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Abstract
Background: Attention-deficit hyperactivity disorder (ADHD) is a frequent co-
morbidity in children with epilepsy, which management mostly relies on the 
usual treatments of ADHD, especially methylphenidate. Supplementation with 
polyunsaturated n-3 Fatty Acid (PUFA) has been proposed as an alternative 
therapeutic approach in ADHD without epilepsy but has never been evaluated 
in epilepsy-associated ADHD.
Methods: A multicenter double blind randomized placebo-controlled trial eval-
uating supplementation with PUFA, in eicosapentaenoic- and docosahexaenoic-
acid form, conjugated to a phospholipid vector (PS-Omega3) in children aged 
>6 and <16-years old, and suffering from any type of epilepsy and ADHD (inat-
tentive or combined type) according to DSM-V. After a 4-week baseline period, 
patients were allocated (1:1) either to placebo group or to PS-Omega 3 group 
and entered a 12 week-double-blind treatment period which was followed by a 
12 week-open-label treatment period. The primary outcome was the reduction of 
the ADHD-rating scale IV attention-deficit subscore after 12 weeks of treatment.
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1  |   INTRODUCTION

In children with epilepsy, the prevalence of attention-
deficit hyperactivity disorder (ADHD) is 12% to 39% 
in newly diagnosed epileptic children1,2 but can reach 
70% in drug-resistant epilepsy.3 ADHD is an important 
contributor to cognitive difficulties commonly seen in 
children with epilepsy, leading to academic and neu-
ropsychological difficulties more severe than those seen 
in children with epilepsy without ADHD.4,5 ADHD 
symptoms are not associated with the underlying epi-
lepsy syndrome, the severity of epilepsy, and/or the 
ongoing antiseizure medications (ASM).6 In addition, 
ADHD associated with childhood epilepsy differs from 
that observed in the general population, in that it is 
mainly represented by its attentional variant, suggesting 
that it represents a specific entity within the spectrum of 
the disease ADHD.2,4

Currently, the therapeutic management of ADHD in 
children with epilepsy is based on the usual treatments of 
ADHD4,5 though their efficacy in this specific population 
has not formally been evaluated in large double-blind con-
trolled trials.4,7 Because of its well-demonstrated efficacy 
in ADHD without epilepsy and of the lack of evidence 

suggesting a risk of drug-induced seizure aggravation,6 
methylphenidate is thus the first-line drug in patients 
with ADHD and epilepsy.4 Data about the efficacy and 
the benefit/risk ratio of other molecules used in children 
with ADHD and epilepsy are more limited4,8 with no evi-
dence based on a randomized controlled trial.4,7 It should 
however be noted, that up to 25% of patients with epilepsy 

Results: The study was stopped early because of lack of eligible participants 
and the expected sample size was not reached. Seventy-four patients were ran-
domized, 44 in PS-Omega3, and 30 in the placebo group. The reduction after 
12 weeks of treatment in the inattention subscore of the ADHD-IV scale was 
−1.57 in the PS-Omega3 group, and −2.90 in the placebo group (p = 0.33, α = 5%). 
Results were similar after 24 weeks of treatment and for all other ADHD-related 
secondary outcomes, with no difference between placebo and PS-Omega3.
Conclusion: Our study remaining underpowered, no formal conclusion about 
the effect of Ps-Omega3 could be drawn. However, our data strongly suggested 
that the PS-Omega 3 formulation used in the current study did not improve 
ADHD symptoms in children with epilepsy.
Plain Language Summary: Supplementation with polyunsaturated n-3 Fatty 
Acid (PUFA) has been proposed in ADHD but has never been evaluated in 
patients with both epilepsy and ADHD. To address this issue, we conducted a 
multicenter double blind randomized placebo-controlled trial evaluating sup-
plementation with PUFA in children with epilepsy and ADHD. The study was 
stopped early because of lack of eligible participants, hampering formal conclu-
sion. However, the evolution of the ADHD symptoms at 12 and 24 weeks did 
not differ between placebo and PUFA supplementation, strongly suggesting that 
PUFA did not improve ADHD symptoms in children with epilepsy.

K E Y W O R D S

ADHD, epilepsy, omega 3, polyunsaturated n-3 fatty acid

Key points

•	 Supplementation with PUFA has been pro-
posed in ADHD without epilepsy but has never 
been evaluated in epilepsy-associated ADHD.

•	 The study was stopped early because of lack of 
eligible participants.

•	 The evolution of the inattention subscore of the 
ADHD-IV scale at 12 and 24 weeks did not dif-
fer between placebo and Ps-Omega3.

•	 Though underpowered, our study data strongly 
suggested that PUFA did not improve ADHD 
symptoms in children with epilepsy.
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584  |      RHEIMS ET AL.

and ADHD do not report clinically significant decrease of 
ADHD symptoms with methylphenidate,6 suggesting that 
development of alternative and/or complementary thera-
peutic strategies might be important.

