
Epilepsy-associated neurocognitive disorders (EAND) in an
onchocerciasis-endemic rural community in Cameroon:
A population-based case–control study

Alfred K. Njamnshi a,b,c,⁎, Eric-Samuel Chokote a,b,c, Leonard Ngarka a,b,c, Leonard N. Nfor a,b,c,
Earnest N. Tabah a,c,d, Jonas G. Basseguin Atchou a,b,c, Samuel A. Angwafor b,e,h, Cyrille Nkouonlack b,f,g,
Michel K. Mengnjo a,b,c, Wepnyu Y. Njamnshi b,c,i, Fidèle Dema a,b,d, Godwin Y. Tatah a,b,j,
Anne-Cecile Zoung-KanyiBissek c,k, Jean-Marie Annoni b,i, Nicolas Ruffieux l
a Department of Neurology, Central Hospital Yaoundé, Yaoundé, Cameroon
b Brain Research Africa Initiative (BRAIN), Yaoundé, Cameroon & Geneva, Switzerland
c Faculty of Medicine & Biomedical Sciences, The University of Yaoundé I, Yaoundé, Cameroon
d Ministry of Public Health, Yaoundé, Cameroon
e Department of Neurology, University College London, London, United Kingdom
f Department of Neurology, Regional Hospital Buea, Buea, Cameroon
g Department of Clinical Sciences, Faculty of Health Sciences, University of Buea, Buea, Cameroon
h Faculty of Health Sciences, University of Bamenda, Bamenda, Cameroon
i Department of Neurology and Neuropsychology, University of Fribourg, Fribourg, Switzerland
j Neurology Department, CH Saint-Nazaire, Saint-Nazaire, France.
k Department of Health Operations Research, Ministry of Public Health, Yaoundé, Cameroon
l Department of Special Education, University of Fribourg, Fribourg, Switzerland

a b s t r a c t

Background: Epilepsy affects at least 50 million individuals worldwide, especially in sub-Saharan Africa (sSA).
Cognitive impairment is common in people with epilepsy (PWE) yet, little is known on the burden of cognitive
impairment in people with epilepsy in sSA. This study was thus designed to assess cognitive impairment in PWE
or epilepsy-associated neurocognitive disorders (EAND) in a rural population in Cameroon.
Methods: This was a case–control study including PWE and age/sex-matched healthy controls from July to Sep-
tember 2017 in Bilomo, a village in theMbam and KimDivision. TheMontreal Cognitive Assessment (MoCA), In-
ternational HIV Dementia Scale (IHDS), Dubois' Five Word testing, Frontal Assessment Battery (FAB), Isaac's Set
Test and the Clock drawing test were administered to the study participants to evaluate global and specific cog-
nitive functions.
Results: Eighty participants were included (40 cases and 40 controls) with a mean age of 25.78 years. Using the
MoCA, 87.5% of cases had cognitive impairment, against 37.5% of controls (p < 0.001; OR 11.67; CI 3.40–
45.09). Using the IHDS, the prevalence of global cognitive impairment was 84.6% among the cases against 40%
for the controls (p = <0.001; OR 7.07; CI 2.29–29.19). Specifically, executive function deficits (92.5% of cases
vs 40.0% of controls p=<0.001OR=18.50 CI; 4.48–105.08) and decreased verbalfluency (100% of cases against
45% of controls p < 0.001) were themost affected cognitive domains. Longer duration of epilepsy and higher sei-
zure frequency were associated with global cognitive impairment. Low level of education was associated with
both decreased verbal fluency and executive dysfunction while a longer stay in Bilomo correlated with poor re-
sults on the Isaac's Set Test.
Conclusion: The prevalence of cognitive impairment appears to be much higher in PWE in theMbam valley, partic-
ularly decreased executive function and verbal fluency, than in people without epilepsy. Longer disease duration,
higher seizure frequency, low level of education and length of stay in Bilomo are associated with poorer cognitive
performance. More studies are needed to refine evaluation tools to better characterize and manage EAND in sSA.
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1. Introduction

Epilepsy is one of the most common neurological diseases, affect-
ing more than 50 million individuals worldwide [1,2]. The burden of
epilepsy is particularly important in sub-Saharan Africa (sSA) where
the prevalence is between 2.2 and 58 per 1000 [3]. The values of
prevalence of epilepsy in some parts of Cameroon are among the
highest in the world, ranging from 11.6 to 134 per 1000 [4]. The
causes and risk factors for this high prevalence of epilepsy in this
and other parts of Cameroon are not fully understood but there is
a growing body of evidence suggesting that onchocerciasis may be
[5,6]. Onchocerciasis is a parasitic infection present mainly in
Africa, particularly in regions with fast flowing rivers with constitute
a favorable breeding ground for the nematode Onchocerca volvulus. It
has been known classically to havemainly ocular and dermatological
manifestations; however other systemic involvements have been
described [7] and brain involvement in increasingly being recog-
nized. Two recent population-based prospective studies in the
Mbam and Sanaga valleys in Cameroon have demonstrated a strong
association between onchocerciasis and epilepsy with a dose effect
and temporal relationship [8,9]. In this region, the mortality ratio is
2–3 times higher in people with epilepsy (PWE) compared to the
general population with deaths attributed either to the cause of epi-
lepsy or to the epilepsy itself mostly related to sudden unexplained
death in epilepsy (SUDEP) and status epilepticus [10]. The rapidly
growing body of evidence suggesting that onchocerciasis induces
epilepsy has led to the concept of onchocerciasis-associated epilepsy
(OAE) [5,6]. The exact pathophysiological mechanism of OAE is not
well understood but an auto-immune mechanism [11] and direct or
indirect effect of the microfilaria on the CNS has been proposed [8].

