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Introduction: Depression is the most common psychiatric comorbidity for persons living with epilepsy. In
Rwanda, the prevalence of epilepsy and depression are high, with 4,9% and 13.0% respectively. This
prospective interventional study aimed to determine the prevalence and incidence of depression and
the outcome of persons living with epilepsy (PwE) with depression attending the outpatient neurology
department of a tertiary center.
Methods: Persons living with epilepsy enrolled between February and June 2018 in a screening cohort
with a 12-month follow-up. At every 3-month study visit, PwE were screened for depression using the
Patient Health Questionnaire (PHQ-9) questionnaire. Any positively screened subject was administered
the Hamilton Depression Rating Scale (HDRS) to confirm the diagnosis and severity of depression.
Subjects with moderate to severe depression (MSD), were started on treatment and were followed for
another year. We describe the prevalence and incidence of depression, baseline characteristics, epilepsy
and depression outcomes, and changes in PGI-C.
Results: Of 572 PwE enrolled, 46 were diagnosed with MSD in a twelve-month period, resulting in an
incidence of MSD of 32.7/1000 patient-years. The prevalence of any depression and MSD was 14.2%
and 4.7%, respectively. Longer epilepsy duration and seizure status at baseline were associated with
MSD. Significant improvements in PGI-C and seizure frequency were observed after treatment optimiza-
tion.
Conclusion: The use of PHQ-9 and HDRS proved successful in identifying depression in PwE. Combined
treatment of epilepsy and depression resulted in improved outcomes, warranting the implementation
of depression screening every six months in daily neurology practice.

� 2022 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Worldwide, depressive disorders and anxiety have been identi-
fied as serious co-morbidities in persons living with epilepsy (PwE)
[1,2]. The prevalence of depression varies between 17% and 49%
[3–5]. The signs and symptoms of depression include changes in
appetite, altered sleep habits, increased or decreased level of activ-
ity, diminished focus, and concentration, and dramatically reduced
feelings of self-worth and extreme types, death desire or suicidal
attempts [6,7].
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The presence of depressive disorders in PwE is associated with
poorer QoL and increased healthcare utilization, and may affect
worse medical outcomes, e.g., poorer seizure control and increased
side effects associated with antiseizure medication (ASM)
[2,8,9,10]. Furthermore, depression may exacerbate adverse events
associated with ASM, e.g., suicidal ideation, and may add to the
perceived and felt stigma in PwE [2,11,12,13,14,15]. Screening for
depression in PwE has therefore been recommended in clinical
practice [16].

In Africa, the impact of perceived and felt the stigma of both
medical conditions on the life of PwE and their families and treat-
ment choices are vast. Religious and socio-cultural beliefs influ-
ence the choices of care and treatment and may result in
important negative social, economic, and psychological conse-
quences. As in other African communities, attitudes and beliefs
regarding epilepsy contribute to the extensive epilepsy treatment
gap, which includes patients without diagnosis and treatment [12].

Depression is associated with different endogenous, such as
cognitive impairments, family history of mental illness, low educa-
tional status, and low monthly income. Exogenous factors associ-
ated with depression are a low level of awareness of depression,
the unfavorable attitude of family or communities, and stigma,
which further exacerbate the treatment gap [12,17,18].

In Rwanda, a low-income landlocked country in Eastern Africa,
epilepsy and depression are both common medical conditions,
with prevalence estimated at 4.9% and 13.0%, respectively
[12,19,20]. Access to health centers is well organized, nonetheless,
the epilepsy treatment gap in Rwanda is estimated between 68 and
91.5% [12]. Persons living with epilepsy receive a clinical follow-up
and ASM during monthly follow-up visits at either primary, sec-
ondary, or tertiary centers. At primary health centers, phenobarbi-
tal (tablets and IV solution) is available as first-line ASM and
amitriptyline as an anti-depressant (AD). Counseling is provided
by mental health nurses. Only at secondary or tertiary centers,
second-line ASM, ADs, and cognitive behavioral therapy (CBT) pro-
vided by psychologists, are available.

Screening for depression is not routinely applied, provided the
constraints of a resource-limited environment. Incomplete screen-
ing and atypical symptomatology or clinical presentation of
depression may lead to underdiagnosis and an unknown treatment
gap for depression [21]. In 2013, a study in the Northern Province
of Rwanda identified 105 PwE eligible for the evaluation of depres-
sion by the HDRS questionnaire. Almost half (48.6%) of the PwE
presented depression, 51% severe, 29.4% moderate, and 19.6% mild
depression [22].

In a resource-limited environment, the use of screening tools
has proven useful to decrease the diagnosis gap [23]. In Rwanda,
Kinyarwanda versions of the Patient Health Questionnaire-9
(PHQ-9) and Hamilton Depression Rating Scale (HDRS) have been
validated with cut-off values for screening, diagnosis, and monitor-
ing of depression [24,25].

The present study aimed to determine the prevalence and inci-
dence of all and moderate-to-severe depression (MSD) in PwE in
Rwanda by administering the PHQ-9 and HDRS questionnaires,
explore a possible relationship to socio-demographic and clinical
factors and evaluate treatment outcomes of PwE with MSD.
2. Methodology

2.1. Screening and diagnosis tools

Screening for depression was performed using the Kinyarwanda
version of the PHQ-9, with validated cut-offs for screening for any
and severe depression [24]. The PHQ-9 cut-off in this study for any
depression was a total score > 5 [24]. The PHQ-9 is the nine-item
2

depression screening tool for major depressive disorder, each
scored between zero to three [26].

Diagnosis of depression was performed using the Kinyarwanda
version of the HDRS, which has been validated against the gold
standard of a standardized interview, resulting in a cut-off
of > 17 for a definite diagnosis of MSD [25]. The HDRS is composed
of 17 diagnostic questions, of which eight are scored on a 5-point
scale, ranging from 0-4 and nine are scored from 0-2. Questions
18–21 further qualify the depression [27].