An association between ADHD and the polymorphism 
of the PUFA desaturase two gene,9 and numerous exper-
imental studies suggest the positive impact of PUFAs on 
cognitive functions.10,11 The efficacy of PUFA supplemen-
tation as an alternative therapeutic approach in ADHD 
without epilepsy due to abnormal serum PUFA profiles 
in children with ADHD remains unclear.12 The results of 
therapeutic trials are discordant, with no or limited im-
provement of the overall ADHD scores.13 Their detailed 
analysis reveals, however, that most well-conducted trials 
may have a potential efficacy on symptoms of inattention 
that are mainly seen in ADHD associated with epilepsy.14,15 
We hypothesized that in this specific pathological setting, 
PUFAs may be more effective than in isolated ADHD. In 
addition, one of the main limiting factors of these trials 
was the use of PUFA vectors with low brain tropism re-
sulting in a very low efficiency in terms of PUFAs brain 
accretion. Thus, with the exception of one trial which 
used a phospholipid vector with a positive result,15 clinical 
trials in ADHD systematically used triglyceride vectors.12 
However, it has been shown that the bioavailability of 
PUFAs is twice as high for phospholipid vectors compared 
to triglycerides,16 justifying that the use of phospholipid 
PUFA vectors is preferred to assess the real potential ben-
efit of these therapeutic approaches.

Our objective was to assess the impact on ADHD of 
supplementation with PUFA via a supply of n-3 PUFA in 
the form eicosapentaenoic acid (EPA) and docosahexae-
noic acid (DHA) conjugated to a phospholipid vector spe-
cifically in children with epilepsy.

2  |   METHODS

2.1  |  Standard protocol approvals, 
registrations, and patient consents

The AGPI trial (Clini​calTr​ials.​gov identifier: 
NCT02348073) was conducted in 12 Pediatric epilepsy 
and neurology units in France, between February 2015 
and November 2019. The study was funded by the French 
Ministry of Health (PHRC National 2010) and spon-
sored by Hospices Civils de Lyon. The active product and 
the placebo capsules were provided by ENZYMOTEC. 
ENZYMOTEC was not involved in the study conduct or 
data analyses. The study was performed in accordance 
with the Declaration of Helsinki, Good Clinical Practice 
ICH-E6 Guideline CPMP/ICH/135/95, European Good 

Clinical Practice Directive 2005/28/EC, and Clinical Trial 
Directive 2001/20/EC and fulfilled the CONSORT guide-
lines (Appendix S2). Trial protocol, amendments, and in-
formed consent were reviewed and approved by national 
ethics committee (Comité de Protection des Personnes) on 
2014, September 24th and competent authority. Before 
participation, parents/legal guardian of all patients have 
signed a written informed consent. Children and adoles-
cents also signed the inform consent form when they were 
able to do so.

2.2  |  Participants

	(i)	 Children of either gender (boy/girl) aged 6 up to 
15 years and 11 months suffering from epilepsy, as de-
fined by the ILAE,17 regardless of syndrome classifica-
tion or of seizure frequency

	(ii)	 Diagnosis of ADHD inattention or mixed type accord-
ing to the DSM-V criteria

	 (iii)	 Patients on a stable dose of ASM for at least 
1 month prior to inclusion and for whom no change 
is considered a priori for the 3 months following the 
inclusion.

Patients suffering from an exclusively hyperactive 
form of ADHD according to DSM-V criteria, present-
ing intellectual deficiency defined by a score <70 on 
the verbal comprehension and perceptual reasoning of 
Wechsler Intelligence Scale for Children – Fourth Edition 
(WISC-IV), or another psychiatric comorbidity than 
ADHD according to the DSM-V criteria or diabetes were 
excluded. Were also excluded, patients who were treated 
with psychoactive drugs for ADHD within the previous 
month, or with dietary supplementation or ketogenic diet 
within the last 3 months or with an allergy to sea products 
or soy.

2.3  |  Study design

This was a prospective, multicenter, double blind, 
randomized, placebo-controlled (1:1) clinical trial 
(NCT02348073).

After inclusion, patients entered a baseline period of 
4 weeks duration in order to prospectively determine the 
seizure frequency. They were then randomly allocated 
either to placebo group or to PS-Omega 3 group and en-
tered a 12 week-double-blind treatment period which was 
followed by a 12 week-open-label treatment period. Final 
assessment was performed 8 weeks after the end of the 
treatment.
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2.3.1  |  Intervention

PS-Omega 3 and placebo were matched by encapsulation 
masking odor and taste. Adherence to treatment was as-
sessed by accountability of remaining capsules at weak 12 
and week 24.

Ps-Omega
The study product was a supplementation of n-3 PUFA, 
composed of Lipirinen TM which contains EPA and DHA 
(EPA/DHA ratio of 2.5:1) associated with a phospholipid 
vector (phosphatidylserine). This product is marketed 
under the name Vayarin®. Each capsule of the study prod-
uct contains 8.5 mg of DHA, 21.5 mg of EPA, and 75 mg of 
phosphatidylserine.

Patients were asked to take two capsules, twice daily, 
20 to 30 min before breakfast and dinner, for 24 weeks. 
Capsules contained the supplementation of n-3 poly-
unsaturated fatty acids (PS-Omega 3 group) or the 
placebo (control group); and is marketed under the 
brand name Vayarin®, provided by Enzymotec. The pla-
cebo was made of cellulose and a small amount of fish 
powder.

