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A B S T R A C T   

Purpose: To document epilepsy-related mortality in sub-Saharan Africa (SSA) and investigate possible associa-
tions with onchocerciasis endemicity. 
Methods: Systematic review with meta-analysis. Searches were performed in PubMed and Google Scholar (search 
terms: ‘epilepsy’; ‘mortality/death’; ‘sub-Saharan Africa’). Included studies were classified as high-risk or low- 
risk for onchocerciasis based on documented endemicity data. Pooled mortality rates and annual case fatality 
rates (CFR) were calculated, and risk factors for mortality among persons with epilepsy (PWE) were investigated 
using meta-regression analysis. 
Results: The 28 eligible studies reported 30 epilepsy surveys, of which 9 (30.0%) were conducted in onchocer-
ciasis high-risk sites. The pooled epilepsy mortality rate was 20.9 (95% CI: 5.9–74.4) per 100,000 person-years, 
and the pooled CFR was 36.2 (95% CI: 23.9–54.4) per 1,000 PWE per year, albeit with substantial between-study 
heterogeneity. Compared to onchocerciasis low-risk sites, high-risk sites had higher pooled mortality (342.9 
versus 10.0 per 100,000 PY; p<0.001) and CFR (57.0 versus 26.6 per 1,000 PWE per year; p = 0.001). Mortality 
of PWE was almost five-fold that of people without epilepsy (mortality risk ratio: 4.9; 95% CI: 3.5–6.8). Studies in 
onchocerciasis high-risk sites and the study which recruited only PWE with nodding syndrome were associated 
with higher CFR (p = 0.044 and p = 0.002, respectively). The leading causes of epilepsy-related death were status 
epilepticus (58.5%), drowning (15.7%), and sudden unexpected death in epilepsy (10.1%). 
Conclusion: Epilepsy mortality remains high in SSA. Most reported causes of death among PWE might be averted 
by improving seizure control. Better epilepsy prevention and care are urgently needed, particularly in 
onchocerciasis-endemic settings.   

1. Introduction 

Epilepsy is among the most prevalent neurological diseases globally, 
with a greater burden of disease in low- and middle-income countries 
(LMICs) compared to high-income countries (HICs) [1]. Mortality 
among persons with epilepsy (PWE) is also significantly higher than in 
the general population, with standardised mortality ratios (SMRs) 
reaching 3.0 in HICs and 19.8 in LMICs [1]. Although sub-Saharan Af-
rica (SSA) is particularly affected by epilepsy, data on epilepsy mortality 
remain scarce in most SSA countries. Indeed, a previous systematic re-
view on epilepsy in SSA [2] identified only six small cohort studies 
reporting mortality data, which is insufficient to represent the entire 

sub-region. A few well-designed studies have estimated a SMR for epi-
lepsy of 6.5 (95% CI: 5.0–8.3) in Kenya [3] and 2.6 (95% CI: 1.7–3.5) in 
South Africa [4]. However, these studies recruited only persons with 
active convulsive epilepsy, whose mortality may differ from PWE with 
non-convulsive epilepsies [5]. 

This higher epilepsy mortality in SSA results mainly from weak 
healthcare systems and a high prevalence of infections that may induce 
epilepsy [2]. Trained healthcare workers able to treat persons with ep-
ilepsy are scarce, and those who have received adequate training are 
rarely present in rural areas [2]. Moreover, few trained neurologists are 
available to capacitate and supervise non-specialist healthcare workers. 
Consequently, delays in epilepsy diagnosis and treatment are common. 
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Epilepsy in SSA is a very stigmatised condition and is often considered to 
be caused by evil spirits [6]. For this reason, PWE often consult tradi-
tional healers instead of medical facilities [7]. Furthermore, the irreg-
ular availability and elevated cost of anti-seizure medications (ASMs) 
still pose a challenge in several SSA communities [8]. 

