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Abstract
Objective: In onchocerciasis-endemic areas, limited access to antiseizure 
medications (ASMs) contributes to a high epilepsy burden. This study evaluated 
the impact of a community-based epilepsy care program in Mahenge, Tanzania, 
an onchocerciasis-endemic area with high epilepsy prevalence.
Methods: A baseline survey (2017–2018) identified persons with epilepsy (PWE) 
in four rural villages. Subsequently, PWE were invited to enroll in the epilepsy 
treatment program (2019–2022), where trained community health workers 
(CHWs) screened for epilepsy, promoted ivermectin intake to treat onchocerciasis, 
distributed ASMs, and monitored seizure frequency and ASM adherence monthly 
under supervision from the project clinician trained in epilepsy diagnosis and 
treatment. A concluding survey (2022) collected sociodemographic data and 
participants' status as alive, deceased, or lost to follow-up. Mixed-effects negative 
binomial regression analyzed risk factors for weekly seizure incidence rate.
Results: Of 206 participants, 77.7% reported bilateral tonic–clonic seizures, 
and 32.0% reported focal seizures. More than one third (38.5%) were suspected 
of having nodding syndrome. Weekly seizure frequency decreased significantly 
from a mean of 1.9 seizures (interquartile range [IQR] = 0–2) at enrollment 
to .4 seizures (IQR = 0–0) at the last follow-up (Wilcoxon test p < .0001), with 
significantly improved ASM adherence (57.5%–94.7%, McNemar test p < .0001). 
Factors associated with lower weekly seizure incidence included longer program 
participation, ASM adherence, carbamazepine use compared to phenobarbital, 
and ivermectin intake in 2022. ASM adverse events were associated with 
increased seizure frequency. The mortality rate was 32.7 deaths per 1000 person-
years, with most deceased not fully adhering to ASM (88%) and having epilepsy-
related causes of death (60%).
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1   |   INTRODUCTION

Epilepsy affects more than 50 million individuals 
worldwide and disproportionately burdens low- and 
middle-income countries.1 Epilepsy can be effectively 
treated with antiseizure medications (ASMs), leading to 
seizure freedom and terminal remission for more than 
two thirds of persons with epilepsy (PWE) when taken 
consistently and initiated early.2 However, a considerable 
disparity persists between the number of PWE who require 
ASM and those who receive it, known as the epilepsy 
treatment gap. This gap is particularly pronounced in 
sub-Saharan Africa, reaching an estimated 68.5% (95% 
confidence interval [CI] = 59.5%–77.5%).1

In sub-Saharan Africa, a particularly high epilepsy 
prevalence has been reported in areas heavily affected by 
onchocerciasis, a parasitic disease caused by Onchocerca 
volvulus and transmitted by blackflies.3–7 Although the po-
tential causality of this connection remains under investi-
gation,8 this strong epidemiological association has led to 
the concept of onchocerciasis-associated epilepsy (OAE).6 
OAE usually occurs in previously healthy children and 
adolescents (3–18 years old) in regions highly endemic for 
onchocerciasis, where elimination strategies are subopti-
mal or absent.7 OAE may present with a wide range of sei-
zure types including head nodding (nodding syndrome).8

Over the past decade, a significant decrease in epi-
lepsy incidence, including nodding syndrome, has been 
observed in areas with ongoing O. volvulus transmission, 
following the implementation and strengthening of on-
chocerciasis elimination interventions. This trend has 
been demonstrated in countries such as Tanzania,4 South 
Sudan,5,9 Uganda,10 and Cameroon,11 primarily through 
community-directed treatment with ivermectin (CDTI), 
which targets the progeny (microfilariae) of O. volvulus 
and temporarily sterilizes the adult worm. Additionally, 
vector control methods may have contributed to this de-
cline in South Sudan and Uganda.

However, despite the overall success of onchocerciasis 
elimination programs, certain onchocerciasis-endemic 
regions still exhibit a high O. volvulus prevalence.12 By 
the end of 2015, an estimated 381 000 individuals (95% 
CI = 158 000–1 636 000) were believed to suffer from OAE 
across onchocerciasis-endemic settings in Central and 
East Africa.13 Moreover, epilepsy prevalence in these areas 
can take years to decline after the suppression of oncho-
cerciasis transmission and associated decrease of epilepsy 
incidence,4,5,9,10 reflecting the lifespan of those already af-
fected by the condition.14

In onchocerciasis-endemic areas, PWE experience nu-
merous challenges, including burns, injuries, cognitive 
impairment, disability, behavioral disorders, and increased 
mortality.14–17 These rural settings also present substantial 
barriers, such as epilepsy-related stigma,18 high treatment 
costs,19 and poor health-related quality of life.20 Limited 
resources and health care access exacerbate these chal-
lenges,5,10,21 contributing to a wide epilepsy treatment gap 
and subsequent poor seizure control.14,22

Significance: The community-based program using CHWs was associated with 
a significant reduction in seizure frequency and improved ASM adherence. In 
onchocerciasis-endemic areas, it should be investigated whether carbamazepine 
should be a preferred ASM in PWE. Ivermectin's impact on seizure frequency 
merits further investigation in onchocerciasis-endemic areas. Community-based 
epilepsy care is a promising strategy for scaling up epilepsy care in rural areas in 
Africa.