Placebo
The placebo was made of cellulose and a small amount 
of fish powder to maintain the double- blind in odor and 
taste. The supplementation in n-3 PUFA in the placebo 
group may be considered as negligible. Placebo was ad-
ministered as indistinguishable capsules, identical to the 
active product. The active product and the placebo cap-
sules will be provided by ENZYMOTEC.

2.3.2  |  Randomization

The department of biostatistics, independently of the co-
ordination center, generated the sequence of randomiza-
tion using permuted blocks size of 4 or 6 with SAS software 
(proc plan). Randomization with a 1:1 allocation was cen-
tralized and concealed via secured internet server stratified 
by site, age (<12 and >12 years) and epileptic syndromes 
grouped into five classes according to the classification of 
the International League Against Epilepsy. The central 
pharmacy of Lyon prepared and provided undiscernible 
containers of sequentially numbered drugs to each cen-
tral pharmacy of investigator's sites. Investigators enrolled 
participants at each site and randomized eligible patients 
using the web platform to assign the interventions. The 
central pharmacy of each site delivered the treatment to 
patients.

2.4  |  Outcomes

ADHD was assessed using the ADHD-rating scale IV and 
the Test Of Variables of Attention (TOVA). We had previ-
ously performed a partial validation of the French version 
of the ADHD-RS IV regarding construct validity, internal 
consistency (i.e., scale reliability), item reliability, and re-
sponsiveness in a group of French children with ADHD 
and epilepsy.18 The ADHD-rating scale IV scores were 
collected at inclusion, randomization visit, after 12 weeks 
of treatment and after 24 weeks of treatment. The TOVA 
was performed at the randomization visit, after 12 weeks 
of treatment, and after 24 weeks of treatment.

Seizure counts were recorded in patient diaries which 
were completed by parents and retrieved at each study 
visit. Patients' quality of life was assessed using the 
EFIQUACEE questionnaire, which was the unique qual-
ity of life scale for children suffering from epilepsy vali-
dated in French language.19,20 This scale was completed 
by the parents at each study visit. In addition, psychiat-
ric comorbidities were monitored at each visit using the 
children's depression inventory and the revised children's 
manifest anxiety scale. Dietary habits were monitored at 
each study visit with a dietary survey completed by the 
patients' parents. Long-chain n-3 PUFA intakes were then 
estimated using a web-based tool.21

2.4.1  |  Efficacy endpoints

Because, the attention variant of ADHD is predominant 
in patients with epilepsy,2,4 the primary outcome was 
the ADHD-rating scale IV attention-deficit subscore in 
subjects assigned to supplementation of PS-Omega 3 in 
comparison with the placebo group after 12 weeks of 
treatment. Although the discriminative value of the sub-
scale was validated,22 including for the French version,18 
the level of pertinent clinical response specific to this 
subscore has not been formally established. Given the 
specific discriminative value of each subscores, a similar 
threshold determined for the total score, and correspond-
ing to a 25% reduction seems acceptable.23,24 However, 
in absence of consensus in the literature and in order to 
limit the risk of overestimation of the clinical relevance 
in the reduction of the inattentive subscore, we chose to 
set a threshold of 30% as a clinically relevant reduction.

The secondary outcomes were the ADHD-rating scale IV 
total score, the TOVA total score and the EFIQUACEE qual-
ity of life score as well as the number of subjects with a re-
duction in the frequency of seizures ≥50%, in the PS-Omega 
3 group compared with the placebo group at 12 and 24 weeks.
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2.4.2  |  Safety assessment

PS-Omega 3 supplementation safety was assessed by 
interviews, telephone follow-ups, clinical examinations 
and collection of adverse events during the study. Data 
on harms were collected on the case report form adverse 
event sheet in a free text format. Investigators collected 
data on harms and ascertained the intensity at each 
visit, and the sponsor monitored safety data. No between 
group comparisons was planned on data on harms.

2.5  |  Statistics

2.5.1  |  Sample size

As there is no reference score in children with ADHD and 
epilepsy, the reference value for the sample size calcula-
tion was based on three clinical trials in ADHD among 
general population.23,25,26 According to the proposed hy-
pothesis of a reduction in the ADHD-rating scale IV inat-
tentive subscore of 3 points (15%) in the placebo group and 
six points (30%) in the active group, with a common stand-
ard deviation of eight points, 113 subjects are required in 
each group, that is, a total of 226 subjects, to reject the null 
hypothesis in 80% of cases, for a significance level of 5% 
(two-tailed). A proportion of 20% of the patients being ex-
pected to withdraw the study for adverse events or other 
reasons, 272 patients will be randomized. No interim anal-
ysis was planned.

2.5.2  |  Analysis

The analysis was conducted according to the intention 
to treat principle. Participant's characteristics were de-
scribed using the following descriptive statistics: num-
ber, number (%) of missing data, mean, frequencies, 
standard deviation, median, first and third quartiles 
and minimum and maximum. The analysis of the pri-
mary endpoint concerned the changes in the score on 
all measurements taken between randomization and 
the 12-week visit using a mixed regression model of the 
score, taking into account the time of measurement, the 
study arm and its interaction with time. No subgroup 
analysis was planned.