It has been documented that onchocerciasis foci harbor a specific 
form of epilepsy, onchocerciasis-associated epilepsy (OAE), charac-
terised by severe seizures, cognitive impairment, and reduced life ex-
pectancy [9]. Given that OAE usually occurs in remote 
onchocerciasis-endemic villages with limited research capacity, its 
epidemiology, clinical features, and outcomes (including mortality) 
remain sparsely reported. To fill this knowledge gap, we conducted a 
systematic review of the published literature on mortality among PWE in 
onchocerciasis-endemic and non-endemic sites in SSA. Pooling together 
the available evidence on epilepsy mortality in Africa could lead to the 
identification of risk factors for fatal outcomes in epilepsy, which can 
then be addressed. 

2. Methods 

We followed the PRISMA 2020 guidelines [10]. 

2.1. Search strategy 

We searched PubMed and Google Scholar for published literature 
(including PhD theses) in French and English indexed until the 31st of 
January 2023. Key search terms included ‘epilepsy’, ‘mortality’ and 
‘onchocerciasis’ in the titles and abstracts (see Supplementary Appendix 
1 for full search strings). We also conducted manual searches and 
reviewed the reference lists of relevant review articles on this topic to 
identify additional records that were eligible for inclusion. 

2.2. Screening and data extraction 

Inclusion and exclusion criteria: We included community-based and 
hospital-based studies conducted in SSA, which documented deaths 
among populations of PWE. Only original research reporting the number 
of deaths among PWE and with clear denominators of the study popu-
lation(s) were eligible. Reviews, opinion papers, and commentaries were 
excluded. We also excluded studies that focused only on PWE with 
convulsive status epilepticus, as the latter is already a complication of 
epilepsy and not representative of PWE populations. Two authors (JNSF 
and RC) independently performed the screening of articles for inclusion 
in this review. 

Assessment of reports and extraction of data: The risk of bias in selected 
studies was assessed by two authors (JNSF and GVC) using the “study 
participation”, “study attrition”, and “outcome measurement” domains 
of the Quality in Prognosis Studies (QUIPS) tool [11]. Relevant crude 
data were extracted from the eligible epilepsy studies into Microsoft 
Excel spreadsheets. The main outcome variables were the crude number 
of deaths among PWE and the total number of PWE observed. Additional 
variables of interest extracted included: year and country of study, study 
setting (hospital versus community), types of seizures experienced by 
PWE in the study, number of deaths recorded in the general/control 
population (if available), causes of death among PWE, and any major 
epilepsy-related intervention that was implemented during the study. 

Onchocerciasis endemicity was estimated in three ways to group 
included study sites into low- or high-risk. Firstly, we classified study 
sites countries as low- or high-risk for onchocerciasis based on the 
prevalence of persons with one or more nodules (palpable onchocerco-
mata) below or above 20% respectively; this information was obtained 
from the published map generated by a geostatistical analysis of Rapid 
Epidemiological Mapping of Onchocerciasis (REMO) data [12]. All 
studies conducted in countries marked as non-endemic on REMO maps, 
such as Kenya and South Africa, were automatically included in the 
onchocerciasis low-risk group. In addition, the REMO approach 

considered that highly urbanised settings like big towns are not 
conducive for onchocerciasis transmission [12], and we therefore clas-
sified such sites as low-risk zones. Secondly, we resorted to freely 
available data on community-directed treatment with ivermectin (CDTi) 
from the website of the Expanded Special Programme for Neglected 
Tropical Diseases (ESPEN) [13], where we could retrieve information 
about onchocerciasis endemicity for specific sites within the countries 
that harboured onchocerciasis foci. Lastly, onchocerciasis endemicity 
data was also obtained from published literature (either the same epi-
lepsy study included in this systematic review or a different study con-
ducted in the site of interest). 

2.3. Definition of terms 

Annual case fatality rate (CFR) refers to the proportion of PWE who 
died from any cause within a period of one year and is expressed per 
1000 PWE per year. This was calculated by dividing the number of re-
ported PWE deaths by the total number of PWE in a given study (controls 
excluded). For community-based studies entailing many years of follow- 
up of a cohort of PWE, we adjusted the total number of PWE deaths by 
dividing it by the number of years of observation and rounded it to the 
nearest integer before calculating the annual CFR. For retrospective 
hospital-based studies which reported the proportion of PWE with fatal 
outcomes based on hospital registries, we did not divide by the number 
of years since the denominator (number of PWE consulted or admitted in 
the hospital) also increased during the observation period. 