K E Y W O R D S

antiseizure medication, community care, epilepsy, nodding syndrome, onchocerciasis, sub-
Saharan Africa

Key points

•	 A community-based epilepsy care program 
reduced seizure frequency in persons with 
epilepsy in an onchocerciasis-endemic area in 
Tanzania.

•	 Free ASM, improved adherence, and access 
to second- and third-line ASMs were key 
contributors for seizure control.

•	 Carbamazepine and ivermectin warrant 
further investigation for their effect on epilepsy 
outcomes in onchocerciasis-endemic regions.

•	 Most deaths among persons with epilepsy were 
related to epileptic seizures and poor ASM 
adherence.
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      |  3BHWANA et al.

Studies conducted in sub-Saharan Africa suggest that 
community-based epilepsy care interventions offer a 
promising approach to addressing these challenges. These 
interventions have the potential to be cost-effective23,24 and 
result in improvements in epilepsy awareness, diagnosis, 
and treatment,25,26 even in remote onchocerciasis-endemic 
rural villages.22,24 For instance, a community-based epi-
lepsy treatment program in an onchocerciasis-endemic 
area of the Democratic Republic of Congo improved ASM 
adherence and lowered treatment expenses for affected 
families.24 Another example, a randomized controlled 
trial in Kenya, observed increased ASM adherence, re-
duced stigma, and decreased epilepsy misconceptions fol-
lowing a 1-day epilepsy education program.27

Recent studies in onchocerciasis-endemic villages 
highlighted the need for comprehensive and effective ep-
ilepsy care strategies to improve health outcomes,22 pre-
vent disability,16 enhance quality of life,20 and decrease 
the observed high mortality rates.14 In response to this 
need, a community-based epilepsy treatment program 
was established and delivered by trained community 
health workers (CHWs) in four rural villages in Mahenge, 
Tanzania, an onchocerciasis-endemic area where the ep-
ilepsy burden is three to four times higher than in other 
parts of the country.4 This study investigated the impact of 
the community program on seizure frequency and ASM 
use and adherence.

2   |   MATERIALS AND METHODS

2.1  |  Study setting

In February 2019, a community-based epilepsy treat-
ment program was established in four rural villages in 
Mahenge, Tanzania: Mdindo, Msogezi, Mzelezi, and 
Sali (Figure 1). These villages were selected due to the 
documented high prevalence of both onchocerciasis and 
epilepsy, including nodding syndrome.4 The primary oc-
cupations of the population are small-scale farming and 
livestock keeping (primarily chickens and goats), with a 
minority engaged in gemstone mining. Two of the study 
villages, Mdindo and Sali, participated in a community-
based peer support program in 2019–2020 targeting 
PWE's quality of life.29

Baseline house-to-house surveys conducted in 2017–
2018 revealed an epilepsy prevalence ranging from 2.9% 
(Mzelezi) to 3.7% (Sali), including an overall probable 
nodding syndrome prevalence of .6%, with 78% of PWE 
meeting the OAE criteria.4 Onchocerciasis control was 
suboptimal, with CDTI coverage below the 80% threshold 
recommended for elimination and 42.6% of children aged 
6–10 years testing positive for onchocercal antibodies.21,28 

In response, Tanzania's National Neglected Disease 
Control Program switched from annual to biannual CDTI 
in 2019.

2.2  |  Community-based epilepsy 
treatment program

To implement the community-based epilepsy treatment 
initiative, local health care workers (HCWs) and CHWs 
who had previously received 1-year training in commu-
nity health employed by the local government received 
training in epilepsy screening (using previously estab-
lished evidence-based criteria22) and management. The 
latter included promoting participation in the biannual 
CDTI program, epilepsy awareness, and risk mitiga-
tion education (e.g., avoiding being near fires or rivers 
alone), distributing free ASM, and providing ongoing 
monitoring of PWE. In villages lacking health facili-
ties (Mzelezi and Mdindo), epilepsy care was delivered 
by the CHWs with supervision from the project clini-
cian (D.B.).29 In villages with a health facility (Msogezi 
and Sali), both HCWs and CHWs were responsible for 
epilepsy care and supervised by a clinician (D.B.). The 
latter had been trained in epilepsy diagnosis and treat-
ment, including a 1-month period at the neurology de-
partment of the Kilimanjaro Christian Medical Center 
in Moshi, Tanzania.

2.3  |  Study design

This study employed a prospective open cohort design 
with baseline and concluding cross-sectional surveys to 
prospectively explore the impact of the community-based 
epilepsy treatment program on seizure frequency and 
determine the epilepsy-related mortality in four rural vil-
lages of Mahenge, Tanzania, from 2019 to 2022.