All other analyses used R, version 3.0.1. All tests were 
two-tailed, and p < 0.05 was considered for statistical 
significance.

3  |   RESULTS

3.1  |  Patient allocation and 
characteristics

Seventy-four patients were randomized. Among them, 
44 (35 boys and 9 girls) were allocated to the PS-Omega 
3 group and 30 (22 boys and 8 girls) to the PCB group. 
The consort diagram of the study population is shown 
in Figure 1. The study lasts 4-year and 9 months with 4-
year recruitment, from March 2015 to December 2017, 
and a 36-week follow-up period per patient. The study 
was stopped early on September 2018 because the pool 
of available participants was exhausted.

As shown in Table 1, baseline patients' demograph-
ics, their cognitive status or dietary habits in terms of 
long-chain n-3 PUFA intakes, as well as epilepsy and 
ADHD characteristics were similar in both groups. Only 
five patients (11%) in the PS-Omega 3 group and 2 (7%) 
in the PCB group fulfilled criteria for drug-resistant ep-
ilepsy. In contrast, 35 of patients (79%) in PS-Omega 
3 and 19 (63%) in PCB did not report seizure over the 
3 months preceding study inclusion (79% in PS-Omega 
3 and 63% in PCB), including nine (21%) and six (20%) 
who were off of ASM. Regarding ADHD, 19 patients in 
the PS-Omega 3 group (43%) and 17 (57%) in the PCB 
group suffered ADHD inattention type according to the 
DSM-V criteria. Ten patients in the PS-Omega 3 group 
(23%) and 8 (27%) in the PCB group had previously been 
treated with methylphenidate.

3.2  |  Efficacy outcomes

As show in Table 2, mean ADHD-rating scale IV inatten-
tive subscore, total score, TOVA score and EFIQUACEE 
score were similar at the randomization visit in the two 
groups. The mean adherence to treatment at the end of 
randomized period was 93.86% in the PCB and 86.00% in 
the PS-Omega 3 group.

3.2.1  |  Primary endpoint

The reduction at 12 weeks in the ADHD-rating scale IV 
attention-deficit subscore was −1.57 in the PS-Omega3 
group, and −2.90 in the PCB group. This difference 
(−1.33 in favor of placebo) was not statistically significant 
(p = 0.33, α = 5%; Table 2).
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      |  587RHEIMS ET AL.

3.2.2  |  Secondary endpoints

The reduction at 12 weeks in the total score of the ADHD-
rating scale IV was −2.64 in the PS-Omega 3 group and 
−5.33 in the PCB group (difference −2.69, p = 0.15, α = 5%). 
The results remained similar after 24 weeks of treatment, 
without significant difference between PS-Omega 3 and 
PCB, both for the attention-deficit subscore and for the 
total score. Similarly, the evolution in the TOVA score or 
of the EFIQUACEE quality of life score did not differed 
between the PS-Omega3 group and the PCB group neither 
after 12 weeks of treatment nor after was 1.25 in the PS-
Omega3 group (Table 2).

Only 16 patients reported seizures during the prospec-
tive baseline, six in the PS-Omega 3 and 10 in the PCB 
group. Among them, a reduction in the seizure's fre-
quency was reported after 24 weeks of treatment for five in 
the PS-Omega 3 group and in six the PCB group. Among 
the patients who had not reported seizure during the base-
line period (n = 58), three patients allocated to PS-Omega 
3 and two to the PCB had at least one seizure during the 
follow-up.

3.3  |  Safety assessment

No patient withdraw from the trial due adverse event. 
Only one mild intensity nausea that resolved without 
sequelae was considered related to the PS-Omega 3. All 
other adverse events were considered unrelated to treat-
ments. The most reported adverse events were infections 
(N = 18 [23.4%], 10 PS-Omega3 vs. 8 PCB), gastrointesti-
nal disorders (N = 12 [15.6%] 9 PS-Omega3 vs. 3 PCB), and 
headache (N = 11 [11.1%] 8 PS-Omega3 vs 3 PCB). Finally, 
six serious adverse events were reported all unrelated to 
the study treatment.

4  |   DISCUSSION

In this multicenter randomized controlled double-blind 
trial, we aimed to evaluate whether a supplementation 
in n-3 PUFA could improve ADHD in children and 
adolescents with epilepsy. Unfortunately, because of 
difficulties in recruiting eligible participants, we were 
unable to reach the expected sample size and our study 

F I G U R E  1   Flow diagram of 
participants.
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remained underpowered. Accordingly, the effect of 
PUFA could not be estimated precisely enough and no 
formal conclusion could be drawn. However, our data 
strongly suggested that the PS-Omega 3 formulation 
used in the current study did not improve ADHD symp-
toms in children with epilepsy.

