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Summary: Purpose: To assess the prevalence of hyperhomo-
cysteinemia in pediatric patients treated with antiepileptic drugs
(AEDs) and to evaluate the effect of folic acid supplementation
on plasma total homocysteine (tHcy) concentrations in hyperho-
mocysteinemic patients.

Methods: 123 patients from three regional hospitals partic-
ipated in the study. Patients with hyperhomocysteinemia were
included in a 3-month double-blind randomized trial testing oral
folic acid supplementation (1 mg/day) versus placebo.

Results: Hyperhomocysteinemia (tHcy >10.4 µmol/L) was
present in 19 of 123 patients. Patients with hyperhomocysteine-
mia were older (13.7 ± 4 vs. 11.0 ± 3.9 years) and had sig-
nificantly lower folate and cobalamin concentrations. Multidrug
(two or more) AED treatment and duration of therapy correlated
significantly with elevated total homocysteine (tHcy) and low
folate. In contrast, polymorphisms in the methylene tetrahydro-

folate reductase gene (MTHFR 677 C→T, 1298 A→C, 1793
G→A) had no significant impact on tHcy. Nine of 19 pa-
tients with hyperhomocysteinemia were randomized to placebo,
whereas the remaining 10 patients received folic acid supple-
mentation. Folic acid supplementation resulted in a significant
increase of folate and decrease of tHcy, whereas both parameters
remained unchanged in the placebo group.

Conclusions: Hyperhomocysteinemia is present in 15.5%
of children receiving long-term AED treatment. Mul-
tidrug treatment and long duration of therapy enhance
the risk for hyperhomocysteinemia. Folic acid supplemen-
tation significantly reduces tHcy. We recommend assess-
ment of serum folate and plasma tHcy in children receiving
AEDs. Key Words: Homocysteine metabolism—Cobalamin—
Atherosclerosis—Genetic polymorphisms.

Homocysteine (Hcy) is a sulfur-containing amino acid
involved in methionine metabolism. Hcy is tightly con-
nected to cobalamin (vitamin B12), pyridoxine (vitamin
B6), folate (vitamin B9) riboflavin (vitamin B2), and
choline pathways (Fig. 1) (1–4). Mild to moderate hy-
perhomocysteinemia is frequently caused by cofactor (B
vitamin) deficiency or by genetic polymorphisms in genes
coding for enzymes involved in the Hcy pathway (1). The
impact of the MTHFR 677 C→T polymorphism or com-
pound heterozygosity for MTHFR 677 C→T and 1298
A→C on tHcy concentrations has been outlined (5,6),
whereas the relevance of the recently described MTHFR
1793 G→A polymorphism (7) is still under discussion.
Hyperhomocysteinemia is an independent risk factor for
thrombosis, atherosclerosis, and neural tube defects in the
offspring of affected women (5,6). THcy concentrations
vary with ethnic background, increase with age, are higher
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in adult men and postmenopausal women, and lowest in
children (8). In children, hyperhomocysteinemia is de-
fined according to age and (after puberty) sex-specific
percentiles (9). tHcy concentrations in healthy children
have been determined in different ethnic and age groups
and expressed by using different statistical models. There-
fore cutoffs for hyperhomocysteinemia range from 8.3 to
11.3 µmol/L (9–12). We previously assessed 10.4 µM as
the 95th percentile concentration of tHcy in 60 healthy 10-
to 17-year-old male and female children from the same
population as the patients included in the present study
(13) and therefore defined hyperhomocysteinemia as tHcy
>10.4 µmol/L. It is known that tHcy concentrations ex-
ceeding the 95th age percentile are related to a fourfold in-
creased risk for ischemic cerebrovascular disease in child-
hood (14). Hyperhomocysteinemia has been observed in
≤40% of patients receiving antiepileptic drugs (AEDs)
(15). Adults with epilepsy have a threefold increased risk
for fatal cardiovascular incidents, and neural tube defects
are seen more frequently in the offspring of women taking
AEDs (16).
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FIG. 1. Homocysteine metabolic pathway.

The aims of the present study were to assess the preva-
lence of and the factors associated with hyperhomocys-
teinemia in pediatric patients taking AEDs and to evaluate
a supplementation of folic acid versus placebo in patients
with hyperhomocysteinemia.

