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A B S T R A C T   

Background: Epilepsy has been associated with an increased risk of cardiovascular events. Anti-seizure medica-
tion (ASM) may contribute to vascular risk by several mechanisms, including increased homocysteine levels. This 
study aims to assess the global vascular burden in hyperhomocysteinemic people with epilepsy (PWE) on long- 
term ASM before and after folic acid supplementation and in subgroups of PWE treated with single enzyme- 
inducing or single non-enzyme inducing ASM. 
Methods: One hundred and seventy-four hyperhomocysteinemic (HHcy) PWE who met the inclusion criteria were 
enrolled. Carotid Doppler ultrasonography, FMD and ultrasound assessment of the brachial artery properties at 
the baseline and after 90 days of folic acid supplementation were performed. The vascular biomarkers MMP-9 
and TIMP-1 were also detected. 
Results: After folic acid supplementation, in HHcy patients homocysteine levels reduced from 26.8 ± 10.5 to 20.2 
± 5.3 μmol/L, carotid Intima-Media-Thickness reduced from 0.83+0.06 mm to 0.79±0.05 mm, and FMD, 
distensibility coefficient and β-stiffness improved (p < 0.05). Moreover, MMP-9 and TIMP-1 reduced after sup-
plementation (p < 0.05). PWE treated with a single enzyme-inducing ASM showed an impairment of vascular 
parameters compared to patients treated with non-enzyme inducing ASM. 
Conclusions: The results highlight the importance of assessing homocysteine levels and estimating the cardio-
vascular risk of PWE, preferring non-enzyme inducing ASM in high cardiovascular-risk patients. An adequate 
correction of homocysteine levels with folate supplementation should be considered to improve the cardiovas-
cular profile.   

1. Introduction 

Epilepsy is one of the most common brain disorders and affects over 
50 million people worldwide [1]. It has been associated with several 
cardiovascular risk factors including inflammation, oxidative stress, 
insulin resistance, and high homocysteine level, and with an increased 
risk of cardiovascular events [2–4]. 

Anti-seizure medications (ASM) may contribute to the vascular risk 
of people with epilepsy (PWE), and especially enzyme inducer medica-
tions seem to be linked to atherosclerotic progression. The role of ASM in 

the pathogenesis of atherosclerosis is not yet fully understood, but al-
terations in the lipid profile, increased values of C-reactive protein and 
higher homocysteine levels, due to folate and vitamin B6 deficiencies, 
may be involved [5]. 

Homocysteine is a non-proteinogenic amino acid derived from 
methionine metabolism, and elevated homocysteine levels are associ-
ated with coronary and peripheral atherothrombosis [6]. According to 
current knowledge, folic acid supplementation may reduce homocyste-
ine levels and improve cardiovascular abnormalities [5,7–9]. 

Aim of the study was to investigate the effects of three-month folate 
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supplementation on early vascular alterations in hyperhomocysteinemic 
PWE on long-term antiepileptic drugs without pre-existing cardiovas-
cular diseases. 

In addition, the study was aimed at investigating the eventual dif-
ferences in vascular disorders between hyperhomocysteinemic PWE 
treated with a single enzyme-inducing ASM or a single non-enzyme 
inducing ASM, before and after acid folic supplementation. 

2. Methods 

A total of 1014 PWE referred to the Department of Neurology of 
“Federico II” University School of Medicine, Naples, Italy, were 
consecutively screened from January 2018 to November 2020. The in-
clusion criteria were the following: age between 18 and 50 years; 
diagnosis of epilepsy for at least 5 years; treatment with anti-seizure 
medications; high homocysteine levels (total homocysteine concentra-
tion > 15 µmol/L). Exclusion criteria included: diabetes, dyslipidemia, 
carotid atherosclerosis or others known cardiovascular diseases; thyroid 
pathologies and/or other endocrinology disorders; serological creati-
nine values major than 1.5 mg/dl; chronic dermatological (e.g. psoria-
sis) and rheumatological diseases; autoimmune gastritis and/or 
inflammatory bowel disease and/or coeliac disease and deficiency of 
folate and/or other B-complex vitamins; degenerative neurological 
diseases and active neoplasms. Patients taking folic acid routinely before 
enrollment were excluded from the study. Accordingly, women who 
were pregnant or trying to become pregnant were also excluded. 