The burden of OAE warrants urgent action to provide care for the
PWE and in many cases, their families who are often stigmatized and
left with little or no access to care [12].

Most of the focus of clinical care in epilepsy is directed at controlling
seizures, neglecting its othermedical, psychological and socio-economic

complications which contribute largely to its morbidity [10].
Neurocognitive disorders are increasingly being recognized as frequent
and disabling complications of epilepsy. The frequency of cognitive
impairment in epilepsy ranges between 20 and 72% [2,3,13]. Various
cognitive domains can be affected including: verbal and visual memory,
orientation, constructional praxis, language, executive functions,
attention and psychomotor speed [3,14]. These defects have multiple
causes, such as structural brain lesions, the seizures (and the secondary
lesions they induce), and antiepileptic drugs [15]. The consequences of
cognitive deficiencies are significant, resulting in poor academic perfor-
mance and school dropouts, unemployment and poor medication
adherence, all of which reduce the quality and life expectancy of
affected individuals [16].

Given the paucity of data on cognitive impairment in people
with epilepsy in sSA and Cameroon in particular, this study was
designed to assess epilepsy-associated neurocognitive disorders in a
rural Cameroonian population.

2. Participants and Methods

2.1. Study site, design and participants

This was a community-based, case–control study which included
people with epilepsy and healthy controls both residing in Bilomo.
Bilomo is a village situated 120 Km north of Yaoundé in the Mbam
and Kim division in the Centre region of Cameroon (See Fig. 1). Its pop-
ulation is made of the Sanaga people, a sub-ethnic group of the Bantous.
In this region, the Sanaga language is the most spoken language and
French is the more commonly used of the two official languages of
Cameroon. The geographical features of this region with savanna vege-
tation in close proximity with the dense and humid equatorial forest,
temperatures varying between 22 and 25 °C and annual rainfall
between 1500 and 2000 mm, have rendered it an endemic focus for
many parasitic diseases such as onchocerciasis. Onchocerciasis is
endemic in this area and the inhabitants of the village who are mostly

Fig. 1.Map showing study site.
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peasant farmers have been receiving ivermectin mass treatment since
1991. Previous studies have reported a particularly high prevalence of
epilepsy in the Mbam valley and in Bilomo in particular [17]. In 2017,
the total population of Bilomo was 1321 with a crude epilepsy preva-
lence of 4.6% [18]. The current study was a follow-up of this epidemio-
logical study.

Participants were recruited between July and September 2017 as a
follow-up of a larger door-to-door study in the area. Cases were persons
presenting with active epilepsy (defined as: at least two unprovoked sei-
zureswithin a year, with at least one in the past five years independent of
epileptic treatment status), aged 8 years and above and residing in Bilomo
for at least 6months. The cut-off of 8 yearswas chosen because of the age
limit imposed by the screening tests used in our study. Controls were age
(+/− 2) and sex-matched healthy and epilepsy-free individuals, living in
the same village for at least six months. Informed consent was obtained
from all adult participants. For participants less than 18 years, assent
was obtained from them and consent from their parents or guardians.
Acutely ill individuals and those unable to give accurate information on
their medical history or undergo cognitive testing were excluded from
the study. All participants who could not understand or speak French
were equally excluded.

2.2. Procedure

After obtaining authorizations from the competent administrative
and health authorities, a door-to-door survey was carried out in the vil-
lage of Bilomo. This survey was done with the help of the village chief,
quarter heads and local community health workers who provided a de-
tailed description of the village and accompanied the research team to
facilitate access to the different households. In each household, the fam-
ily head was interviewed by a physician with experience in neuro-
epidemiological surveys, to identify all people likely to have epilepsy
in the household. All the suspected cases of epilepsy were further eval-
uated by a Neurologist or another physician with epilepsy training. Par-
ticipant data collected included: identification code, the history of
epilepsy and other contributive past medical history and results of the
physical examination especially the neurological assessment. A general
physical examination was also carried out with particular emphasis on
the skin and the musculoskeletal system in search of active lesions of
onchocerciasis and also scars, burns and fractures often seen as conse-
quences of epileptic seizures. All participants with peculiar skin lesions
where reviewed by a dermatologist (ACZK). Neuropsychological evalu-
ation was done by a neurologist trained in neuropsychological testing
(SEC, LN, MKM) with the following cognitive screening tests: the Mon-
treal Cognitive Assessment (MoCA), the International HIV Dementia
Scale (IHDS), the Dubois five-word testing, the Frontal Assessment Bat-
tery (FAB), the Isaac's set test and the clock drawing test.

Control participants were conveniently selected in Bilomo either from
the same household or from neighboring households where PWE were
identified. All potential controls were assessed by a Neurologist to ensure
that none had epilepsy or a history of seizures. Those whomet the inclu-
sion criteria and who signed the informed consent forms were matched
by age and sex with the already enrolled cases. Neuropsychological eval-
uation was same in controls as that done in cases. All interviews were
conducted in French which is widely spoken in region.

