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Introduction

SUMMARY

Aims: We aim to explore whether people with epilepsy have increased white matter hyper-
intensities (WMHs). Methods: Eligible patients were categorized into newly diagnosed epi-
lepsy (NE) and chronic epilepsy (CE); the latter were subdivided to those treated with
enzyme-inducing antiepileptic drugs (EIAEDs) with or without non-enzyme-inducing
antiepileptic drugs (NEIAEDs) and those with NEIAEDs only. WMHs were measured using
age-related white matter changes (ARWMC) scale and compared between patients and
healthy control group. Higher scores indicate greater WMH changes. The strengths of asso-
ciations were estimated as incidence rate ratios (IRRs) with 95% confidence interval (CI).
Results: A total of 217 patients were included in the analysis, of whom 67 had NE, 45 had
CE treated with NEIAEDs, and 105 had CE treated with EIAEDs. Age was positively
associated with ARWMC score (IRR per year, 1.03; 95%CI, 1.03-1.04, P < 0.001).
Compared with the healthy control group (n = 23), all patient groups had higher ARWMC
score (P < 0.05). The difference was greatest in patients receiving EIAEDs (IRR, 2.13; 95%
CI, 1.22-3.70, P = 0.007). Conclusions: WMHs tended to be observed in people with
epilepsy, especially in those treated with EIAEDs. People with epilepsy with white
matter changes should be evaluated for stroke risk, particularly if they are receiving
EIAEDs.

White matter hyperintensities (WMHs),detected on T2-weighted
Fluid-Attenuated Inversion Recovery (FLAIR) sequence on brain

Population studies suggest that people with epilepsy are more
likely to have subsequent stroke than the healthy population
[1,2]. The reasons for this are unclear. The risk appears to be
higher in patients on higher doses of antiepileptic drugs (AEDs)
[2]. Treatment with AEDs that induce the cytochrome P450
enzyme system (enzyme-inducing AEDs; EIAEDs) is associated
with increased risk markers of atherosclerosis. Hyperlipidemia,
increased serum homocysteine and C-reactive protein, reduced
level of folate, vitamin B12, and increased carotid artery intima
media thickness [3-5], all potentially account for the increased
stroke risk [6,7]. Conversely, valproate (VPA), an enzyme inhibi-
tor, may decrease adverse vascular events [6,8].
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magnetic resonance imaging (MRI),are presumed to be the result
of chronic hypoperfusion of the white matter and disruption of
the blood-brain barrier, leading to chronic leakage of plasma into
the white matter [9,10]. They are more commonly seen in the
elderly and in people with hypertension and other vascular risk
factors include smoking, diabetes, and a history of vascular disease
[9,11]. WMHs are a recognized biomarker of cerebrovascular dis-
ease and are associated with 3-fold increase in risk of subsequent
stroke and 2-fold increase in mortality [11]. Therefore, WMHs
may be used as a surrogate marker for stroke risk.

We examined the burden of WMHs on brain MRI in people
with epilepsy. We hypothesized that people with epilepsy have
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increased WMHs, and exposure to EIAEDs is associated with more
extensive WMHs.

Materials and Methods
Study Population

This was a retrospective study. The study was approved by the
hospital’s Human Research Ethics Committee. Subjects were
those patients investigated and treated for epileptic seizures at the
Royal Melbourne Hospital (RMH) between 1st August 2009 and
31st July 2013. Eligible patients were consecutively identified
from electroencephalography (EEG) laboratory and video EEG
monitoring unit. Controls were individuals referred from primary
care physicians to the neurology clinics for suspected neurological
diseases, but in whom a CNS disorder was excluded after thor-
ough assessment. Individuals with documented psychiatric disor-
ders were also excluded. Both epilepsy group and control group
had undergone 3T brain MRI using the same protocol [12].
Patients were excluded if the seizures were non-epileptic, for
example, psychogenic or other non-epileptic etiologies (e.g., syn-
cope), or if the patients had a history of stroke or transient
ischemic attack, multiple sclerosis, MRI changes of bi-hemispheric
brain injuries (due to trauma, tumor or surgical procedures), or a
poor quality MRI (e.g., motion artifact).