2.4  |  Study procedures and participant 
follow-up

2.4.1  |  Cross-sectional (baseline) survey

Between 2017 and 2018, two baseline surveys were carried 
out in six villages (two from urban and four from rural 
settings).4 One hundred eighty-two PWE identified from 
the four rural villages, where the epilepsy prevalence was 
highest, were enrolled for the cohort follow-up study. 
During the baseline surveys, participants were asked 
whether they were taking ASM and, if so, if they fully ad-
hered to their prescribed regimen without missing doses.
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2.4.2  |  Cohort study

From February 2019 to June 2022, PWE collected their 
medication on a monthly (28 days) basis at the health 
facility (Msogezi and Sali) or village office (Mzelezi and 
Mdindo). In villages without health facilities, CHWs col-
lected ASM monthly from Mahenge Hospital to ensure an 
uninterrupted supply.

Missed collections prompted a CHW follow-up visit 
within 72 h to provide ASM. During ASM collection, 
information recorded included type and quantity of 
the past month's prescribed ASM, the remaining num-
ber of tablets from the previous prescription (to deter-
mine ASM adherence), seizure type and frequency in 
the week prior to the visit, seizure-related injuries, and 

observed ASM-related adverse effects. This informa-
tion guided the monitoring of ASM effects and helped 
determine whether any treatment adjustments were 
needed. Subsequently, a new ASM prescription was is-
sued and recorded along with the date for the next visit. 
Data were collected by CHWs and HCWs using Open 
Data Kit software on tablets. The data were transmitted 
daily to the central server at the National Institute for 
Medical Research (NIMR) in Tanga for assessment by 
study clinicians (D.B. and M.M.).

Individuals newly identified as suspected of having ep-
ilepsy within the study villages were referred to the study 
clinician for confirmation and seizure type determination. 
Confirmed PWE were treated with free ASM and invited 
to join the cohort.

F I G U R E  1   Map of the four study 
sites, Mdindo, Msogezi, Mzelezi, and Sali, 
in the Mahenge area.28
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2.4.3  |  Cross-sectional (concluding) survey

An additional follow-up survey was conducted in June 
2022, at the conclusion of the study (Questionnaire S1) in 
the four villages. The concluding survey aimed to ascer-
tain the status of the cohort's participants and identify any 
PWE residing in the villages not enrolled in the cohort. 
The survey assessed their status as alive, relocated outside 
of the study village/lost to follow-up, or deceased. For de-
ceased PWE, the time and cause of death were obtained 
from their relatives. Additionally, the survey captured 
ivermectin use in 2022 and baseline characteristics not 
directly influenced by the intervention received as part of 
the study (sex, age, and year of epilepsy onset).

2.5  |  Epilepsy definition and 
classification

Epilepsy was defined as two or more unprovoked seizures 
at least 24 h apart.30 The classification of seizure types fol-
lowed the criteria set by the International League Against 
Epilepsy.31

Nodding seizures were defined as episodes of reduced 
consciousness during which the head dropped forward re-
peatedly. Suspected nodding syndrome was defined as a 
person with current or a history of nodding seizures.7,32

2.6  |  Antiseizure medication

Phenobarbital was the primary ASM for all participants. 
Unsatisfactory responses to phenobarbital after adequate 
dose titration (e.g., no or suboptimal reduction in sei-
zure frequency) prompted a switch to carbamazepine as 
a second-line treatment. If carbamazepine also proved 
ineffective, polytherapy combining both carbamazepine 
and phenobarbital was offered. Instances of persistent 
seizures despite these treatments led to a temporary shift 
in therapy to either phenytoin or lamotrigine (the latter 
for pregnant women), considering individual suitability, 
medication availability, and standard treatment guide-
lines.33 Treatment adherence was defined as the con-
sumption of all ASM tablets as prescribed.

2.7  |  Statistical analysis plan

The sociodemographic and clinical features of PWE were 
described. Categorical variables were expressed as abso-
lute (n) and relative (%) frequencies. Continuous variables 
were presented as the median and interquartile range 
(IQR) for nonnormally distributed data. Normality was 

assessed visually using histograms and verified with the 
Shapiro–Wilk test.

Because the data exhibited overdispersion, a mixed-
effects negative binomial regression model was used to 
analyze the association between potential risk factors and 
the weekly number of seizures. Variables were retained 
in the final regression model controlled for age, sex, and 
village based on statistical significance and confounding 
relationships. The final negative binomial mixed-effects 
model was compared with an equivalent zero-inflated neg-
ative binomial model using both the Akaike information 
criterion (AIC) and Bayesian information criterion (BIC). 
The mixed-effects model was chosen due to its lower AIC/
BIC and its ability to incorporate random effects by partic-
ipant identifier to account for individual-level variability 
and nonindependence of reported seizures from the same 
participant over time. The model also retained an offset 
term reflecting the natural logarithm of the total number 
of follow-ups per participant.

The variable “months since the first visit” (enrollment 
duration) was logarithm-transformed and also included a 
squared term to capture the potential nonlinearity with 
seizure frequency. Similarly, a squared term for age was 
considered due to its link to epilepsy in onchocerciasis-
endemic areas.34

A sensitivity analysis was performed by categorizing 
the village variable based on participation in the peer sup-
port program (Mdindo and Sali villages) or lack thereof 
(Msogezi and Mzelezi villages). Additionally, interaction 
terms were explored between (1) peer support and ASM 
adherence; (2) adherence to both ASM and ivermectin in 
2022, to investigate a potential synergistic or antagonistic 
effect on seizure frequency35; (3) reported ASM side effects 
and ASM adherence; and (4) ASM use (sequential from 
phenobarbital to carbamazepine, and carbamazepine to 
polytherapy) and the logarithm-transformed “months 
since the first visit” variable to account for a potential 
time-dependent effect.