In the earlier epidemiological study which preceded this phase, the
SD Bioline Onchocerciasis Ov16 IgG4 rapid diagnostic test (RDT) (Stan-
dard Diagnostics, Gyeonggi-do, South Korea) for anti-Onchocerca anti-
bodies had been carried out in all participants with epilepsy and in
children between 7 and 10 years in order to assess the ongoing oncho-
cerciasis transmission in the village [18].

2.3. Study Instruments

➢ The Montreal Cognitive Assessment (MoCA) is a composite battery
used to evaluate global cognitive impairment. Cognitive domains

assessed are memory, language, orientation, visuospatial functions,
executive functions and attention. It is an 8-Item questionnaire
with a total score of 30. Individuals with less than 12 years of educa-
tion, score an additional point and a score less than 26 is considered
pathologic. This cut-off was determined by comparing the results of
patients with either mild cognitive impairment or mild Alzheimer's
disease (MMSE ≥27) against 90 healthy volunteers recruited in
Canada [19]. It was chosen over the conventional MMSE because of
its proven better sensitivity to detect cognitive defects in epilepsy
patients in Thailand [20]. Several authors have proposed to revise
the cut-off according to the level of education of the population con-
sidered. A recent study which evaluated the accuracy of a Ki-swahili
version of the MoCA in a rural African population proposed an opti-
mal cut-off of 19 to detect Mild cognitive impairment. This was
adopted in our study considering the sociodemographic characteris-
tics of our study sample [21] and this is the cut-off we used in this
study. The MoCA test has equally been validated for use in children
and adolescents between 14 and 21 years old [22].

➢ The International HIV Dementia Scale (IHDS) is a 3-item test used as
a screening instrument for global cognitive dysfunction in the HIV
infected individuals [23]. It focuses on memory, motor and psycho-
motor speed and lasts about 5 min. It is scored on 12 and a result
≤10 defines cognitive impairment. This test was developed after
evaluation of two cohorts of HIV positive individuals in the USA
and in Uganda and was thus proven useful in both industrialized
and developing countries [23]. It was used for this study because of
its ease of administration and effectiveness in measuring cognitive
performance in Cameroon [24].

➢ The Dubois' five-word testing is specific for verbal episodic memory
impairment. It is scored on 10 and a score of less than 9 is considered
pathologic [25]. This cut off was determined after comparing the re-
sults of 86 patientswith Alzheimer's disease against 126 participants
complaining of functional memory disorders in France [25]. It has
been validated mostly for neurodegenerative diseases [26]. Its use
has been suggested in epilepsy patients particularly in temporal
lobe epilepsy [27]. Though initially designed in an industrialized set-
ting, a few studies employed the Dubois' five-word testing in rural
African populations. It was used as a screening test for Alzheimer's
dementia in a large study conducted in three countries of Central
and West Africa (Benin, The Republic of Congo and The Central
African Republic). This study included 2657 individuals, 57% of
whom did not have a formal education. The authors however, main-
tained the cut-off proposed by Dubois et al. [28,29] . A Tunisian re-
search group concluded that the standard cut-off of 9/10 could be
sensitive enough in a population of young Tunisian adults (< 50
years) who had not completed their primary education. In this
study the five words were however translated into Arab [30]. The
Dubois' five-word testing was the only test used in our study
which required the ability to read.

➢ The Frontal Assessment Battery (FAB) assesses executive functions
and attention and is frequently used in clinical practice [31]. It eval-
uates 6 items each scored on three with a total of 18. A score less
than 16 is considered pathologic for a literate participant and less
than 15 for the uneducated. This bedside battery was developed by
comparing 121 subjects with various neurodegenerative diseases
resulting in frontal lobe dysfunction against 42 normal French sub-
jects [31].We adopted a cut-off of 13 in conformity with recommen-
dations from a Brazilian studywhich adjusted the cut-off to the level
of education of normal healthy individuals [32]. Moreover, it has
been shown that the FAB is a short and simple-to-use clinical test
which is sensitive enough to diagnose executive dysfunction in
patients with Temporal Lobe Epilepsy (TLE) [33]. The FAB has been
previously used in rural populations in Africa, particularly in
Madagascarwhere itwas employed to assess executive dysfunctions
in patients who had suffered a stroke [34]. The FAB has also been
used to evaluate executive cognitive function in Brazilian
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adolescents (mean age 14 years) who suffered maltreatment and
were substance abusers. In this case–control study, the participants
equally had a low level of education [35].

➢ Isaac's Set Testwas used to evaluate verbal fluency. It is scored on 40
with a cut off of 30 defining a pathologic condition [36]. It was orig-
inally developed by testing 189 elderly subjects in Glasgow with
some degree ofmental disease requiring assistance in daily living ac-
tivities [37]. Corne et al. in 2012 used the Isaac's Set Test for
presurgical neuropsychological evaluation of patients with TLE
[38]. Itwas also used in the EDAC (Epidemiology of Dementia in Cen-
tral Africa) survey to evaluate verbal fluency in the Central African
Republic and the Republic of Congo [29].

