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Abstract

Objective:To determine whether valproate monotherapy influences homocysteine
metabolism in epileptic patients.

Design:Systematic review and meta-analysis.

Data sources:We search all articles in English through PubMed, Web of Science,
EMBASE published up to August 2013 concerning the homocysteine levels in VPA
monotherapeutic patients with epilepsy.

Participants: Valproate treated epileptic patients (n=229) and matched healthy control
(n=258).

Outcome measures:Heterogeneity between studies was assessed using I° statistics.
Pooled standardized mean difference (SMD) and 95% confidence intervals (95% CI)
were calculated by using random effects or fixed effect models.

Results: A total of 7 eligible studies were enrolled in our meta-analysis. We compared
the plasma levels of homocysteine in valproate treated epileptic patients and healthy
controls. There was significant heterogeneity in the estimates according to I* test (I* =
66.9%, P =0.006). Plasma homocysteine levels in VPA treated epileptic patients was
significantly higher than healthy controls under a random effect model. [SMD, 0.65;
95% confidence interval (CI), 0.30-0.99, P < 0.001]. Moreover, in the subgroup
analysis based on ethnic, we found that the plasma homocysteine levels is
significantly higher in epileptic patients than healthy controls in all subgroups
[European group:SMD, 0.87; 95% confidence interval (CI), 0.43—1.32, P < 0.001;
West- Asian group:SMD, 0.45; 95% confidence interval (CI), 0.08-0.81, P=0.016;
East- Asian group:SMD, 1.26; 95% confidence interval (CI), 0.85-1.66, P < 0.001].
Conclusions:Our meta-analysis indicates that VPA monotherapy is associated with
the increase in plasma homocysteine in patients with epilepsy and this association was

influenced by race.

Strengths and limitations of this study

This study found valproate may play an important role in development of
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hyperhomocysteinemia in epileptic patients.
The number of published studies in our meta-analysis were relatively limited.
After subgroup analysis, most of studies were included in West-Asian group, so the

conclusions may not be apply to other ethnic groups.
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Introduction

Homocysteine, a thiol-containing amino acid formed by demethylation of methionine,
is an intermediate product in one-carbon metabolism. It is metabolized via two
pathways: the remethylation pathway and the transsulfuration pathway. Folic acid,
vitamin B-12 and vitamin B-6 are cofactors of these metabolic pathways. Both folic
acid and vitamin B-12 are essential for remethylation of homocysteine to methionine.
Homocysteine may form cystathionine in transsulfuration pathway which requires
vitamin B-6, as a cofactor.! Thus, a deficiency of folic acid and vitamin B-12 may
lead to elevated plasma homocysteine concentrations. Karabiber et al. 2reported that
long-term treatment with some antiepileptic drugs (AEDs) for epileptic patients,
including sodium valproate (VPA) and carbamazepine (CBZ), may lead to
hyperhomocysteinemia by affecting the blood concentrations of folate, Vitamin B-12
which have a role in the metabolism of homocysteine. Sener et al.’ compared epileptic
patients not receiving AEDs with healthy controls, and found that there were no
significant differences in homocysteine levels. For this reason, they thought that
suffering from epilepsy is unlikely to directly interfere with homocysteine metabolism.
Therefore, rather than being epileptic in origin, the AEDs may play an important role
in development of hyperhomocysteinemia in epileptic patients.

The older generation AEDs can be classified into inducer AEDs(CBZ, phenytoin,
phenobarbital) and inhibitor AEDs(VPA) according to whether they can affect
cytochrome P450 isozymes®. Several studies showed that taking inducer AEDs were
associated with a significant elevation in homocysteine concentration, as well as a
significant reduction in folic acid in serum, but the effects on the serum concentration
of vitamin B-12 remained unclear" >. Although the mechanisms by which AEDs
induce folic acid deficiency are still unclear, the proposed mechanisms can be
summarized as interference with the intestinal absorption of folic acid, induction of
enzymes in the liver and finally deplete folic acid, and interference with the
metabolism of folic acid co-enzymes®. The deficiency of folic acid mainly causes an

increase in homocysteine level in epileptic patients.
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An elevated plasma homocysteine concentration is a marker of low folate status
and an independent risk factor for arteriosclerosis and fetal malformations. The
relationship between hyperhomocysteinemia and vaso-occlusive diseases is known for
a long time. Recent researches have found that long-term use of older generation
AEDs with prominent effects on the enzyme system,including CBZ, PHT, and VPA,
may contribute to the progression of atherosclerosis in patients with epilepsy,which is
due to the increase in plasma homocysteine levels’. High concentrations of total
homocysteine is also related to potential teratogenic effects as there is a tenfold
increased risk for major congenital malformations including neural tube defects in
children whose mothers receive AEDs, during the first trimester®°.

VPA is one of the commonly prescribed AEDs in children, as well as in adults.
The literatures hold controversial views on the homocysteine status in patients under
treatment with VPA™ '°. Many of these researches used relatively small sample sizes,
therefore, we performed a meta-analysis of all studies published until August 2013 to
elucidate whether VPA treatment could lead to the elevation of plasma homocysteine

levels in epileptic patients.

Materials and methods

Identification of studies

We carried out a systematic search for studies reporting the association between
plasma homocysteine and valproate monotherapy in PubMed, Web of Science and
EMBASE until August 2013. Using the following terms: ‘Epilepsy’, ‘Valproate’,
‘Homocysteine’. The obtained articles were examined by a quick view at the titles and
abstracts and inappropriate articles were rejected in the initial screening. Any study
lacking information regarding specific effect of valproate on homocysteine in
epileptic patients was also rejected. Definitely, non-controlled design studies, reviews,
and animal or in vitro studies were excluded. Two investigators independently
reviewed full text eligibility and reached a consensus on which studies to include for

review. We also checked the reference of selected articles for any further relevant
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studies.

The enrolled studies had to be in accordance with the following major criteria:
a) effect of VPA on homocysteine in patients with epilepsy; b) controlled design
studies, VPA compared with healthy controls; c) data of interest (Homocysteine
concentration) presented as continuous (mean value and SD or SE).

The studies were excluded if one of the following existed: a) metabolic diseases:
diabetes mellitus;b) vitamin supplementation; c) renal and hepatic impairment;d)
malignancy; e) vascular diseases: cerebrovascular disease; f) endocrine diseases:
hypothyroidism, thyroid dysfunction; g) psychiatric disorders: major depression and
schizophrenia; h) smoking and chronic alcohol consumption;i) drugs: thiazide
diuretics, azathioprine1 &

Data extraction

The data elements of interest in the studies were extracted by two investigators. Any
discrepancies in extracted data were resolved by a consensus conference between the
two investigators. The extracted data elements was listed as: first author, publication
year, country in which the study was conducted, ethnicity, characteristics of cases and
controls (number of cases and controls, mean value and SD of homocysteine in cases
and controls).