The aim of this study was to select PwE with MSD only, as these
were deemed at the highest need for immediate therapeutic inter-
vention. As the Rwandan PHQ-9 cut-off did not allow a categorical
analysis of the severity of depression, we adopted HDRS categories
for the absence of a depression (HDRS 0–7), or presence of mild
(HDRS 8–16) moderate (HDRS 17–23), or severe depression
(HDRS � 24), as proposed by Zimmerman et al. [28].

In addition, each investigator provided his/her assessment of
the presence and severity of depression, using a 4-category scale,
i.e., none, mild, moderate, and severe depression.

2.2. Study design and analysis sets

2.2.1. Study design
This prospective longitudinal interventional study was con-

ducted at the tertiary CARAES neuropsychiatric hospital, at Ndera
(Kigali, Rwanda). Patients aged � 15 years and having signed an
informed consent or assent form, and able to respond to the inter-
viewer were enrolled. The diagnosis of epilepsy was defined as two
unprovoked seizures occurring at least 24 hours apart, as recom-
mended by the Operational Classification of the ILAE [29]. The
study was approved by the Rwandan Ministry of Health and the
Institutional Review Board (Approval N0461/CMHS-IRB/2016).

Upon enrolment, patients entered a one-year follow-up period.
During these 12 months, PwE were screened for depression using
the PHQ-9 questionnaire, at baseline, 3 months, 6 months,
9 months, and 12 months. In between those study-specific visits,
PwE returned for their monthly routine consultation.

If at any study visit, the total PHQ-9 score was > 5, the patient
was subsequently administered the HDRS to confirm the diagnosis
of depression. If the HDRS total score indicated only mild depres-
sion, the patient continued in the PwE group without depression,
considering no therapeutic intervention for depression was
considered.

If the HDRS total score > 17 confirmed the MSD diagnosis, the
PwE moved to the other study arm PwE with depression (PwED).
In this PwED group, patients would be followed-up for one year
for depression, with four study visits scheduled every three
months for a follow-up assessment.

Epilepsy management and choice of ASMwere left at the discre-
tion of the treating physician during each outpatient and study
visit. As per protocol, treatment for depression (Selective Serotonin
Receptor Inhibitors (SSRI), Tricyclic Anti-depressant (TCA), CBT, or
any combination) was started for all PwE with MSD. PwE with mild
depression received no treatment [30]. At each visit, PwE with mild
depression or MSD received psychological counseling upon recom-
mendation by the treating physician. CBT was provided by trained
psychologists at the tertiary center.

If a patient missed a study visit, a reminder phone call was
made, and the study visit was rescheduled. If the subject missed
the study end visit, home visits were organized for the administra-
tion of PHQ9 or HDRS for PwE with and without depression
respectively.

As our study may have resulted in an outcome bias due to its
interventional nature and not reflecting clinical practice, we also
evaluated the outcome of PwED one year after the study ended,
at which time they had returned to routine clinical care. We col-
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lected data on ASM and depression treatment and administered
HDRS and a single forward-translated Kinyarwanda version of
the Quality-of-Life-In-Epilepsy 10 (QOLIE-10) questionnaire for
epilepsy-related quality of life [31,32].

2.2.2. Analysis sets
The total study population (TSP) consisted of all enrolled sub-

jects and is divided into cohorts with or without MSD.
As patients missed study visits, we defined a Completer Set (CS)

and Per Protocol Set (PPS), by the status of the presence of MSD.
The CS includes all subjects having a baseline and study end visit,
Total Study Population
[n=572]

Screening by PHQ-9, 

if positive; HDRS administration

if HDRS positive referred to MSD group; 

or,

if HDRS negative remain in PwE group

PwE without or with mild depression

Visit 1*
[n=572]

Screening positive
[n=148 (25.9%)]

Any depression
[n=81 (14.1%)]

MSD
[n=27 (4.7%)]

Visit 2*
[n=432]

Screening positive
[n=52 (12.0%)]

Any depression
[n=28 (6.5%)]

MSD
[n=4 (0.9%)]

Visit 3*
[n=417]

Screening positive
[n=74 (17.7%)]

Any depression 
[n=55 (13.2%)]

MSD
[n=4 (1.0%)]

Visit 4*
[n=412]

Screening positive
[n=86 (20.9%)]

Any depression
[n=62 (15.0%)]

MSD
[n=3 (0.7%)]

Visit 5*
[n=465]

Screening positive
[n=79 (17.0%)]

Any depression
[n=61 (13.1%)]

MSD
[n=8 (1.7%)]

scr-CS
[n=457 (83.9%)]

scr-PPS  
[n=297 (54.5%)]

Lost follow-up
[n=75 (13.7%)]

Fig. 1. Study flow diagram with number of subjects at each study visit (abbreviations: %
MSD-PPS: MSD-Per Protocol Set; n: number; scr-CS: screening-Completer Set; scr-PPS: s
140, 155, 160 and 107 PwE, respectively, and included missed study visits, death cases

3

which occurred at least 10.5 months after baseline, resulting in a
CS for PwE without MSD in the screening group (scr-CS) and PwE
with MSD (MSD-CS) (Fig. 1). Similarly, we defined the PPS for the
respective groups as scr-PPS andMSD-PPS for PwE having attended
all planned study visits.

