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Objectives: Levetiracetam (LEV) is an anti-seizure medication (ASM) known to have significant behavioral
side effects in children with epilepsy. These side effects may be improved by supplemental vitamin B6
(pyridoxine) use. Our research aimed to study risk factors for LEV side effects and the role of vitamin
B6 in altering this risk.
Methods: We retrospectively analyzed the demographic and clinical profile of all pediatric patients on
LEV treatment between July 2019 and December 2020. T-tests, Chi-square and Fisher exact tests were
used to assess predictors of LEV discontinuation. A p-value of <0.05 was considered statistically signifi-
cant.
Results: 150/240 (62%) children were on additional medications besides LEV for epilepsy management.
Thirty-five percent children reported side effects, especially behavioral and mood concerns.
Of the patients who reported side effects on LEV, 71% were taking vitamin B6 (n = 59). The rate of LEV

discontinuation was significantly lower for children on vitamin B6 than children not taking B6, regardless
of monotherapy or polypharmacy (49% v 88% respectively, p = 0.001). Over half of the patients who were
able to remain on LEV reported improved behavior with B6 supplementation as compared to those who
were unable to continue LEV (17/30, 57% versus 0/26, 0%; p < 0.001).
Conclusions: Levetiracetam side effects significantly impact the tolerability of this ASM in children with
epilepsy. Our results suggest that vitamin B6 supplementation can significantly reduce the odds of dis-
continuing LEV due to its behavioral side effects.

� 2022 Elsevier Inc. All rights reserved.
1. Introduction

Levetiracetam (LEV) is an anti-seizure medication (ASM)
commonly used to treat epilepsy in children and adults. It is one
of the most commonly prescribed ASMs worldwide for several rea-
sons, including fast oral absorption, few interactions with other
medications, and broad clinical efficacy against both focal and gen-
eralized seizures [1,2]. However, LEV is known for causing signifi-
cant behavioral and mood side effects such as aggression,
irritability, depression and worsening of existing behaviors, which
can lead to discontinuation of medication [3,4]. Rates of general
behavioral problems associated with LEV have been reported at
up to 22% for adults and children [5,6]. Other commonly reported
side effects include drowsiness, fatigue, headache, vomiting, and GI
upset [2].

There is a growing body of literature suggesting that initiation
of vitamin B6 (pyridoxine) helps reduce these behavioral side
effects, although precise mechanisms of effect are incompletely
understood [7,8]. Pyridoxal phosphate, the active form of B6, is a
cofactor involved in the synthesis and breakdown of neurotrans-
mitters including dopamine, glutamate, and GABA. An altered
homeostasis of these neurotransmitters may contribute to cogni-
tive/behavioral dysfunction. Therefore, it is hypothesized that sup-
plementing with B6 may help replace low levels or overcome an
increased B6 requirement [9,10]. However, data on the role of vita-
min B6 in protecting patients from discontinuing LEV are lacking.

Our research aimed to study demographic and clinical risk fac-
tors for LEV discontinuation and assess the role of vitamin B6 in
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modifying this risk. We hypothesized that children on vitamin B6
would have a lower likelihood of experiencing side effects from
LEV and therefore increase tolerability.
2. Material and methods

We conducted a single center retrospective chart review of 240
children with epilepsy treated with LEV by the epileptologists at
Hasbro Children’s Hospital/Brown University who were followed
up between July 2019 and December 2020. Inclusion criteria were
age <18 years, a diagnosis of epilepsy based on the current Interna-
tional League Against Epilepsy (ILAE) definition, and treatment
with LEV.

Data obtained from the electronic medical record included
demographic data (age, sex, race, ethnicity), other medical diag-
noses/comorbidities, detailed epilepsy history, including age of
onset, epilepsy type and duration, frequency of seizures, and addi-
tional nonpharmacological treatments for epilepsy such as neu-
rostimulation devices, dietary treatment, or epilepsy surgery. We
also collected brain MRI results, electroencephalogram (EEG)
results, family history of epilepsy, LEV dose, duration and associ-
ated side effects, vitamin B6 use and duration, and other ASMs
used. All data collected were de-identified and stored in a pass-
word protected REDCap database. The study was approved by
Rhode Island Hospital Institutional Review Board and certified
exempt from obtaining consent.

