0.28 - 97.61]

19
8
9
15
8

2 (10.5)
1 (12.5)
3 (33.3)
5 (33.3)
1 (12.5)

1
1.21 [0.94 - 15.65]
4.25 [0.57 - 31.65]
4.25 [0.69 - 26.13]
1.21 [0.94 - 15.65]

Value p
0.99

0.041*

0.405

0.553

0.375

*

Significant result.
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Table 5. Past medical records associated with cognitive decline, Cotonou 2013.
Past records

Total

Cognitive decline n (%)

RC [IC95%]

High Blood Pressure
No hypertension
Hypertension
Diabetes

10
50

2 (20.0)
10 (20.0)

1
1 [0.16 - 6.45]

No diabetes

55

11 (20.0)

1

Diabetes

5

1 (20.0)

2.14 [0.10 - 4.86]

Value p
0.507

0.634

0.686

Cardiopathy
No cardiopathy

55

11 (20.0)

1

Cardiopathy

5

1 (20.0)

1 [0.10 - 9.86]

Table 6. Clinical factors associated with cognitive decline, Cotonou 2013.
Factors

Total

Motor deficit n (%)

RC [IC95%]

Right

37

7 (18.9)

1

Left

22

5 (22.7)

1.26 [0.35 - 4.59]

Value p
0.725

Handicapped side

0.004*

Sphincter disorders
No

56

9 (16.1)

1

Yes

4

3 (75.0)

15.67 [1.46 - 168]
0.040*

Consciousness disorders
No

40

5 (12.5)

1

Yes

20

7 (35.0)

3.77 [1.01 - 14.00]
0.003*

Convulsion
No

54

8 (14.8)

1

Yes

6

4 (66.7)

11.5 [1.80 - 73.57]
0.744

Metabolic disorders
No

49

9 (18.4)

1

Yes

4

1 (25.0)

1.48 [0.14 - 15.94]

*

Significant result.

Table 7. Post-stroke cognitive decline prognosis, Cotonou 2013.
Variables

Total

Decline n (%)

Gross RC

Adjusted RC

No

54

8 (14.8)

1

1

Yes

6

4 (66.7)

11.5 [1.80 - 73.57]

11.5 [1.79 - 73.58]

Value p

Convulsion
0.010*

*

Significant result.

We noted an increase in the frequency of cognitive decline with age. Indeed, 20% of patients below 50 years
had risk factor cognitive decline but beyond 70 years, the frequency reached 23.5%. The greatest known cognitive decline risk factor and dementia is age. Most people with the disease are 65 years or above. Individuals aged
30 to 40 years may experience early onset of Alzheimer’s disease if there is a family past medical record related
to the condition. The probability of developing Alzheimer’s disease every five years after 65 years old is
doubled. After 85 years old, the risk reaches nearly 50% [10]. Debette, in his review of the literature on “Vascular Risk Factors and cognitive disorders” in 2013 [11], states that the prevalence of cognitive impairment increases as we get older. Age could double the risk of developing cognitive impairment (HR = 1.9 [IC95% = 1.3 2.8]). When one gets older, there is a process of resistance decline and the effectiveness of the body in addition
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to slowdown in physiological function. This condition leads to cerebral degenerative lesions leading to cognitive
impairment [12]-[14].
The classification of cognitive decline per gender shows a female predominance with 11.6% against 8.4% for
male. Most studies have confirmed an increase in the incidence and prevalence of dementia in women females
[4] [15]. Indeed, in our studied population, in Benin, the level of education of males, in most cases, is higher
than that of female. Thus, the majority of females included in the study were housewives or retailers. Knowing
that the level of education has an influence on the MMSE, one could understand this female predominance.
The frequency of the post ischemia stroke cognitive decline (22.5%) is higher than the post hemorrhagic
stroke cognitive decline (15.0%). Ischemia stroke is then a lot more involved in the occurrence of long-term
cognitive decline than hemorrhagic stroke. Hénon et al. [5], in Lille in France made the same observation in
2001 with 23% of cognitive decline per ischemia stroke against 10% per hemorrhagic stroke. The occurrence of
post-stroke dementia is also more common in patients with silent cerebral infarctions [2]. Silent cerebral infarctions are associated with mild cognitive impairment [16]. Cordonnier et al., in their review of literature on “subclinical strokes and dementia” in 2011, showed that the mechanism by which silent cerebral infarcts and cognitive decline are linked is not fully elucidated. An amplification effect of vascular and possibly degenerative lesions, resulting in a lesion load that is enough to cause cognitive decline is discussed [17]. It is also possible that
these lesions promote the development of amyloid plaques and neurofibrillary degeneration [18]. Clinic-pathological studies have shown that the probability to have dementia is higher with regard to subjects with lacunar
infarctions and this requires less amyloid plaques and neurofibrillary degeneration for an equivalent level of
cognitive decline [19]. Beside the lesion volume, infarction location also plays a role in the occurrence of cognitive impairment: thalamic locations, especially in frontal and dorso-median nucleus, are followed by short-term
encoding and memory disorders, and promote the development of cognitive decline [17]. After multi-varied statistical analysis and logistic regression, the long-term cognitive decline prognosis found in this study is the occurrence of convulsions during stroke incident. To our knowledge, this association has not been described in the
literature. However, a number of hypotheses can be put up to explain such association. Indeed, at the acute stage
of infarction, the secondary hypoxia tissue dipping in terms of cerebral blood flow, the release of excitotoxic
amino acids such as glutamate and the intracellular accumulation of calcium and sodium resulting in neuronal
depolarization might be the cause of attacks [20]-[22]. Repetitive neuronal release may occur within networks of
surviving neurons exposed to glutamate. A decrease in the efficiency of GABAergic inhibition resulting in a
cortical excitability through NMDA receivers can also be mentioned. The ischemic penumbra zone could also
play a role in the onset of attacks. The low frequency of early attacks suggests that factors other than ischemia
play a triggering role: local factors (reperfusion lesions through early repermeabilization) or general factors
(hyperglycemia, detoxification, electrolyte disorders, acid-base, pneumonia secondary to hypoxia…). The respective role of mass effect, associated ischemia, and hemoglobin degradation products is discussed in the genesis of hemorrhagic stroke secondary attacks [23]. Strokes provoke convulsions. These convulsive attacks, in turn,
lead to milder brain damage that eventually could be the cause of cognitive decline.

5. Conclusion
This study reveals the importance of CD after stroke. The occurrence of convulsions at stroke acute stage is a
prognostic factor of CD medium or long-term occurrence. The overall coverage improvement depends on the
integration of these data in stroke reach-out programs.
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Abbreviation List
CHU: Centre Hospitalo-Universitaire
CD: Cognitive Decline
MMSE: Mini Mental State Examination
CNHU-HKM: Centre National Hospitalier et Universitaire Hubert Koutoukou Maga
GABA: Gamma-Aminobutyrique Acid
NMDA: N-Methyl-D-Aspartate
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