➢ The clock drawing test (CDT) was employed to assess visuospatial
functions. It evaluates the participant's ability to represent a specific
time on a well-drawn clock. The accuracy of the contours, number-
ing and hand placements to indicate 10 min past 11 were graded
on 6 such that a score ≥ 3 was considered abnormal [39]. The test
was developed in theUSA by comparing the results of 46 patients di-
agnosed with clinically probable Alzheimer dementia with those of
26 normal elderly controls [39]. The CDT has been validated as a
screening test for cognitive impairment in epilepsy patients [40].
Its utility has also been shown in rural populations in Portugal [41].
The clock drawing test has been shown to be sensitive enough to di-
agnose cognitive impairment in children and adolescents between 8
and 14 years old with Attention Deficit Hyperactivity Disorder
(ADHD) compared to healthy controls, in a study in Iran [42].

2.4. Seizure and epilepsy classification

Seizures were described as either focal onset, generalized onset, focal
onset evolving to bilateral tonic clonic seizures or unclassified seizures
according to the 2017 classification of the ILAE [43]. To these categories
was added nodding seizures, a specific seizure type described in oncho-
cerciasis associated epilepsy [44]. However, the 1989 classification of
epilepsy (etiologies) [45] was preferred considering the absence of
genetic and imaging studies indispensable in the 2017 ILAE classification.
Symptomatic epilepsy was considered in participants who had a history
of perinatal, infectious or traumatic lesions prior to the onset of the first
seizure. Those who had focal seizures and in whom no obvious cause
could be found were labeled as cryptogenic epilepsy. When the seizures

where described as generalized and no obvious cognitive impairment
found, the participant was categorized as idiopathic epilepsy and those
who could not fit in any of these where labeled unknown. Considering
the high prevalence of onchocerciasis in this region, onchocerciasis-
associated epilepsy (OAE) was included in the etiological classification
following the criteria proposed by Colebunders et al. [46]. These include:

1) Person living for at least 3 years in an O. volvulus-endemic region;
2) High prevalence of epilepsy in the village and families having more

than one child with epilepsy;
3) History of at least two unprovoked epileptic seizures 24 h apart;
4) No other obvious cause for the epilepsy (mainly established by good

history taking to exclude common causes such as perinatal, infectious
or traumatic);

5) Onset of epilepsy between the ages of 3 and 18 years;
6) Normal psycho-motor development before the onset of epilepsy.
2.5. Data analysis

Data was analyzed using SPSS version 20.0. Pearson's Chi squared
test was used for comparisons between categorical data. Means of con-
tinuous variables were compared between groups with the aid of the
one-way multiple analyses of variance (1-ANOVA).

Bivariate and multivariate analyses (logistic regression) were per-
formed to determine which factors which were associated with global
and specific cognitive dysfunctions. Factors tested included: age, gen-
der, education level, length of stay in the village, frequency of seizures,
duration of epilepsy, use of antiepileptic drugs and adherence to
epilepsy treatment. All statistics tests were two-sided and considered
statistically significant at p < 0.05.

3. Results

3.1. Socio-demographic data and characteristics of epilepsy in the study
sample

Out of a total population of 1321 inhabitants, 1271 individuals were
screened for epilepsy during the door-to-door survey. Of the 60 suspected
cases of epilepsy, 57 were found to have epilepsy. The details of this
survey are reported elsewhere [6, 16, 35]. Forty-four of the fifty-seven
eligible PWE were enrolled in the study together with corresponding 44
controls. Four cases and four controls had incomplete data and were

Table 1
General characteristics of the study population.

Variable Category PWE Controls P-value

N % N %

Total Total 40 100.0% 40 100.0%
Mean age Year± SD 25.90 ± 8.35 25.65 ± 9.28 0.9
Mean length of stay in Bilomo Year± SD 23.63 ± 10.32 18.40 ± 11.95 0.04
Occupation Civil Servant 0 0.0% 1 2.5%

Formal Private 0 0.0% 1 2.5%
Informal Private 1 2.5% 2 5.0%
Agriculture 29 72.5% 21 52.5% 0.065
Unemployed 6 15.0% 2 5.0%
Student/Pupil 4 10.0% 13 32.5%

Tribe Mbamois 38 95.0% 36 90.0% 0.708
Bamileke 0 0.0% 1 2.5%
Foulani 1 2.5% 2 5.0%
Others 1 2.5% 1 2.5%

Level of education None 2 5.0% 0 0.0%
Primary 36 90.0% 21 52.5%
Secondary 2 5.0% 19 47.5% <0.001

Gender Female 26 65.0% 26 65.0% 1.000
Male 14 35.0% 14 35.0%

Marital_Status Single 28 70.0% 24 60.0%
Married 7 17.5% 14 35.0% 0.0218
Widowed
Divorced

1
4

2.5%
10.0%

1
1

2.5%
2.5%
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excluded from analysis. The total of study sample population was there-
fore 80: 40 cases (PWE+) and 40 age and sex-matched controls (PWE-).

The general characteristics of the sample population are summa-
rized in Table 1. The mean age in the total sample was 25.78 ± 8.77
years with close to 20% of the study sample aged less than 18. There
was a female predominance in the study sample with 52 (65%) females
against 28 males (35%) with a female/male sex ratio of 1.9. Seventy-
eight (97.5%) participants had been to school, but fewer cases made it
to secondary school (5.0% of PWE+ against 47.5% of controls; p <
0.001). The mean length of stay in the village was higher for the cases
than the controls. (See Table 1.)