For the purpose of data collection and analysis, we classified
LEV side effects into five main categories – behavioral, mentation,
mood concerns, disturbed sleep, and other, based on previous stud-
ies and the authors’ clinical experience [11]. The behavioral side-
effect category contained symptoms of restlessness, aggression,
nervousness/agitation, irritability, and behavioral side effects not
otherwise specified. The mentation side-effect category included
tiredness, sleepiness, difficulty concentrating, memory problems,
and difficulty thinking clearly. Mood concerns consisted of depres-
sion, moodiness/emotionality, and self-injurious behavior/suicidal
ideation.

To investigate the associations between LEV discontinuation
and vitamin B6, t-tests, Chi-square and Fisher exact tests were used
to assess predictors of LEV discontinuation. All analyses were per-
formed using SAS release 9.4 (SAS Institute Inc.). A p-value of <0.05
was considered statistically significant.
3. Results

Table 1 shows the demographic and clinical characteristics of
the 240 participants in this study. The only variable that signifi-
cantly differed between patients was the duration of LEV use. As
expected, patients who reported LEV side effects had a higher
chance of discontinuing the medication within the first six
6 months of treatment whereas patients who did not report side
effects remained on LEV for at least 12 months or more.

Over half of the children in this study (n = 150/240) were on
additional medications besides LEV for epilepsy management,
including oxcarbazepine (56/150; 37%), valproic acid (51/150;
34%), clobazam (36/150; 24%), topiramate (33/150; 22%), lamotrig-
ine (30/150; 20%), zonisamide (29/150; 19%), phenobarbital
(27/150; 18%), ethosuximide (16/150; 11%), lacosamide (12/150;
8%), rufinamide (9/150; 6%), cannabidiol (5/150; 3%), phenytoin
(3/150; 2%), and carbamazepine (1/150; 1%). Eighty-three patients
(35% of the sample) reported side effects while taking LEV alone or
with other ASMs. Behavioral and mood concerns were the most
frequently endorsed side effects, reported at 50% and 24%, respec-
tively. Twelve percent of side effects were related to mentation, 5%
were due to sleep disturbance, and the remaining 9% were due to
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other causes. The rate of side effects among children on
polypharmacy was 41.3% (n = 62) as compared to 23% among chil-
dren on LEV monotherapy (n = 21).

Of the patients who reported side effects on LEV, 71% were tak-
ing vitamin B6 (n = 59). Twenty patients with mostly pre-existing
behavioral concerns (e.g. autism spectrum disorder, attention-defi
cit/hyperactivity disorder) were started on LEV and B6 concur-
rently. For the remaining 39 patients who were started on B6 after
LEV, the most common reasons for B6 initiation were aggression,
irritability, and moodiness. Table 2 and Fig. 1 illustrate the rela-
tionship between vitamin B6 use and discontinuation of LEV. The
rate of LEV discontinuation was significantly lower for children
on vitamin B6 than children not taking vitamin B6, regardless of
monotherapy or polypharmacy (49% v 88%, respectively,
p = 0.001). The dose of vitamin B6 and the time at which vitamin
B6 was initiated had no significant impact on the odds of discontin-
uing LEV. Over half of the patients who were able to remain on LEV
reported improved behavior with B6 supplementation as com-
pared to those who were unable to continue LEV (17/30, 57% ver-
sus 0/26, 0%; p < 0.001).
4. Discussion

In this study, we found that the rate of LEV discontinuation was
significantly lower in children who were taking supplemental vita-
min B6 compared to those not taking it (n = 29/59; 49% versus
n = 21/24; 88% respectively). No demographic or clinical variable
showed an effect on the discontinuation rate.

Of the five categories of side effects we studied, behavioral and
mood side effects predominated. This finding corresponds with
multiple previously published papers [6,12]. In a retrospective
study of 351 children treated with LEV between 2005 and 2015,
the most commonly reported side effects were irritability, hyper-
activity, and behavioral disorders, all of which would fit into this
study’s behavioral side effects category [12]. Therefore, it is con-
ceivable that the behavioral side effects are the leading cause of
LEV discontinuation.