Regression assumptions (e.g., multicollinearity) were ver-
ified, and influential outliers were examined. Exponentiated 
results were reported as incidence rate ratios (IRRs), 95% 
CIs, and p-values (two-tailed, p < .05 significant).

The mortality rate of enrolled PWE was calculated 
as the number of deaths divided by the total number of 
person-years. All statistical analyses were performed 
using R software (version 2022.06.23, https://​cran.​r-​proje​
ct.​org/​bin/​windo​ws/​base/​old/4.​2.1/​).

2.8  |  Ethical considerations

Ethical approval was obtained from the NIMR of 
Tanzania (reference: NIMR/HQ/R.8a/Vol. IX/3343) 
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and the University of Antwerp, Belgium (reference: 
B300201837863). All participants provided informed 
written consent before enrollment. For minors or non-
competent participants, consent was obtained from a 
parent or guardian, with assent from those older than 
12 years. Participants unable to read or write had the 
study explained orally and provided consent via finger-
print. All data were anonymized to ensure confidentially.

3   |   RESULTS

A total of 262 PWE were enrolled in the cohort study 
(Figure 2). Data analysis included 206 PWE after excluding 
56 (21.4%) lost to follow-up in the concluding survey, who 
lacked baseline demographic information (e.g., sex and 
age). The concluding survey identified 25 (8.7%) additional 

suspected PWE residing in the study villages but not enrolled 
in the cohort. An exploratory analysis investigated potential 
selection bias regarding the exclusion of PWE without 
baseline data (lost to follow-up) or those not enrolled in 
the cohort. No major differences were identified (Tables S1 
and S2). However, those lost to follow-up had significantly 
lower seizure frequency and higher ASM adherence at 
baseline (p = .019), which became nonsignificant by the last 
follow-up (p = .73). Those not enrolled had a significantly 
higher proportion of deaths or emigrations (p = .0012) and 
epilepsy onset after the cohort began (p = .015).

3.1  |  Sociodemographic characteristics

The median age of the 206 PWE was 26 years 
(range = 7–63 years; Table  1). In particular, 

F I G U R E  2   Flowchart of the community-based epilepsy care cohort study in Mahenge, Tanzania, which is endemic for onchocerciasis 
and epilepsy, including nodding syndrome.
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Mzelezi (25 years, IQR = 22–30) and Sali (19, 
IQR = 15–29 years) had younger demographics 
than Mdindo (32 years, IQR = 24–43) and Msogezi 
(30 years, IQR = 19–39; Table S3, p = .003). Half of the 
PWE were women (103, 50.0%). Ivermectin intake in 
2022 was high overall (91.0%) and across all villages 
except Msogezi (73.7%).

3.2  |  Epilepsy-related clinical 
characteristics in 2022

Only five (2.8%) of 176 PWE were diagnosed during the 
study period (2018–2022; two in Msogezi, two in Mzelezi, 
and one in Sali), with none diagnosed in the final year 
(2021–2022; Table  2). All these recent diagnoses were 
from individuals who had not received ivermectin for at 
least 1 year since 2018 (Table 3).

PWE were enrolled in the cohort for a median 
of  36 months (IQR = 26–38). Most participants 
(77.7%) reported experiencing bilateral tonic–
clonic seizures. More than one--fourth (32.0%) 
reported focal seizures, of  whom seven reported 
having seizures that progressed to bilateral tonic–
clonic seizures. More than onethird of  participants 
(38.5%) met the criteria for suspected nodding 
syndrome, with 13.8% reporting nodding seizures 
during follow-up.

Seventy participants (34.0%) reported ASM adverse 
events (e.g., dizziness or headache) during follow-up. 
Nearly half (43.2%) reported at least one seizure-related 
incident in the past, with the most prevalent events being 
abrasions (27.2%) and burn injuries (26.7%). Additional re-
corded events included lacerations (7.3%), head or dental 

injuries (6.8%), drowning incidents (6.3%), and instances 
of dislocation or fracture (3.4%).

3.3  |  Baseline ASM use and adherence

Among the 182 individuals diagnosed with epilepsy in the 
baseline survey (2017–2018), 122 (67.0%) were receiving 
ASM treatment, with 89 (48.9%) reporting full adherence 
to an ASM treatment regimen.

T A B L E  1   Sociodemographic characteristics and ivermectin 
intake of the study participants in 2022.

Variable Overall, N = 206

Age, years, median (IQR) 26 (20–37)

Sex, n (%, 95% CI)

Female 103 (50.0, 43.2–56.8)

People with epilepsy available, n (%, 95% CI)

Yes 176 (85.4, 79.7–89.8)

No, dead 16 (7.8, 4.7–12.5)

No, emigrated 14 (6.8, 3.9–11.4)

Ivermectin intake in 2022, n/T  
(%, 95% CI)a

151/166 (91.0, 85.3–94.7)

Note: The village-level analysis is available in Table S3.
Abbreviations: CI, confidence interval; IQR, interquartile range; T, total.
aEleven participants did not know about their intake of ivermectin, 16 died, 
and 14 relocated outside of the study villages. Hence, these participants were 
excluded from this variable.