Overall, our data are in line with the results of double-
blind studies which evaluated PUFA supplementation 
in ADHD without epilepsy. A recent meta-analysis of 
31 studies conducted with children and Adolescents 
with ADHD thus reported an effect of PUFA neither on 
ADHD core symptoms rated by parents nor on quality of 
life.13 It has been discussed that part of these disappoint-
ing results might have been related to the low transmis-
sion of PUFA to the brain tissue. Because experimental 
data had shown that providing EPA and DHA directly 
as lysophosphatidylcholine (LysoPC) or its precursor 
effectively doubles the brain accretion during oral sup-
plementation,16 we chose to use a PUFA n-3 formulation 
with EPA and DHA conjugated to a phospholipid vector, 
phosphatidylserine type. Once administered, the phos-
phatidylserine is decarboxylated and methylated into 
a phosphatidylcholine in the enterocytes; circulation 
in the plasma is then possible via phosphatidylcholine 
or lysophosphatidylcholine bound to albumin.27,28 The 
dose of n3-PUFA previously used in ADHD ranged be-
tween 60 mg and 4 g per day. However, most of the trials 
used a daily dose of 650 and 800 mg in children aged 6 
to 12 years, but without clear dose-effect relationship.13 
Here, we used a low-dose regimen, with 86 mg/day EPA 
and 34 mg/day DHA. Considering both the optimization 
of the incorporation of n-3 PUFAs in brain that we were 
targeting by using a phospholipid vector and the posi-
tive results observed in ADHD without epilepsy using a 
similar formulation,15 the risk that the lack of efficacy 
of PS-Omega 3 that we observed in the present trial was 
only dose-related appeared low. However, we could not 
exclude this hypothesis.

Two studies evaluated the effect of PUFA supple-
mentation on seizures,29,30 with inconclusive results.7 
Our study was not designed to evaluate the effect of 
PS-Omega 3 on seizure frequency. Accordingly, patients 
with well-controlled epilepsy were eligible and only 
16 patients reported seizures during the prospective 

T A B L E  1   Baseline characteristics of the study population.

PS-omega 3 PCB

Total, n 44 30

Age, mean ± SD 10.3 ± 2.7 9.6 ± 2.1

Gender (boys), n (%) 35 (79) 22 (73)

Epilepsy

Syndrome, n (%)

Non idiopathic focal 
epilepsy

10 (23) 10 (33)

Idiopathic focal epilepsy 10 (23) 6 (20)

Childhood absence epilepsy 10 (23) 5 (17)

Other forms of genetically 
determined generalized 
epilepsies

7 (16) 3 (10)

Others 7 (16) 6 (20)

Age at epilepsy onset, 
mean ± SD

4.5 ± 2.9 5.2 ± 2.8

Patients without seizures 
in the 3 months prior to 
inclusion, n (%)

35 (79) 19 (63)

Patients fulfilling criteria of 
drug-resistant epilepsy, 
n (%)

5 (11) 2 (7)

Number of ongoing AED, n (%)

0 9 (21) 6 (20)

1 26 (59) 14 (47)

2 7 (16) 9 (30)

3 2 (5) 1 (3)

School performances, n (%)

History of grade repetition 4 (13) 15 (34)

Parental estimation of school performances

Very good/good 10 (23) 13 (43)

Intermediate 25 (57) 11 (37)

Insufficient/very 
insufficient

9 (20) 6 (20)

Cognitive functioning (WISC-IV)

Verbal comprehension, mean 
score ± SD

101 ± 17.5 90 ± 28.5

Perceptual reasoning, mean 
score ± SD

93 ± 17.3 81.8 ± 25.7

ADHD

Type, n (%)

ADHD-I 19 (43) 17 (57)

ADHD-C 25 (57) 13 (43)

Age at ADHD onset, 
mean ± SD

5.6 ± 2.1 5.9 ± 2.3

Past therapy with 
methylphenidate, n (%)

10 (23) 8 (27)

PS-omega 3 PCB

Dietary habits/Long-chain n-3 PUFA intakes (g/day)

Total PUFAs 20.72 ± 18.49 14.95 ± 8.81

Eicosapentaenoic acid 0.119 ± 0.10 0.064 ± 0.07

Docosahexaenoic acid 0.194 ± 0.16 0.127 ± 0.15

T A B L E  1   (Continued)
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baseline period, hampering any conclusion on the re-
lation between supplementation with PS-Omega 3 and 
evolution of epilepsy.

There are no other ongoing trials registered in clini​
caltr​ial.​gov or published with PUFA in ADHD chil-
dren with epilepsy for a meta-analysis including our re-
sults. Because of the potential low efficacy of PUFA for 
ADHD, we believe that it is not worth exploring with 
more RCTs the potential benefit of PUFA for ADHD in 
children with epilepsy. There is growing evidence that 
psychosocial treatments for youth with ADHD and 
epilepsy might be promising, and the management of 
children with epilepsy and ADHD should consider psy-
chosocial treatments before or along the use of stimu-
lants medications.