Baseline information, including demographics, vascular risk
factors (diabetes, smoking, alcohol, hypertension, dyslipidemia,
migraine, atrial fibrillation), epilepsy risk factors (head injury,
febrile convulsion, head surgery), length of time from the index
seizure to MRI, and seizure types (focal onset or generalized
onset) [13], was obtained by a thorough review of the hospital
medical records. Specifically, age was defined as years from
birth to date of eligible MRI. In cases where the hospital records
were insufficient, further information was obtained from the
primary care physicians.

AED Treatment

Information on AED, including drug name, initial dosage, dura-
tion of each drug, and reason for stopping or switching, was
obtained from medical records. AEDs were grouped according to
whether they induce the cytochrome P450 (CYP) family of
enzymes [14]. EIAEDs included carbamazepine (CBZ), phenytoin,
oxcarbazepine (OXC), phenobarbital, and primidone; non-
enzyme-inducing AEDs (NEIAEDs) were clobazam, clonazepam,
diazepam, ethosuximide, gabapentin, lacosamide, lamotrigine,
levetiracetam, topiramate, valproic acid, and zonisamide. Inter-
mittent time lengths of EIAED and NEIAED treatment were sepa-
rately accumulated during the period from commencement of
AED therapy to date of the MRIL.

Subject Categorization

Eligible subjects were categorized into three groups (Figure 1):
(1) people with newly diagnosed epilepsy who had been treated
with AEDs for <3 months by the date of the MRL (2) EIAED
group, in whom patients with chronic epilepsy, ever receiving
either NEIAEDs or not, were treated with EIAEDs for at least
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3 months; and (3) NEIAED group, in whom patients received
NEIAEDs for at least 3 months, with EIAEDs for <3 months or
without EIAEDs. The duration of 3 months was chosen empiri-
cally because shorter exposure has been considered as inade-
quate trial for AEDs [15].

MRI Assessment

Our 3.0 T MRI (Siemens Magnetom Trio, Germany) of epilepsy
protocol includes axial FLAIR, T2-weighted, and TIl-weighted
imaging, where slice thickness is 1 mm [12]. This protocol fulfills
recommended standards and parameters for imaging of small ves-
sel disease [9]. WMH was assessed on T2-weighted FLAIR
sequence acquired with the following parameters: repetition time,
5000 ms; echo time, 388 ms; inversion time, 1.8 s; matrix,
258 x 256; flip angle, 120° scan time, 5 min and 52 s.WMH was
defined as high signal intensity in the white matter, basal ganglia,
and brainstem depicted on FLAIR without cavitation. WMH of
nonvascular origin, such as multiple sclerosis, was excluded based
on the combination of clinical syndrome and the pattern of WMH.
If a patient had undergone more than one MRI, the most recent
set of eligible images was assessed.

White matter hyperintensities were rated semiquantitatively
using the age-related white matter changes (ARWMC) scale
[16]. The validity of this scale has been demonstrated in clinical
practice [16,17], providing fast and standardized semiquantita-
tive information [18]. In this visual rating scale, five regions
(frontal, parietal-occipital, temporal, basal ganglia, and infraten-
torial) of the two hemispheres were rated separately (0: no
lesions, 1: focal lesion, 2: beginning confluence of lesions, 3: dif-
fuse changes), followed by summation of scores from each
region. Examples of rating score are shown in Figure S1. To
evaluate the interrater reliability of the ARWMC scale, all MRI
images randomly selected for age-stratified patients were rated
by BY and PK, who are all experienced board-certified neurolo-
gists. The interrater agreement was estimated using interclass
correlation coefficients (ICC), with ICC above 0.8 signifying an
excellent agreement. All MRI assessment was performed blind
to the clinical information.