Mortality rate refers to the number of PWE who died from any cause 
within a specified observation period, divided by the total person-years 
observed in the entire population (consisting of both PWE and people 
without epilepsy). It is expressed per 100,000 person-years (PY). 

The mortality risk ratio expresses how manifold PWE are more likely 
to die compared to their peers without epilepsy. It is obtained by 
dividing the proportion of deaths in a PWE population by the proportion 
of deaths in the control population. 

Epilepsy-related deaths refers to deaths among PWE for whom the 
circumstances of demise were clearly documented as one of the 
following: status epilepticus, after a seizure, sudden unexpected death in 
epilepsy (SUDEP), drowning, burns, or traumatic injury [14]. 

Nodding syndrome is an epileptic disorder reported only in 
onchocerciasis-endemic areas and characterised by repetitive head- 
nodding fits with altered state of consciousness, stunting, and cogni-
tive impairment. It is considered a typical phenotype of OAE [15]. 

2.4. Data analysis 

Extracted data on epilepsy mortality were transferred to the software 
R version 4.2.2 for analysis. Mortality rates and CFRs were considered as 
proportions and pooled using the ‘metaprop’ function in the R-package 
‘meta’, which implements the inverse variance method with logit 
transformation and uses the restricted maximum likelihood estimator to 
calculate the heterogeneity during pooling. We used random-effects 
models to calculate pooled estimates of epilepsy mortality rates and 
case fatality rates; the Knapp-Hartung adjustment was used to calculate 
95% confidence intervals [16]. Where data were available, we 
compared the proportions of deaths among PWE and the general pop-
ulation and generated pooled mortality risk ratios using the ‘metabin’ 
function of the same R-package. In some study reports which did not 
clearly state the number of person-years, it was estimated by multiplying 
the surveyed population size (N) by the number of years of observation 
reported (y). This approach assumed a stable population throughout the 
observation period (restricted to studies with a follow-up duration ≤1 
year to minimize bias). Sensitivity analyses were conducted by 
excluding outliers to ascertain the pooled estimates. 

Subgroup analyses were performed to compare onchocerciasis low- 
risk versus high-risk areas, and forest plots generated. For pooled esti-
mates, clustering by study country was used to account for possible 

J.N. Siewe Fodjo et al.                                                                                                                                                                                                                         



Seizure: European Journal of Epilepsy 110 (2023) 253–261

255

intra-country correlations. 
We also conducted a meta-regression analysis to investigate the 

contribution of purposefully selected study covariates (onchocerciasis 
endemicity, type of seizure disorder in the PWE population, and free 
provision of ASMs) on the annual CFR among PWE irrespective of the 
country; therefore, clustering by country was not implemented in the 
meta-regression model. All p-values were two-sided and considered 
statistically significant if <0.05. 

3. Results 

Our database search identified 390 records, plus another six records 
[17–22] retrieved via reference lists and manual search. Thirty-seven 
full-text articles from the database search were sought, and 15 were 
excluded for the following reasons: Full text unavailable for four reports 
[23–26]; no epilepsy mortality data for three reports [27–29]; same data 
as another included study for three ([30] same as [31]; [32] same as 
[33]; and [34] same as [3]); two studies including only cases of 
convulsive status epilepticus (a complication of epilepsy) [35,36]; and 
three studies with aggregated data which could not be exploited 
[37–39]. Data were finally extracted from 28 eligible full-text articles 
reporting data from 30 surveys (Fig. 1); these data provided mortality 
information from a total of 8145 PWE and 827,046 controls. The 

included studies had been conducted in 16 SSA countries, and 9/30 
(30.0%) study sites were classified as ‘high-risk’ for onchocerciasis. 
Table 1 summarises the findings from the individual studies. One-third 
(10/30) of the surveys reported the free provision of ASM as epilepsy 
intervention during the study. Most studies had a low risk of bias (see 
Supplementary Appendix 2). 