AUTHOR CONTRIBUTION
S. Rheims was the scientific coordinator of the AGPI study. 
S. Rheims, V. Herbillon, S. Gaillard, L. Bezin, J. Bodennec, 
and B. Kassai designed the study. S. Rheims and S. Gaillard 
ensured the national coordination of the study. S. Rheims, 
S. Gaillard C. Mercier, and B. Kassai reviewed and analyzed 
the data. C. Mercier and P. Roy performed the statistical 
analyses. N. Villeuve, F. Villega, C. Cances, P. Castelnau, S. 
Napuri, A. de Saint-Martin, S. Auvin, S. N Guyen The Tich, 
P. Berquin, J. de Bellecize, M. Milh, and A. Arzimanoglou 
ensured the coordination of the study in their respective 
center, including the completion and the accuracy of the 
clinical data required for the study. All authors contributed 
to the preparation of the manuscript.

Affiliations
1Department of Functional Neurology and Epileptology, Hospices Civils 
de Lyon and Lyon 1 University, Lyon, France
2Lyon Neuroscience Research Center, INSERM U1028/CNRS UMR 
5292, Lyon 1 University, Lyon, France
3Epilepsy Institute, Lyon, France
4Epilepsy, Sleep and Paediatric Neurophysiology Department, Hospices 
Civils de Lyon, Lyon, France
5Clinical Investigation Centre 1407, Hospices Civils de Lyon-Inserm, 
Hôpital Louis Pradel, Bron, France
6Department of Biostatistics, Hospices Civils de Lyon, Lyon, France
7Department of Pediatric Neurology, APHM, Marseille, France
8CIC 1401, Department of Pediatric Neurology, Bordeaux, France
9Department of Pediatric Neurology, Toulouse, France
10Department of Pediatric Neurology, Tours, France
11Department of Pediatric Neurology, Rennes, France
12Department of Pediatric Neurology, Strasbourg, France
13Pediatric Neurology Department, AP-HP, Robert-Debré University 
Hospital, CRMR Épilepsies Rares, EpiCARE Member, Paris, France
14INSERM NeuroDiderot, Université Paris Cité, Paris, France
15Institut Universitaire de France (IUF), Paris, France
16Department of Pediatric Neurology, Lille, France
17Department of Pediatric Neurology, Amiens, France

18Laboratoire de Biométrie et Biologie Evolutive, Equipe Biostatistique-
Santé, CNRS, UMR 5558, Lyon 1 University, Villeurbanne, France

ACKNOWLEDGMENTS
We thank Pr Philippe Ryvlin for his help in the design 
of the study. We also thank Valerie Laudy and Clarisse 
Saunier for their help in the coordination of the study.

CONFLICT OF INTEREST STATEMENT
SR received speaker and/or consulting fees from UCB 
Pharma, Angelini Pharma, EISAI, Livanova, JAZZ 
Pharma, Medtronic, Zogenix. AA, in agreement with his 
Institution, has served as principal investigator or mem-
ber of DMCs in clinical trials for Eisai, UCB, GW Pharma; 
received consulting fees from Jazz, Zogenix, Eisai, 
Takeda, Biocodex, Encoded Therapeutics; unrestricted re-
search grants from, UCB, Caixa Foundation and Jazz and 
academic research grants from EJP-RD and the EU. We 
confirm that we have read the journal's position on issues 
involved in ethical publication and affirm that this report 
is consistent with those guidelines.

FUNDING INFORMATION
The study was funded by the French Ministry of Health 
(PHRC national 2011-AGPI). The active product and 
the placebo capsules were provided by ENZYMOTEC. 
ENZYMOTEC was not involved in the study conduct or 
data analyses.

DATA AVAILABILITY STATEMENT
All anonymized data will be shared by request from any 
qualified investigator.

ORCID
Sylvain Rheims   https://orcid.org/0000-0002-4663-8515 
Frédéric Villéga   https://orcid.org/0000-0002-5423-3171 
Anne de Saint-Martin   https://orcid.
org/0000-0003-4666-5369 
Stéphane Auvin   https://orcid.org/0000-0003-3874-9749 
Mathieu Milh   https://orcid.org/0000-0002-2454-8543 
Alexis Arzimanoglou   https://orcid.
org/0000-0002-7233-2771 
Laurent Bezin   https://orcid.org/0000-0001-6411-4267 

REFERENCES
	 1.	 Hesdorffer DC, Ludvigsson P, Olafsson E, Gudmundsson G, 

Kjartansson O, Hauser WA. ADHD as a risk factor for inci-
dent unprovoked seizures and epilepsy in children. Arch Gen 
Psychiatry. 2004;61:731–6.

	 2.	 Hermann B, Jones J, Dabbs K, Allen CA, Sheth R, Fine J, et al. 
The frequency, complications and aetiology of ADHD in new 
onset paediatric epilepsy. Brain. 2007;130:3135–48.

	 3.	 Sherman EM, Slick DJ, Connolly MB, Eyrl KL. ADHD, neuro-
logical correlates and health-related quality of life in severe pe-
diatric epilepsy. Epilepsia. 2007;48:1083–91.