Statistical Analysis

Continuous variables were summarized as medians and
interquartile ranges (IQR) and tested by Mann-Whitney U-test or
Kruskal-Wallis rank test where applicable. Categorical variables
were summarized as percentages and were evaluated using Fish-
er’s exact test where applicable. ARWMC score was treated as
count variable. The relationships between potential factors and
ARWMC score were analyzed using the negative binomial regres-
sion model [19], which held the best goodness-of-fit in our data
among various count models. The strengths of associations were
estimated as incidence rate ratios (IRRs) with corresponding 95%
confidence interval (CI). For instance, the value of IRRs = 1.5
could be interpreted that per one unit increase in the independent
variable, there will be an increase in the ARWMC score by the
factor of 1.5. In the multivariate analysis, backwards elimination
was used to eliminate variable one by one until all variables
achieved a level of conventional significance. Potential factors
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Data source
EEG lists, VEM cohort and Neurology Clinic
From 1/8/2009 to 31/7/2013
People with epilepsy and healthy people
(Repeated cases excluded)

|

Study population
with 3.0 T MRI of epilepsy protocol

NE group
67 cases

CE group

150 cases

EIAED group
105 cases

NEIAED group
45 cases

that were significant at P < 0.20 in the initial univariate analyses
were included as candidates into the multivariate model [20]. Sig-
nificance level was set at alpha of 0.05, and all tests were 2-tailed.
Statistical analysis was performed with the Stata/SE 12.0 statistical
package (StataCorp LP, College Station, TX, USA).

Results
Subject Characteristics

A total of 317 individuals who had undergone 3T brain MRI of
epilepsy protocol were eligible for the study. Of 317, 240 (75.7%)
were included for analysis and 77 (24.3%) were excluded (Fig-
ure 1). The groups were comparable in demographics, seizure his-
tory, and vascular risk factors (Table S1). Of 240, 217 had epilepsy
(67 with newly diagnosed epilepsy, 45 with chronic epilepsy
receiving NEIAEDs, and 105 with chronic epilepsy receiving
EIAEDs); 23 were included in the control group. Their clinical
characteristics are summarized in Table 1. The epilepsy group and
control group were comparable in demographical and vascular
risk factors, except for a higher proportion of patients in the epi-
lepsy group being smokers and alcohol abusers compared with the
controls (22.1% vs. 0, P =0.006; 30.9% vs. 8.7%, P = 0.028;
respectively). Not surprisingly higher proportion of patients
receiving EIAEDs had focal seizures than generalized seizures
compared with other groups, given that CBZ and PHT, both
EIAEDs, are first-line treatments for focal seizures.

Of 150 patients in chronic epilepsy group, CBZ and VPA were
the most frequently used EIAED and NEIAED, in 88 (58.7%) and
69 (46.0%) patients, respectively (Table S2); 99 (72.3%) received
more than one drug till the time of MRIs. Time from index seizure
to MRI and duration of AED treatment were both longer in EIAED
group than that in NEIAED group (median time: 146.6 vs.
75.9 months, P = 0.02; median duration: 109.2 vs. 46.7 months,
P =0.009; respectively). Of 67 patients with newly diagnosed
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317 cases
Cases excluded:77
PNES: 22
Epilepsy Syncope: 20
Healthy group group CNS demyelinating
23 cases 217 cases disease: 17

Previous stroke: 8
Indistinct images: 6
Bilateral damage: 4

Figure 1 Flowcharts of Patient Inclusion and
Exclusion. EEG, electroencephalogram; MR,
magnetic resonance imaging; PNES,
psychogenic non-epileptic seizures; MS,
multiple sclerosis; NE, newly diagnosed
epilepsy; CE, chronic epilepsy; EIAED, patients
with chronic epilepsy receiving enzyme-
inducing antiepileptic drug(s); NEIAED, patients
with chronic epilepsy receiving non-enzyme-
inducing antiepileptic drug(s).

epilepsy, 38 (56.7%) had not been commenced on AED therapy
and 29 (43.3%) had been treated for <3 months by the time of
MRI (median 1.6 [IQR, 1.1-2.2] months).

ARWMC Score

An excellent interrater agreement of the ARWMC score was
observed (ICC, 0.94; 95% CI, 0.93-0.95). The median ARWMC
score in the chronic epilepsy group was 1 (IQR: 0-3), which was
higher than that in control group (0, IQR: 0-2, P = 0.029).
Table S3 shows the regional ARWMC scores in the patient sub-
groups. Compared to the control group, WMHs (ARWMC >1)
were detected in significantly higher proportions of patients in the
chronic epilepsy group (43.5% vs. 66.4%, P = 0.039). Figure 2
shows the distribution of ARWMUC scores among the four groups.
Univariate analysis showed that age, diabetes, hypertension, dys-
lipidemia, and atrial fibrillation were associated with ARWMC
score (Table 2). Among these covariates, only age remained signif-
icant in the multivariate model (IRR per year, 1.03; 95%CI, 1.03—
1.04, P <0.001). There was no significant association between
ARWMLC score and seizure type, duration of treatment, or time
from first seizure.