T A B L E  2   Epilepsy-related clinical characteristics of the study 
participants by 2022.

Variable Overall, N = 206

Developed epilepsy in the past 4 years 
(2018–2022), n/T (%, 95% CI)

5/176 (2.8, 
1.1–6.9)

Months enrolled in the study, median (IQR) 36 (26–38)

Type(s) of reported seizures during follow-up, n/T (%, 95% CI)

Bilateral tonic–clonic 160/206 (77.7, 
71.3–83.0)

Focal 66/206 (32.0, 
25.8–38.9)

No seizures 26/206 (12.6, 
8.6–18.1)

Nodding seizuresa 24/174 (13.8, 
9.2–20.0)

Suspected nodding syndrome, n/T  
(%, 95% CI)b

67/174 (38.5, 
31.3–46.2)

Reported ASM adverse events during 
follow-up, n/T (%, 95% CI)

70/206 (34.0, 
27.6–40.9)

Reported seizure-related incidents since epilepsy onset, n/T  
(%, 95% CI)

Burn injury 55/206 (26.7, 
20.9–33.4)

Submersion [drowning] 13/206 (6.3, 
3.5–10.8)

Dislocation or fracture 7/206 (3.4, 
1.5–7.2)

Laceration 15/206 (7.3, 
4.3–12.0)

Abrasion 56/206 (27.2, 
21.4–33.9)

Head or dental injury 14/206 (6.8, 
3.9–11.4)

Overall 89/206 (43.2, 
36.4–50.3)

Note: The village-level analysis is available in Table S4.
Abbreviations: ASM, antiseizure medication; CI, confidence interval; IQR, 
interquartile range; T, total.
aOnly captured for seizures in 2022.
bIn addition to individuals experiencing nodding seizures in 2022, 
“suspected nodding syndrome” accounts for those who had nodding seizures 
in the past.
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3.4  |  Cohort follow-up

Of 206 participants, 18 (8.7%) were excluded from the 
cohort analysis because they did not have a recorded 
follow-up after baseline (Figure  2). These individuals 
had significantly fewer seizures at baseline (Table  S1, 
p = .044); however, this difference was no longer present 
when compared to those not excluded at the last follow-
up (p = .68). The remaining 188 participants, who had at 
least one follow-up, had a median of 31 recorded monthly 
follow-ups (IQR = 21–36).

At enrollment, 162 of 188 participants (86.2%) were 
on phenobarbital and 26 (13.8%) were on carbamazepine 
(Table 3). At the last follow-up, there was a significant in-
crease (p < .0001) of PWE on carbamazepine (22.4%) and 
polytherapy of carbamazepine and phenobarbital (3.7%) 
and a consequent decrease in those using phenobarbital 
(73.9%). Eight participants (4.3%) received treatment with 
lamotrigine or phenytoin either because of poor seizure 
control response to phenobarbital and carbamazepine or 
pregnancy.

Adherence to ASM improved significantly (p < .001) 
from 57.5% at enrollment to 94.7% at the last follow-up. 
Reported ASM-related adverse events significantly de-
creased from 4.7% to .5% (p = .015). These events were not 
significantly different between phenobarbital (2.4%) and 
carbamazepine (2.3%; p = .99). Participants reported a sig-
nificant decrease (p < .0001) in weekly seizure frequency 
from a mean of 1.9 seizures (range = 0–74) at enrollment to 
.4 seizures (range = 0–28) at the last follow-up. This trend 
was captured by a significant negative linear association 

between seizure frequency and the time enrolled in the 
cohort (Figure S2).

Several predictors were significantly associated with 
reduced weekly seizure frequency, including older age 
(p = .0002), adherence to ASM (p < .0001), ivermectin 
use in 2022 (p = .034), and taking carbamazepine com-
pared to phenobarbital (p = .0092; Table  4). Over time 
enrolled and compared to phenobarbital, carbamazepine 
use was also associated with a significant reduction in 
seizure incidence rate (p = .014), whereas polytherapy 
use was linked to a marginally significant reduction 
(p = .063). Conversely, factors significantly associated 
with a higher weekly seizure incidence rate included re-
siding in Mzelezi village compared to Mdindo (p = .0040) 
and Msogezi (p = .0016) villages and experiencing ASM 
adverse events (p < .0001).

The frequency of seizures significantly decreased as 
the natural logarithm (ln) of the months since the first 
visit (time enrolled) increased, suggesting that partici-
pants experienced a lower weekly seizure incidence rate 
with longer enrollment. However, the association was not 
constant. Both the ln-transformed and the squared term 
of the ln-transformed months since the first visit were 
significant, indicating that the initial decline in seizure 
frequency slows over time, with the reduction rate decel-
erating at later stages of the program (Figure S3).