In the current study, discontinuation of LEV occurred within the
first six months of treatment. A review on the efficacy, tolerability,
and safety of LEV in children with epilepsy supports this finding,
stating that changes in behavior usually occur early during treat-
ment [13].

The rate of behavioral side effects was higher in patients on
polytherapy versus monotherapy, suggesting an unwanted synergy
in causing side effects despite no drug–drug interactions of LEV
with other ASMs. Our finding is consistent with a systematic
review of adverse events related to LEV use, which found that sig-
nificantly more children on polytherapy including LEV experienced
side effects versus those on LEV monotherapy (64% v 22%,
p < 0.001) [14]. Additionally, more children on polytherapy discon-
tinued LEV than those on monotherapy. In both groups, the major
contributing factor to discontinuation was behavioral problems. In
future prospective studies, we hope to investigate which of other
ASMs may increase the risk of behavioral side effects reported
while on LEV.

In our cohort, the rate of LEV discontinuation was significantly
lower in children who were taking vitamin B6, regardless of the
timing of vitamin B6 initiation. This finding supplements previous
research reporting that vitamin B6 helps reduce behavioral side
effects resulting from LEV [15]. Furthermore, our data have shown
that vitamin B6 can effectively increase the overall LEV tolerability
in pediatric patients and therefore make the treatment more sus-
tainable. Because of its retrospective nature, this study cannot
address whether an earlier initiation of vitamin B6 or concurrent
initiation of LEV and vitamin B6 is more effective in reducing the



Table 1
Demographic and clinical characteristics of study cohort.

Variable No LEV side effect LEV side effect P Value
(N = 157) (N = 83)

Sex (n, %) Female 71 (45.22) 34 (40.96) 0.53
Male 86 (54.78) 49 (59.04)

Race (n, %) White 78 (49.68) 53 (63.86) 0.07
Black 21 (13.38) 11 (13.25)
Other 58 (36.94) 19 (22.89)

Ethnicity (n, %) Not Hispanic 107 (68.59) 64 (77.11) 0.16
Hispanic 49 (31.41) 19 (22.89)

Age at Last Follow-Up (months) Median (Interquartile) 118.00 (58.00–168.00) 117.00 (60.00–168.00) 0.92

Age of Seizure Onset, (months) Median (Interquartile) 36.00 (9.00–84.00) 36.00 (12.00–72.00) 0.67

Type of Seizure (n, %) Focal 84 (53.50) 48 (57.83) 0.39
Generalized 43 (27.39) 25 (30.12)
Multi-focal 1 (0.64) 0 (0)
Both generalized and focal features 3 (1.91) 3 (3.61)
Unknown 26 (16.56) 7 (8.43)

MRI Results (n, %) None (not completed) 24 (15.29) 10 (12.05) 0.43
Normal 63 (40.13) 41 (49.40)
Seizure focus 27 (17.20) 14 (16.87)
Incidental 39 (24.84) 18 (21.69)
Tumor 4 (2.55) 0 (0)

Levetiracetam Duration (n, %) Less than 6 months 13 (8.28) 30 (36.14) < 0.001
6–12 months 23 (14.65) 9 (10.84)
12 months or more 113 (71.97) 37 (44.58)
Unknown 8 (5.10) 7 (8.43)

Levetiracetam Dose (mg/kg/day) Median (Interquartile Range) 38.00 (27.00–54.00) 33.00 (22.00–44.00) 0.08

Table 2
Analysis of 83/240 (35%) children on LEV who reported side effects.