Statistical analysis

The data of interest presented as continuous (mean value and SD) was analyzed by

used either the weighted mean difference (WMD) or the standardized mean difference

(SMD) as effect measures. The presence of heterogeneity was assessed using the
I-square (I?) test. When significant heterogeneity was present, source of heterogeneity
was further investigated with subgroup analysis and sensitivity analysis was
performed as well. Additionally, publication bias was assessed with Begg’s and
Egger’s test. The results of meta-analysis were shown in forest plots. All analyses
were conducted using Stata software, version 12.0 (Stata Corp, College Station,TX,

USA).
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Results

Literature search and characteristics of eligible studies

In line with our research strategy, a total of 30 potentially relevant researches were
identified in our initial literature search. Finally, our research enrolled 7 eligible
studies met the inclusion criteria'™ "' >3 A flow chart showing the study selection
is presented in Fig. 1. Characteristics of eligible studies including VPA therapeutic
dosage, duration of VPA monotherapy, plasma homocysteine concentrations (mean +
SD), were listed in Table 1, involving 229 epileptic patients receiving VPA
monotherapy and 258 healthy controls. Age and gender were matched between
epileptic patients and healthy controls.

Meta analysis of plasma homocysteine levels

There was significant difference between study when all comparisons were
considered (I* = 66.9%, P =0.006).Based on the comparison of plasma homocysteine
levels between epileptic patients receiving VPA monotherapy and healthy controls we
found that the plasma homocysteine levels in VPA treated epileptic patients were
significantly higher than those in controls. [Fig. 2: SMD, 0.65; 95% confidence
interval (CI), 0.30-0.99, P < 0.001].

Albert et al'* found that genetic determination of differential concentrations of
homocysteine differed among various ethnic groups. Furthermore, we performed the
subgroup analysis based on race, the 7 eligible studies were divided into three
subgroups (European, West-Asian, East-Asian) according to the race of the
participants in studies.

After subgroup analysis, we found that the plasma homocysteine levels is
significantly higher in epileptic patients than healthy controls in all subgroups[Fig. 3:
European group:SMD, 0.87; 95% confidence interval (CI), 0.43-1.32, P < 0.001;
West- Asian group:SMD, 0.45; 95% confidence interval (CI), 0.08-0.81, P=0.016;
East- Asian group:SMD, 1.26; 95% confidence interval (CI), 0.85-1.66, P < 0.001].
Sensitivity analysis and publication bias

We conducted sensitivity analysis to evaluate the stability of the meta-analysis. When

7
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any single study was deleted, the corresponding pooled SMD was not substantially
altered. Publication bias was assayed by the Begg’s funnel plot and Egger’s test. The
shape of the funnel plots was seemed symmetrical in recessive model (Fig. 4). Then,
P values were 0.368 in Begg’s test and 0.211 in Egger’s test separately, also

suggesting no obvious publication bias.

Discussion

VPA is one of first-line AEDs for controlling most subtypes of epileptic seizures

since its antiepileptic properties was recognized in early 1960s. As we know,

long-term or lifelong VPA therapy is usually required for most patients with epilepsy.

However, prolonged VPA therapy is often associated with a wide range of chronic
adverse effects including metabolic and endocrine disturbances, atherosclerotic
vascular diseases and major congenital malformations” '°. As an important metabolic
product in one-carbon metabolism, homocysteine is a risk factor for atherosclerotic
vascular diseases (e.g stroke, myocardiac infarction) and major congenital
malformations (e.g neural tube defects)'®'”. We noted that conflict existed in reports
on the association between VPA and disruption of homocysteine metabolism.
Therefore, we conducted a meta-analysis of plasma homocysteine, focusing on VPA
treatment in epileptic patients. The results indicated that there was significant higher
levels of homocysteine in VPA monotherapeutic patients with epilepsy than those in
controls.

In the circle of one-carbon metabolism, homocysteine participates in two
metabolic pathways: the remethylation pathway and the transsulfuration pathway.
Some cofactors such as folic acid, Vitamin B-12 and Vitamin B-6 play important
roles in these metabolic pathways. A significant negative correlation was found
between the levels of homocysteine and folic acid in patients using AEDs.'®. Data on
VPA effects on folic acid, an enzyme inhibitor AED, is conflicting. Most researches
indicated that the VPA decreased the levels of folic acid "2, but other studies found

that the levels of folic acid were not significantly lower in the VPA treated patients

8
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compared with healthy controls® . In contrast to inducer AEDs that have various
effects on enzyme induction in the liver with folic acid, VPA has no effect on hepatic
enzyme induction. VPA may impair intestinal absorption of folic acid, and directly
interfere with the metabolism of folic acid co-enzymes'.

Hyperhomocysteinemia is frequently caused not only by folic acid deficiency but
also associated with genetic polymorphisms coding for enzymes involved in the
one-carbon metabolism. Compared the plasma homocysteine, folate level and
methylentetrahydrofolate reductase (MTHFR) C677T mutation in epileptic patients
with those in normal controls , Yoo and Hong found that a common MTHFR C677T
mutation was a determinant of hyperhomocysteinemia in epileptic patients receiving
AEDs, which suggests that a gene-drug interaction induced hyperhomocysteinemia®.
MTHEFR is a key enzyme in homocysteine remethylation pathway, which plays an
important role in transmethylation of homocysteine to methionine. Ono et al.
indicated that there was a relationship between the hyperhomocysteinemia and
homozygote MTHFR gene variant in epileptic patients receiving multidrug therapy,
but not in those receiving monotherapyzl. However, Vurucu et al which found that the
variations in the MTHFR gene had no significant contribution on
hyperhomocysteinemia in epileptic patients receiving AEDs therapy'’. Therefore,
further studies are warranted to clarify the mechanism as to how homozygous
genotype of thermolabile MTHFR affects plasma homocysteine concentrations in
patients with epilepsy when they receive VPA monotherapy or other AEDs treatment.