Due to missing data from 23 participants (12.2%), 
the final model excluded the variable for suspected 
nodding syndrome. However, an exploratory analysis 
incorporating this variable revealed no statistically 
significant association with weekly seizure frequency 

Variable First follow-up Last follow-upa pb

Current ASM, n/T (%)

Phenobarbital 162/188 (86.2) 139/188 (73.9) <.0001

Carbamazepine 26/188 (13.8) 42/188 (22.4)

Polytherapy [phenobarbital 
and carbamazepine]

0/188 (.0) 7/188 (3.7)

ASM adherence, n/T (%)c 108/188 (57.5) 178/188 (94.7) <.0001

Reported ASM-related adverse 
events n/T (%)

8/170 (4.7) 1/188 (.5) .015

Seizures reported in the past 
week, n, mean (median, IQR)

1.9 (0, 0–2) .42 (0, 0–0)d <.0001

Abbreviations: ASM, antiseizure medication; IQR, interquartile range; T, total.
aData from January 2022 and June 2022 were excluded from the analysis due to a temporary shortage 
of ASM during these months, which was not representative of the overall cohort's ASM adherence and 
related seizure frequency (Figure S1).
bWilcoxon signed rank test with continuity correction for continuous variables and McNemar test for 
categorical variables (Fisher exact test if expected values < 5).
cThere was no significant correlation between ASM adherence and the type of ASM.
dAt the concluding survey, participants who were not lost to follow-up or deceased reported a mean 
number of weekly seizures of .25 (median = .0, IQR = 0–0).

T A B L E  3   Cohort characteristics 
during the first and last appointments.
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(p = .099), although there was a trend suggesting indi-
viduals with suspected nodding syndrome might have 
a higher incidence rate of seizures (Table S6). The re-
maining coefficients and trends were consistent with 
those observed in the final model.

The analysis showed a significant association between 
ASM adherence and seizure frequency. Notably, temporary 

ASM shortages in December 2021 and May 2022 reduced 
adherence in the following month and were followed by 
increased seizures (Figure S3). The regression analysis in-
cluded these months to reflect the real-world impact. A 
sensitivity analysis found no major difference when these 
months were removed, as the variability was explained by 
ASM adherence.

Variable
Incidence rate 
ratio (95% CI) p

Age per year .97 (.95–.98) .0002

Sex, Ref: male

Female 1.16 (.74–1.83) .52

Village, Ref: Mzelezi

Mdindo .40 (.22–.75) .0040

Msogezi .34 (.18–.67) .0016

Sali .91 (.49–1.69) .77

ln(months since first visit + .01) .91 (.88–.94) <.0001

(ln[months since first visit + .01])2 .98 (.97–.99) .0019

Ivermectin intake in 2022, Ref: No

Yes .39 (.17–.93) .034

Other: died/relocated outside of the study village/
unknown

.62 (.23–1.71) .36

ASM provided at each follow-up, Ref: phenobarbital

Carbamazepine .69 (.52–.91) .0092

Polytherapy [phenobarbital and carbamazepine] 5.60 (.69–45.43) .11

Other phenytoin/lamotriginea .09 (.00–2.94) .17

ASM adherence at each follow-up, Ref: No

Yes .33 (.28–.40) <.0001

Reported ASM adverse events during the study, Ref: No

Yes 2.39 (1.82–3.13) <.0001

Interaction term between ASM provided at each follow-up and ln(months since first 
visit + .01), Ref: phenobarbitalb

Carbamazepine .90 (.83–.98) .014

Polytherapy phenobarbital and carbamazepine .53 (.27–1.04) .063

Other phenytoin/lamotriginea 1.28 (.43–3.81) .66

Abbreviations: ASM, antiseizure medication; CI, confidence interval; ln, natural logarithm; Ref, reference 
category.
aLamotrigine and phenytoin were grouped as “other,” as they shared a similar association with the 
outcome variable and to improve model performance and stability.
bExploration of potential interaction effects between variables revealed no statistically significant 
interactions or substantial model improvement except between ASM provided at each clinic visit and 
the follow-up variable “ln (months since first visit + .01).” The sensitivity analysis included interactions 
between ASM adherence and ivermectin adherence (p = 1.00), ASM adherence and ASM reported adverse 
events (p = .67), and village participation in the peer support program and ivermectin adherence (p = .23) 
as well as the age-squared term (p = .21). While including a dummy variable for each village significantly 
accounted for clustering effects, grouping villages by peer support intervention did not improve model fit 
and was not a significant term (p = .32). The correlation between age and ASM adherence was also not 
significant (p = .22). Lastly, there was a significant interaction between village and age, with Mdindo × age 
having fewer seizures than Mzelezi × age. However, this interaction increased the model's risk of 
overfitting (higher Bayesian information criterion and wider 95% CIs) and did not affect the coefficients 
of other variables (Table S5).

T A B L E  4   Predictors of seizure 
frequency using a negative binomial 
mixed model.
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3.5  |  Mortality and loss to follow-up

At the end of the follow-up, 176 of the 206 PWE (85.4%) 
were alive and residing in the study villages. Fourteen 
(6.8%) PWE relocated and were lost to follow-up, and 
16 (7.8%) died during the follow-up period (out of 6029 
person-months at risk). Fourteen (88%) of the deceased 
did not fully adhere to ASM, and more than one half 
(6/10) of the known causes of death were epilepsy-related 
(Text S1). Excluding those who relocated, the mortality 
rate among PWE was 32.7 (95% CI = 19.5–53.7) deaths per 
1000 person-years.