A total of 174 PWE met the inclusion criteria and were enrolled. All 
hyperhomocysteinemic (HHcy) patients performed a comprehensive 
vascular assessment before and after 90 days of folic acid 
supplementation. 

At the beginning of the study, all patients performed carotid Doppler 
ultrasonography and flow-mediated dilation and ultrasound assessment 
of the brachial artery elastic wall properties, as described below. The 
ultrasound scans were performed by expert physicians, skilled in car-
diovascular diseases and vascular ultrasonography; they were blinded to 
patient’s lab results and medications. Moreover, all PWE carried out a 
laboratory evaluation including the dosage of metalloproteases MMP-9 
and specific tissue inhibitor TIMP-1 by ELISA. After the baseline eval-
uation, PWE received Folic Acid 5 mg daily for 90 days. At the end of the 
study, the ultrasound evaluations and the laboratory tests for MMP-9/ 
TIMP-1 dosage were repeated. 

3. ELISA assay of MMP-9 and TIMP-1 

MMP-9 and TIMP-1 levels were detected by quantitative sandwich 
ELISA using commercial kits obtained from R&D Systems (Minneapolis, 
MN, USA). These assays are based on a two-site sandwich format using 
two antibodies directed against various epitopes of the molecule. All 
analyses were performed according to the manufacturer’s instructions. 

3.1. Ultrasound assessment of carotid arteries 

Carotid longitudinal ultrasound B-mode scans were performed with a 
7.5 MHz linear-array transducer (Vivid E9 ultrasound system) according 
to current guidelines [10,11]. 

All measurements were performed on the R-wave of the electrocar-
diogram. Common carotid intima-media thickness (IMT) was measured 
as the distance of the intimal to the adventitial layer with semi- 
automated reading software that calculates the mean values obtained 
in the segment between 1 cm before and 1 cm after the carotid bifur-
cation [12]. IMT values were expressed as the mean of three measure-
ments for the left and right carotid axes. 

3.2. Flow mediated dilation 

Flow-mediated dilation (FMD) evaluation was performed according 

to the guidelines [13,14] using a validated protocol [15,16]. All par-
ticipants were studied in a quiet, temperature-controlled room (22 ◦C) 
after 12 h of fasting, including caffeine, tea, alcohol, and abstaining from 
cigarette smoking, physical exercise, and drugs for 24 h before the ex-
amination. Tests were performed at the same time of day (approximately 
12:00) as endothelial function depends on circadian variation [17]. An 
ultrasound system adapted for Doppler analysis and equipped with a 
multi-frequency transducer with a minimum frequency of 7.5 MHz was 
used. The brachial artery was imaged approximately 5 cm proximal to 
the antecubital crease in the longitudinal axis, and were considered only 
FMD values obtained measuring brachial arteries with a baseline 
diameter comprised between 2.5 and 5 mm. Each measurement was 
performed in the dominant arm at the end-diastole cycle, on the elec-
trocardiographic R-wave. To standardize and obtain reproducible 
evaluations of the blood flow velocity, an angle of 60◦ between the 
Doppler beam and the vessel axis was maintained during recording. A 
sphygmomanometer cuff was placed around the forearm 1 to 2 cm distal 
to the elbow crease. After the identification of the anatomical land-
marks, we used a stereotactic adjustable probe holding device to in-
crease the image quality and maintain the probe in the same position 
and relationship with the vessel throughout the study. After baseline 
measures were acquired, the cuff was inflated to 50 mmHg above sys-
tolic pressure to occlude arterial inflow for 5 min. After sudden cuff 
deflation, the peak velocity flow and BAD variation were automatically 
measured by dedicated hardware/software. Endothelial dependent 
vasodilatation was assessed by measuring the maximum increase of BAD 
during the reactive hyperemia according to the formula: 

FMD (%): [(post hyperemia BAD –baseline BAD)/baseline BAD] x 
100 

We used FMD Studio (Institute of Clinic Physiology, National 
Research Council, Pisa, Italy), a system composed of a dedicated hard-
ware/software device that was directly connected to the ultrasound 
equipment, allowing the FMD assessment to occur in real time. Peak 
shear rate (PSR), an estimate of wall shear stress, was computed as the 
ratio of 4 times the peak hyperemic blood velocity (cm/s) to BAD (cm). 
Data relative to the baseline BAD and PSR were evaluated to exclude 
that the differences found in FMD values could be related to different 
baseline BAD or PSR discrepancies. 