2.3. Study variables

2.3.1. Demographic variables and epilepsy characteristics
Demographic variables and epilepsy characteristics were col-

lected at baseline.
PwE with MSD
[n=46]

Visit 1

Visit 2
[n=30]

No depression
[n=11]

Any depression
[n=19]

MSD
[n=2]

Visit 3
[n=26]

No depression
[n=6]

Any depression
[n=20]

MSD
[n=2]

Visit 4
[n=22]

No depression
[n=8]

Any depression
[n=14]

MSD
[n=2]

Visit 5
[n=39]

No depression
[n=14]

Any depression
[n=25]

MSD
[n=6]

MSD-CS
[n=39 (84.8%)]

MSD-PPS
[n=14 (30.4%)]

Lost follow-up
[n=7 (15.2%)]

: percentage; MSD: moderate to severe depression; MSD-CS: MSD-Completer Set;
creening-Per Protocol Set; *missing observations at visit 2, 3, 4 and 5 amounted to
and lost to follow-up.
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The etiology of epilepsy was determined based on the medical
history (patient and/or family member), clinical examination, and
lab and imaging results, if available. Using the ILAE 2017 guideli-
nes, epilepsy onset and etiology were classified by consensus of
three investigators following a review of the medical records, clin-
ical seizure description, and technical investigations, if available
[29,33].

2.3.2. Epilepsy treatment and outcomes
Data on previous and ongoing ASMwere collected at each study

visit and coded using WHODrug [34].
28-day seizure frequency was calculated based on the number

of seizures reported by PwE between study visits. Mean baseline
seizure frequency was calculated on the number of seizures since
the last outpatient visit.

2.3.3. Depression prevalence at baseline, incidence at each visit,
treatment, and evolution

At each visit, the presence of any depression in PwE was evalu-
ated and categorized by mild depression or MSD.

Depression treatment at each visit was recorded as the active
use of anti-depressant drugs (AD) and/or CBT and coded using
the WHO Drug. Treatment outcome was measured using the HDRS
score, and investigator assessment of depression severity.

2.3.4. Patient-reported outcomes
At each visit, all subjects assessed their overall improvement

compared to the start of treatment using the Patient Global
Impression of Change (PGI-C), a 7-point scale, ranging from ‘no
change (or condition got worse) to a ‘great deal better, a consider-
able improvement that has made all the difference’ [35,36].

The QOLIE-10 questionnaire consisting of 10 questions address-
ing epilepsy effects, mental health, and role functioning was
administered to subjects diagnosed with MSD, one year after the
study ended [31,32]. The relative scores range between 1.00 and
5.11.

Depression outcomes were described in the MSD-CS.

2.3.5. Statistical analysis
Data were analyzed using the statistical R package [37].
All analyses were descriptive. Comparison between subpopula-

tions (male/female, PwE with and without MSD) was performed
using either Pearson Chi2 for all nominal or ordinal variables, and
with ANOVA for all continuous variables where the normality
assumption was met. Bonferroni adjustments were applied for all
tests. Significance levels were determined at p < 0.05.

Demographics were described by the total population, and by
the presence of MSD. Additional analysis by gender in each popu-
lation was also performed.

In case of missing data, no imputations were used. As this study
was intended as a real-life study, protocol deviations were
included in the data analysis.

Despite efforts to ensure compliance with the study protocol, a
high number of missed study visits was observed. A timeframe
analysis to calculate the study duration of each study visit relative
to baseline was used.

Prevalence of MSD and any depression was calculated at base-
line and included subjects who screened positive on PHQ9 and
with HDRS total scores � 6 and � 18, respectively.

The incidence of MSD and any depression during the one-year
follow-up was calculated on the number of PwE with a positive
HDRS score at any follow-up visit. Prevalence and incidence of
depression after one year werer analyzed using the TSP.

A sensitivity analysis was conducted using censoring for study
drop-outs and using only PPS.
4

3. Results

3.1. Study disposition

The TSP consisted of 572 PwE with 58.6% males enrolled
between 21st February 2018 and 7th June 2018.

As 27 cases of MSD were confirmed at baseline first visit, the
screening cohort continuing to visit 2 consisted of 545 subjects.
As MSD incident cases occurred during the one-year follow-up,
they progressively decreased to 526 PwE at the study closure.
The MSD group increased from 27 to 46 subjects after one year
(see Fig. 1). In total, 82 subjects were lost to follow-up, seven of
which were in the MSD cohort.

The scr-CS consisted of 457 PwE and the scr-PPS consisted of
297 PwE. The MSD-CS and MSD-PPS consisted of 39 and 14 PwE,
respectively.

3.2. Demographic variables

Baseline demographics by TSP and by the status of MSD are
described in Table 1.

Geographically, most patients (57%) originated from the city of
Kigali, where the CARAES neuropsychiatric hospital is located. No
geographical differences were observed between study
subpopulations.

Of note, more than 7 out of 10 PwE, remained single, both male
and female.

An analysis by gender (male/female) did not reveal any signifi-
cant differences. A comparison of male/female subjects by status of
MSD did not reach significance for any of the variables.

The presence of comorbidities, such as HIV or diabetes, was not
associated with depression, considering the low reported rate of
comorbidities.

3.3. Epilepsy characteristics

Characteristics of epilepsy categorized by the presence of MSD
are described in Table 2 and Table 3.

Of all seizure types, tonic-clonic seizures were most prevalent
in 319 (55.8%) of patients, and 230 (40.2%) were classified as
focal-onset, similar in PwE with or without MSD.

Nearly all patients (97.4%) had an electroencephalogram (EEG)
performed at any stage prior to study inclusion. Computed tomog-
raphy (CT) was performed in 112 (19.6%) persons and magnetic
resonance imaging (MRI) in 25 (4.4%).

Epilepsy etiology and seizure onset were unknown in 425
(74.5%) and 211 (36.9%) PwE, respectively. The etiology is most
often described as an underlying structural lesion, noted in 115
(20.1%) persons. Traumatic head injuries and hypoxic-ischemic ori-
gin, including perinatal asphyxia, were reported in 64 (11.2%) and
35 (6.1%), respectively. Infectious etiology was noted in 29 (5.1%)
PwE, including bacterial meningitis (n = 10 (1.7%)), malaria (n = 4
(0.7%)), and neurocysticercosis (n = 3 (0.5%)).