Variable LEV discontinued (N = 50) LEV not discontinued (N = 33) P values

Has participant ever taken B6? (n, %) Yes 29 (49.15; 29/59) 30 (50.84; 30/59) 0.001
No 21 (87.5; 21/24) 3 (12.5; 3/24)

B6 dose (mg/kg/day) Median (Interquartile
Range)

3.20 (2.30–4.20) 3.50 (2.00–5.10) 0.59

Was B6 started at the same time as LEV? (n, %) Yes 13 (44.83) 7 (23.33) 0.08
No 16 (55.17) 23 (76.67)

How many months after starting LEV was B6 added? (months) Median (Interquartile
Range)

1.00 (0.50–6.00) 2.88 (1.25–11.00) 0.32

Did behavior improve with B6? (n, %) Yes 0 (0) 17 (56.67) < 0.001
No 26 (89.66) 5 (16.67)
Unknown 3 (10.34) 8 (26.67)

K. Lob, J. Bassell-Hawkins, R. Patil et al. Epilepsy & Behavior 134 (2022) 108839
odds of discontinuing LEV. A prospective cohort study will be more
suited for this question.

A recently completed randomized controlled trial showed that
vitamin B6 doses of 0.5 mg/kg/day and 10–15 mg/kg/day were
both associated with significant reductions in LEV-related behav-
ioral effects, but no additional doses were evaluated [16]. All
patients in this trial were started on LEV and vitamin B6 concur-
rently, which may not reflect real-life practice. In our study, we
found that most of our patients had started vitamin B6 after LEV-
related side effects were suspected. Future studies can be designed
to assess the efficacy of early versus late initiation of vitamin B6 to
mitigate LEV-related side effects. If early supplementation shows
superiority, it may not be unreasonable to design a novel LEV for-
mulation which includes vitamin B6.

In our analysis the average vitamin B6 dose was similar in the
subset of children who continued LEV versus those who had
stopped it (3.50 mg/kg/day vs. 3.20 mg/kg/day, respectively). Ana-
lyzing dose-dependency for supplemental vitamin B6 and LEV dis-
continuation is another question for future prospective studies.
3

This study has limitations. The first is that the retrospective
design limited the data collected on each participant, including
missing information in the medical record for study-specific vari-
ables, particularly LEV dose, vitamin B6 dose, and the impact of
vitamin B6 on behavior. Sixteen patients did not have a LEV dose
reported (16/240; 7%), 10 were missing a vitamin B6 dose
(10/59; 17%) and 11 did not report whether vitamin B6 improved
behavior (11/59; 19%). The second is the potential recall bias that
is introduced from parent-reported side effects. Epilepsy manage-
ment in over half of the cohort consisted of polypharmacy, which
could lead to misattribution of side effects from a different ASM
to LEV. The third is that we did not have a baseline and follow-
up formal neuropsychological profile on study participants. This
notion is relevant in the context of ASMs since underlying behav-
ioral disturbances, such as baseline hyperactivity levels, have been
associated with more severe ASM behavior side effects, regardless
of ASM used [17]. Moreover, LEV may promote depression or anx-
iety symptoms especially among children with underlying mood or
anxiety disorders [18].



Fig. 1. Kaplan–Meier curve estimating the odds of not discontinuing levetiracetam when receiving supplemental vitamin B6.
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5. Conclusions

We found that rates of LEV discontinuation were lower in chil-
dren who were taking vitamin B6, regardless of monotherapy or
polytherapy, suggesting that pyridoxine supplementation can sig-
nificantly reduce the odds of discontinuing LEV due to its side
effects. As further research on the dosing and timing of vitamin
B6 initiation emerges, clinicians may be encouraged to either try
B6 supplementation prior to switching to a different ASM or proac-
tively providing B6 supplementation in conjunction with LEV.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgement

The authors would like to acknowledge Dr. Tao Hou, PhD for his
help with the statistical analysis.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.yebeh.2022.108839.

References

[1] Alrabiah H. Levetiracetam. Profiles Drug Subst Excip Relat Methodol
2019;44:167–204.
4

[2] Cao Y, He X, Zhao L, He Y, Wang S, Zhang T, et al. Efficacy and safety of
levetiracetam as adjunctive treatment in children with focal onset seizures: A
systematic review and meta-analysis. Epilepsy Res 2019;153:40–8.

[3] White JR, Walczak TS, Leppik IE, Rarick J, Tran T, Beniak TE, et al.
Discontinuation of levetiracetam because of behavioral side effects: a case-
control study. Neurology 2003;61(9):1218–21.