3.3. Brachial artery elastic properties 

Based on the technical approach used for FMD evaluation, at base-
line, before inflating the cuff and placing stereotactic adjustable probe 
holding device, the arterial elastic properties were assessed, according to 
the validated protocol described elsewhere (17). Briefly, the following 
parameters were measured in M-mode: the lowest end-diastolic arterial 
diameter (Dd) on the electrocardiographic R-wave, the highest end- 
systolic arterial diameter (Ds) on the electrocardiographic T wave, and 
the diameter change during cardiac cycle (DD, defined as Ds-Dd). The 
mean of 3 consecutive measurements was used for the analyses. Brachial 
artery pulse pressure (DP), defined as systolic minus diastolic blood 
pressure in mmHg, was measured by a sphygmomanometer and then 
converted in kPa The properties of the vessel wall, such as distensibility 
and stiffness, were then derived using the following equations: 

β= ln (SBP/DBP)/(ΔD/Dd) 
DC= (2ΔD*Dd+ ΔD2)/ ΔP*Dd2 where ln is the natural logarithm 

and SBP and DBP are the brachial systolic and diastolic pressures, 
respectively [18–20]. The coefficient of variation for the arterial DC in 
our laboratory was 5%. 

3.4. Statistical analysis 

Data are presented as mean ± standard deviation. Shapiro-Wilk test 
was used as distribution test and distribution of data was non-normal. 
Statistical significance between groups was tested by the Mann-Whitney 
U test for independent samples, Wilcoxon test for paired samples and 
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chi-square test with Yate’s correction for non-continuous variables. We 
performed the Holm-Bonferroni correction and assumed a p value less 
than 0.05 statistically significant. Multiple correlation among variables 
was performed by a stepwise regression analysis. A two-way ANOVA 
was conducted to perform a sub-analysis examining the additive effect of 
folate supplementation on vascular parameters in hyper-
homocysteinemic PWE treated with a single enzyme-inducing ASM 
(HHcy+) and hyperhomocysteinemic PWE treated with a single non- 
enzyme inducing ASM (HHcy-). All calculations were performed with 
the SPSS software, version 26 (IBM, New York, NY, USA). 

4. Results 

All patients concluded the three-month follow up and no dropout 
was recorded. 

Table 1 shows the clinical features and the laboratory data at base-
line and after 90-day folic acid supplementation in HHcy PWE. MMP-9 
and TIMP-1 significantly reduced after folic acid supplementation (p <
0.05). Table 1 also summarizes the vascular findings of the study group 
at the beginning and the end of the study. After folic acid supplemen-
tation, homocysteine levels reduced from 26.8 ± 10.5 to 20.2 ± 5.3 
µmol/L, carotid Intima-Media-Thickness reduced from 0.83+0.06 mm 
to 0.79 ± 0.05 mm, and FMD, distensibility coefficient (DC) and Beta 
stiffness improved (p < 0.05). 

Percentage and mean dose for each ASM that patients assumed at the 
enrollment are shown in Table 2. A significant difference between the 
frequency of PWE on polypharmacy compared to PWE on monotherapy 
was observed. 

We also analyzed results by stepwise multiple regression to deter-
mine which factor was predictive of vascular improvement. The analysis 
considered FMD as the dependent variable whereas glycaemia, SBP, 
DBP, total cholesterol, LDL-cholesterol, HDL-cholesterol, triglycerides, 

Fibrinogen, C protein, S protein, Homocysteine, Folic Acid, Vitamin B, 
MMP-9 and TIMP were used as independent variables. The result 
showed a significant predictive value for the Homocysteine level (R: 
− 0.66, β: − 0.12; 95% CI, − 0.17 to − 0.04, p = 0.032). 