SUBJECTS AND METHODS

The study was approved by the ethics committee of
Vorarlberg, Austria. Informed consent/assent was ob-
tained from all patients and controls older than 8 years
and their parents or guardians. Venous puncture was con-
ducted for independent medical reasons.

Subjects
The 123 consecutive patients age 2 to18 years receiv-

ing AEDs for >3 months were recruited from the pe-
diatric departments of Bregenz, Dornbirn, and Feldkirch
(Austria). The diagnosis of epilepsy as well as indica-
tion and monitoring of AED treatment was performed by
experienced pediatric neurologists. None of the patients
received vitamin supplements or any other drugs on a reg-
ular basis or had clinical evidence for an acute illness,
renal dysfunction, thyroid dysfunction, chronic inflam-
matory diseases, inborn errors of Hcy, cobalamin or fo-
late metabolism, or any other condition known to interfere
with Hcy metabolism at the time of sample collection.

Clinical and laboratory variables
The following variables were recorded from patients or

parents/guardians or both and the treating physician by us-
ing a standardized data sheet: age, sex, ethnic background,
diagnosis, duration of treatment, past and present treat-

ment regimens, and number of seizures during the past
6 weeks. tHcy, folate, and cobalamin were assessed from
a 3-ml native blood sample taken after an overnight fast.
The samples were centrifuged within 30 min after collec-
tion and analyzed the same day. For the MTHFR polymor-
phisms, 3 ml blood was collected by using sodium citrate
tubes. The tubes were stored at –60◦C until analysis.

Analysis of tHcy, cobalamin, and folate
THcy plasma concentrations were determined by us-

ing an automated fluorescence polarization immunoassay
(FPIA; Abbott Imx Analyzer; Abbott Laboratories, Ab-
bott Park, IL, U.S.A.). Serum cobalamin and folate were
measured by using Microparticle Enzyme Immunoassay
(Abbott Imx Analyzer).

Restriction fragment length polymorphism analyses
Genomic DNA was isolated from citrated blood sam-

ples according to standard procedures. Identification of
MTHFR 677C → T, MTHFR 1298A → C, and MTHFR
1793 G → A was performed as described in earlier pub-
lications (1,7).

Intervention
Nineteen patients with hyperhomocysteinemia, defined

as tHcy >10.4 µmol/L and normal cobalamin concentra-
tions were randomized to a double-blind 12-week inter-
vention phase testing oral folic acid, 1 mg/day (n = 10)
versus placebo (n = 9). THcy, cobalamin, and folate con-
centrations were measured after 6 and 12 weeks.
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TABLE 1. Differences between patients with hyperhomocysteinemia and patients with normal tHcy concentrations at baseline
concerning demographic variables, genetic polymorphisms and characteristics of AED treatment

Patients with hyperhomocysteinemia Patients with normal tHcy
Parameters (>10.4 µmol/L) n = 19 (≤10.4 µmol/L) n = 104 p Value

Ethnic background (%)
–Austrian 73.7 73.1 n.s.
–Turkish 15.8 19.2 n.s.
–Former Yugoslavia 10.5 6.7 n.s.

Age (yrs)∗ 13.7 ± 4 11.0 ± 3.9 p = 0.005
Male sex (%) 63.2 56.7 n.s.
Plasma tHcy (µmol/L)∗ 13.4 ± 3.1 6.9 ± 1.56 P < 0.001
Serum folate (ng/ml)∗ 5.8 ± 2.1 10.2 ± 2.8 P < 0.001
Serum cobalamin (pg/ml)∗ 534 ± 307 694 ± 388 n.s.
Duration of treatment (yrs)∗ 5.9 ± 4.4 8.1 ± 41 n.s.
Multidrug treatment (%) 63 27 p = 0.007
P450 inducing AEDs% 21 23 n.s.
Valproate% 16 36 p = 0.12
Other AEDs% 0 14 P = 0.12
MTHFR 677 TT (%) 16.7 (n = 18) 13.3 (n = 75) n.s.
MTHFR 677 T/ 1298 C (%) 11 (n = 18) 16 (n = 75) n.s.
MTHFR 1793 AA (%) 0 (n = 18) 1.3 (n = 75) n.s.

∗Data presented as means ± standard deviation.