3.1. Pooled epilepsy mortality in sub-Saharan Africa 

Only seven studies provided exploitable epilepsy mortality data with 
community person-years as the denominator (total number of person- 
years: 1572,428). Overall, the pooled epilepsy mortality rate was 20.9 
(95% CI: 5.9–74.4) per 100,000 person-years. The mortality rate was 
significantly higher in the only onchocerciasis high-risk site included in 
this sub-analysis (South Sudan, mortality: 342.9 per 100,000 PY) 
compared to the other sites (pooled estimate of mortality: 10.0 per 
100,000 PY; p<0.001) (Fig. 2). The median epilepsy mortality was 11.2 
per 100,000 PY. 

Sensitivity analyses were conducted by excluding the mortality data 
from the South Sudanese study [18], which was considered an outlier. In 
that scenario, only the onchocerciasis low-risk sites were included, 
giving a pooled epilepsy mortality rate of 10.0 (95% CI: 8.0–12.6) per 
100,000 person-years (Fig. 2). 

Fig. 1. PRISMA flowchart for the selection of eligible reports.  
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3.2. Annual Case Fatality Rates (CFRs) of epilepsy in SSA 

The pooled annual case fatality rate (CFR) of epilepsy was 36.2 (95% 
CI: 23.9–54.4) per 1000 PWE per year (Fig. 3). This was significantly 
higher in onchocerciasis high-risk sites compared to low-risk sites (57.0 
versus 26.6 per 1000 PWE per year; test for subgroup differences, p =
0.014). Further analysis found that the annual CFR was not significantly 
different in community-based studies compared to hospital-based 
studies: 35.0 (95% CI: 22.2–54.8) versus 39.6 (95% CI: 21.8–70.9) per 
1000 PWE per year (p = 0.672). Considering all the studies with CFR 

data, the median CFR value was 27.6 per 1000 PWE per year. 
The single study with only NS cases as participants [40] reported a 

significantly higher annual CFR (208.6 per 1000 PWE per year, 95% CI: 
165.8–256.8; p<0.001) compared to other studies. Therefore, a sensi-
tivity analysis was conducted by excluding the study by Angues et al. in 
Uganda [40] from CFR pooling; this yielded a pooled annual epilepsy 
CFR of 33.0 (95% CI: 23.3–46.6) per 1000 PWE per year, with no sig-
nificant difference between onchocerciasis low-risk and high-risk sites 
(p = 0.910); see Supplementary Appendix 3. 

Table 1 
Summarised data of included studies.  

First author of included 
study 

Country and 
publication year 

Study 
setting 

Intervention Epilepsy 
CFRa 

Epilepsy 
mortalityb 

Oncho 
risk 

Number of PWE (seizure 
disorder) 

Angues [40] Uganda 2018 Community ASM + Nutrition 208.6 NA High [12] 326 (NS only) 
Carpio [41] Mali 2005 Community ASM +

Sensitization 
32.3 NA Low [13] 31 (ACE only) 