 24709239, 2024, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/epi4.12892 by IN

SE
R

M
, W

iley O
nline L

ibrary on [12/11/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://clinicaltrial.gov
http://clinicaltrial.gov
https://orcid.org/0000-0002-4663-8515
https://orcid.org/0000-0002-4663-8515
https://orcid.org/0000-0002-5423-3171
https://orcid.org/0000-0002-5423-3171
https://orcid.org/0000-0003-4666-5369
https://orcid.org/0000-0003-4666-5369
https://orcid.org/0000-0003-4666-5369
https://orcid.org/0000-0003-3874-9749
https://orcid.org/0000-0003-3874-9749
https://orcid.org/0000-0002-2454-8543
https://orcid.org/0000-0002-2454-8543
https://orcid.org/0000-0002-7233-2771
https://orcid.org/0000-0002-7233-2771
https://orcid.org/0000-0002-7233-2771
https://orcid.org/0000-0001-6411-4267
https://orcid.org/0000-0001-6411-4267


      |  591RHEIMS ET AL.

	 4.	 Auvin S, Wirrell E, Donald KA, Berl M, Hartmann H, Valente 
KD, et  al. Systematic review of the screening, diagnosis, and 
management of ADHD in children with epilepsy. Consensus 
paper of the task force on comorbidities of the ILAE pediatric 
commission. Epilepsia. 2018;59:1867–80.

	 5.	 Rheims S, Auvin S. Attention deficit/hyperactivity disorder and 
epilepsy. Curr Opin Neurol. 2021;34:219–25.

	 6.	 Rheims S, Herbillon V, Villeneuve N, Auvin S, Napuri S, Cances 
C, et  al. ADHD in childhood epilepsy: clinical determinants 
of severity and of the response to methylphenidate. Epilepsia. 
2016;57:1069–77.

	 7.	 Eaton C, Yong K, Walter V, Mbizvo GK, Rhodes S, Chin RF. 
Stimulant and non-stimulant drug therapy for people with at-
tention deficit hyperactivity disorder and epilepsy. Cochrane 
Database Syst Rev. 2022;7:CD013136.

	 8.	 Ono KE, Bearden DJ, Lee SM, Moss C, Kheder A, Cernokova I, 
et al. Interventions for ADHD in children & adolescents with 
epilepsy: a review and decision tree to guide clinicians. Epilepsy 
Behav. 2022;135:108872.

	 9.	 Brookes KJ, Chen W, Xu X, Taylor E, Asherson P. Association of 
fatty acid desaturase genes with attention-deficit/hyperactivity 
disorder. Biol Psychiatry. 2006;60:1053–61.

	10.	 McNamara RK, Carlson SE. Role of omega-3 fatty acids in brain 
development and function: potential implications for the patho-
genesis and prevention of psychopathology. Prostaglandins 
Leukot Essent Fatty Acids. 2006;75:329–49.

	11.	 Schuchardt JP, Huss M, Stauss-Grabo M, Hahn A. Significance of 
long-chain polyunsaturated fatty acids (PUFAs) for the develop-
ment and behaviour of children. Eur J Pediatr. 2010;169:149–64.

	12.	 Gillies D, Sinn JK, Lad SS, Leach MJ, Ross MJ. Polyunsaturated 
fatty acids (PUFA) for attention deficit hyperactivity disorder 
(ADHD) in children and adolescents. Cochrane Database Syst 
Rev. 2012;2012:CD007986.

	13.	 Händel MN, Rohde JF, Rimestad ML, Bandak E, Birkefoss K, 
Tendal B, et al. Efficacy and safety of polyunsaturated fatty acids 
supplementation in the treatment of attention deficit hyperactivity 
disorder (ADHD) in children and adolescents: a systematic review 
and meta-analysis of clinical trials. Nutrients. 2021;13:1226.

	14.	 Ross BM, Seguin J, Sieswerda LE. Omega-3 fatty acids as treat-
ments for mental illness: which disorder and which fatty acid. 
Lipids Health Dis. 2007;6:21.

	15.	 Vaisman N, Kaysar N, Zaruk-Adasha Y, Pelled D, Brichon G, 
Zwingelstein G, et al. Correlation between changes in blood fatty 
acid composition and visual sustained attention performance in 
children with inattention: effect of dietary n-3 fatty acids con-
taining phospholipids. Am J Clin Nutr. 2008;87:1170–80.

	16.	 Graf BA, Duchateau GS, Patterson AB, Mitchell ES, van Bruggen 
P, Koek JH, et al. Age dependent incorporation of 14C-DHA into 
rat brain and body tissues after dosing various 14C-DHA-esters. 
Prostaglandins Leukot Essent Fatty Acids. 2010;83:89–96.

	17.	 Fisher RS, Acevedo C, Arzimanoglou A, Bogacz A, Cross JH, 
Elger CE, et al. ILAE official report: a practical clinical defini-
tion of epilepsy. Epilepsia. 2014;55:475–82.

	18.	 Mercier C, Roche S, Gaillard S, Kassai B, Arzimanoglou A, 
Herbillon V, et al. Partial validation of a French version of the 
ADHD-rating scale IV on a French population of children with 
ADHD and epilepsy. Factorial structure, reliability, and respon-
siveness. Epilepsy Behav. 2016;58:1–6.