Statistical methods
In a first step, every single AED was analyzed concern-

ing associations with tHcy, folate, cobalamin, age, and sex.
In a second step, AEDs were grouped according to their
impact on the cytochrome P450 system in the liver: Car-
bamazepine (CBZ), phenytoin (PHT), and phenobarbital
(PB) induce P450, whereas valproate (VPA) may inhibit
cytochrome P450 enzymes. The remaining substances are
referred to as “other AEDs.” Pearson correlation coeffi-
cient and multiple regression were used to analyze as-
sociations between tHcy and folate, cobalamin, duration
of treatment, type of treatment (P450 inducers, VPA, and
other AEDs) as well as multidrug treatment (two or more
AEDs), age, and sex. Three multiple-regression analyses
were performed to assess the effect of age, sex, and differ-
ent treatment regimens on tHcy, folate, and cobalamin. All
mentioned predictor variables together with either tHcy,
folate, or cobalamin, were included as independent vari-
ables into the model as appropriate. No stepwise procedure
for variable selection (neither forward nor backward) was
used.

Differences in tHcy, folate, and cobalamin between
therapeutic groups were assessed by using analysis of
variance or Kruskal–Wallis test, as appropriate. Demo-
graphic variables, genetic polymorphisms, and charac-
teristics of AED treatment were compared between pa-
tients with hyperhomocysteinemia and patients with nor-
mal tHcy concentrations at baseline by using the χ2

test, Fisher`s exact test, t test, or Mann–Whitney U test.
Paired and independent t tests were used to compare
tHcy, folate, and cobalamin within (baseline, 6 weeks,
12 weeks) and between treatment groups (intervention
vs. placebo). P values <0.05 were considered statistically
significant.

RESULTS

Characteristics of the study population
The 123 patients (52 female, 71 male; mean age, 11.4 ±

4 years; mean duration of treatment, 7.8 ± 4.1 years)
treated with AEDs participated in the trial (Table 1).
Eighty-three patients received AED monotherapy, where-
as 40 patients were receiving multidrug treatment consist-
ing of two AEDs in 32 patients (Table 2), three AEDs in
six patients, and four AEDs in two patients. In seven of
eight patients receiving three or more AEDs, the treatment
included at least one P450 inducer.

Prevalence of hyperhomocysteinemia
tHcy concentrations within normal range (≤10.4

µmol/L) were present in 104 of 123 patients. THcy con-
centrations above normal range (>10.4 µmol/L) were
present in 19 (15.5%) of 123 patients.

Correlations with tHcy concentrations at baseline
Significant bivariate correlations were found between

tHcy and folate, cobalamin, duration of treatment, age, and
multidrug treatment (Table 3). Additionally, folate corre-
lated significantly with cobalamin concentrations. None
of the patients had folate or cobalamin concentrations
below reference ranges. VPA treatment correlated with
folate and cobalamin but not with tHcy concentrations.
The use of P450 inducers was positively correlated with
plasma folate, but not with tHcy or cobalamin. Multidrug
treatment showed a significant positive correlation with
tHcy and negative correlation with folate concentrations.
Pairwise correlation between all applied AED substances
and tHcy, folate, and cobalamin did not reach significance
(data not shown). None of the genetic polymorphisms
investigated (n = 93) showed statistically significant
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TABLE 2. AED treatment in n = 83 patients on monotherapy and n = 32 patients on combinational therapy with 2 AEDs

Combinational therapy with 2 AEDs

Monotherapy P450 inducers Other AEDs

AED N � Phenobarb. Phenytoin Valproate Lamotrigine Topiramate Clobazam Sulthiame Vigabatrin �

P450 inducers Carbamazepine 26 1 7 5 1
Phenobarbital 2 1 1
Phenytoin 0 28 1 17

Valproate 40 40 5 2 2 9
Other AEDs Lamotrigine 6 1

Oxcarbazepine 3 1 1 2
Topiramate 1 1
Sulthiame 4
Ethosuximide 1 15 6

correlations to tHcy, folate, or cobalamin concentrations
(data not shown).

Multiple regression analyses showed statistically sig-
nificant associations between tHcy levels (R2 = 0.45)
and folate concentrations (p < 0.0001), male gender (p =
0.002), and multidrug treatment (p = 0.027). Age, cobal-
amin concentrations, treatment with P450 inducers, VPA,
or other AEDs, as well as duration of treatment, did not
reach significance. For folate (R2 = 0.47) as the depen-
dent variable, only male sex (p = 0.02), cobalamin con-
centrations (p = 0.013), and monotherapy with VPA (p =
0.001) reached significance. Age (p < 0.0001), folate (p
= 0.013), monotherapy with VPA (p = 0.02), and dura-
tion of treatment (p = 0.02) were significantly related to
cobalamin concentrations (R2 = 0.23).