Colebunders [18] South Sudan 2018 Community None 76.8 342.9 High [18] 794 (All seizures) 
Coleman [21] Gambia 2002 Community ASM 95.2 NA Low [42] 21 (All seizures) 
Guinhouya [33] Togo 2010 Community ASM 9.8 NA Low [43] 816 (All seizures) 
Houinato [44] Benin 2013 Community ASM 18.8 NA Low [13] 160 (All seizures) 
Jada [19] South Sudan 2022 Community ASM 70.7 NA High [19] 99 (All seizures) 
Jilek-Aall [45] Tanzania 1992 Community ASM 24.4 NA High [12] 164 (All seizures) 
Kaiser [46] Uganda 2007 Community ASM 49.2 NA High [46] 61 (All seizures) 
Kamgno [47] Cameroon 2003 Community None 31.3 NA High [48] 128 (All seizures) 
Kariuki [49] Kenya 2015 Hospital Hospital care 27.2 NA Low [12] 992 (All seizures) 
Kariuki [50] Kenya 2021 Community None 7.1 19.6 Low [12] 141 (All seizures) 
Kompoliti [51] Cameroon 2017 Hospital Hospital care 44.8 NA Low [12] 223 (All seizures) 
Levira [31] Kenya 2020a Community None 17.9 NA Low [12] 670 (ACE only) 
Levira [31] South Africa 2020 Community None 20.6 NA Low [12] 243 (ACE only) 
Levira [31] Tanzania 2020 Community None 19.3 NA High [12] 362 (ACE only) 
Levira [52] Tanzania 2019 Community None NA 7.4 Low [12] 48* (All seizures) 
Mandro [17] DRC 2020 Community ASM 60.9 NA High [17] 197 (All seizures) 
Mosser [53] Tanzania 2007 Community None 61.5 NA Low [12] 65 (All seizures) 
Munthali [54] Malawi 2018 Community None NA 9.4 Low [12] 2* (All seizures) 
Ngugi [3] Kenya 2014 Community ASM 26.5 11.2 Low [12] 754 (ACE only) 
Nkwi [22] Cameroon 1989 Community None 28.6 NA High [55] 35 (All seizures) 
Otubogun [56] Nigeria 2020 Hospital Hospital care 43.5 NA Low [12] 23 (All seizures) 
Sarfo [57] Ghana 2016 Hospital Hospital care 73.3 NA Low [58] 314 (All seizures) 
Sebera [59] Rwanda 2020 Hospital Hospital care 21.3 NA Low [12] 235 (All seizures) 
Tekle-Haimanot [20] Ethiopia 1990 Community None 31.7 NA Low [13] 316 (All seizures) 
von Gaudecker [60] Kenya 2020b Hospital Hospital care 23.8 NA Low [12] 42 (All seizures) 
Wagner [4] South Africa 2015 Community None 27.0 11.0 Low [12] 296 (ACE only) 
Wroe [61] Malawi 2020 Hospital Hospital care 12.4 NA Low [62] 486 (All seizures) 
Wroe [63] Malawi 2022 Community Hospital care 0 NA Low [62] 101 (All seizures) 

ACE: Active Convulsive Epilepsy; ASM: Anti-seizure medicines; DRC: Democratic Republic of Congo; NA: Not Available; NS: Nodding Syndrome; Oncho: Oncho-
cerciasis; PWE: Person with epilepsy. 
*Only the number of PWE who died was available, not the total PWE population. 

a Annual Case Fatality Rate expressed per 1000 PWE per year. 
b Mortality rate expressed per 100,000 person-years. 

Fig. 2. Pooled Mortality Rate of Epilepsy (per 100,000 Person-years) in SSA. PY: Person-years; Conf Int: confidence interval.  
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Fig. 3. Annual Pooled Case Fatality Rate of Epilepsy (per 1000 PWE per year) in the included studies. PWE: Person with Epilepsy; CFR: Annual Case Fatality Ratio 
per 1000 PWE per year; Conf Int: confidence interval. 

Fig. 4. The Mortality Risk Ratio of PWE versus the general population. PWE: Person with epilepsy; RR: Risk Ratio; Conf Int: Confidence Interval.  
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3.3. Mortality risk ratio (MRR) among PWE versus the general 
population in SSA 

Mortality risks for the individual studies were all significantly higher 
among PWE compared to the general population (all MRR >1). The 
pooled MRR was 4.9 (95% CI: 3.5–6.8). The MRR values tended to be 
higher in onchocerciasis high-risk areas [6.4 (95% CI: 3.9–10.7)] versus 
low-risk areas [4.1 (95% CI: 2.9–5.7)], but the difference was not sta-
tistically significant (p = 0.136; Fig. 4). 

3.4. Risk factors for fatal outcomes 

In the multivariable meta-regression model, both onchocerciasis 
high-risk and NS populations were significantly associated with 
increased values of CFR per 1000 PWE (p = 0.044 and p = 0.002, 
respectively) (Table 2). The adjusted model predicted that being in an 
onchocerciasis high-risk site increased the CFR by 0.56 per 1000 PWE 
per year, and when a population of PWE who all have NS is investigated, 
the CFR will be higher by 1.75 per 1000 PWE per year on average 
compared to other PWE populations. 