No, statistical differences in seizure types and epilepsy etiology
were found when categorized by MSD status.

A longer mean duration of epilepsy was significantly associated
with the occurrence of MSD. Seizure frequency, analyzed by inter-
vals, was also significantly different between subjects with and
without MSD, with fewer patients with MSD being seizure-free.

3.4. Incidence of MSD or any depression

Nineteen new cases of MSD were identified at visit 2 (n = 4),
visit 3 (n = 4), visit 4 (n = 3), and visit 5 (n = 8), respectively. This
resulted in an incidence of MSD of 32.7/1,000 patient-years (CI



Table 1
Demographics at baseline by TSP, and by status of MSD.

Overview of demographics, stratified by population and sub-populations
Variable TSP No MSD MSD p-value

Number 572 526 46
Gender [n (%)] p = 0.184
Female 237 (41.4) 214 (40.7) 23 (50.0)
Male 335 (58.6) 312 (59.3) 23 (50.0)

Age group (y) [n (%)] p = 0.432
15 � 19 99 (17.3) 84 (17.9) 5 (10.9)
20–29 230 (40.3) 208 (39.8) 22 (47.8)
30–39 133 (23.3) 124 (23.6) 9 (19.6)
�40 109 (19.1) 99 (18.9) 10 (21.7)

Age (y) [mean (SD)] 30.6 (12.1) 30.5 (12.2) 31.4 (10.7) p = 0.695
Insurance category [n (%)] p = 0.136
No insurance 12 (2.1) 10 (1.9) 2 (4.3)
Private/MMI 11 (1.9) 11 (2.1) 0 (0.0)
RSSB (formerly RAMA) 47 (8.2) 47 (8.9) 0 (0.0)
Social Security 502 (87.8) 458 (87.1) 44 (95.7)

Education [n (%)] p = 0.966
Primary 217 (37.9) 198 (37.6) 19 (41.3)
Secondary 223 (39.0) 206 (39.2) 17 (37.0)
Tertiary 65 (11.4) 60 (11.4) 5 (10.9)
Without schooling 67 (11.7) 62 (11.8) 5 (10.9)

Occupation [n (%)] p = 0.758
Employed 162 (28.3) 150 (28.5) 12 (26.1)
Self-employed, farmer 179 (31.3) 161 (30.6) 18 (39.1)
Student 146 (25.5) 137 (26.0) 9 (19.6)
Unemployed 85 (14.9) 78 (14.8) 7 (15.2)

Marital status [n (%)] p = 0.628
Married 151 (26.4) 136 (25.9) 15 (32.6)
Single 416 (72.7) 385 (73.2) 31 (67.4)
Widowed 5 (0.9) 5 (1.0) 0 (0.0)

Comorbidities at baseline [n (%)]
Diabetes 5 (0.9) 5 (1.0) 0 (0.0)
Cardiovascular conditions 18 (3.1) 17 (3.2) 1 (2.2)
HIV 16 (2.8) 15 (2.9) 1 (2.2)

Province home address [n (%)] p = 0.793
North 28 (4.9) 25 (4.8) 3 (6.5)
East 140 (24.5) 127 (24.1) 13 (28.3)
South 61 (10.7) 58 (11.0) 3 (6.5)
West 20 (3.5) 18 (3.4) 2 (4.3)
Kigali 323 (56.5) 298 (56.7) 25 (54.3)
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19.7 – 59.1). The mean time to MSD diagnosis was 10.6 ± 6.
0 months.

Based on Rwandan cut-offs, we observed 108 PwE with mild
depression or MSD after the one-year follow-up, resulting in an
incidence of any depression of 225.5/1,000-years (CI 185.0 –
27/2.2).

3.5. Prevalence of MSD or any depression

Of 572 patients, 148 (25.9%) had a positive PHQ-9 at baseline
(Fig. 1). Of those patients, 81 had any depression using the HDRS
score, resulting in a prevalence of 14.2% (CI 11.41 – 17.29) and
27 were diagnosed with MSD, resulting in a prevalence of 4.7%
(CI 3.13 – 6.79). Of the 27 patients diagnosed at baseline with
active MSD, only two reported a history of depression.

In those who were not having any signs or symptoms of active
depression at baseline, we identified 21 subjects with a history of
previous depression, based on medical records. Thus, a total of
102 PwE had a history of or had been diagnosed with any depres-
sion, yielding a 17.8% lifetime prevalence of any depression at
baseline.

3.6. MSD treatment and outcomes

The evolution of HDRS scores over time for subjects with MSD is
shown in Fig. 2a. We observed a decrease in the HDRS score from
visit 1 to visit 2, with mean HDRS scores remaining stable until the
study ended. Improvements in depression severity are provided in
5

Fig. 2b. Of the 46 PwED seven were lost to follow-up (dashed lines),
20.5% still had MSD after 12 months and 35.9% presented no
depression.

The mean HDRS scores for patients having > 10 months dura-
tion of any depression treatment, from 22.04 (SD 3.669) at visit 1
to 12.75 (SD 8.644) at visit 5, reflecting a clinically significant
decrease of nearly 10 points (p < 0.001) (see Fig. 2c).

A decrease in HDRS scores is higher for PwED with CBT, AD
treatment, or combination for � 10 months when compared to
shorter duration or no treatment (see Fig. 2d). The types of AD
treatment were 52.7% SSRIs and 47.4% TCA.

We performed a follow-up one year after the study ended in
subjects with MSD. Forty-two PwED could be contacted. Three
were not able to participate (coma, inability to speak). The HDRS
and QOLIE-10 were completed by 39 PwED. The results are sum-
marized in Table 4.