Although our meta-analysis found that the levels of plasma homocysteine were
significantly higher in VPA treated epileptic patients than those in controls, the
heterogeneity was also existed. After using the subgroup analysis according to the
race, we found the main outcome remained unchanged but the heterogeneity did not
exist in West-Asian group. MTHFR as a key enzyme in homocysteine metabolism has
been proved correlated with the plasma levels of homocysteine. The presence of the T
allele (MTHFR C677T) renders the enzyme thermolabile reducing its enzymatic
activity which may cause elevated plasma levels of homocysteine. However, the

ethnic composition and the location of sampling can influence the frequency of
9
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MTHFR genotypes'***. Cappuccio et al. found that the difference in the practice of
folic acid fortification for commonly consumed foods and dietary habits between the
countries may explain the plasma levels of homocysteine heterogeneity in different
countries™.In our research, the heterogeneity may be caused by the different races or
countries.

Elevated circulating homocysteine, irrespective of the underlying metabolic
abnormality, can be detrimental to vascular structure and function through a number
of mechanism. Hyperhomocysteinemia is a well-established risk factor for vascular
disease such as stroke, myocardiac infarction and peripheral arterial disease™. As we
know, ultrasonographic determination of mean common carotid artery intima media
thickness (CCA IMT) is a marker to stratify the risk of atherosclerosis. Chuang et al.
indicated that the levels of plasma homocysteine and the mean CCA IMT were
significantly increased in monotherapy with VPA. Moreover, their research
demonstrated that the mean CCA IMT was correlated with the duration monotherapy
with VPA. Therefore, long-term monotherapy with VPA has been associated with
hyperhomocysteinemia that lead to an increase in risk of atherosclerosis in patients
with epilepsy” %

Increased levels of homocysteine are associated with NTD-affected pregnancies,
which was regarded as the major risk factor for NTDs™. As an important intermediate
product in one-carbon metabolism, homocysteine may be a better indicator of methyl
group supply and therefore more accurately reflect functional transmethylation in
genome-wide methylation. Hyperhomocysteinemia was usually associated with the
genome-wide hypo-methylation as assessed using mean long interspersed nucleotide
element-1 (LINE-1) methylation in human. Wang et al. found that the reduction in
LINE-1 methylation was accompanied by an increased risk of NTDs, indicating that
LINE-1 hypomethylation is likely to contribute to the development of NTDs. Because
of aberrant genomic methylation underlies the complex pathogenesis of NTDs, high
level of homocysteine may interfere genome wide methylation which further induces
NTDs”"®. Although recent study confirmed a specific increase in the risk of NTDs

associated with maternal use of VPA, the mechanism VPA initiating the molecular
10
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and biochemical events is still unclear®’. It is probable that therapy with VPA during
pregnancy has been associated with hyperhomocysteinemia that lead to an increase in
risk of NTD-affected pregnancies.

Some limitations of this meta-analysis should be considered. First, number of
published studies in our meta-analysis were relatively limited. Second, a significant
heterogeneity was found in our study. After subgroup analysis, most of studies were
included in West-Asian group, so the conclusions may not be apply to other ethnic
groups. Third, characteristics of eligible studies was incomplete information about the
dosage of valproate monotherapy. Finally, only the studies in English language were

considered.

Conclusions

In conclusion, this meta-analysis suggested that VPA monotherapy is associated with
the increase in plasma homocysteine in patients with epilepsy.Hyperhomocysteinemia
is an independent risk factor for thrombosis, atherosclerosis, and neural tube defects
in the offspring of affected women.Therefore, we advise to measure plasma
homocysteine in all epileptic patients received valproate treatment. In addition, folate
supplementation to reduce homocysteine levels may be useful in valproate treated

epileptic patients.
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Tablel Summary of studies included in the meta-analysis

VPA treated group Healthy controls
Study Year Country Ethnicity  Dose Duration  Cases  Hcy(umol/l)  Cases  Hcy(umol/l)
Verrotti et al.! 2000 Ttaly European 217468 mgkg  12m 32 127471 63 79445
Karabiberetal® 2002 Turkey West-Asian no >12m 30 14£6.8 29 92427
Sener et al.? 2006 Turkey West-Asian no 6.5%6.2y 22 17£8.0 1 1L5+114
Vurucuetall® 2007 Turkey West-Asian no 2736£21.12m 64 6.88+2.24 62 5524253
Kural et al.? 2007 Turkey West-Asian no 4.78+2.07y 8 7.1842.54 10 7.66+2.34
Yildiz ot a2 2010 Turkey West:Asian 54.49mg/ml >6m 19 6.73+2.81 23 6.7941.95
Chuangetal” 2012 China(Taiwan)  East-Asian 750-1000mg/d ~ 8.7+5.2y 54 13.84+4.29 60 9.4142.65
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13 22 studies were excluded:

14 tHcy not presented as continuous data (n=8)
15 self control of pre and post VPA (n=5)

not clinical research (n=4)

[EnN
(o]
\ 4

reviews (n=2)

case reports (n=2)

20 commentary article (n=1)

A

26 8 studies were related to VPA and
27 Hcy

32 1 study was exclude:

33 the controls were not healthy controls

38 v
39 7 studies were included in our

40 meta-analysis finally

a4 Fig.1. Search strategy for meta-analysis
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Fig.2. Pooled estimate of SMD and 95% CI of plasma homocysteine levels in epileptic patients received VPA
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Abstract

Objective:To determine whether valproate (VPA) monotherapy influences
homocysteine metabolism in patients with epilepsy.

Design:Systematic review and meta-analysis.

Data sources:We search all articles in English through PubMed, Web of Science,
EMBASE published up to August 2013 concerning the homocysteine levels in VPA
monotherapeutic patients with epilepsy.

Participants:VPA treated patients with epilepsy (n=266) and matched healthy
controls (n=489).

Outcome measures:Heterogeneity between studies was assessed using I statistics.
Pooled standardized mean difference (SMD) and 95% confidence intervals (95% CI)
were calculated by using random effect model.

Results: A total of 8 eligible studies were enrolled in our meta-analysis. We compared
the plasma levels of homocysteine in VPA treated patients with epilepsy and healthy
controls. There was significant heterogeneity in the estimates according to I* test (I* =
65.6%, P =0.005). Plasma homocysteine levels in VPA treated patients with epilepsy
was significantly higher than healthy controls under a random effect model. [SMD,
0.62; 95% CI, 0.32—0.92]. Further subgroup analyses suggested that no significant
differences were present when grouped by ethnicity and age, but the risk of
heterogeneity in West-Asian group (I = 47.4%, P =0.107) was diminished when
compare with over-all groups (I* = 65.6%, P =0.005).

Conclusions:Our meta-analysis indicates that VPA monotherapy is associated with
the increase in plasma homocysteine levels in patients with epilepsy. Whether this

association is influenced by ethnicity needs further research.
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Strengths and limitations of this study

This study found VPA may play an important role in development of
hyperhomocysteinemia in patients with epilepsy.