3.5. Causes of mortality among PWE in sub-Saharan Africa 

Fourteen studies specified whether the cause of death was related to 
epilepsy or not, for a total of 357 PWE. Deaths among PWE were 
epilepsy-related in 172/357 (48.2%) of these cases. Details about the 
exact cause of epilepsy-related death were provided for 159 PWE 
(Table 3); status epilepticus accounted for 93/159 (58.5%) of these 
deaths, followed by drowning in 25 (15.7%), SUDEP in 16 (10.1%), 
burns in 11 (6.9%), seizures in 9 (5.7%), and traumatic injury in 3 
(1.9%). 

4. Discussion 

The epilepsy mortality rate of 20.9 per 100,000 person-years found 
in this meta-analysis was derived from a cumulative 1.5 million person- 
years observed in SSA. We also report an annual CFR of 36.2 per 1000 
PWE with a median CFR of 27.6, higher than the previously reported 
19.8 median value for annual mortality among PWE in LMICs [64]. Our 
findings concur with the increasing number of deaths from epilepsy as 
reported by the Global Burden of Disease study, with epilepsy being the 
second most important neurological cause of Disability-Adjusted Life 
Years in SSA as of 2015 [65]. The wide epilepsy treatment gap in SSA 

(estimated at 69% [66]) certainly contributes to such poor prognoses for 
PWE in this part of the world, although other factors may be involved. 
Moreover, the reported deaths among PWE likely underestimate the true 
epilepsy mortality since epilepsy surveillance systems are often poor in 
remote African villages, and the prevailing stigma may cause some 
families not to report their epilepsy-related deaths. More 
community-based studies should be conducted to ascertain the estimates 
of the epilepsy burden in SSA by also including data from remote 
onchocerciasis-endemic settings. 

Pooled epilepsy mortality and pooled annual CFR were higher in the 
high-risk onchocerciasis study sites. Furthermore, high onchocerciasis 
endemicity was also associated with increased CFR in the adjusted 
regression model. In addition to existing evidence on increased preva-
lence and incidence of epilepsy in onchocerciasis-endemic areas [42,67, 
68], our findings suggest that onchocerciasis endemicity may also be 
associated with higher epilepsy mortality. While some of the included 
reports show a different tendency (i.e. lower CFR despite high oncho-
cerciasis endemicity and vice versa), the pooled estimates and the 
meta-regression analysis both suggest that overall, onchocerciasis 
endemicity is associated with increased probability of death among 
PWE. Onchocerciasis-related excess mortality had already been reported 
in West Africans under 20 years of age compared to their older peers 
[69]. However, no explanation was found at the time to rationalize this 
observation. In retrospect, it is plausible that exposure to onchocerciasis 
at a young age could have induced OAE in children and adolescents 
which increased their mortality. 

In the meta-regression analysis, the study which recruited only NS 
had higher CFR than other studies, even after adjusting for onchocer-
ciasis endemicity status and free ASM provision. These findings 
demonstrate that persons with NS (a typical phenotype of OAE [9,15]) 
have a much higher risk of dying compared to other forms of epilepsy. 
The latter aligns with previous reports from Maridi, South Sudan, where 
NS was reported to be a more severe form of OAE with worse clinical 
outcomes and potentially higher mortality [70]. Indeed, epidemiolog-
ical surveys in those South Sudanese study sites found that 85% of PWE 
satisfied the criteria for OAE, and most had low life expectancies [71]. 

Among the included studies, those conducted in big cities like 
Kumasi (Ghana) [57] and Douala (Cameroon) [51], although located in 
onchocerciasis-endemic areas, were classified as being at low risk for 
onchocerciasis in line with Noma et al. [12] who considered highly 
urbanised settings as non-transmission zones for onchocerciasis during 
the mapping exercise. However, we observed that the fatality rate 
among PWE in these sites was high (range: 44.8–73.3) compared to the 
pooled annual CFR of 26.6 per 1000 PWE for non-endemic sites. The 
study by Mosser et al. in Tanzania [53] also reported a CFR of over 60 
per 1000 PWE despite being in a non-onchocerciasis zone. We surmise 
that the epilepsy mortality may be higher for such studies conducted in 
referral hospitals because they often received critical cases with poor 
prognoses upon admission. Furthermore, it is likely that residents from 
neighbouring onchocerciasis-endemic areas would travel to these hos-
pitals for specialised medical care. Therefore, the high mortality re-
ported by these tertiary hospital-based studies should be interpreted 
with caution. 