One year after the study ended, the proportion of subjects with
MSD remained unchanged compared to the study ending at 20%.
One-way variance analysis (ANOVA) was significant between the
three groups relative to treatment. The mean QOLIE-10 score of
2.78 ± 0.68 and the mean HDRS score was 6.

A total of five subjects with MSD at the study end had with-
drawn their ASM and AD treatment.
3.7. Epilepsy treatment and outcome

At the study onset, 298 patients (52.2%) of the TSP reported no
seizures since the last outpatient visit. The 28-day baseline seizure



Table 2
Epilepsy onset, time to diagnosis, and seizure frequency.

Overview of epilepsy characteristics
Study population TSP no MSD MSD

Number 572 526 46
Age at first seizure (y) [n (%)] p = 0.9
� 5 43 (7.5) 39 (7.4) 4 (8.7)
06 – 10 43 (7.5) 39 (7.4) 4 (8.7)
11 – 15 130 (22.7) 119 (22.6) 11 (23.9)
16 – 20 124 (21.7) 113 (21.5) 11 (23.9)
21 – 25 85 (14.9) 81 (15.4) 4 (8.7)
� 26 147 (25.7) 135 (25.7) 12 (26.1)

Mean age first seizure (y) [mean ± SD] 20.8 ± 12.4 20.9 ± 12.5 19.4 ± 10.9 p = 0.451
Age epilepsy diagnosis (y) [n (%)] p = 0.871
� 5 17 (3.0) 16 (3.0) 1 (2.2)
06 – 10 35 (6.1) 34 (6.5) 1 (2.2)
11 – 15 95 (16.6) 87 (16.5) 8 (17.4)
16 – 20 143 (25.0) 130 (24.7) 13 (28.3)
21 – 29 144 (25.2) 134 (25.5) 10 (21.7)
30 – 39 86 (15.0) 78 (14.8) 8 (17.4)
� 40 52 (9.1) 47 (8.9) 5 (10.9)

Mean age epilepsy diagnosis (y) [mean ± SD] 23.2 ± 12.4 23.2 ± 12.5 23.7 ± 11.1 p = 0.793
Interval first seizure to diagnosis (y) [n (%)] p = 0.1
0 – < 1 286 (50.0) 268 (51.0) 18 (39.1)
� 1 – � 4 177 (30.9) 163 (31.0) 14 (30.4)
� 5 – � 10 52 (9.1) 47 (8.9) 5 (10.9)
� 11 – � 15 23 (4.0) 19 (3.6) 4 (8.7)
� 16 34 (5.9) 29 (5.5) 5 (10.9)

Mean interval first seizure to diagnosis (y) [mean ± SD] 2.5 ± 7.0 2.3 ± 6.8 4.3 ± 8.7 p = 0.063
Interval first seizure to baseline visit (y) [n (%)] p = 0.061
Missing observations 7 (1.2) 7 (1.3) 0 (0.0)
� 5 190 (33.6) 181 (34.9) 9 (19.0)
� 6 – � 10 150 (26.5) 138 (26.6) 12 (26.1)
� 11 225 (39.8) 200 (38.5) 25 (54.3)

Mean interval first seizure to baseline visit (y) 9.8 ± 8.8 9.6 ± 8.8 12.0 ± 9.1 p = < 0.0001
[mean ± SD]
28-day baseline seizure frequency [n (%)] p = 0.009
Missing observations 1 (0.2) 0 (0.0) 1 (2.2)
0 298 (52.2) 286 (54.4) 12 (26.7)
1–2 209 (36.6) 185 (35.2) 24 (53.3)
3–5 46 (8.1) 40 (7.6) 6 (13.3)
6–29 17 (3.0) 14 (2.7) 3 (6.7)
� 30 1 (0.2) 1 (0.2) 0 (0.0)

Mean baseline 28-day seizure frequency [n (%)] 1.0 (3.1) 1.0 (3.1) 1.7 (3.3) p = 0.1446
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frequency ranged from 0 to 27.6 and decreased to 0 to 11.9 sei-
zures at the study end (p < 0.001). The seizure frequency per
month decreased significantly in both subpopulations with 53.7%
and 30.8% seizure freedom in scr-PPS and MSD-PPS, respectively.

In the scr-CS at baseline, 49.5% of PwE were on monotherapy,
32.0% on dual ASM therapy, and 16.5% on 3 or 4 different ASM
(with 1.0% without ASM). Whereas there was no change in the
mean number of ASM, the mean 28-day seizure frequency
decreased from 0.879 ± 2.631 towards 0.209 ± 0.836 after twelve
months. A similar decrease was observed in the scr-PPS from 0.8
37 ± 2.897 to 0.201 ± 0.871. Up to 38.6% of subjects in scr-CS
reported a seizure frequency decrease and 7% reported an increase
at the study end.

In the MSD-CS and MSD-PPS at baseline, 26.1% of PwE were on
monotherapy, 50.0% on dual therapy, 19.6% on three ASM, and 4.3%
on four ASM. In MSD-CS and MSD-PPS, the mean 28-day seizure
frequency decreased from 1.071 ± 2.139 to 0.377 ± 0.787 and 1.3
46 ± 2.366 to 0.405 ± 0.670, respectively. In patients with MSD, a
decrease was noted in 43.6%, and 25.7% reported an increase at
the study end. Seizure frequency at baseline ranged from 0 to 9.2
seizures and decreased to 0 to 4.0 seizures at the study end
(p < 0.027).