The number of included studies in our meta-analysis were relatively limited.

In subgroup analysis, the subgroup may be underpowered as the East-Asian group had

only one study.
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Introduction

Homocysteine, a thiol-containing amino acid formed by demethylation of methionine,
is an intermediate product in one-carbon metabolism(OCM). Folic acid and vitamin
B-12 are cofactors of OCM.'Deficiency of folic acid and vitamin B-12 may lead to
elevated plasma homocysteine concentrations. Karabiber et al.” reported that
long-term treatment with some antiepileptic drugs (AEDs) for patients with epilepsy
might lead to hyperhomocysteinemia by affecting the blood concentrations of folate,
Vitamin B-12. Sener et al.’compared patients with epilepsy not receiving AEDs with
healthy controls, and found that there were no significant differences in homocysteine
levels. For this reason, they thought that suffering from epilepsy was unlikely to
directly interfere with homocysteine metabolism. Therefore, rather than being
epileptic in origin, the AEDs may play an important role in development of
hyperhomocysteinemia in patients with epilepsy.

An elevated plasma homocysteine concentration is a marker of low folate status
and an independent risk factor for arteriosclerosis and fetal malformations. The
relationship between hyperhomocysteinemia and vaso-occlusive diseases is known for
a long time. Recent researches have found that long-term use of older generation
AEDs with prominent effects on the enzyme system,including carbamazepine (CBZ),
phenytoin (PHT), and valproate (VPA), may contribute to the progression of
atherosclerosis in patients with epilepsy,which is due to the increase in plasma
homocysteine levels.* High concentrations of total homocysteine is also related to
potential teratogenic effects as there is a tenfold increased risk for major congenital
malformations including neural tube defects in children whose mothers receive AEDs,
especially during the first trimester.” 6

VPA is one of the commonly prescribed AEDs in children, as well as in adults.
The literatures hold controversial views on the homocysteine status in patients under
treatment with VPA.”® Many of these researches used relatively small sample sizes,
therefore, we performed a meta-analysis of all studies published until August 2013 to

elucidate whether VPA treatment could lead to the elevation of plasma homocysteine
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levels in patients with epilepsy.

Materials and methods

Identification of studies

We developed a protocol prior to conducting this research. Eligible studies met the
following criteria: a) effect of VPA on homocysteine in patients with epilepsy; b)
controlled design studies, VPA compared with healthy controls; c) data of interest
(Homocysteine concentration) presented as continuous (mean value and SD or SE).
The studies were excluded if one of the following existed: a) metabolic diseases:
diabetes mellitus;b) vitamin supplementation; ¢) renal and hepatic impairment;d)
malignancy; e) vascular diseases: cerebrovascular disease; f) endocrine diseases:
hypothyroidism, thyroid dysfunction; g) psychiatric disorders: major depression and
schizophrenia; h) smoking and chronic alcohol consumption;i) drugs: thiazide
diuretics, azathioprine.’

We carried out a systematic search for studies reporting the association between
plasma homocysteine and VPA monotherapy in PubMed, Web of Science and
EMBASE until August 2013, using the following terms: ‘Epilepsy’, ‘Valproate’,
‘Homocysteine’and ‘Epilep*’ . The obtained articles were examined by a quick view
at the titles and abstracts and inappropriate articles were rejected in the initial
screening. We selected observational case-control studies that evaluated
homocysteine levels in subjects with epilepsy compared to controls. Any study
lacking information regarding specific effect of VPA on homocysteine in patients
with epilepsy was also rejected. Definitely, non-controlled design studies, reviews,
and animal or in vitro studies were excluded. Two investigators independently
reviewed full text eligibility and reached a consensus on which studies to include for
review. We also checked the reference of selected articles for any further relevant
studies.

Data extraction

The data elements of interest in the studies were extracted by two investigators. Any
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discrepancies in extracted data were resolved by a consensus conference between the
two investigators. The extracted data elements was listed as: first author, publication
year, ethnicity, characteristics of cases and controls (number of cases and controls,
mean value and SD of homocysteine in cases and controls).

Quality appraisal of the included research

Two investigators independently assessed the methodological quality of included
studies using the Newcastle—Ottawa quality assessment scale (NOS) for case—control
studies, which contained nine items that categorized into three major categories. The
maximum for selection was 4, for comparability was 2 and for exposure was 3. The
ultimate score of 6 or more was regarded as high-quality.

Statistical analysis

The data of interest presented as continuous (mean value and SD) was analyzed by
using either the weighted mean difference (WMD) or the standardized mean
difference (SMD) as effect measures. The presence of heterogeneity was assessed
using the I-square (I?) test. If there was no statistical difference about heterogeneity
(p >0.05), a fixed-effect model was applied to analyze the data. Otherwise, a
random-effect model would be put into use.To explore the sources of heterogeneity,
further subgroup analysis was performed according to ethnicity and age. The stability
of the study was also detected by sensitivity analysis.The results of meta-analysis
were shown in forest plots. All analyses were conducted using Stata software, version

12.0 (Stata Corp, College Station, TX, USA).

Results

Literature search and characteristics of eligible studies

In line with our research strategy, a total of 30 potentially relevant researches were
identified in our initial literature search. Finally, our research enrolled 8 eligible
studies met the inclusion criteria."™* " '°2 A flow chart showing the study selection
was presented in Fig. 1. Characteristics of eligible studies including VPA therapeutic

dosage, duration of VPA monotherapy, plasma homocysteine concentrations (mean +
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SD) were listed in Table 1, which involved 266 patients with epilepsy receiving VPA
monotherapy and 489 healthy controls.

Quality assessment of included literature

The results of quality assessment of included studies using the Newcastle—Ottawa
Scale (NOS) were shown in Table 2. All studies reported that diagnoses of cases and
controls were based on criteria and clinical records, and thus all studies were assigned
points for “adequate definition of cases” and “definition of controls.” Three studies
reported consecutive participants. All studies reached a total quality score of 6 or
greater.

Meta analysis of plasma homocysteine levels

There was marked heterogeneity when all comparisons were considered (I* = 65.6%,
P =0.005).Based on the comparison of plasma homocysteine levels between patients
with epilepsy receiving VPA monotherapy and healthy controls, we found that the
plasma homocysteine levels in VPA treated patients with epilepsy were significantly
higher than those in controls. [Fig. 2: SMD, 0.62; 95%CI, 0.32-0.92].