In contrast with observations from rural China, where epilepsy 
deaths were caused mainly by injuries (indirectly related to epilepsy) 
[72], we found that status epilepticus and drowning were responsible for 
the majority of epilepsy deaths in SSA (see Table 3). Status epilepticus, 
drowning, and burns have previously been cited as major causes of death 
among PWE in Africa, in relation to poorly controlled epilepsy [73]. This 
suggests that epilepsy deaths may be prevented to a great extent in SSA 
by achieving seizure control via continuous treatment with ASM. 
Although epilepsy treatment did not emerge as a significant determinant 
of CFR in the regression analysis (possibly due to our limited sample 
size, n = 28 data points), it is well established that the availability of, 
and compliance to ASM significantly reduce the frequency of seizures 
and improves prognosis [74]. In fact, proper treatment with ASM can 

Table 2 
Meta-regression model investigating determinants of epilepsy annual case fa-
tality rates.  

Model* covariates Univariate linear 
estimate (p-value) 

Adjusted linear 
estimate (95% CI) 

P- 
value 

Onchocerciasis 
endemicity    
Low-risk site Ref Ref Ref 
High-risk site 0.84 (p=0.011) 0.56 (0.02–1.11) 0.044 

Seizure types in study 
population    
All seizure types Ref Ref Ref 
Active convulsive 
seizures only 

-0.38 (p=0.221) -0.31 (-0.88–0.27) 0.279 

Nodding syndrome 
only 

2.09 (p<0.001) 1.75 (0.70–2.81) 0.002 

Free ASM provision    
No Ref Ref Ref 
Yes 0.47 (p=0.183) -0.08 (-0.63–0.48) 0.780 

ASM: Anti-Seizure Medicines; Ref: Reference category; CI: Confidence Interval 
*N = 28 reports included in meta-regression 
*AIC = 123.9 
*Residual heterogeneity = I2 = 54.8% 
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achieve seizure freedom in up to 70% of PWE [74]. Therefore, in-
terventions geared towards decreasing the epilepsy treatment gap and 
ensuring proper care for PWE in SSA should be prioritised, particularly 
in onchocerciasis-endemic settings [75]. Such an intervention is ongoing 
in Maridi (South Sudan), where an OAE epidemic was observed [76]. 
Currently, in Maridi, increased access to epilepsy treatment is ensured 
by free ASM provision, and onchocerciasis elimination strategies 
(biannual CDTi and “Slash and Clear” vector control method) have been 
deployed for over two years. An evaluation is underway to determine the 
impact of these strategies on the epidemiology of onchocerciasis and 
epilepsy in Maridi. 

Our study has some limitations. There was substantial heterogeneity 
among the included studies due to the widely different methodologies, 
and we could not adjust for each subpopulation socio-demographics. We 
also acknowledge that the REMO maps used to classify the endemicity 
status for some study sites may not always agree in time and space with 
the exact communities where the epilepsy surveys were conducted. 
Notwithstanding, REMO maps provide reliable information regarding 
the communities’ exposure to onchocerciasis at a given time. Also, our 
analysis did not account for individual delays in the diagnostic and 
therapeutic management of PWE, which still constitute a major concern 
in SSA and could have influenced the mortality/fatality rates of the 
included PWE populations. Furthermore, we did not calculate stan-
dardized mortality ratios due to the paucity of demographic data from 
many sites. We nevertheless report a 4.9-fold relative risk of dying 
among PWE, confirming that epilepsy significantly contributes to excess 
mortality in SSA. 

Another limitation was the scarcity of data about ivermectin use by 
PWE in the included reports; in fact, in some endemic sites included in 
this review, ivermectin treatment had not yet been initiated by the time 
the epilepsy survey was being conducted. While there is some indication 
that ivermectin may reduce the frequency of seizures [17,77], empirical 
evidence about its impact on mortality is still lacking. This aspect de-
serves to be investigated further. Lastly, the still low number of studies 
reporting epilepsy mortality in SSA (particularly in 
onchocerciasis-endemic areas) and the disparities in the mortality data 
from individual studies limit the generalisability of the pooled findings 
presented in the review. The fact that pooled estimates and sub-group 
differences varied significantly in sensitivity analysis suggests that 
some studies with outlier findings introduced bias in our analysis. This is 
the case specifically for the pooled analysis comparing epilepsy mor-
tality rate across onchocerciasis high-risk and low-risk sites, whereby 
only one high-risk site had data (possibly an outlier study). 