The mean number of concomitant ASM did not change in the
scr-CS whereas it increased from three to four ASM in the MSD-CS.
6

3.8. Patient Global Impression of Change

The evolution of PGI-C is summarized in Table 5.
The mean score at study enrolment in the two subpopulations is

similar. The individual-level meaningful change improvement
between the study enrolment (or first visit) and the fifth visit is
highly significant in the PwE group and significant in the PwED
group, although the lower end of the range improved in the latter
group.
3.9. Adverse events

Only 14 subjects reported adverse events during the study per-
iod, six women and eight men. Twelve PwE and two PwED
reported a total of 30 signs and symptoms (see Table 6). Eight
events were considered drug-related, with one to monotherapy
and two to combination therapy. ASM treatment was changed in
three PwE due to adverse events. Six deaths were reported during
the study, none in the MSD group. Home visits were organized to
interview relatives to determine the cause of death using the
WHO Verbal Autopsy questionnaire [38,39]. Based on the 581.46
study observation years a mortality rate of 10.3/1,000 year could
be calculated.



Table 3
Epilepsy onset, etiology classification, and technical investigations.

Overview of epilepsy, according to the 2017 ILAE classification
Study population TSP no MSD MSD

Number 572 526 46
Epilepsy onset classification [n (%)] p = 0.63
Focal 248 (43.4) 225 (42.5) 23 (50.0)
Generalized 100 (17.5) 90 (17.1) 10 (21.7)
Unknown 211 (36.9) 198 (37.6) 13 (28.3)
Unclassified 13 (2.3) 13 (2.5) 0 (0.0)

Etiology classification (ILAE levels) [n (%)] p = 0.72
Genetic etiology 3 (0.5) 3 (0.6) 0 (0.0)
Infectious etiology 29 (5.1) 28 (5.3) 1 (2.2)

– Bacterial meningitis 10 (34.5) 10 (35.7) 0 (0.0)
– Cerebral malaria 4 (13.8) 4 (14.3) 0 (0.0)
– HIV 2 (6.9) 1 (3.6) 1 (3.6)
– Neurocysticercosis 3 (10.3) 3 (10.7) 0 (0.0)
– Other infections 6 (27.6) 8 (28.6) 0 (0.0)
– Viral encephalitis 2 (6.9) 2 (7.1)) 0 (0.0)
Structural etiology 115 (20.1) 108 (20.5) 7 (15.2)

– Hippocampal sclerosis 1 (1.0) 1 (1.0) 0 (0.0)
– Hypoxic-ischemic 35 (33.3) 33 (33.3) 2 (33.3)
– Hypoxic-ischemic brain injury 31 (88.6) 29 (87.9) 2 (100)
– Stroke 4 (11.4) 4 (12.1) 0 (0.0)
– Traumatic brain injury 64 (61.0) 61 (61.6) 3 (50.0)
– Tumors 5 (4.8) 4 (4.0) 1 (16.7)
Undetermined etiology 425 (74.3) 387 (73.6) 38 (82.6)

Technical investigations
MRI
Performed 25 (4.4) 23 (4.4) 2 (4.3) p = 0.67

– Abnormal 11 (44.0) 11 (47.8) 0 (0.0)
– Normal 5 (20.0) 4 (17.4) 1 (50.0)
– Result unavailable 9 (36.0) 8 (34.8) 1 (50.0)
Not performed 547 (95.6) 503 (95.6) 44 (95.7)

CT
Performed 112 (19.6) 105 (20.0) 7 (15.2) p = 0.75

– Abnormal 29 (25.7) 27 (25.5) 2 (28.6)
– Normal 41 (36.3) 40 (37.7) 1 (14.3)
– Result unavailable 43 (38.1 39 (36.8) 4 (57.1)
Not performed 460 (80.4) 421 (80.0) 39 (84.8)

EEG
Performed 556 (97.2) 511 (97.1) 45 (97.8) p = 0.17

– Abnormal 223 (40.1) 197 (38.6) 26 (57.8)
– Abnormal, result unavailable 90 (16.2) 86 (16.8) 4 (8.9)
– Normal 195 (35.1) 183 (35.8) 12 (26.7)
– Result unavailable 48 (8.6) 45 (8.8) 3 (6.7)
Not performed 16 (2.8) 15 (2.9) 1 (2.2)

Fig. 2a. Boxplot of HDRS score for the PwED sub-population over the five visits (dots represent single subjects; horizontal line is mean value).
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Fig. 2b. Shift table of 46 PwED with MSD at first visit and 39 PwED at fifth visit study end.

Fig. 2c. Boxplot figure of change of total HDRS score in function of antidepressant (AD) treatment with duration � 10 months (dots represent single subjects; horizontal line
is mean value).

Fig. 2d. Boxplot of total HDRS score by type of depression treatment from treatment start to study end (dots represent single subjects; horizontal line is mean value).
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Table 4
Results HDRS and QOLIE-10 scores and ongoing treatment by MSD, mild and no
depression subgroups one year after study end.

Depression

MSD Mild No depression

Number 8 16 15
Gender (male/female) 5/3 5/11 9/6
HDRS score
– Mean score ± SD 23.9 ± 6.0 11.1 ± 3.2 3.9 ± 2.3
– Range 18 – 36 8 – 17 0 – 7
Relative QOLIE-10
– Mean score ± SD 3.67 ± 0.43 3.30 ± 0.52 2.56 ± 0.50
– Range 3.00 – 4.22 2.44 – 4.11 1.78 – 3.33
Treatment
– ASM + AD 0 4 5
– ASM alone 4 10 9
– AD alone 2 0 0
– No treatment 2 2 1
Employment (yes/no) 0/8 3/13 8/7

Table 6
Reported signs and symptoms in the adverse event reports.

Sign/symptoms number Sign/symptoms number

Anxiety 1 Loss of appetite 1
Asthenia 1 Memory problems 2
Behavior problems 1 Nausea 1
Constipation 1 Shaking upper extremities 1
Cutaneous rash 5 Somnolence 4
Fatigue 2 Vertigo 1
Gastric pain 2 Vomiting 1
Gingivitis 1 Weight loss/gain 2
Headache 3
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4. Discussion

4.1. Depression

4.1.1. Incidence of depression
During the one-year follow-up, 3.4% (19/545) PwE were newly

diagnosed with MSD and one in five had any type of depression
(19.8%, 108/545). To our knowledge, this is the first study to report
the incidence of depression in sub-Saharan Africa in a prospective
cohort of PwE.