Analyses of variance showed no significant differences
between treatment with P450 inducers, VPA, and other
AEDs regarding tHcy concentrations, but significantly
higher tHcy concentrations were found in individuals
receiving multidrug treatment. In contrast, the different
monotherapeutic regimens had a significant impact on fo-
late and cobalamin concentrations (Table 4).

Patients with hyperhomocysteinemia (n = 19) versus
patients with normal tHcy (n = 104)

Patients with hyperhomocysteinemia were significantly
older than the group with normal tHcy concentrations, re-
ceived multidrug treatment significantly more frequently,

TABLE 3. Pearson correlations at baseline (n = 123)

Monotherapy Monotherapy Monotherapy Multidrug
Duration of valproate P450 inducers other AEDs treatment

Folate Cobalamin treatment Age Sex (n = 40) (n = 28) (n = 15) (n = 40)

tHcy −0.58∗∗ −0.24∗∗ 0.3∗∗ 0.36∗∗ 0.16 −0.07 0.1 −0.04 0.31∗∗
Folate 0.33∗ −0.24∗∗ −0.32∗∗ 0.06 0.4∗∗ 0.3∗∗ −0.16 −0.26∗∗
Cobalamin −0.33∗∗ −0.39∗∗ −0.04 0.33∗∗ −0.13 −0.26∗ 0.06
Duration of treatment 0.39∗∗ −0.14 −14 0.15 0.001 0.31∗∗
Age −0.05 −0.19 0.14 0.07 −0.2
Sex −0.4 0.14 −0.11 −0.02

∗Correlation significant at the 0.05 level (2-tailed)
∗∗Correlation significant at the 0.01 level (2-tailed)

and had lower folate concentrations than did patients with
normal tHcy.

Intervention with folate (n = 10) versus placebo (n =
9) in patients with hyperhomocysteinemia

No significant differences were present concerning age,
number of patients receiving multidrug therapy, cobal-
amin, folate, and tHcy between the groups at baseline. In
the folate group, three of 10 patients were homozygous
for the MTHFR 677 C→T polymorphism and one of 10
patients was compound heterozygous for the MTHFR 677
C→T/1298 A→C polymorphisms. In the placebo group,
one of nine patients was compound heterozygous for the
MTHFR 677 C→T/ 1298 A→C polymorphisms. The in-
tervention with folic acid resulted in significantly higher
folate and lower tHcy concentrations at weeks 6 and 12
compared with patients receiving placebo (Table 5). In the
intervention group, paired comparisons for tHcy, folate,
and cobalamin over time showed a significant increase of
folate and decrease of tHcy between baseline and weeks
6 and 12, respectively (all, p < 0.0001) but no significant
changes for cobalamin. In the placebo group, all three pa-
rameters remained unchanged. In the intervention group
(n = 10), pairwise Pearson correlation revealed a signif-
icant correlation between tHcy concentrations at base-
line and the difference between baseline tHcy and tHcy
at week 12 (−0.81; p = 0.005) indicating a more pro-
nounced reduction of tHcy if higher concentrations were
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TABLE 4. tHcy, folate and cobalamin concentrations (means ±SD) in different therapeutic groups

Valproate (n = 40) P450 inducers (n = 28) Other AEDs (n = 15) Multidrug treatment (n = 40) p Value

Plasma tHcy (µmol/L) 7.1 ± 2.1 7.5 ± 2.4 7.1 ± 1.5 9.2 ± 4.0 0.006
Serum folate (ng/ml) 11.3 ± 2.1 8.9 ± 3.1 9.2 ± 3.4 8.4 ± 3.2 <0.001
Serum cobalamin (pg/ml) 764 ± 268 595 ± 393 477 ± 172 699 ± 482 0.003∗

∗Calculated by using the Kruskal–Wallis test.

measured at baseline. During the intervention, the num-
ber of seizures remained stable in both groups (data not
shown).