To explore the sources of heterogeneity among the studies, we performed
subgroup analyses by ethnicity (European,West-Asian and East-Asian) and
participants’ age (<18 years and= 18 years) Table 3. Although subgroup analyses
suggested that no significant differences were present when grouped by ethnicity and
age, the risk of heterogeneity in West-Asian group (I2 = 47.4%, P =0.107) was
diminished as compared with over-all groups (I’ = 65.6%, P =0.005). We also
conducted sensitivity analysis to evaluate the stability of the meta-analysis. When any
single study was deleted, the corresponding pooled SMD was not substantially

altered.

Discussion

The results of random-effects meta-analysis indicate that VPA treated patients with
epilepsy have a higher levels of homocysteine than healthy controls. It suggests that

the high plasma level of homocysteine seems to be an important risk factor for VPA
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monotherapy in patients with epilepsy. This result is in keeping with some data
showing that VPA monotherapy may have harmful effects on arteriosclerosis and
fetal malformations.

VPA is one of the first-line AEDs for controlling most subtypes of epileptic
seizures since its antiepileptic properties was recognized in early 1960s. As we know,
long-term or lifelong VPA therapy is usually required for most patients with epilepsy.
However, prolonged VPA therapy is often associated with a wide range of chronic
adverse effects including metabolic and endocrine disturbances, atherosclerotic
vascular diseases and major congenital malformations.* "> As an important metabolic
product in OCM, homocysteine is a risk factor for atherosclerotic vascular diseases
(e.g stroke, myocardiac infarction) and major congenital malformations (e.g neural
tube defects-NTDs).'* !°

In the circle of OCM, homocysteine participates in two metabolic pathways: the
remethylation pathway and the transsulfuration pathway. Some cofactors such as folic
acid, Vitamin B-12 play important roles in these metabolic pathways. A significant
negative correlation was found between the levels of homocysteine and folic acid in
patients using AEDs.'® Data on VPA effects on folic acid is conflicting. Most
researches indicated that the VPA decreased the levels of folic acid, but other studies
found that the levels of folic acid were not significantly lower in the VPA treated
patients compared with healthy controls.'® In contrast to inducer AEDs that have
various effects on enzyme induction in the liver with folic acid, VPA has no effect on
hepatic enzyme induction. VPA may impair intestinal absorption of folic acid, and
directly interfere with the metabolism of folic acid co-enzymes.'’

Hyperhomocysteinemia is frequently caused not only by folic acid deficiency but
also by genetic polymorphisms coding for enzymes involved in the OCM. Comparing
the plasma homocysteine, folate level and methylentetrahydrofolate reductase
(MTHFR) C677T mutation in patients with epilepsy with those in normal controls ,
Yoo and Hong found that a common MTHFR C677T mutation was a determinant of
hyperhomocysteinemia in patients with epilepsy receiving AEDs, which suggests that

a gene-drug interaction induced hyperhomocysteinemia.'® MTHFR is a key enzyme in
8
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homocysteine remethylation pathway, which plays an important role in
transmethylation of homocysteine to methionine. Ono et al. indicated that there was a
relationship between the hyperhomocysteinemia and homozygote MTHFR gene
variant in patients with epilepsy receiving multidrug therapy, but not in those
receiving monotherapy.'’ However, Vurucu et al found that the variations in the
MTHFR gene had no significant contribution on hyperhomocysteinemia in patients
with epilepsy receiving AEDs therapy.” Therefore, further studies are required to
clarify the mechanism as to how homozygous genotype of thermolabile MTHFR
affects plasma homocysteine concentrations in patients with epilepsy when they
receive VPA monotherapy or other AEDs treatment.

Although our meta-analysis found that the levels of plasma homocysteine were
significantly higher in VPA treated patients with epilepsy than those in controls, the
heterogeneity was also existed. After using the subgroup analysis according to the
ethnicity,the risk of heterogeneity in West-Asian group was diminished as compared
with over-all groups. MTHFR as a key enzyme in homocysteine metabolism has been
proved correlated with the plasma levels of homocysteine. The presence of the T
allele (MTHFR C677T) renders the enzyme thermolabile reducing its enzymatic
activity which may cause elevated plasma levels of homocysteine. However, the
ethnic composition and the location of sampling can influence the frequency of

MTHER genotypes.”” ' One research indicated that the prevalence of the 677T allele

varied from 9.34-40.53% in different ethnic groups, the lowest being demonstrated for

Southern Asians and the highest for East-Asian.”? Whether the risk of heterogeneity
between studies is influenced by MTHFR polymorphism needs further research.
Elevated circulating homocysteine, irrespective of the underlying metabolic
abnormality, can be detrimental to vascular structure and function through a number
of mechanism. Hyperhomocysteinemia is a well-established risk factor for vascular
disease such as stroke, myocardiac infarction and peripheral arterial disease.” As we
know, ultrasonographic determination of mean common carotid artery intima media
thickness (CCA IMT) is a marker to stratify the risk of atherosclerosis. Chuang et al.

indicated that the levels of plasma homocysteine and the mean CCA IMT were
9
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significantly increased in monotherapy with VPA. Moreover, their research
demonstrated that the mean CCA IMT was correlated with the duration monotherapy
with VPA. Therefore, long-term monotherapy with VPA has been associated with
hyperhomocysteinemia that lead to an increase in risk of atherosclerosis in patients
with epilepsy.* *

Increased levels of homocysteine are associated with NTD-affected pregnancies,
which is regarded as the major risk factor for NTDs.*> As an important intermediate
product in OCM, homocysteine may be a better indicator of methyl group supply and
therefore more accurately reflects functional transmethylation in genome-wide
methylation. Hyperhomocysteinemia is usually associated with the genome-wide
hypo-methylation as assessed using mean long interspersed nucleotide element-1
(LINE-1) methylation in human. Wang et al. found that the reduction in LINE-1
methylation was accompanied by an increased risk of NTDs, indicating that LINE-1
hypomethylation was likely to contribute to the development of NTDs. Because of
aberrant genomic methylation underlies the complex pathogenesis of NTDs, high
level of homocysteine may interfere genome wide methylation which further induces
NTDs.?* 7 Although recent study confirmed a specific increase in the risk of NTDs
associated with maternal use of VPA, the mechanism VPA initiating the molecular
and biochemical events was still unclear.”® It is probable that therapy with VPA
during pregnancy is associated with hyperhomocysteinemia that leads to an increase
in risk of NTD-affected pregnancies.

Some limitations of this meta-analysis should be considered. First, the number of
published studies in our meta-analysis is relatively limited. Second, a significant
heterogeneity is found in our study. In subgroup analyses, the subgroup may be
underpowered as the East-Asian group has only one study.Third, characteristics of
eligible studies have incomplete information about the dosage of VPA monotherapy.