The mean age at the first seizure was 12.15 ± 4.14. The most fre-
quent type of seizureswas generalized (mostly generalized tonic–clonic
and absence seizures), representing 82.5% of seizure types (See Table 2).
Head noddingwas reported in 2 participants (5%). More than half of the
cases had at least one seizure a week while 46% had had a seizure a few
days prior to the interview. About two-thirds of PWE were on antiepi-
leptic treatment, mostly carbamazepine (55.5%) and phenobarbital
(48.1%). About one quarter of PWE admitted non-adherence to the
antiepileptic drug (AED).

The OV16IgG4 antibodies were detected in 32.5% (13/40) of the
case group.

3.2. Neuropsychological assessment

3.2.1. Global cognitive impairment
The neuropsychological performance of the sample population is

presented in Tables 3 to 5.
The Montreal Cognitive Assessment (MoCA) and the International

HIV-associated Dementia Scale (IHDS) were used to evaluate global cog-
nitive function.Mean scoreswere significantly lower in PWEcompared to
the control group. The proportion of participants with pathologic MoCA
scores when considering the standard cut-off (<26) did not differ signif-
icantly between cases and controls. However, with the cut-off at 19, the
difference was statistically significant. (see Tables 3, 4 and 5). The

prevalence of cognitive impairment based on the IHDS was 84.6%
among people with epilepsy and 40.0% in healthy subjects (p =
<0.001; OR 3.37; CI 1.60–7.07).

3.2.2. Results of Neuropsychological tests evaluating specific cognitive
functions

The scores on the Frontal Assessment Battery (FAB) which assessed
executive functions were significantly lower in the PWE than controls.
Verbal fluency scores on the Isaac's Set test were equally much lower
in the PWE group; all participants with epilepsy had a pathologic
score (p< 0.001). Learning andmemory scores (Dubois' five-word test-
ing) were comparable in both the cases and controls.

The mean scores on the clock test were better in the control group;
3.7 ± 1.76 vs 4.67 ± 1.38 for the controls and cases respectively (p =
0.008). However, there was no difference between both groups in the
proportion of participants with pathologic responses.

3.2.3. Neuropsychological parameters for Cases and Controls with Primary
School education level only

In order to adjust for the difference in educational level between
cases and controls, the results of the test scores were compared in a
sub-population of PWE+ and PWE- who attended only primary school
(see Table 6).

The proportion of cases with pathologic scores was significantly
higher for the IHDS, the FAB, and the Isaac's set test. Learning andmem-
ory scores as well as visuospatial functions evaluated by the clock test
where comparable in both sub-groups.

3.2.4. Factors Associated with Cognitive impairment
Following a stepwise backward likelihood binary logistic regression

of each neurocognitive test and inputting all potential variables likely to
have an influence on the test performance, the frequency of seizures
was the only independently associated factor with poor IHDS scores in
PWE (OR 2.252; p = 0.055). Length of stay in the village and level of
education were the two factors associated with decreased verbal flu-
ency on the Isaac's set test (see Table 7). Those who had stayed for
more than15 years in Bilomo had an OR of 1.094 for decreased verbal
fluency. The level of education was equally associated with executive
dysfunction as the odds of having a poor result on the FAB were 8.96
for participants who had attended only primary school.

There was a significant negative correlation on the Spearman's corre-
lation test betweenduration of epilepsy and global cognitive performance
bothwith theMoCA (r=−0.139, p=0.048) and IHDS (r=−0.342p=
0.036).

4. Discussion

Cognitive impairment is a frequently encountered but neglected
problem in epilepsy [2,3,10,13]. To the best of our knowledge, this is the
first study to systematically assess cognitive function of PWE in an
onchocerciasis-endemic area in sub-Saharan Africa. The prevalence of
cognitive impairment in cases (84.6%) and controls (40%) is higher than
most values of prevalence reported in literature. The prevalence of cogni-
tive impairment in the adult population in sSA is estimated at 6.3% [47].
Studies in South EasternNigeria in 2016 [3] and in Taiwan in 2005 [48] re-
ported prevalence values of 19.6% and 36% respectively of cognitive im-
pairment in PWE. Another study of cognitive impairment in sub group
of epilepsy patients living in an onchocerciasis endemic region in Demo-
cratic republic of Congo and specifically presenting nodding seizures re-
vealed a prevalence of 71.9% [49]. In this study however, cognitive
functions were not studied with a standard neuropsychological battery.
Similarly in Germany, it was reported that 72.1% of PWE had executive
dysfunction and memory impairment [13].

Comparison of the prevalence of cognitive impairment in people with
epilepsy between studies must take into account differences in study
design especially cognitive tests used, cognitive functions assessed, and

Table 2
Characteristics of Epilepsy.

Variable Category N %

Total 40 100.0%
Seizure type Generalized 33 82.5%

Focal evolving to bilateral tonic–clonic 3 7.5%
Unclassified 2 5.0%
Nodding Seizures 2 5.0%

Epilepsy etiology Idiopathic 1 2.5%
Symptomatic 0 0%
Cryptogenic 21 52.5%
Unknown 16 40.0%
Nodding Seizures 2 5.0%
OAE 38 95%

Seizure frequency More than once week 9 22.5%
Once a week 12 30.0%
More than once a month 5 12.5%
Once a month 6 15.0%
Once every 3 months 4 10.0%
Once every 6 months 2 5.0%
Once a year 1 2.5%

Duration AED use Less than a year 1 2.5%
1–5 years 7 17.5%
Greater than 5 years 19 47.5%
Not on AED 13 32.5%