4   |   DISCUSSION

In Tanzania, where the epilepsy treatment gap remains 
significant (40%–85%),1 the need for effective, scalable 
solutions is critical. This study investigated the effective-
ness of a community-based epilepsy treatment program 
in Mahenge, an area coendemic for onchocerciasis and 
epilepsy, where epilepsy prevalence is significantly higher 
than in other parts of the country.4 The program had a 
positive impact on seizure control, likely due to several 
key factors, which are discussed below.

Improved ASM adherence was likely a critical factor 
in better seizure control. The program provided consistent 
access to ASM, leading to a substantial rise in adherence 
rates. At baseline and the first clinic appointment, adher-
ence fluctuated at approximately one half of the popula-
tion (48.9% and 58.6%, respectively). By the final follow-up, 
adherence had significantly increased to more than nine 
out of 10 (94.7%). ASM adherence was significantly asso-
ciated with a reduced seizure incidence rate, highlighting 
its importance in epilepsy management. Temporary ASM 
shortages in December 2021 and May 2022, followed by 
increased seizure frequency, underscored the importance 
of uninterrupted ASM supply, especially as seizure fre-
quency promptly returned to lower levels once adherence 
was restored (Figure S1).

Although the free ASM provision was followed by a 
decrease in seizure frequency over time, ASMs are not 
universally effective. Studies suggest that up to 30% of 
PWE may not achieve complete seizure control with med-
ication.2 This might be reflected in the regression model, 
which includes the significant ln-transformed months en-
rolled variable and its squared term, suggesting that the 
initial decline in seizure frequency slows down at later 
stages of the program. This deceleration could be due to 
drug-resistant epilepsy in some participants or temporary 
ASM shortages. Additionally, approximately one third 
(34%) of participants reported ASM-related adverse events 
during follow-up.

The program facilitated a shift in ASM use when 
phenobarbital, the first-line therapy, failed to control 
seizures, transitioning PWE to carbamazepine or poly-
therapy (second- and third-line therapies, respectively). 
Carbamazepine use was associated with lower seizure 
frequency compared to phenobarbital, potentially due to 
broader efficacy and fewer side effects.36 However, carba-
mazepine was introduced as a second-line therapy in this 
cohort, which warrants cautious interpretations. To ad-
dress the difference in the timing of drug introduction, an 
interaction term between ASM type and time enrolled in 
the cohort was included in the model. Carbamazepine re-
mained significantly associated with fewer seizures, both 
independently and in the interaction term, reinforcing its 
potential as a valuable ASM option in these settings.

In contrast, polytherapy was linked to a nonsignificant 
increase in seizure incidence compared to phenobarbital, 
possibly reflecting more severe, drug-resistant epilepsy. 
These participants had already shown poor response to 
both monotherapies, so direct comparisons may not be 
appropriate. Nevertheless, the model indicated a margin-
ally significant decrease in seizure frequency over time for 
those on polytherapy (IRR = .53), suggesting that the pro-
gram contributed to improved seizure management even 
for these more challenging cases.

A systematic review comparing carbamazepine and 
phenobarbital found limited evidence suggesting carba-
mazepine may have greater efficacy and fewer adverse 
events for generalized seizures.36 However, in the current 
study, adverse event rates were similar between carba-
mazepine and phenobarbital, at 2%–3%, suggesting no 
major differences in tolerability. Recent studies highlight 
the benefits of carbamazepine in onchocerciasis-endemic 
areas. In Mahenge, carbamazepine, sodium valproate, 
and phenytoin were significantly associated with better 
quality of life for PWE compared to phenobarbital.20 In 
Maridi, South Sudan, where 80% of PWE meet the criteria 
for OAE, health care workers preferred carbamazepine.5,37 
Additionally, a study in an onchocerciasis-endemic region 
of Cameroon reported lower cognitive scores in PWE 
treated with phenobarbital compared to those using car-
bamazepine, albeit not statistically significant.38 These 
findings, along with results from the current study, sug-
gest carbamazepine may warrant consideration as a pre-
ferred ASM in onchocerciasis-endemic settings with high 
epilepsy prevalence.

The intriguing association between ivermectin intake 
and reduced seizure frequency observed in this study 
aligns with previous research indicating a potential an-
tiseizure effect of ivermectin in mice39 and humans in 
onchocerciasis-endemic areas.40 However, the mech-
anism by which ivermectin might exert this effect re-
mains unclear. A possibility is a direct effect on the brain. 
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Nonetheless, given ivermectin's limited penetration of the 
mammalian brain, the therapeutic doses used for oncho-
cerciasis control are unlikely to reach concentrations nec-
essary for direct pharmacological action.35 A more likely 
explanation is an indirect effect through the reduction of 
O. volvulus microfilarial load, as high microfilarial density 
has been associated with an increased risk of developing 
epilepsy.17,35 Further research is necessary to explore the 
link between ivermectin use and reduced seizure fre-
quency in these areas.