Finally, only the studies in English are considered.

Conclusions
In conclusion, this meta-analysis suggests that VPA monotherapy is associated with

10
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the increase in plasma homocysteine levels in patients with epilepsy.
Hyperhomocysteinemia is an independent risk factor for thrombosis, atherosclerosis,
and neural tube defects in the offspring of affected women.Therefore, we advise to
measure plasma homocysteine in all patients with epilepsy received VPA treatment.
In addition, folate supplementation to reduce homocysteine levels may be useful in

VPA treated patients with epilepsy.
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Tablel Summary of studies included in the meta-analysis
VPA treated group Healthy controls
Study Year  Ethnicity  Dose Duration  Cases  Hcy(umol/l)  Cases  Hcy(umol/l)
Verrotti et al. 2000 European 21768 mgkg  12m 32 127+7.1 63 79445
Karabiber et al. 2002 West-Asian no >12m 30 14+6.8 29 92+27
Sener et al 2006 West-Asian no 6.5£6.2y 2 17£8.0 11 11.5+11.4
Vurucu et al. 2007 West-Asian no 27.36+21.12m 64 6.88+2.24 62 5.524+2.53
Kurul et al. 2007 West-Asian no 4.78:&2.07}' 8 7.18+2.54 10 7.66+2.34
Yildiz et al. 2010 West-Asian 54.49mg/m1 >6m 19 6.731+2.81 23 6.79£1.95
Belcastro et al 2010 European 946.4+172mg/d >6m 37 10.4+3.04 231 9.11+3.04
Chuang et al. 2012 East-Asian 750-1000mg/d 87452y 54 13.84+4.29 60 9.41£2.65
Table2  Results of quality assessment by Newcastle—Ottawa Scale
Study Selection Comparability Exposure Total
Adequate Representativeness Selection Definition Control for Control for Ascertainment ~ Same Non-response
definition  of cases of controls of controls important factor additional of exposure method rate
of cases factor to ascertain
Verrotti et al 1 0 1 1 1 1 1 0 7
Karabiberetal 1 0 1 1 0 1 1 0 6
Sener et al 1 0 1 1 0 1 1 0 6
Vurucu et al 1 0 1 1 0 1 1 0 6
Kurul et al 1 0 1 1 1 1 1 0 7
Yildiz et al 1 1 1 1 0 1 1 0 7
Belcastro et al 1 1 1 1 0 1 1 0 7
Chuang et al 1 1 1 1 0 1 1 0 7
Table 3  Differences between studies by subgroup analysis
. 2
Subgroups No. of studies SMD (95% CI) I7(%) p
Ethnicity
European 2 0.63 (0.19 to 1.06) 58.0 0.005
West-Asian 4 0.45 (0.08 to 0.81) 47.4 0.016
East-Asian 1 1.26 (0.85 to 1.66) 0 <0.001
Age (years)
<18 5 0.52 (0.15 to 0.89) 58.8 0.006
=18 2 0.77 (0.18 to 1.36) 79.0 0.01
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Figure legends

Fig.1 Search strategy for meta-analysis

Fig.2 Pooled estimate of SMD and 95%CI of plasma homocysteine levels in patients

with epilepsy received VPA monotherapy
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Abstract

Objective:To determine whether valproate (VPA) monotherapy influences

homocysteine metabolism in_patients with epilepsy-epHeptie-patients.

Design:Systematic review and meta-analysis.

Data sources:We search all articles in English through PubMed, Web of Science,
EMBASE published up to August 2013 concerning the homocysteine levels in VPA
monotherapeutic patients with epilepsy.

Participants:Valpreate VPA treated patients with epilepsy epHeptie-patients-
(n=266229) and matched healthy controls (n=489258).

Outcome measures:Heterogeneity between studies was assessed using I statistics.
Pooled standardized mean difference (SMD) and 95% confidence intervals (95% CI)
were calculated by using random-effeets-orfixed-effect-meodels effect model.
Results: A total of 87 eligible studies were enrolled in our meta-analysis. We
compared the plasma levels of homocysteine in VPA valpreate-treated patients with
epilepsy epileptie-patients-and healthy controls. There was significant heterogeneity in

the estimates according to I” test (I* = 65.666:9%, P =0.0056). Plasma homocysteine

levels in VPA treated patients with epilepsy epieptie-patients-was significantly higher
than healthy controls under a random effect model. [SMD, 0.626-65; 95% cenfidence-
nterval(Cly, 0.32-0.926:30-0:.99-P<-0.001]. Further subgroup analyses suggested

that no significant differences were present when grouped by ethnicity and age, the

risk of heterogeneity in West-Asian group (12 =47.4%, P =0.107) was diminished

when compare with over-all groups (I2 = 65.6%, P =0.005)-Mereover-in-the-subgroup

Conclusions:Our meta-analysis indicates that VPA monotherapy is associated with

the increase in plasma homocysteine levels in patients with epilepsy-and-this-

2
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asseetation-was-influeneed-byrace. Whether this association is influenced by ethnicity

needs further research.

CoOoO~NOUTA,WNPE

11 Strengths and limitations of this study
13 This study found VPA walpreate—may play an important role in development of

15 hyperhomocysteinemia in_patients with epilepsy-epHeptic-patients.

The number of included published—studies in our meta-analysis were relatively

18 limited.

20 In subgroup analysis, the subgroup, may be underpowered as the East-Asian group had -~ { Formatted: Font: Not Bold, Not talic
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Introduction

Homocysteine, a thiol-containing amino acid formed by demethylation of methionine,
is an intermediate product in one-carbon metabolism(OCM).Jtis-retabolizedvia-twe-

- Folic acids—

feqﬂﬁe%—wE&mm—B-é,—&s—a—ee#&eter—l Fhus-a-dDeficiency of folic acid and vitamin

B-12 may lead to elevated plasma homocysteine concentrations. Karabiber et al.