After adjusting for age, patients with epilepsy remained to have
significantly higher ARWMC score compared to the control group
(IRR, 1.93; 95%CI, 1.13-3.30, P = 0.016; Figure 3). Compared to
control group, the score was higher in those with chronic epilepsy
receiving EIAEDs (IRR, 2.13; 95%CI, 1.22-3.70, P = 0.007) and in
NE patients (IRR, 1.79; 95%CI, 1.01-3.16, P = 0.046), and
trended higher in those who had received NEIAEDs only (IRR,
1.65; 95%CI, 0.88-3.10, P = 0.12).

Discussion

We found significant increase in WMHs among people with epi-
lepsy, especially in those treated with EIAEDs. To our best
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Table 1 Characteristics of patients with epilepsy and controls

White Matter Changes in Epilepsy

Epilepsy
Control (n =23) NE (n = 67) NEIAED (n = 45)  EIAED (n = 105) Total n=217) P?
Age, median (IQR), year 42 (24-50) 36 (24-53) 37 (27-50) 35 (27-48) 36 (26-50) 0.89
Female, n (%) 12 (52.2) 35 (52.2) 23 (51.1) 53 (50.5) 111 (51.2) >0.99
Focal seizures, n (%) 0 (0) 38 (56.7) 34 (75.6) 90 (85.7) 162 (74.7) NA
Generalized seizures, n (%) 0 (0) 29 (43.3) 11 (24.4) 15 (14.3) 55 (25.3) NA
Diabetes, n (%) 0 (0) 4 (6.0) 2 (4.4) 7 (6.7) 13 (6.0) 0.62
Smoker, n (%) 0 (0) 9 (13.4) 13 (28.9) 26 (24.8) 48 (22.1) 0.006
Alcohol, n (%) 2 (8.7) 25 (37.3) 13 (28.9) 29 (27.6) 67 (30.9) 0.028
Hypertension, n (%) 2 (8.7) 10 (14.9) 2 (4.4) 11 (10.5) 23 (10.6) >0.99
Dyslipidemia, n (%) 2(8.7) 6 (9.0) 3(6.7) 11 (10.5) 20 (9.2) >0.99
Migraine, n (%) 1 (4.4) 1(1.5) 2 (4.4) 12 (11.4) 15 (6.9) >0.99
Atrial fibrillation, n (%) 1 (4.4) 2 (3.0 0 (0) 4(3.8) 6 (2.8) 0.51
Head injury, n (%) 1(4.4) 15 (22.4) 9 (20.0) 25 (23.8) 49 (22.6) 0.055
Febrile convulsion, n (%) 1 (4.4) 2 (3.0) 2 (4.4) 8 (7.6) 12 (5.5) >0.99
Head surgery, n (%) 0 (0) 0 (0) 4 (8.9) 18 (17.1) 22 (10.1) 0.14
Time from first seizure, median (IQR), month ~ NA 2.7 (1.3-10.6) 75.9 (28.7-240.2) 146.6 (51.3-310.7) 56.8 (7.2-211.3) NA
AED duration, median (IQR), month 0 0 (0-1.4) 46.7 (21.0-165.7)  109.2 (42.2-283.2)  34.6 (1.8-163.6) NA
EIAED, median (IQR), month 0 0 (0-0) 0 (0-0) 94.4 (26.6-275.5) 2.3(0-80.4) NA
NEIAED, median (IQR), month 0 0 (0-0.2) 46.7 (21.0-165.7)  23.9 (0-111.6) 3.5(0-74.0) NA