Of the study group, 33 hyperhomocysteinemic PWE were treated 
with a single enzyme-inducing ASM (HHcy+) and 29 hyper-
homocysteinemic PWE were treated with a single non-enzyme inducing 
ASM (HHcy-). Their baseline clinical features, laboratory data and 
vascular findings at the beginning are shown in Table 3. PWE treated 
with a single enzyme-inducing ASM showed worse vascular parameters 
than patients treated with non-enzyme inducing ASM (p < 0.05) at 
baseline. Table 4 shows response of vascular parameters to 90 days of 
folic acid supplementation in 33 hyperhomocysteinemic PWE treated 
with single enzyme-inducing ASM (HHcy+) and 29 hyper-
homocysteinemic PWE treated with single non-enzyme inducing ASM 
(HHcy-). Two-way ANOVA for repeated measures was used to test if 
folate supplementation had a different effect between HHcy+ and HHcy- 
patients. The analysis showed a significative major improvement in 
vascular ultrasound parameters (carotid Intima-Media Thickness, FMD, 
DC and Beta Stiffness) in patients treated with a single enzyme-inducing 
ASM (p < 0.05). 

5. Discussion 

To the best of our knowledge, this is the first prospective study aimed 
to assess the global vascular burden of hyperhomocysteinemic PWE 
before and after folic acid supplementation. HHcy PWE showed ultra-
sonographic features of vascular dysfunction, as highlighted by the 
measurements of carotid intima-media thickness and the assessment of 
flow-mediated dilation and elastic properties of the brachial artery, 
suggesting an early vascular injury in this clinical setting. Accordingly, 
the metalloproteases pathways, an early marker of subclinical athero-
sclerosis that promotes endothelial dysfunction, inflammation, and, 
finally, vascular remodeling [21,22], were significantly impaired in 
HHcy PWE. 

After three months of folic acid supplementation, an improvement in 
all the above-mentioned vascular parameters was obtained. These 
findings seem to confirm previous data published by Talari et al. who 
showed that 12 weeks of folate supplementation resulted in a significant 
reduction in serum C-reactive protein and a significant increase in 
plasma nitric oxide (NO) levels in children with epilepsy receiving 
carbamazepine [23]. Homocysteine and 5-methyltetrahydrofolate 
(5-MTHF) levels modulate circulating NO levels through the inhibition 
of endothelial NO synthase, and can induce endothelial dysfunction 
through complex mechanisms, including the modulation of oxidative 
stress, the nuclear factor-kb (NF-kb) activation, and the trigger of the 
inflammatory response [24]. High levels of homocysteine induce 
oxidative stress, and act as a molecular signal leading to activation of 
MMPs’ pathway, that is involved in pathological vascular remodeling 
[25]. The depression of endothelial function induces homocysteine 
atherogenic effects that could be reversed by folic acid supplementation 
[26], which indeed has been associated with a reduction in the pro-
gression of subclinical carotid atherosclerosis [27]. 

Peripheral endothelial function as assessed by noninvasive function 
tests (i.e. FMD) is a significant predictor of future cardiovascular events 
and all-cause mortality across different population subgroups [28,29]. A 
recent metanalysis showed that the extent of intervention effects on 
cIMT progression predicts the degree of cardiovascular risk reduction 
[30]. Similarly, among metalloproteinases, increased MMP-2 activity 
has been correlated with coronary, aortic and carotid atherosclerosis 
and elevated circulating levels of MMP-9 are associated with cardio-
vascular disease, including acute coronary syndrome [31] and docu-
mented coronary artery atherosclerosis [32]. Although folate 
supplementation improves endothelial function, c-IMT progression and 
serum matrix metalloproteinases’ levels, large randomized clinical trials 
have provided inconclusive results on the “hard” cardiovascular 

Table 1 
Clinical characteristics, laboratory data and vascular parameters of 174 hyper-
homocysteinemic patients (HHcy) at baseline and after 90 days of folic acid 
supplementation.   