DISCUSSION

In our study, hyperhomocysteinemia was present in
15.5% of 123 pediatric patients receiving AEDs. High
tHcy concentrations were predominantly associated with
multidrug treatment and low folate and cobalamin con-
centrations. Folic acid supplementation significantly re-
duced tHcy. We are aware of limitations of our study in
the small sample size and the higher mean age of subjects
in the intervention group. Additionally, exclusion criteria
only included clinical evidence for thyroid dysfunction in
our patients, but thyroid-function tests have not been per-
formed systematically. It is known that an impairment of
thyroid function correlates with elevated tHcy concentra-
tions (17).

In the literature, hyperhomocysteinemia was reported
in 13% to 40% of patients receiving AEDs: 12 months of
CBZ or VPA treatment resulted in a significant increase
of tHcy and decrease of folate in adolescents (18); tHcy
concentrations exceeded the 90th age percentile in 13.8%
of 81 Japanese children and adults taking AEDs (19), 20%
of 51 German adults taking AEDs (20), and 40.4% of
136 Spanish children treated with either CBZ or VPA had
hyperhomocysteinemia (15).

Hyperhomocysteinemia is an independent risk factor
for cardiovascular disease and thrombosis. A 5 µmol/L
higher tHcy level is associated with a 27% higher risk for
venous thrombosis in prospective studies (21), and chil-
dren with stroke have a higher prevalence of the MTHFR
677TT genotype (6). Endothelial dysfunction, as present

TABLE 5. Age and prevalence of multidrug treatment at baseline and longitudinal changes of plasma tHcy, serum folate and
cobalamin during intervention

Baseline 6 weeks 12 weeks

Intervention Placebo Intervention Placebo Intervention Placebo
n = 10 n = 9 p n = 10 n = 9 p n = 10 n = 9 p

tHcy µmol/L∗ 13.0 ± 3.4 13.8 ± 2.9 n.s. 7.8 ± 2.9 12.2 ± 1.9 0.002 7.4 ± 2.1 13.3 ± 3.6 <0.0001
Folate ng/ml∗ 6.2 ± 1.9 5.4 ± 2.3 n.s. 13.0 ± 2.0 5.6 ± 2.5 <0.0001 13.6 ± 1.4 5.6 ± 1.1 <0.0001
Cobalamin pg/ml∗ 629 ± 339 428 ± 242 n.s. 594 ± 336 352 ± 192 ns 603 ± 286 330 ± 195 0.042
Age (yrs)∗ 13.7 ± 4.3 13.8 ± 3.9 n.s.
Multidrug treatment% 60 66 n.s.

∗Values presented as means ± standard deviation.

in hyperhomocysteinemia, is a predecessor of atheroscle-
rosis (22). It is not completely understood how Hcy im-
pairs endothelial function, but the induction of oxida-
tive stress and the suppression of nitric oxide synthesis—
maybe due to an increase in asymmetrical dimethylargi-
nine concentrations (23)—seem to play a crucial role. In-
dependent of its Hcy-lowering capacity, folic acid may
improve endothelial function: the folate metabolite 5-
methyltetrahydrofolate appears to enhance endothelial ni-
tric oxide synthesis in healthy adults (24), and flow-
mediated vasodilatation improved in children with type
I diabetes after oral supplementation with folic acid (25).
Therefore the tendency toward lower folate and higher
tHcy concentrations may put children taking AEDs at
special risk for atherosclerosis. Other important reasons
to monitor tHcy and folate in epilepsy patients are the
epileptogenic potential of tHcy (26,27) and the associa-
tion of folate depletion and hyperhomocysteinemia with
reduced cognitive performance (28).