The high number of PwE having any depression warrants regu-
lar follow-up.

Based on the eight new cases of MSD in the first six months and
11 new cases of MSD in the second six months, we recommend
screening PwE for depression every six months by administering
a PHQ-9 and confirming depression diagnosis with HDRS, as per
protocol.

The cut-offs for screening with PHQ9 in more resource-limited
settings may require adjustments given the high number of false
positive screens to optimize the use of resources. Alternatively, it
is also worthwhile to explore whether the clinical relevance of
screening with PHQ-9 may be optimized and if additional research
could address appropriate PHQ-9 scores allowing for a definite
diagnosis of MSD, thereby reducing the need for a confirmatory
HDRS administration and thus workload for healthcare profession-
als [24,25].
4.1.2. Prevalence of depression and risk factors
The prevalence of any newly diagnosed depression at baseline

based on combined screening with PHQ-9 (score � 6) and diagno-
sis confirmation with the HDRS tool (score � 18), amounted to
14.2% (81/572) and 4.7% (27/572) for MSD. This is comparable to
a previously documented prevalence of depressive episodes of
11.9% in a general health survey in Rwanda in 19,110 respondents
[40]. The calculated lifetime prevalence of 17.8% may be a conser-
Table 5
Patient Global Impression of Change at the time of the enrolment in the study (visit 1) an

Group PGI-Cstudy admission

Number mean score ± SD
(range)

PwE 526 5.713 ± 1.274
(1.000 – 7.000)

PwED 46 5.630 ± 1.339
(2.000 – 7.000)
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vative estimate as mild depression may not have been detected or
reported.

Our point prevalence is at the lower end of prevalence data
reported in several studies, including a systematic review and a
meta-analysis reporting 23.1% and 22.9%, respectively [41,42].
Individual prevalence studies in Africa report a wide range and
often higher prevalence of depression in PwE. Prevalence data for
southern and eastern Africa vary between 19% and 45%
[3,4,6,43,44,45,46,47,48,49].

Variability of prevalence within a country or between regions
can be explained by the assessment tools, different cut-off scores
for diagnosis even for the same scale as well as demographic,
sociocultural, and behavioral-related factors. Our conservative
approach of combining a screening and diagnosis confirmation tool
may be one of the reasons for lower prevalence, as other studies
often used only a single screening or diagnostic method. Culturally,
in Africa, depression is heavily associated with stigma. Subjects
may have adjusted their responses to conceal the condition, yet
this needs to be elaborated. Our study was conducted in a tertiary
center, where resources for specific epilepsy awareness and educa-
tion programs are available, having contributed to better coaching
of PwE compared to other settings. Future studies in rural areas are
needed to compare healthcare settings. Lastly, demographic differ-
ences in particular ages may have impacted our results. Depression
in Rwanda and epilepsy in African, European, and South-East Asian
countries have been found related to older age [40,50]. In our pop-
ulation, nearly 60% of subjects were below the age of 30y, perhaps
contributing to a lower prevalence.

In other regions, risk factors associated with depression were
female gender, older age, low education level, being unemployed,
poor ASM adherence, stigma, and anxiety are considered signifi-
cant factors associated with an increased risk of depression
whereas marital status, age at seizure onset, economic level, and
seizure control did not increase the risk of depression
[50,51,52,53,54,55]. The 2018 Rwandan Mental Health survey
showed significant differences towards higher prevalence in
females, and low education level groups [40]. In our study, only
longer epilepsy duration and a higher seizure frequency at baseline
were associated with MSD, in line with a recent meta-analysis [50].
It is not unexpected that depression may be influenced by the clin-
ical features of epilepsy, e.g., seizure frequency and duration of ill-
ness. The combination of duration, intensity, and stress results in
d at the study end visit (visit 5).

PGI-Cfifth visit p-value

number mean score ± SD
(range)

457 6.653 ± 0.851 �0.001
(1.000 – 7.000)

39 6.179 ± 0.970 �0.05
(4.000 – 7.000)



F. Sebera, P. Dedeken, I. Garrez et al. Epilepsy & Behavior 138 (2023) 108993
sleep deprivation, more pronounced anxiety severity, sadness,
loneliness, and low self-esteem because of lack of control over,
uncertainty, or unpredictability of the seizures; as well as lack of
social coping or adaptation skills [52].

4.1.3. Depression treatment and outcomes
The combination of the CBT referral in 47.8% of PwED and of AD

treatment in 56.5% of PwED resulted in a reduction of the HDRS
scores at the subsequent visit. In our study, no difference was
observed between different types of treatment for depression with
a sustained effect after one year. Future studies are required to
assess whether CBT and/or AD treatment are most effective in a
Rwandan setting. Although AD treatment is still preferred for per-
sons with MSD, a recent study suggests that CBT may be more
effective and with a longer-lasting effect [56,57].

After the study ended, PwED returned to routine outpatient
care, and no change in MSD rate compared to the one-year study
follow-up was noted (20.5%). Of PwE with no or mild depression
one year after the study ended, more than 90% were on ASM, com-
pared to only 50% of PwE with MSD. This underlines the impor-
tance of ASM treatment as low ASM adherence may lead to poor
quality of life [58].

4.2. Epilepsy

4.2.1. Seizure onset classification
In our study seizure onset was unknown in 418 (74.8%), focal-

onset in 136 (23.8%), and generalized-onset in 8 (1.4%) PwE.
Although all our patients had had an EEG investigation, its contri-
bution to classifying the onset of seizures was limited. A limited
number of PwE having had imaging also limited the classification
of seizures by type of onset.