HHcy 
(n:174) 
T0 

HHcy 
(n:174) 
T1 

p 

Age (years) 35.95 ± 13.21   
Sex, female (n,%) 91 (52%)   
Smokers (n,%) 80 (46%)   
SBP (mmHg) 124.45 ± 13.04 122.12 ± 0.92 ns 
DBP (mmHg) 75.25 ± 13.06 71.71 ± 10.11 0.032 
Total Cholesterol (mg/dl) 167.35 ± 21.02 165.5 ± 18.51 ns 
HDL-C (mg/dl) 40.55 ± 8.88 43.3 ± 10.35 ns 
LDL-C (mg/dl) 115.65 ± 19.15 118.4 ± 1242 ns 
Triglycerides (mg/dl) 130.71 ± 68.65 131 ± 48.34 ns 
Glucose (mg/dl) 97.74 ± 10.99 94.11 ± 10.12 ns 
HbA1c (%) 5.23 ± 0.32 5.15 ± 0.14 ns 
MMP-9 (ng/ml) 401.21 ± 208.22 355.98 ± 101.79 0.033 
TIMP-1 (ng/ml) 217.44 ± 124.33 201.18 ± 105.98 0.033 
Fibrinogen (mg/dl) 336.22 ± 58.75 326.4 ± 36.31 0.040 
Protein C (%) 121.58 ± 13.30 124.3 ± 12.5 0.046 
Protein S (%) 101.76 ± 9.46 103.9 ± 7.3 0.040 
Homocysteine (µmol//L) 26.8 ± 10.5 20.2 ± 5.3 0.041 
Folate (ng/ml) 4.34 ± 1.2 6.21 ± 1.84 0.036 
CIMT (mm) 0.83 ± 0.06 0.79 ± 0.05 0.031 
FMD (%) 11.79 ± 4.75 13.49 ± 4.72 0.032 
DC (10¡3/kPa) 4.19 ± 2.32 4.98 ± 1.94 0.045 
В 4.29 ± 2.05 3.91 ± 1.73 0.033 

β: Beta stiffness; CIMT: Carotid Intima-Media Thickness; DC: Distensibility Co-
efficient; DBP: Diastolic Blood Pressure; FMD: Flow Mediated Dilation; HDL-C: 
High Density Lipoprotein Cholesterol; LDL-C: Low Density Lipoprotein Choles-
terol; MMP-9: Matrix Metallopeptidase 9; SBP: Systolic Blood Pressure; TIMP-1: 
Metallopeptidase Inhibitor 1. 
Data expressed as mean ± standard deviation or percentage. 
p: Wilcoxon test. Comparison between HHcy at baseline and after 90 days Folic 
Acid supplementation. 
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endpoints [33,34]. Despite such controversial data, the results of the 
present study strongly suggest the importance of measuring the homo-
cysteine levels in PWE and assessing the related cardiovascular risk. An 
adequate correction of homocysteine level through folate supplemen-
tation could improve cardiovascular burden, particularly in PWE treated 
with single enzyme-inducing ASM. Some antiepileptic agents can cause 
high homocysteine levels more frequently as they induce cytochromes 

Table 2 
Percentage and mean doses of anti-seizure medications (ASM) in people with epilepsy enrolled in the study.  

ASM PWE 
Mono- 
therapy 
(62) 

PWE 
Poly- 
pharmacy 
(112) 

ASM PWE 
Monotherapy 
mean dose 

PWE 
Polypharmacy 
mean dose 

Valproic Acid (VPA) 
n (%) 

19 (30.65) 52 (46.43) Valproic Acid (VPA) 
(mg) 

652.38±223.87 982.35 ± 398.1 

Lamotrigine (LTG) 
n (%) 

2 (3.23) 37 (33.03) Lamotrigine (LTG) 
(mg) 

333.33±115.47 256.94 ± 128.26 

Oxacarbazepine (OXC) 
n (%) 

6 (9.68) 34 (30.35) Oxacarbazepine (OXC) 
(mg) 

1221.43±491.75 1877.78±604.84 

Levetiracetam (LEV) 
n (%) 

1 (1.61) 27 (24.11) Levetiracetam (LEV) 
(mg) 

2000±707.17 2500±772.11 

Topiramate (TPM) 
n (%) 

0 (0) 15 (13.39) Topiramate (TPM) 
(mg) 

0 268.75±109.35 

Vigabatrin (VGB) 
n (%) 

0 (0) 3 (2.68) Vigabatrin (VGB) 
(mg) 

0 1833.33± 577.35 

Gabapentin (GPT) 
n (%) 

0 (0) 1 (0.89) Gabapentin (GPT) 
(mg) 

0 1600±0 

Pregabalin (PGB) 
n (%) 

1 (1.61) 1(0.89) Pregabalin (PGB) 
(mg) 

400±0 375±0 

Clobazam (CLB) 
n (%) 

0 (0) 8 (7.14) Clobazam (CLB) 
(mg) 

0 16.25±7.44 

Ethosuximide (ESM) 
n (%) 

0 (0) 3 (2.68) Ethosuximide (ESM) 
(mg) 

0 258.33±237.61 

Felbamate (FLB) 
n (%) 