ARWMC, age-related white matter changes scale; NE, patients with newly diagnosed epilepsy; AED, antiepileptic drug; EIAED, patients with enzyme-
inducing AEDs; NEIAED, patients with non-enzyme-inducing AEDs; IQR, interquartile range; NA, not available. °P value was calculated from the compar-

ison between control group and entire epilepsy group.
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Figure 2 Distribution of ARWMC scores in patient groups. Each column represents the percentage of patients with the specified total ARWMC score,
which ranges from 0 to 12. The number above each column indicates the number of patients with the specific ARWMC score. ARWMC, age-related white
matter changes scale; NE, patients with newly diagnosed epilepsy; EIAED, patients with chronic epilepsy receiving enzyme-inducing antiepileptic drug(s);
NEIAED, patients with chronic epilepsy receiving non-enzyme-inducing antiepileptic drug(s).

knowledge, this is the first study demonstrating an association
between EIAEDs and WMHs on MRI brain in people with epi-
lepsy. This finding is consistent with the accumulating evidence
suggesting that EIAEDs may pose deleterious effects on arterial
vasculature [27]. Several studies demonstrated elevated levels of
total cholesterol, low-density lipoprotein cholesterol and triglyc-
erides among patients treated with EIAEDs [5,21,22]. It has been
proposed that CYP induction may reduce the levels of oxysterol
intermediates, leading to reduced feedback inhibition of hydrox-
ymethylglutaryl-coenzyme A reductase on cholesterol production

© 2016 John Wiley & Sons Ltd

[14,23]. In addition, elevation of lipoprotein(a) [24], C-reactive
protein [25] and homocysteine [4], and increased intima media
thickness(IMT) of the common carotid artery(CCA) have been
observed in EIAEDs users [5,25]. Conversion of carbamazepine or
phenytoin (both EIAEDs) to NEIAEDs, such as lamotrigine and
levetiracetam, has been shown to reduce homocysteine levels [3].

The risk of stroke associated with exposure to valproic acid (an
enzyme inhibitor) remains controversial. While valproic acid may
inhibit atherosclerosis by increasing resistance of the endoplasmic
reticulum [26,27], it also increases insulin resistance and the risk
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Table 2 Relationships between risk factors and ARWMC score
(univariate analysis)

ARWMC score

Risk factors IRR 95%Cl P
Age 1.03 1.02-1.04 <0.001
Female 0.96 0.70-1.30 0.77
Diabetes 1.53 0.89-2.62 0.13
Smoker 1.04 0.71-1.53 0.83
Alcohol 1.02 0.71-1.47 0.91
Hypertension 2.37 1.64-3.43 <0.001
Dyslipidemia 2.73 1.87-3.99 <0.001
Migraine 1.19 0.61-2.31 0.61
Atrial fibrillation 2.73 1.48-5.05 0.001
Head injury 1.08 0.77-1.51 0.67
Febrile convulsion 0.93 0.56-1.54 0.78
Head surgery 0.92 0.55-1.54 0.76
Time from first seizure(month) 1.00 1.00-1.00 0.09
AED duration(month) 1.00 1.00-1.00 0.17
EIAED duration 1.00 1.00-1.00 0.048
NEIAED duration 1.00 1.00-1.00 0.39

ARWMC, age-related white matter changes; IRR, incidence rate ratio; Cl,
confidence interval; AED, antiepileptic drug; EIAED, enzyme-inducing
antiepileptic drug; NEIAED, non-enzyme-inducing antiepileptic drug.

NEIAED
*

NE
*

EIAED

All epilepsy patients

Control

r T

0 0.5 1 15 2 2.5 3 35 4
Incidence rate ratio

4

T T T T T 1

Figure 3 Incidence rate ratio of ARWMC scores in patients with newly
diagnosed epilepsy, chronic epilepsy who had received enzyme-inducing
antiepileptic drugs and only non-enzyme-inducing antiepileptic drugs,
compared to controls. ARWMC, age-related white matter changes scale;
NE, patients with newly diagnosed epilepsy; EIAED, patients with chronic
epilepsy receiving enzyme-inducing antiepileptic drug(s); NEIAED, patients
with chronic epilepsy receiving non-enzyme-inducing antiepileptic drug(s).

of metabolic syndrome [28,29], possibly leading to accelerated
atherosclerosis [25]. In our study, we found a trend of higher
prevalence of WMHs in people with epilepsy receiving NEIAEDs,
of which valproic acid was the most common agent. This supports
the notion that valproic acid may also increase atherosclerotic
burden.