[4] Halma E, de Louw AJA, Klinkenberg S, Aldenkamp AP, IJff DM, Majoie M.
Behavioral side-effects of levetiracetam in children with epilepsy: a systematic
review. Seizure 2014;23(9):685–91.

[5] Chen B, Choi H, Hirsch LJ, Katz A, Legge A, Buchsbaum R, et al. Psychiatric and
behavioral side effects of antiepileptic drugs in adults with epilepsy. Epilepsy
Behav 2017;76:24–31.

[6] Perry MS, Benatar M. Efficacy and tolerability of levetiracetam in children
younger than 4 years: A retrospective review. Epilepsia 2007;48(6):1123–7.

[7] Major P, Greenberg E, Khan A, Thiele EA. Pyridoxine supplementation for the
treatment of levetiracetam-induced behavior side-effects: Preliminary results.
Epilepsy Behav 2008;13(3):557–9.

[8] Marino S, Vitaliti G, Marino SD, Pavone P, Provvidenti S, Romano C, et al.
Pyridoxine add-on treatment for the control of behavioral adverse effects
induced by levetiracetam in children: A case-control prospective study. Ann
Pharmacother 2018;52(7):645–9.

[9] Clayton PT. B6-responsive disorders: a model of vitamin dependency. J Inherit
Metab Dis 2006;29(2–3):317–26.

[10] Hansen CC, Ljung H, Brodtkorb E, Reimers A. Mechanisms underlying
aggressive behavior induced by antiepileptic drugs: focus on topiramate,
levetiracetam, and perampanel. Behav Neurol 2018;2018:2064027.

[11] Baker GA, Jacoby A, Buck D, Stalgis C, Monnet D. Quality of life of people with
epilepsy: a European study. Epilepsia 1997;38(3):353–62.

[12] Tekgül H, Gencpinar P, Cavusoglu D, Dündar NO. The efficacy, tolerability and
safety of levetiracetam therapy in a pediatric population. Seizure
2016;36:16–21.

[13] Verrotti A, D’Adamo E, Parisi P, Chiarelli F, Curatolo P. Levetiracetam in
childhood epilepsy. Paediatr Drugs 2010;12(3):177–86.

[14] Egunsola O, Choonara I, Sammons HM, Thippeswamy T. Safety of
levetiracetam in paediatrics: A systematic review. PLoS ONE 2016;11(3):
e0149686.

[15] Romoli M, Perucca E, Sen A. Pyridoxine supplementation for levetiracetam-
related neuropsychiatric adverse events: A systematic review. Epilepsy Behav
2020;103:106861.

[16] Mahmoud A, Tabassum S, Al Enazi S, Lubbad N, Al Wadei A, Al Otaibi A, et al.
Amelioration of levetiracetam-induced behavioral side effects by pyridoxine. A
randomized double blind controlled study. Pediatr Neurol 2021;119:15–21.

[17] Guilfoyle SM, Follansbee-Junger K, Smith AW, Combs A, Ollier S, Hater B, et al.
Antiepileptic drug behavior side effects and baseline hyperactivity in children
and adolescents with new onset epilepsy. Epilepsia 2018;59(1):146–54.

[18] Ettinger AB. Psychotropic effects of antiepileptic drugs. Neurology 2006;67
(11):1916–25.

https://doi.org/10.1016/j.yebeh.2022.108839
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0005
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0005
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0010
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0010
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0010
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0015
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0015
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0015
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0020
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0020
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0020
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0025
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0025
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0025
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0030
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0030
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0035
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0035
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0035
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0040
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0040
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0040
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0040
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0045
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0045
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0050
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0050
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0050
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0055
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0055
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0060
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0060
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0060
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0065
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0065
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0070
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0070
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0070
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0075
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0075
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0075
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0080
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0080
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0080
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0085
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0085
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0085
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0090
http://refhub.elsevier.com/S1525-5050(22)00288-8/h0090

	Vitamin B6 decreases the risk of levetiracetam discontinuation in children with epilepsy: A retrospective study
	1 Introduction
	2 Material and methods
	3 Results
	4 Discussion
	5 Conclusions
	Funding
	Declaration of Competing Interest
	Acknowledgement
	Appendix A Supplementary data
	References