Although the epilepsy care program improved seizure 
control, mortality outcomes require further investigation. 
This study observed a mortality rate of 32.7 deaths per 
1000 person-years, consistent with previous studies in 
Mahenge, which reported mortality rates of 10–76 deaths 
per 1000 person-years among PWE.41–43 A recent system-
atic review of sub-Saharan Africa found that PWE have 
nearly five times higher mortality than the general popu-
lation, with even higher rates in onchocerciasis-endemic 
areas.14,44 Notably, 88% of the deceased in this cohort had 
not fully adhered to ASM, and six out of 10 deaths with 
known causes were epilepsy-related, closely mirroring an-
other study in Mahenge where 52% of PWE deaths were 
epilepsy-related.45 These findings underscore the impor-
tance of consistent ASM adherence in reducing the epi-
lepsy burden.

Nearly half of the participants (43.0%) reported at least 
one seizure-related incident, such as drowning or burns, 
which significantly contribute to the elevated mortality 
risk among PWE.44,46,47 In this cohort, seizure-related in-
cidents accounted for 30% of deaths (Text S1), a propor-
tion similar to that found in a previous study in Mahenge 
(26.7%).45 This emphasizes the need for comprehensive 
and effective seizure management strategies that not only 
reduce seizure frequency but also incorporate preventive 
measures to minimize injury risk. Such strategies could in-
clude supervision near water or fire sources and avoiding 
high-risk activities like biking and tree/rock climbing.47

4.1  |  Limitations

The study faced several limitations, such as the reliance 
on self-reported data susceptible to recall bias. This bias 
was mitigated by limiting the seizure frequency reports to 
the previous week, reducing the likelihood of inaccurate 
reporting over longer periods. Additionally, the observa-
tional design introduces the possibility of unobserved con-
founding factors, such as O. volvulus microfilarial load in 
the association between ivermectin and seizure frequency. 
There was also a lack of neurologist-supervised epilepsy 
classification, including to confirm the probable diagnosis 
of nodding syndrome. Another limitation was the absence 

of a systematic follow-up schedule for participants at the 
clinic, which was addressed in the regression model by 
incorporating an offset term for the varying follow-up fre-
quencies among participants.

The significant association between older age and re-
duced seizure frequency may be influenced by survivor 
bias, as individuals with more severe epilepsy may have 
experienced higher mortality before the free ASM provi-
sion,48 possibly leading to their underrepresentation in 
older age groups and the observed lower seizure frequency 
among older participants. A previous study in Mahenge 
reported higher mortality rates among PWE compared to 
the general Tanzanian rural population, especially among 
younger PWE and those unable to achieve seizure con-
trol.45 This may also explain why Mdindo and Msogezi 
villages were associated with fewer seizures compared to 
Mzelezi, as the former had significantly older PWE popu-
lations (p = .003), as also observed in the baseline study.49 
Although survivor bias could affect age-related seizure 
outcomes, it is unlikely to compromise the cohort results. 
The regression model accounted for age as a confound-
ing factor, and seizure frequency findings were adjusted 
accordingly. Additionally, sensitivity analyses, including a 
squared term for age and interaction terms with village, 
did not alter the significance or coefficients of other vari-
ables (Table S5).

Lastly, there is potential for selection bias due to the 
exclusion of participants lost to follow-up, as they lacked 
essential demographic information. Given that these indi-
viduals and their households could not be located during 
the concluding survey, many likely moved out of the study 
area. An exploratory analysis showed no major differences 
between those included in the study and those lost to fol-
low-up, except that the latter group had lower baseline 
seizure frequency and higher ASM adherence at baseline. 
This may partially explain their loss to follow-up, as par-
ticipants fully adherent to ASM prior to the study may 
have been less reliant on the program for seizure manage-
ment. At the last follow-up, both groups had similar sei-
zure frequency and ASM adherence (Table S1), reducing 
the likelihood of significant selection bias. The 21% loss to 
follow-up falls within acceptable limits for a cohort study, 
especially given the study's multiyear duration and rural, 
resource-limited settings.50 Nevertheless, some underesti-
mation of the mortality rate remains possible.

5   |   CONCLUSIONS

This study demonstrates the effectiveness of a community-
based epilepsy treatment program in Tanzania, resulting 
in a significant decrease in seizure frequency. Key factors 
contributing to this reduction include increased ASM 
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adherence, a shift toward second- and third-line ASMs 
when necessary, and the possible influence of ivermectin 
intake.

The program highlights the value of such community-
based interventions in resource-limited settings, particu-
larly for improving treatment access and adherence, and 
exploring alternative ASMs. Such interventions have the 
potential to decrease the epilepsy burden. Although the 
current study demonstrated the benefits of free treatment 
and close monitoring by CHWs, sustaining these efforts 
will require continuous financial and logistical support. 
Future research should focus on the cost-effectiveness and 
long-term sustainability of these programs. Additionally, 
the potential for carbamazepine to be a preferred ASM in 
onchocerciasis-endemic areas should be explored.
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