Vitamin B6, vitamin B2, cobalamin, and folate are in-
volved in the Hcy pathway. Vitamin B6 deficiency has only
minor influence on fasting tHcy concentrations and is re-
vealed only after methionine loading (29). Low vitamin
B2 levels in AED patients correlate weakly with tHcy con-
centrations, and this correlation disappears when folate is
included into the regression model (30). High, normal, and
low cobalamin concentrations have been reported in adults
receiving AEDs (31). In adolescents, cobalamin concen-
trations remained unchanged while folate decreased and
tHcy increased (15,18). Therefore folate seems predom-
inantly to determine tHcy concentrations. In our sample,
cobalamin and tHcy concentrations show a significant in-
verse correlation, but after folic acid supplementation,
tHcy decreases while cobalamin remains unchanged.
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AEDs interfere with folate and Hcy metabolism in many
ways, and potentiations of effects may occur. AEDs may
impair folic acid absorption and gastrointestinal transport,
and folate may serve as a cofactor in AED catabolism.
In a mouse model, PHT directly decreases the activity
of the enzyme MTHFR (32). PHT, CBZ, PB, and prim-
idone may lower folate concentrations by induction of
P450 enzymes, causing enhanced folate catabolism (16).
In adults taking VPA, folate depletion is normally not ob-
served (33), whereas in children receiving VPA, folate
depletion may develop (18). Again, multiple mechanisms
and interactions may play a role: in pregnant Wistar rats,
VPA directly impairs the activity of methionine synthase,
the enzyme that remethylates Hcy to methionine (34).

In our study population, multidrug treatment correlated
significantly with low folate and elevated tHcy concentra-
tions. Our finding is partly supported by evidence from
the literature: in 81 children and adults taking AEDs, hy-
perhomocysteinemia and folate depletion were more fre-
quently among patients receiving multidrug therapy, but
this effect was reinforced by the MTHFR 677TT geno-
type (19). In contrast, we found no statistically signifi-
cant correlation between tHcy or folate concentrations and
MTHFR 677TT (prevalence, 12%), compound heterozy-
gosity for MTHFR 677 T and 1298 C (prevalence 13%)
or the MTHFR 1793 AA genotype (prevalence 1%), with
the latter polymorphism being too rare in our population
for meaningful analysis. The MTHFR 677TT genotype
is associated with hyperhomocysteinemia and low folate
concentrations in patients taking CBZ and PHT, but not
in patients on VPA (17,35). The underlying mechanism
may be an increased folate requirement in patients with
the MTHFR 677 TT genotype only if cytochrome P450
is induced by the AED given (17,35). MTHFR polymor-
phisms are predominantly associated with elevated tHcy in
folate- or cobalamin-deficient or elderly individuals (36).
Our patients were young, and folate and cobalamin con-
centrations were within normal ranges; therefore the mul-
tiple effects of AEDs on the Hcy and folate pathway may
outweigh the impact of MTHFR polymorphisms. But the
small sample size of the intervention group limits the in-
terpretation of the genetic results.

Folate is an essential cofactor required for the remethy-
lation of Hcy to methionine (37). In a standardized evalu-
ation setting, 0.5–5 mg folate daily reduced tHcy by 25%.
Combination with cobalamin reduced tHcy by an addi-
tional 7%, whereas vitamin B6 supplementation did not
add a significant reductive effect on tHcy (38). Riboflavin
did not prove to be an effective homocysteine-lowering
agent, even in individuals with suboptimal riboflavin sta-
tus (39). In our study, however, in simple bivariate analy-
sis, cobalamin showed significant correlations with tHcy
and was associated with duration of treatment (see Table
3). Long-term effects of AEDs on cobalamin status (and
other B vitamins) cannot be excluded, and further inves-

tigations on the effects of multivitamin supplementation
are warranted. Long-term high-dose vitamin supplemen-
tation may exhibit adverse effects, and formerly, folic acid
was considered to be epileptogenic, but recent data argue
against this assumption (40). A carcinogenic potential of
folate may be present in preexisting neoplasms, whereas
the incidence of some types of cancer decreases under
folate supplementation (41). A dosage of 1 mg/day folic
acid is generally considered safe and in our study corrects
tHcy to normal concentrations. Nevertheless, the lowest
effective folic acid supplementation for AED patients still
remains to be elucidated. Supplementation for AED pa-
tients must be given continuously; otherwise folate stores
would rapidly become depleted, and tHcy values would
increase again.

We conclude that folate deficiency and hyperhomocys-
teinemia are relevant issues in pediatric patients receiv-
ing AEDs, especially in patients who have been receiving
multidrug treatment for many years. Folic acid supple-
mentation reduces tHcy and increases plasma folate sig-
nificantly. We recommend regularly measuring tHcy and
folate in patients receiving AEDs. Further research is nec-
essary to evaluate the long-term effects of folic acids and
multivitamin supplementation in patients taking AEDs
with respect to different clinical end points, such as an-
ticonvulsive efficiency, cardiovascular disease, cognitive
performance, and mood.
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