AED ⁎ Benzodiazepines, Phenobarbital 1 3.7%
Carbamazepine 15 55.6%
Phenobarbital 11 40.7%

AED Adherence⁎⁎ No 6 25.0%
Yes 18 75.0%

⁎ Only 27 PWE were on AED.
⁎⁎ Information on adherence to AED could be gotten only from 24 of the 27 PWE on anti-
epileptic drugs.
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subgroups of epilepsy patients included. Comparing data across different
settings would therefore require standardization of cognitive evaluation
in epilepsy patients as is the casewith certain neurodegenerative diseases
[50]. The prevalence reported in our studymight be overestimated owing
to the limitations of the tests used. Most of these tests have not been val-
idated and may not be culturally adapted in LMICs especially in a rural
population like ours [51,52]. For example, in the MoCA test, the naming
of rhinoceros picture was not adapted to this population, as this animal
is very unfamiliar to the inhabitants of this rural area. In South Africa,
theMoCAwas compared with the Repeatable Battery for the Assessment
of Neuropsychological status (RBANS) in healthy South Africans showing
that the MocA was fairly reliable but needed modification of certain
domains items [53]. Specifically, it was suggested that in the absence
of a culturally adapted version, lowering the cut-off to 24 reduces false
positives [53]. The Kiswhali version of the MoCA, has been shown to be
linguistically and culturally adapted for evaluation of cognitive function
in a rural Tanzanian population. Even so, the optimal cut-off with the
best sensitivity and specificity was 19 [21]. Such an effort will equally be

necessary in our context. By applying standard cut-off of 26 in our study
sample, there was no difference between cases and controls as up to
82,5% percent of the controls had poor results but the cut-off of 19 was
more sensitive. Further research is however necessary to obtain a cultur-
ally adapted version of the MoCA and determine the best cut-off for
cognitive impairment in our population. We have adapted a neuropsy-
chological test battery and used it to develop norms for Cameroonian
school-aged children in Yaoundé [54]. We have further used these nor-
mative data to evaluate neurocognitive impairment in children with
sickle-cell disease [55]. However, this complete neuropsychological test
battery could not be used in this study in the rural setting because of
long administration time, its complexity and socio-cultural inadaptation.
Developing neuropsychological tests to screen for cognitive impairment
in people with epilepsy requires good understanding of cognitive
domains that are most frequently affected in PWE [56]. In this study,
PWE presented with significantly altered executive functions and verbal
fluency compared to healthy subjects while memory and visuo-spatial
functionswere comparable in both groups. Several authors have reported
executive dysfunction in patients with epilepsy and related to all epilepsy
syndromes of childhood [57]. Executive function is dependent on the
frontal lobe and its diverse connections to other parts of the cerebral
cortex and the brain stem [57]. Thus a lesion in any part of the brain
could result in executive dysfunction thus explaining why executive
dysfunction can occur in all epilepsy syndromes both generalized and
focal. Executive function is particularly important for educational achieve-
ment, employment, social function and a goodquality of life [58]. Thehigh
prevalence of dysexecutive syndrome in our study sample could therefore
contribute the high rate of school dropout observed in the epilepsy group.
There is therefore a great need for special educational procedures in PWE
particularly those with executive dysfunction [57].

Table 3
Comparison of mean scores of neurocognitive tests between PWE and controls.

Neurocognitive test
(Normal cut-off)

Participants N Mean P-value (t-test for equality of means)

MOCA (≥ 19) PWE 40 13.00 ± 5.85 <0.001
Controls 40 20.23 ± 4.94

FAB (≥ 13) PWE 40 6.83 ± 3.88 <0.001
Controls 40 13.05 ± 4.38

Dubois (≥ 9) PWE 40 7.88 ± 2.40 0.163
Controls 40 8.58 ± 2.04

Isaac (≥ 30) PWE 39 14.59 ± 5.67 <0.001
Controls 40 28.60 ± 8.35

CDT (< 3) PWE 39 4.67 ± 1.38 0.008
Controls 40 3.70 ± 1.76

IHDS (≥ 11) PWE 39 7.31 ± 3.05 <0.001
Controls 40 10.18 ± 2.07

Table 4
Comparison of neurocognitive test scores between PWE and Controls.

Neurocognitive test Scores Total PWE Controls P-value

N % n %

Total 80 40 100.0 40 100.0
IHDS < 11 49 33 82.5 16 40.0 <0.001

≥ 11 31 7 17.5 24 60.0
MOCA <20 50 35 87.5 15 37.5 <0.001

≥ 20 30 5 12.5 25 62.5
FAB <13 53 37 92.5 16 40.0 <0.001

≥ 13 27 3 7.5 24 60.0
Dubois < 9 46 25 62.5 21 52.5 0.366

≥ 9 34 15 37.5 19 47.5
Isaac < 30 58 40 100.0 18 45.0 <0.001

≥ 30 22 0 0.0 22 55.0
Clock test < 3 12 3 7.5 9 22.5

≥ 3 68 37 92.5 31 77.5 0.060

Table 5
Odd ratios for cognitive impairment in PWE and Controls.