0 (0) 1(089) Felbamate (FLB) 
(mg) 

0 3600±0 

Clonazepam (CLN) 
n (%) 

0 (0) 4 (3.57) Clonazepam (CLN) 
(mg) 

0 9 ± 7.57 

Carbamazepine (CBZ) 
n (%) 

21 (33.87) 31(27.68) Carbamazepine (CBZ) 
(mg) 

675±463.44 911.76±323.81 

Phenobarbital (PB) 
n (%) 

9 (14.51) 14 (12.5) Phenobarbital (PB) 
(mg) 

91.67±94.64 114.44±59.07 

Phenytoin (PHT) 
n (%) 

3 (4.84) 6 (5.36) Phenytoin (PHT) 
(mg) 

170.12±22.1 187.5 ± 25  

Table 3 
Baseline characteristics and vascular parameters of 33 hyperhomocysteinemic 
PWE treated with single enzyme-inducing ASM (HHcy+) and 29 hyper-
homocysteinemic PWE treated with single non-enzyme inducing ASM (HHcy-).   

HHcyþ
n:33 
T0 

HHcy- 
n:29 
T0 

p 

Age (years) 30.75±9.11 29.88±8.91 ns 
Sex, female (n,%) 18 (54) 17 (59) ns(**) 
Smokers (n,%) 12 (36) 11 (38) ns(**) 
SBP (mmHg) 127.82±4.08 125.03±4.19 ns 
DBP (mmHg) 81.46±4.17 76.19±6.73 0.038 
Epilepsy duration (years) 7.11±1.95 7.36±2.02 ns 
Total Cholesterol (mg/dl) 160.15±11.22 165.45±14.12 ns 
HDL-C (mg/dl) 39.55±7.42 43.55±6.64 ns 
LDL-C (mg/dl) 118.47±18.85 115.12±17.35 ns 
Triglycerides (mg/dl) 131.85±65.63 134.51±61.85 ns 
Glucose (mg/dl) 96.81±10.11 95.34±9.79 ns 
HbA1c (%) 5.19±0.36 5.13±0.30 ns 
MMP-9 (ng/ml) 400.31±207.87 395.01±201.52 0.031 
TIMP-1 (ng/ml) 221.40±125.13 210.14±113.39 0.041 
Fibrinogen (mg/dl) 333.81±48.77 316.88±38.55 0.038 
Protein C (%) 120.48±13.91 124.18±11.21 0.041 
Protein S (%) 102.66±9.16 104.55±8.65 0.041 
CIMT(mm) 0.87±0.03 0.81±0.06 0.041 
FMD (%) 10.92±3.97 12.12±3.81 0.031 
DC (10¡3/kPa) 4.03±1.84 5.01±1.72 0.032 
В 4.49±1.71 4.06±1.63 0.035 

ASM: anti-seizure medication; β: Beta stiffness; CIMT: Carotid Intima-Media 
Thickness; DBP: Diastolic Blood Pressure; DC: Distensibility Coefficient; FMD: 
Flow Mediated Dilation; HDL-C: High Density Lipoprotein Cholesterol; LDL-C: 
Low Density Lipoprotein Cholesterol; MMP-9: Matrix Metallopeptidase 9; SBP: 
Systolic Blood Pressure; TIMP-1: Metallopeptidase Inhibitor 1. 
Data expressed as mean ± standard deviation or percentage. p: Mann-Whitney U 
test. 
(**): Chi Square test. 

Table 4 
Response of vascular parameters to 90 days of folic acid supplementation in 33 
hyperhomocysteinemic PWE treated with single enzyme-inducing ASM 
(HHcy+) and 29 hyperhomocysteinemic PWE treated with single non-enzyme 
inducing ASM (HHcy-).   