	19.	 Soria C, El Sabbagh S, Escolano S, Bobet R, Bulteau C, Dellatolas G. 
Quality of life in children with epilepsy and cognitive impairment: 
a review and a pilot study. Dev Neurorehabil. 2007;10:213–21.

	20.	 Soria C, Bulteau C, El Sabbagh S, Jambaqué I, Bobet R, 
Dellatolas G. La qualité de vie chez l'enfant avec épilepsie: revue 
de la littérature. Arch Pediatr. 2008;15:1474–85.

	21.	 Sullivan BL, Brown J, Williams PG, Meyer BJ. Dietary valida-
tion of a new Australian food-frequency questionnaire that es-
timates long-chain n-3 polyunsaturated fatty acids. Br J Nutr. 
2008;99:660–6.

	22.	 Faries DE, Yalcin I, Harder D, Heiligenstein JH. Validation of 
the ADHD rating scale as a clirlician administered and scored 
instrument. J Atten Disord. 2001;5:107–15.

	23.	 Johnson M, Ostlund S, Fransson G, Kadesjö B, Gillberg C. 
Omega-3/omega-6 fatty acids for attention deficit hyperactivity 
disorder: a randomized placebo-controlled trial in children and 
adolescents. J Atten Disord. 2009;12:394–401.

	24.	 Michelson D, Buitelaar JK, Danckaerts M, Gillberg C, Spencer 
TJ, Zuddas A, et al. Relapse prevention in pediatric patients with 
ADHD treated with atomoxetine: a randomized, double-blind, 
placebo-controlled study. J Am Acad Child Adolesc Psychiatry. 
2004;43:896–904.

	25.	 Michelson D, Faries D, Wernicke J, Kelsey D, Kendrick K, Sallee 
FR, et al. Atomoxetine in the treatment of children and adolescents 
with attention-deficit/hyperactivity disorder: a randomized, place-
bo-controlled, dose-response study. Pediatrics. 2001;108:E83.

	26.	 Michelson D, Allen AJ, Busner J, Casat C, Dunn D, Kratochvil C, 
et al. Once-daily atomoxetine treatment for children and adoles-
cents with attention deficit hyperactivity disorder: a randomized, 
placebo-controlled study. Am J Psychiatry. 2002;159:1896–901.

	27.	 Lagarde M, Bernoud N, Brossard N, Lemaitre-Delaunay D, 
Thiès F, Croset M, et  al. Lysophosphatidylcholine as a pre-
ferred carrier form of docosahexaenoic acid to the brain. J Mol 
Neurosci. 2001;16:201–4; discussion 215.

	28.	 Picq M, Chen P, Perez M, Michaud M, Véricel E, Guichardant 
M, et al. DHA metabolism: targeting the brain and lipoxygen-
ation. Mol Neurobiol. 2010;42:48–51.

	29.	 Fallah R, Eiliaei S, Ferdosian F. Clinical trial of efficacy eval-
uation of Omega-3 with risperidone on seizures frequency in 
children with refractory epilepsy and attention-deficit/hyperac-
tivity disorder. Iran J Child Neurol. 2018;12:28–36.

	30.	 Elsadek AE, Maksoud YHA, Suliman HA, al-shokary AH, Ibrahim 
AO, Kamal NM, et al. Omega-3 supplementation in children with 
ADHD and intractable epilepsy. J Clin Neurosci. 2021;94:237–43.

SUPPORTING INFORMATION
Additional supporting information can be found online in 
the Supporting Information section at the end of this article.

How to cite this article: Rheims S, Herbillon V, 
Gaillard S, Mercier C, Villeuve N, Villéga F, et al. 
Phosphatidylserine enriched with polyunsaturated 
n-3 fatty acid supplementation for attention-deficit 
hyperactivity disorder in children and adolescents 
with epilepsy: A randomized placebo-controlled trial. 
Epilepsia Open. 2024;9:582–591. https://doi.
org/10.1002/epi4.12892

 24709239, 2024, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/epi4.12892 by IN

SE
R

M
, W

iley O
nline L

ibrary on [12/11/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/epi4.12892
https://doi.org/10.1002/epi4.12892

	Phosphatidylserine enriched with polyunsaturated n-­3 fatty acid supplementation for attention-­deficit hyperactivity disorder in children and adolescents with epilepsy: A randomized placebo-­controlled trial
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Standard protocol approvals, registrations, and patient consents
	2.2|Participants
	2.3|Study design
	2.3.1|Intervention
	Ps-­Omega
	Placebo

	2.3.2|Randomization

	2.4|Outcomes
	2.4.1|Efficacy endpoints
	2.4.2|Safety assessment

	2.5|Statistics
	2.5.1|Sample size
	2.5.2|Analysis


	3|RESULTS
	3.1|Patient allocation and characteristics
	3.2|Efficacy outcomes
	3.2.1|Primary endpoint
	3.2.2|Secondary endpoints

	3.3|Safety assessment

	4|DISCUSSION
	AUTHOR CONTRIBUTION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	FUNDING INFORMATION
	DATA AVAILABILITY STATEMENT

	REFERENCES