We also found increased WMHs in newly diagnosed patients,
implying that seizures or the epileptogenic process per se may also
play a role. It may be postulated that white matter changes on
MRI represents cerebrovascular endothelial dysfunction due to
increased blood-brain barrier permeability after epileptic dis-
charges [30]. The existence of white matter tract injuries has also

762 CNS Neuroscience & Therapeutics 22 (2016) 758-763

Y.-T. Mao et al.

been demonstrated by MRI studies in these patients [31,32]. In
addition, several animal models have demonstrated increased
oxidative stress in neural cells after seizures, especially in mito-
chondria, leading to subsequent cell damage [33-35]. Oxidative
stress is recognized to play an important role in atherosclerosis
development [36]. Therefore, recurrent seizures may also con-
tribute to atherosclerosis in patients with epilepsy [37].

White matter hyperintensities is recognized as a reliable predic-
tor of stroke events, cognitive impairment, and mortality. A sys-
tematic review including 22 longitudinal studies demonstrated
that WMHSs were associated with substantially increased risks of
stroke (hazard ratio 3.3, 95% CI 2.6-4.4), dementia (hazard ratio
1.9), and premature death (hazard ratio 2.0, 1.6-2.7) [11]. The
observed increase of WMH among patients with epilepsy might,
therefore, explain their increased prevalence of stroke risk,
dementia, and mortality. WMHs might be considered as a useful
tool to predict risk of comorbidities or outcomes in people with
epilepsy.

Previous studies showed that duration of AED treatment (PHT,
CBZ, and VPA) was associated with increased CCA IMT, which is
a marker of atherosclerosis [25]. Our study did not find any rela-
tionship between AED duration and WMHs, which may be due
to the heterogeneous treatment regimens. This study reinforced
the previous finding that age is a major predictor of WMHs
[11,38]. The prevalence of WMH in the general population has
been reported to be 11-21% in people aged 64, rising to 94% in
82-year-olds using 1.5 T or lower MRIs [11]. The median age of
the patients included in our study was 36 years (IQR, 26-50). So
far, no study has reported WMHs on 3.0 T MRI in the healthy
population aged younger than 50. Abnormal ARWMC score was
found in 43.5% of control group. This was higher than the preva-
lence (5.3%) of white matter lesions previously reported in
young healthy population (age, 16-65 years; mean, 37 years)
[39], possibly due to the increased sensitivity accorded by the
high-field MRI performed in our study. Another possible expla-
nation for the observation is that the controls were not truly
“healthy controls” as they were selected from people seen in neu-
rology clinics rather than randomly recruited from the “normal
population”.

Our study has limitations. As this was a cross-sectional analysis
of MRI, demonstration of association does not necessarily imply
causation. While recurrent seizures and use of EIAEDs might
have contributed to WMHs, an alternative interpretation of the
data might be that WMHs are a causative factor of epilepsy. For
practical purpose, controls were recruited from neurology clinics
rather than the general population. However, any selection bias
would likely lead to underestimation of the burden of WMHs in
the epilepsy patients. Underreporting of smoking and alcohol
drinking cannot be ruled out. Classifying AEDs is controversial in
the context of vascular risks. OXC, for instance, has intermediate
effects on enzyme induction although it does not affect lipids
metabolism as CBZ does [40]. However, including patients
receiving OXC in either EIAED group or NEIAED group is unli-
kely to affect the results given the small number of patients trea-
ted with this drug. In addition, our study lacks information about
clinical outcomes, such as stroke events, seizure frequency, and
seizure severity postdiagnosis, which should be investigated in
future studies.

© 2016 John Wiley & Sons Ltd
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Conclusion

Compared to controls, WMHs were more prevalent in people with
epilepsy, especially in those treated with EIAEDs. These findings
shed new light on the potential mechanisms for the increased risk
of stroke observed in people with epilepsy. Our findings suggest that
people with epilepsy whose MRI showed WMHs may benefit from
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