The numerous limitations of this systematic review warrant that we 
highlight some gaps and research priorities regarding epilepsy mortality 
in SSA. While routine mortality surveys are not always feasible, 
promptly recording all epilepsy deaths in an electronic register would 
provide timely and precise estimates of epilepsy mortality in a particular 
place, as it was experimented in the Malawi 2018 study [54]. Similar 
initiatives have been developed on a global scale [78] and should be 
utilised by health actors in SSA. In onchocerciasis-endemic settings, 
community distributors of ivermectin can be trained to identify epilepsy 
cases in their respective villages [79], and eventually contribute to a 
community-based surveillance system to identify/report epilepsy 
deaths. Full demographic information should be obtained from partici-
pants in epilepsy studies, including a history of the places of residence (if 
endemic for onchocerciasis or not) and ivermectin intake; this is 
particularly useful in hospital-based studies which recruit people from 
different places who consult at the health facility. Furthermore, epilepsy 
surveys should be conducted according to international standards to 
ease comparison [80] and should focus on collecting more precise in-
formation about the exact causes of death as well as obtaining all rele-
vant population denominators (total number of epilepsy cases and total 
population). With the growing evidence on the epidemiological associ-
ation between onchocerciasis and epilepsy [9], future epilepsy surveys 
in endemic foci should consider simultaneously assessing the oncho-
cerciasis status at the study sites via simple approaches like the REMO 
assessment [12] and/or rapid diagnostic testing of Ov16 antibodies in 
children [81]. 

In conclusion, our study provides updated numbers regarding the 
mortality and fatality rates of epilepsy in SSA that suggest that 
onchocerciasis-endemic areas are most affected. Therefore, strength-
ening onchocerciasis elimination programmes in communities with a 
high burden of OAE (including NS) should become a priority. Additional 
research is required to shed more light on epilepsy-related mortality by 
seizure types in onchocerciasis-endemic settings and further investigate 
the prognosis of persons with OAE (particularly NS). 

5. Author statements 

5.1. Registration of the study protocol 

A protocol was drafted to guide the authors’ procedures in devel-
oping this systematic review, but it was neither registered nor published. 

Table 3 
Causes of death among persons with epilepsy (crude numbers).  

Authors Status 
epilepticus 

Seizure Drowning Burns SUDEP Traumatic 
injury 

Epilepsy 
related 

Not epilepsy-related or not 
known 

Houinato et al. [44] 1 1 1 0 0 0 3 2 
Kamgno et al. [47] 21 0 4 0 7 0 32 5 
Mandro et al. [17] 0 2 2 0 0 0 4 8 
Tekle-Haimanot et al.  

[20] 
8 0 0 1 0 0 9 11 

Ngugi et al. [3] 23 0 0 0 4 0 27 34 
Carpio et al. [41] 3 2 0 0 0 0 5 8 
Sebera et al. [59] 0 0 0 0 3 1 4 3 
Wagner et al. [4] 11 0 0 0 0 2 13 20 
Jilek-Aall et al. [45] 16 3 14 6 0 0 39 71 
Mosser et al. [53] 0 1 0 2 0 0 3 0 
Guinhouya et al. [33] 6 0 2 0 0 0 8 0 
Kaiser et al. [46] 4 0 1 2 2 0 9 9 
Coleman et al. [21] 0 0 1 0 0 0 1 2 
Kariuki et al. [49] NA NA NA NA NA NA 15 12 
Total: n (%)* 93 (26.1%) 9 (2.5%) 25 (7.0%) 11 

(3.1%) 
16 
(4.5%) 

3 (0.8%) 172 (48.2%) 185 (51.8%) 

NA: Not Available. 
SUDEP: Sudden Unexpected Death in Epilepsy. 

* Percentages calculated using N = 357 as the denominator for all the causes of death. 
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