Neurocognitive test Odds Ratio PWE:Controls 95% CI P-value

Lower Upper

IHDS less than 11 7.07 2.29 23.19 <0.001
MOCA less than 20 11.67 3.40 45.09 <0.001
FAB less than 13 18.50 4.48 105.08 <0.001
Dubois less than 9 1.51 0.56 4.05 0.498
Isaac less than 30 ∞ 10.29 ∞ <0.001
CDT above 3 3.58 0.79 22.01 0.115

Table 6
Neuropsychological parameters for Cases and Controls with Primary School level education
only.

Variable PWE+ PWE- P-value

Number 36 21
Mean MoCA Score 13.86 ± 5.48 19.10 ± 5.54 0.001
Pathologic MoCA score (%) 97.2 90.5 0.271
Mean IHDS score 7.28 ± 2.95 9.43 ± 2.46 0.005
Pathologic IHDS score (%) 86.1 52.4 0.005
Mean FAB score 6.92 ± 3.64 11.24 ± 5.09 0.002
Pathologic FAB score (%) 100 76.2 0.002
Mean learning score 4.28 ± 1.26 4.62 ± 1.12 0.294
Mean Memory score 3.64 ± 1.79 3.43 ± 1.96 0.689
Pathologic Dubois score (%) 66.7 57.1 0.472
Mean clock test 4.89 ± 1.05 4.43 ± 1.50 0.229
Pathologic clock test (%) 97.1 90.5 0.283
Mean Isaac's set test score 14.71 ± 5.13 26.52 ± 7.80 <0.001
Pathologic Isaac's set test (%) 100 61.9 <0.001
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Deficits in verbal fluency have been described in various epileptic
syndromes both generalized and focal [59,60]. Alterations in verbal
fluency are a reflection of malfunctions in many other cognitive do-
mains namely; language skills, semantic memory, executive functions
(association between concepts and retrieval strategies) and psychomo-
tor speed [61]. The relatively low level of education in this sample may
have contributed to the impairment of verbal fluency. This is important
as subjects perform poorer on verbal fluency tests when they are con-
ducted in a language different from their mother tongue [62]. Assessing
the participants in the Sanaga language would have probably yielded
more precise results. This aspect should be taken into account in elabo-
rating culturally adapted tools for neuropsychological evaluation in
contexts such as ours.

Memory impairment is one of the first andmost commonly affected
cognitive domains in PWE [13,63] but this was not demonstrated in this
study. Other tests, based on the same paradigm of Five words of Dubois
testing but with an increased number of words (either 16 or 48) could
ameliorate the sensitivity and better detect memory issues in PWE
[64]. Altered memory is more frequent in temporal lobe epilepsy
where lesions of the hippocampus are frequent [65,66]. In our study
population, there was a predominance of epilepsy with clinically re-
ported generalized seizures. Few respondents reported symptoms com-
patible with temporal lobe epilepsy. However in the absence of EEG and
imaging studies, this is difficult to ascertain. The absence ofmemory im-
pairment might therefore be best explained by methodological issues.
Some of the five words used in our sample, such as “Museum” and
“Limonade” are quite unfamiliar in our population. Malian researchers
proposed an adaptation of this cognitive test by not only translating
the words in a local language but also choosing words among those
commonly employed in the vocabulary of the general population. This
modified version in Bambara proved to bemore sensitive than the clas-
sical version of the Dubois' five-word testing [67].

Mean scores on clock testing and proportions with pathologic
responses, were comparable in both groups. Clock testing is a measure
of a number of cognitive functions: executive function, visuo-spatial abil-
ity and constructional praxia. The last two are more dependent on the
integrity of the occipital and parietal lobes respectively. Visuospatial dys-
functions have been reported in childrenwith occipital lobe epilepsy [68].
Occipital lobe epilepsies represent in certain series 8% of focal epilepsies
according to the ILAE and could therefore explain the lower prevalence
of visuospatial dysfunction compared to other cognitive deficits [69].
Very few respondents during this study reported any visual symptoms
preceding or during the epileptic crises. Parietal lobe epilepsy is also
quite rare representing about 6.3% of localization-related epilepsies in
the same studies [69] However, the non-statistically significant difference
in visuospatial function reported in our study might mainly be due to
inadequacy of the clock test for rural populations with a low level of edu-
cation. To the best of our knowledge, no previous study has used or
validated the clock drawing test in rural African populations. Tanzanian
researchers, in validating a Ki Swahili version of the MoCA, reported a
high non completion rate on the clock drawing sub test in a Tanzanian
rural population, probably due to the low level of education (particularly
incomplete primary education) [21]. Our results support this hypothesis
as more than 90% of participants, both cases and controls who had
attended only primary school, had pathologic clock test scores.

We therefore posit that the cognitive domains affected in our study
may be related to the underlying epilepsy syndrome as suggested by
others [70]. Establishing a better correlation between the epilepsy syn-
dromes and the neuropsychological profile requires EEG studies and oc-
casionally, brain imaging which were not performed in this study for
logistic reasons.