HHcyþ
n:33  

HHcy- 
n:29  

TWO-WAY 
ANOVA 
INTERACTION  

T0 T1 T0 T1 p 

CIMT 
(mm) 

0.87 ±
0.03 

0.83 
±0.05 

0.81 
±0.06 

0.78 
±0.09 

0.043 

FMD (%) 10.92 
±3.97 

12.23 
±2.57 

12.12 
±3.81 

14.22 
±2.63 

0.041 

DC 
(10¡3/ 
kPa) 

4.03 
±1.84 

4.46 
±1.61 

5.01 
±1.72 

5.47 
±1.52 

0.033 

В 4.49 
±1.71 

4.17 
±1.63 

4.06 
±1.63 

3.73 
±1.58 

0.048 

MMP-9 
(ng/ 
ml) 

400.31 
±207.87 

366.88 
±198.83 

395.01 
±201.52 

345.12 
±201.52 

ns 

TIMP-1 
(ng/ 
ml) 

221.40 
±125.13 

220.04 
±117.76 

210.14 
±113.39 

203.22 
±110.92 

ns 

ASM: anti-seizure medication; β: Beta stiffness; CIMT: Carotid Intima-Media 
Thickness; DC: Distensibility Coefficient; FMD: Flow Mediated Dilation; MMP- 
9: Matrix Metallopeptidase 9; TIMP-1: Metallopeptidase Inhibitor 1. 
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[35]. In our study, a subgroup analysis was performed to assess the ef-
fects of folate replacement in hyperhomocysteinemic PWE 
monotherapy-treated with a single enzyme-inducing ASM (HHcy+) or 
with a single non-enzyme inducing ASM (HHcy-). Baseline vascular 
parameters resulted worse in HHcy+ than in HHcy-. A significative 
major improvement in vascular parameters (carotid Intima-Media 
Thickness, FMD, distensibility coefficient and Beta Stiffness) was 
observed in patients treated with a single enzyme-inducing ASM after 
folic acid supplementation. The data of the present study are in line with 
the results of previous investigation by Mintzer et al., who demonstrated 
a significant amelioration of cholesterol, C-reactive protein, and other 
markers of cardiovascular risk switching PWE from enzyme-inducing 
ASM to non-enzyme inducing ASM [6]. Similar results were observed 
when enzyme-inducing ASM was replaced by low-dose topiramate [36] 
or carbamazepine was switched to oxcarbazepine [37]. Non-enzyme 
inducing ASM treatment is associated with lower homocysteine levels 
and with a successful response to folic acid supplementation. Accord-
ingly, Bhosale et al. observed that folic acid supplementation resulted 
more effective on homocysteine levels in PWE taking non-enzyme 
inducing ASM [38]. Furthermore, it is remarkable that 
enzyme-inducing ASM, in addition to being associated with the presence 
of early vascular abnormalities may contribute to the development of 
other pathologies, including osteoporosis and sexual dysfunction [39, 
40]. Thus, enzyme induction should be considered a predominant 
mechanism for the increase in homocysteine in PWE patients on ASM, 
but not the only one, as demonstrated by data obtained in patients 
treated with not-enzyme inducer ASM. These findings are consistent 
with data reported in the literature: the meta-analysis by Ni et al. 
showed that plasma homocysteine levels were significantly higher in 
PWE treated with valproate than in controls [41]. Interference with the 
absorption and movement of folate in the gastrointestinal tract appears 
to be the leading mechanism [41,42]. 

For these reasons, the findings of our study also imply the relevance 
of considering the cardiovascular profile and the overall vascular burden 
of patients candidates for anti-epileptic therapy, preferring non-enzyme 
inducing ASM treatment in PWE with pre-existing vascular abnormal-
ities. Besides, the approach to PWE should be multidisciplinary and 
integrated, and it should involve both Neurologists and Cardiologists, 
for tailoring therapy and during the follow-up of all the clinical features. 

Our study presents several limitations. Firstly, a clear limitation is 
represented by the small number of patients, who were recruited from 
and studied in a single center. Secondly, data derived from a follow-up of 
a control group of untreated PWE are not available. Finally, the small 
sample of patients treated with a single enzyme-inducing ASM prevents 
drawing firm conclusions concerning the vascular effects of this sub-
group of antiepileptic drugs. Thus, the results of this trial should be 
taken as preliminary evidence regarding the potential beneficial 
vascular effects of folic acid therapy in hyperhomocysteinemic PWE and 
stimulate robust clinical trial to test the efficacy of folic acid supple-
mentation on hard clinical endpoints. 

6. Conclusions 

The results of our study strongly suggest assessing the homocysteine 
levels of PWE and estimating their cardiovascular risk by performing 
appropriate vascular tests, possibly preferring non-enzyme inducing 
ASM in patients at higher cardiovascular risk. An adequate correction of 
homocystein levels with folate supplementation should be considered to 
improve the cardiovascular disease burden in this setting of patients. 
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