“reported that long-term treatment with some antiepileptic drugs (AEDs) for patients

with epilepsy —epHeptepatons neludine sodinmmlsrenes 200 nnel
carbamazepine{CBZ)-may-might lead to hyperhomocysteinemia by affecting the
blood concentrations of folate, Vitamin B-12-which-have-arole-in-the-metabolismof
hemeeysteine. Sener et al.? compared epileptie-patients with epilepsy not receiving
AEDs with healthy controls, and found that there were no significant differences in
homocysteine levels. For this reason, they thought that suffering from epilepsy wasis
unlikely to directly interfere with homocysteine metabolism. Therefore, rather than

being epileptic in origin, the AEDs may play an important role in development of

hyperhomocysteinemia in epileptie-patients with epilepsy.
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An elevated plasma homocysteine concentration is a marker of low folate status
and an independent risk factor for arteriosclerosis and fetal malformations. The
relationship between hyperhomocysteinemia and vaso-occlusive diseases is known for
a long time. Recent researches have found that long-term use of older generation

AEDs with prominent effects on the enzyme system,including carbamazepine (CBZ),

phenytoin (PHT), and valproate (VPA),EBZPHF and-VVPA-may contribute to the

progression of atherosclerosis in patients with epilepsy,which is due to the increase in
plasma homocysteine levels’. High concentrations of total homocysteine is also
related to potential teratogenic effects as there is a tenfold increased risk for major
congenital malformations including neural tube defects in children whose mothers
receive AEDs, especially during the first trimester™ °.

VPA is one of the commonly prescribed AEDs in children, as well as in adults.
The literatures hold controversial views on the homocysteine status in patients under
treatment with VPA> ' Many of these researches used relatively small sample sizes,
therefore, we performed a meta-analysis of all studies published until August 2013 to

elucidate whether VPA treatment could lead to the elevation of plasma homocysteine

levels in_patients with epilepsy-epieptic-patients.

Materials and methods

Identification of studies

We developed a protocol prior to conducting this research. Eligible studies met the

following criteria: a) effect of VPA on homocysteine in patients with epilepsy; b)

controlled design studies, VPA compared with healthy controls; ¢) data of interest

(Homocysteine concentration) presented as continuous (mean value and SD or SE).

The studies were excluded if one of the following existed: a) metabolic diseases:

diabetes mellitus:b) vitamin supplementation; ¢) renal and hepatic impairment;d)

malignancy: e) vascular diseases: cerebrovascular disease; f) endocrine diseases:

hypothyroidism, thyroid dysfunction; g) psychiatric disorders: major depression and
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schizophrenia; h) smoking and chronic alcohol consumption;i) drugs: thiazide

. . . .11
diuretics, azathioprine .

We carried out a systematic search for studies reporting the association between
plasma homocysteine and VPA valpreate-monotherapy in PubMed, Web of Science
and EMBASE until August 2013-—Using, using the following terms: ‘Epilepsy’,
quick view at the titles and abstracts and inappropriate articles were rejected in the

initial screening. We selected observational case-control studies that evaluated

homocysteine levels in subjects with epilepsy compared to controls. Any study

lacking information regarding specific effect of valpreate-VPA on homocysteine in
patients with epilepsy epileptie-patients-was also rejected. Definitely, non-controlled

design studies, reviews, and animal or in vitro studies were excluded. Two
investigators independently reviewed full text eligibility and reached a consensus on
which studies to include for review. We also checked the reference of selected articles

for any further relevant studies.

Data extraction

The data elements of interest in the studies were extracted by two investigators. Any
discrepancies in extracted data were resolved by a consensus conference between the

two investigators. The extracted data elements was listed as: first author, publication

year, country-in-which-the-stady-was-condueted;-ethnicity, characteristics of cases and
6
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controls (number of cases and controls, mean value and SD of homocysteine in cases

and controls).

Statistical analysis

usingused either the weighted mean difference (WMD) or the standardized mean
difference (SMD) as effect measures. The presence of heterogeneity was assessed

using the I-square (1) test. If there was no statistical difference about heterogeneity

(p >0.05), a fixed-effect model was applied to analyze the data. Otherwise, a

random-effect model would be put into use.To explore the sources of heterogeneity,

further subgroup analysis was performed according to ethnicity and age. The stability

of the study was also detected by sensitivity analysis.-Whensignificantheterogeneity

assessed-with-Bege’s-and-Eeger'stest: The results of meta-analysis were shown in

forest plots. All analyses were conducted using Stata software, version 12.0 (Stata

Corp, College Station, TX, USA),

Results

Literature search and characteristics of eligible studies
In line with our research strategy, a total of 30 potentially relevant researches were

| identified in our initial literature search. Finally, our research enrolled 87 eligible
studies met the inclusion criteria' ™" '% %13 A flow chart showing the study selection

‘ wasis presented in Fig. 1. Characteristics of eligible studies including VPA
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Discussion

The results of random-effects meta-analysis indicate that VPA treated patients with

epilepsy have a higher levels of homocysteine than healthy controls. It suggests that

the high plasma level of homocysteine seems to be an important risk factor for VPA

monotherapy in patients with epilepsy. This result is in keeping with some data

showing that VPA monotherapy may have harmful effects on arteriosclerosis and

- { Formatted

fetal malformations.,

VPA is one of the first-line AEDs for controlling most subtypes of epileptic <~ { Formatted: Indent: irs ine: 2 ch

seizures since its antiepileptic properties was recognized in early 1960s. As we know,
long-term or lifelong VPA therapy is usually required for most patients with epilepsy.
However, prolonged VPA therapy is often associated with a wide range of chronic

adverse effects including metabolic and endocrine disturbances, atherosclerotic

9
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vascular diseases and major congenital malformations” '°. As an important metabolic
product in OCM-ene-carbon-metabelism, homocysteine is a risk factor for
atherosclerotic vascular diseases (e.g stroke, myocardiac infarction) and major

congenital malformations (e.g neural tube defects)'® 7. Wenoted-that conflictexisted-

In the circle of OCM-ene-carbon-metabelism, homocysteine participates in two

metabolic pathways: the remethylation pathway and the transsulfuration pathway.
Some cofactors such as folic acid, Vitamin B-12 ard-VitaminB-6-play important
roles in these metabolic pathways. A significant negative correlation was found
between the levels of homocysteine and folic acid in patients using AEDs.'®. Data on
VPA effects on folic acid-an-enzyme-inhibitor AED; is conflicting. Most researches
indicated that the VPA decreased the levels of folic acid “ 2, but other studies found
that the levels of folic acid were not significantly lower in the VPA treated patients
compared with healthy controls™ . In contrast to inducer AEDs that have various
effects on enzyme induction in the liver with folic acid, VPA has no effect on hepatic
enzyme induction. VPA may impair intestinal absorption of folic acid, and directly
interfere with the metabolism of folic acid co-enzymes'’.