Previous research has established a strong relationship between
level of education and cognitive performance [71]. Considering that
the controls in our sample had a significantly higher level of education
than the cases we analyzed the cognitive performance of two sub-
groups of cases and controls who had attended only primary education.
The results were comparable to those obtained in thewhole study pop-
ulation as a significant proportion of cases performed poorer on the
IHDS, the FAB and the Isaac's set test. Though the mean MoCA scores
were higher in the sub-group of PWE+ with only primary education,
the proportion of pathologic scores did not differ when considering
the controlswith the same level of education, suggesting rather the gen-
eral need for adaptation of neuropsychological tests for this population.
Borland et al. had earlier reported that a lower level of education was
associated with lower scores on the MoCA in a large Swedish
population-based cohort [72]. Nevertheless, this sub-group analysis
strongly suggests that the lower level of education does not account
for the higher level of global cognitive impairment as well as the
dysexecutive syndrome and decreased verbal fluency in PWE compared
to the controls. The duration of epilepsy correlated negatively with
global cognitive performance. In active epilepsy, recurrent seizures
lead to neuronal loss in encephalic regions that play a role in cognition
(hippocampus, the frontal lobe, the thalamus and cerebellum) [73].
This mechanism could explain the relationship between frequency
of seizures and cognitive impairment [74]. In this study PWE who had
at least a seizure a week had an OR of 2.25 for global cognitive impair-
ment. This implies that optimal management of the PWE so that they
get into remission might be an important step towards decreasing the
occurrence of cognitive deficits in this population.

Other factors not directly related to epilepsy equally contributed to
specific cognitive dysfunction in this population. Participants who had
attended only primary education had odds of 6.324 of having a patho-
logic score on the Isaac's set test and 8.96 for executive dysfunction.
Education is considered to create a cognitive and a neurological reserve
by increasing the efficacy of processing networks [75]. A recently pub-
lished systematic review indicated that cognitive reserve and language
processing capacities significantly increased in persons attending
university classes compared with the control group who completed
only the secondary school cycle. However, episodic memory, working
memory and executive function did not differ significantly between
groups [76]. The latter result on executive function contrasted with
our finding of an association between low education cognitive
dysfunction.

The length of stay in Bilomo village influenced the results on the
Isaac's set Test. Those who had stayed there for more than 15 years
had an OR of 1.094 for decreased verbal fluency. Interestingly, PWE
stayed longer in the village compared to the controls. This could suggest
a shared environmental risk factor for both epilepsy and cognitive
impairment. We hypothesize that exposure to onchocerciasis which is
common Bilomo could play a major role. Ninety-five per cent (95%) of
PWE in our sample met the criteria for onchocerciasis associated
epilepsy. We had earlier reported an OV16 seropositivity rate of 46.9%
in children in Bilomo indicating a high rate of ongoing onchocerciasis
transmission [18]. Furthermore, hippocampal atrophy has been demon-
strated in individuals infected with Onchocerca volvulus [77] suggesting
a direct effect of the infection on cognition independent an associated
epilepsy.

Future studies in this populationmay need to ascertain the extent to
which onchocerciasis may affect the burden of cognitive impairment in
people with onchocerciasis-associated epilepsy compared with people
with epilepsy from other causes. Other factors may equally contribute

Table 7
Factors independently associated with neurocognitive impairment.

Score Independently associated factor OR 95%CI P-value

Lower Upper

IHDS Seizure Frequency 2.252 0.983 5.156 0.055
Isaac Low level of education 6.324 1.343 29.779 0.020

Length of stay >15 years in Bilomo 1.094 1.019 1.173 0.013
FAB Low level of education 8.96 2.14 37.522 0.003
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to the high prevalence of neurocognitive impairment in our study
population such as sleep disorders and psychiatric comorbidities partic-
ularly anxiety and depression all of which are habitual in epilepsy. This
could be another path for further research [78–80].

This study has somemajor limitations.Most of the tests used to screen
for cognitive impairment have not been cross-culturally adapted and
validated for use in rural populations such as ours. This is particularly
true for theMoCA, the Dubois' five-word testing and the clock test. Verbal
fluencywas assessed in Frenchwhich is not themother tongue ofmost of
the participants. Consequently, differences in interpretation and signifi-
cance of certain concepts may have resulted in an overestimation of
cognitive dysfunction in this population. This is indicated by the high
prevalence rates of cognitive impairment in the control population.
Furthermore, most of the tests used in this study were screening tests
and other cognitive functions such as psychomotor speed were not
assessed. In the future, a more complete neuropsychological assessment
battery may be necessary to adequately ascertain the burden of cognitive
impairment in this population. This approach could be complemented by
EEG, imaging studies and biological assays to diagnose onchocerciasis.
This could yield interesting new data on the correlation between certain
epilepsy syndromes and cognitive impairment in this population where
most of the epilepsy appears to be attributable to onchocerciasis. Devel-
oping adapted tools to a rural population will be a next important step
to have a more precise view of the magnitude of cognitive impairment
in people living with epilepsy. These tests might need to be translated
in local languages and include concepts (both verbal and non-verbal)
more familiar to rural populations. Large cohort studies will equally be
important to quantify the role of onchocerciasis in the genesis of cognitive
impairment in patients with OAE.

5. Conclusion

This study suggests that the prevalence of cognitive impairmentmight
bemuch higher in PWE compared to the general population in theMbam
division particularly executive dysfunction and decreased verbal fluency.
Longer disease duration and higher seizure frequency are associatedwith
poorer cognitive performance. Our data suggest an environmental factor
equally responsible for cognitive impairment possibly onchocerciasis in-
fection. However the prevalence rates of cognitive impairment might be
over-estimated in our sample hence the need for culturally adapted and
appropriate tools for screening cognitive impairment in rural populations
with epilepsy. Further research is necessary to establish the specific roles
of epilepsy and onchocerciasis in the genesis of cognitive impairment in
this population.
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