A comparison of the seizure classification reported in other
studies in low- and middle-income countries is challenging. Our
findings are different from a study in Nigeria in which generalized
seizures were seen in 202 (79.2%) patients, followed by focal sei-
zures and focal secondary generalized seizures in 50 (24.0%) [46].
Our study used the 2017 revised ILAE seizure-onset and seizure-
type classification requiring differentiation between unknown-
onset and generalized-onset seizures. When combining these two
groups, results in both studies seem similar.

4.2.2. Etiology
In the screening population, no etiology could be confirmed in

392 (or 74.5%) PwE, and 39 (or 84.8%) in the MSD sub-population.
An underlying structural etiology could be confirmed in 104 (or

19.6%) PwE in the screening and in six (or 13.0%) of the MSD group.
An infectious etiology was only reported in 29 patients (or 5.1%) of
the TSP, with 28 patients (or 5.3%) in the screening sub-population
and only one patient having an infectious etiology in the MSD
subpopulation.

Comparison of etiologies described in other published studies in
developing countries was challenging. In a recent study from India,
a structural etiology was reported in 56 PwE, 33 (34.7%) in PwED,
and 23 (41.8%) in PwE, whereas a genetic/unknown etiology was
reported in 67 PwE, 44 (46.7%) in PwED and 23 (41.8%) in PwE,
respectively [59].

4.2.3. Seizure onset and time to diagnosis
The mean age of seizure onset was 20.8 ± 12.4 years, and the

mean age of epilepsy diagnosis was 23.2 ± 12.4 years. These are
comparable to the mean age of seizure onset and epilepsy diagno-
sis reported in other studies in Africa and Europe [60,61].
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The mean interval between the first seizure and diagnosis was
2.5 ± 7.0 years in the study population, with one out of two persons
having more than one year delay between the first seizure and con-
firmed diagnosis. This interval is, however, lower than the one
observed in another study in Rwanda which reported delays of 8.
3 ± 11.3 years [20]. This may be a result of the provenance from
Kigali of over 50% of PwE resulting in easier access to the primary
health care center as well as to the tertiary referral center for diag-
nosis and initiation of ASM.
4.2.4. Epilepsy treatment and outcomes
Over 50% of PwE were seizure-free when enrolled in the study.

Nonetheless, there was a difference in seizure freedom of 54.4% in
the screening group compared to 26.7% in the MSD group. Seizure
frequency between groups differed significantly and may be a risk
factor for MSD in Rwanda, as observed in other individual studies
[6,62]. However, these observations are not confirmed by a meta-
analysis of 51 studies [50].

The results of our study showed that the seizure frequency
decreased by less than 40% after the therapeutic intervention for
epilepsy and/or depression. This is in line with the results of a
Canadian population-based primary care cohort study where trea-
ted depression was found to be associated with worse epilepsy
outcomes [63]. Further research is recommended to understand
whether depression and epilepsy have a common pathogenesis.
A recent review explored how early diagnosis and adequate treat-
ment of depression in PwE contributed to better prognosis and
improved quality of life [64]. In this study, AD treatment did not
result in a clinically relevant seizure reduction but did increase
the quality of life. In our study, we observed a significant change
in PGI-C after one year in both screening and MSD subpopulations.
4.3. Study limitations

There are several limitations that should be considered when
interpreting the findings of the present study.

First, the number of PwE lost to follow-up and PwE missing
their scheduled visit was large, despite the concerted efforts of
research assistants. The travel time to cover the distance to the ter-
tiary referral center, the travel cost, and the time required to com-
plete the questionnaires no doubt played a role. Nonetheless, the
impact on results may have been limited as the number of posi-
tively screened subjects and those diagnosed with any depression
or MSD remained stable during follow-up visits 3–5.

Second, the therapeutic management of depression may not
reflect routine practice in Rwanda. Given the CARAES neuropsychi-
atric hospital offers CBT, which is not readily available in rural
areas or primary health centers, additional research is conducted
to investigate the therapeutic management of depression and its
outcome in PwE in rural and primary centers.

Third, our number of subjects with MSD is lower compared to
studies reported in meta-analyses [42,50]. This may have impacted
our analysis of risk factors as also Bonferroni adjustments were
made.

Fourth, our analysis of risk factors for depression may have been
hampered by the lack of imaging, lack of seizure onset, and etiolog-
ical diagnosis. On the other hand, we were able to analyze many
known risk factors associated with the occurrence of depression
in patients with epilepsy and only found a possible association
between the duration of epilepsy and seizure-free status at
baseline.
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Notwithstanding these limitations, our results add to our in-
depth knowledge of depression as a comorbidity in epilepsy in
Rwanda.

5. Conclusion

Epilepsy is a common and widespread neurological condition in
Rwanda, with a nationwide prevalence of 47/1,000 [12,20].

Depression in epilepsy is a debilitating psychiatric comorbidity
with a significant socio-economic burden given its incidence of
32.7/1,000 patient-years of moderate to severe depression and
225.5/1,000-years (CI 185.0 – 27/2.2) for any type of depression.
The 14,2% point prevalence was low and warrants further
investigations.

In the resource-limited setting of Rwanda, the administration of
the PHQ-9 and HDRS questionnaires, validated in the local Kin-
yarwanda language, by healthcare professionals may prove partic-
ularly useful in identifying PwE with MSD. Based on the data in our
study, we recommend screening PwE every six months for the
identification and follow-up of any depression in epilepsy.

The impact of the management of moderate to severe depres-
sion in PwE on depression outcomes, combined with improve-
ments in epilepsy outcomes, is illustrated. The implementation of
a standardized approach to routine screening and diagnosis for
depression in PwE should be considered at primary, secondary as
well as tertiary centers.
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