Hyperhomocysteinemia is frequently caused not only by folic acid deficiency but
also asseeiated-withby genetic polymorphisms coding for enzymes involved in the_
OCM-one-ecarbon-metabelism. Comparing Cempared-the plasma homocysteine, folate
level and methylentetrahydrofolate reductase (MTHFR) C677T mutation in patients
with epilepsy epHeptie-patients-with those in normal controls , Yoo and Hong found

that a common MTHFR C677T mutation was a determinant of

hyperhomocysteinemia in patients with epilepsy epileptie-patients receiving AEDs,

which suggests that a gene-drug interaction induced hyperhomocysteinemia®.

MTHEFR is a key enzyme in homocysteine remethylation pathway, which plays an
10

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 26 of 42

"1yBuAdoo Ag peroaloid 1sanb Aq 20z ‘0T Idy uo /wod’lwqg usdolwg//:dny woly papeojumod "+ T0Z AINC 9T U0 9E6700-¥T0Z-uadolwag/9eTT 0T St paysignd 1s1y :uadO CINg


http://bmjopen.bmj.com/

Page 27 of 42 BMJ Open

1 W
2 <
(&
3 o
4 2
5 5
? important role in transmethylation of homocysteine to methionine. Ono et al. (_é’*
c
8 indicated that there was a relationship between the hyperhomocysteinemia and %
9 >
10 homozygote MTHFR gene variant in patients with epilepsy epHeptie-patients- %
(2]
i; receiving multidrug therapy, but not in those receiving monotherapym. However, 5
=
13 Vurucu et al whieh-found that the variations in the MTHFR gene had no significant Q
14 2
15 contribution on hyperhomocysteinemia in patients with epilepsy epHeptie-patients- 5
o
i? receiving AEDs therapy'’. Therefore, further studies are required wasranted-to clarify -CE
[N,
18 the mechanism as to how homozygous genotype of thermolabile MTHFR affects =
19 N
20 plasma homocysteine concentrations in patients with epilepsy when they receive VPA §
©
%; monotherapy or other AEDs treatment. o
23 Although our meta-analysis found that the levels of plasma homocysteine were « - {_Formatted: Indent: First ine: 0 ch i
24 o
25 significantly higher in VPA treated patients with epilepsy epHeptie-patients-than those ;
26 . . . . .
27 in controls, the heterogeneity was also existed. After using the subgroup analysis §
=
gg according to the ethnicityraee,-the risk of heterogeneity in West-Asian group was g
=
30 diminished as compared with over-all groupswe-found-the-main-outcomeremained- %
31 )
32 ap. MTHFR as a key 8
gi enzyme in homocysteine metabolism has been proved correlated with the plasma g
35 levels of homocysteine. The presence of the T allele (MTHFR C677T) renders the _g
36 =
37 enzyme thermolabile reducing its enzymatic activity which may cause elevated g
2
gg plasma levels of homocysteine. However, the ethnic composition and the location of 3
>
40 sampling can influence the frequency of MTHFR genotypes'* ?%. One research §
41 o
indicated that the prevalence of the 677T allele varied from 9.34-40.53% in different S
42 3
ji ethnic groups, the lowest being demonstrated for Southern Asians and the highest for S
>
45 East-Asian?. Whether the risk of heterogeneity between studies is influenced by -E—j_‘
46 =
47 MTHFR polymorphism needs further researchCappueeio-etal+found-thatthe- 'S
48 ditfereneetthepractice-of-toh dHortHteattortor-comte S d E
49 <
50 Q
51 8
52 o
53 byv-the diff ; - { Formatted: Font color: Auto §
5 4 = Sw_ - g
55 Elevated circulating homocysteine, irrespective of the underlying metabolic 3
56 1 g
57 =
58 2
59 cs:
60 :

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

CoOoO~NOUTA,WNPE

BMJ Open

abnormality, can be detrimental to vascular structure and function through a number
of mechanism. Hyperhomocysteinemia is a well-established risk factor for vascular
disease such as stroke, myocardiac infarction and peripheral arterial disease®. As we
know, ultrasonographic determination of mean common carotid artery intima media
thickness (CCA IMT) is a marker to stratify the risk of atherosclerosis. Chuang et al.
indicated that the levels of plasma homocysteine and the mean CCA IMT were
significantly increased in monotherapy with VPA. Moreover, their research
demonstrated that the mean CCA IMT was correlated with the duration monotherapy
with VPA. Therefore, long-term monotherapy with VPA has been associated with
hyperhomocysteinemia that lead to an increase in risk of atherosclerosis in patients
with epilepsy7’ z,

Increased levels of homocysteine are associated with NTD-affected pregnancies,
which iswas-regarded as the major risk factor for NTDs?. As an important
intermediate product in OCM-ene-earbon-metabelism, homocysteine may be a better
indicator of methyl group supply and therefore more accurately reflects functional
transmethylation in genome-wide methylation. Hyperhomocysteinemia was-is usually
associated with the genome-wide hypo-methylation as assessed using mean long
interspersed nucleotide element-1 (LINE-1) methylation in human. Wang et al. found
that the reduction in LINE-1 methylation was accompanied by an increased risk of
NTDs, indicating that LINE-1 hypomethylation is-was likely to contribute to the
development of NTDs. Because of aberrant genomic methylation underlies the
complex pathogenesis of NTDs, high level of homocysteine may interfere genome
wide methylation which further induces NTDs*" %, Although recent study confirmed

a specific increase in the risk of NTDs associated with maternal use of VPA, the

mechanism VPA initiating the molecular and biochemical events is-was still unclear®.

It is probable that therapy with VPA during pregnancy has-beenis associated with

hyperhomocysteinemia that leads to an increase in risk of NTD-affected pregnancies.
Some limitations of this meta-analysis should be considered. First, the number of

published studies in our meta-analysis were-is relatively limited. Second, a significant

heterogeneity was-is found in our study. In subgroup analyses, the subgroup may be
12
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underpowered as the East-Asian group has only one study.Aftersubgsroup-anabysis-

applyto-otherethniegreups—Third, characteristics of eligible studies swas-have
incomplete information about the dosage of VPA walpreate-monotherapy. Finally,

only the studies in English fangaase-wereare considered.

Conclusions

In conclusion, this meta-analysis suggested-suggests that VPA monotherapy is

associated with the increase in plasma homocysteine levels in patients with_epilepsy._

Hyperhomocysteinemia is an independent risk factor for thrombosis, atherosclerosis,
and neural tube defects in the offspring of affected women.Therefore, we advise to

measure plasma homocysteine in all patients with epilepsy epileptie-patients-received

valpreate-VPA treatment. In addition, folate supplementation to reduce homocysteine

levels may be useful in VPAvalpreate—_treated patients with epilepsy-epileptie-
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