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Antiseizure Medications and Cardiovascular Events in Older People
With Epilepsy in the Canadian Longitudinal Study on Aging
Jimmy Li, MD; Nathan A. Shlobin, MD; Roland D. Thijs, MD, PhD; Marie-Pierre Sylvestre, PhD;
Colin B. Josephson, MD; Charles Deacon, MD; Mark R. Keezer, MD, PhD

IMPORTANCE How epilepsy may promote cardiovascular disease remains poorly understood.

OBJECTIVE To estimate the odds of new-onset cardiovascular events (CVEs) over 6 years in
older people with vs without epilepsy, exploring how enzyme-inducing antiseizure
medications (EIASMs) and traditional cardiovascular risk factors mediate these odds.

DESIGN, SETTING, AND PARTICIPANTS This was a prospective cohort study using the
comprehensive cohort of the Canadian Longitudinal Study on Aging (CLSA), with 6 years of
follow-up (2015-2021, analysis performed in December 2023). The CLSA is an ongoing,
national study of 51 338 adults aged 45 to 85 years at baseline who are recruited in Canada.
The comprehensive cohort includes 30 097 individuals living near 1 of 11 data collection
centers. Participation in the CLSA was voluntary; participation rate was 45%. Among those in
the comprehensive cohort, individuals reporting no previous history of CVEs (ie, stroke,
transient ischemic attack [TIA], or myocardial infarction [MI]) at baseline were excluded. No
other exclusion criteria were applied. A total of 86% of participants completed follow-up.

EXPOSURE Lifetime history of epilepsy.

MAIN OUTCOMES AND MEASURES The primary outcome was new-onset CVEs over 6 years.
Secondary outcomes were new-onset strokes, TIAs, and MIs. Logistic models were fitted for
these outcomes as a function of epilepsy, age, sex, household income, and education level.
Mediation analyses were conducted for strong EIASM use, weak EIASM use, Framingham
score, Physical Activity Scale for the Elderly (PASE) score, and waist to hip ratio.

RESULTS Among the 30 097 individuals in the comprehensive cohort, a total of 27 230
individuals (mean [SD] age, 62.3 [10.1] years; 14 268 female [52.4%]) were included, 431 with
a lifetime history of epilepsy. New-onset CVEs were more likely in epilepsy, with an adjusted
odds ratio of 2.20 (95% CI, 1.48-3.27). The proportion of the effect of epilepsy on new-onset
CVEs was mediated as follows by each of the following variables: strong EIASM use, 24.6%
(95% CI, 6.5%-54.6%), weak EIASM use, 4.0% (95% CI, 0.8%-11.0%), Framingham score,
1.4% (95% CI, −1.6% to 4.5%), PASE score, 3.3% (95% CI, 1.4%-6.8%), and waist to hip ratio,
1.6% (95% CI, 0.4%-3.7%).

CONCLUSIONS AND RELEVANCE Results of this cohort study reveal that epilepsy was
associated with new-onset CVEs. Nearly one-third of this association can be explained by
EIASMs. These findings should be considered when choosing an antiseizure medication for a
person at risk for cardiovascular disease.
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A pproximately 1 in 10 people will have at least 1 epilep-
tic seizure in their lifetime.1 Epilepsy often occurs in
younger individuals, but the greater number of people

with epilepsy (PWE), both new onset and long-standing, is
among adults 60 years and older.1 The prevalence of older PWE
is expected to increase substantially as populations continue
to age worldwide.2,3 Epilepsy impacts individuals not only
through seizures but also through its association with numer-
ous comorbidities. This is particularly relevant in older adults
who are already at risk for developing chronic diseases.4

There is a strong cross-sectional association between epi-
lepsy and cardiovascular disease (CVD).4 At least some of this
association is due to shared risk factors given that stroke is a
major cause of epilepsy.5 Several studies have shown, how-
ever, that even among people whose epilepsy is not due to cere-
brovascular disease, the risk of developing CVD is high.6 The
reasons underlying this risk are under investigation. In a large
retrospective cohort study7 using linked electronic health rec-
ords, the use of enzyme-inducing antiseizure medications (EI-
ASMs) was associated with incident CVD in PWE. Some au-
thors have also suggested that the heart and coronary
vasculature may be incrementally damaged by repeated sei-
zures; this concept has been coined the epileptic heart.8

Further characterizing the cardiovascular risk seen in epi-
lepsy as well as the mechanisms underlying this risk may help
inform the screening and management of CVD in PWE. We
aimed to determine the odds of new-onset cardiovascular
events (CVEs) in people with vs without epilepsy over 6 years.
We also aimed to investigate the mediation effects of EIASM
use and traditional cardiovascular risk factors (CVRFs) on this
association, thereby deciphering the relative contribution of
each factor on CVD risk in epilepsy.

Methods
Data Source
Ethics approval was obtained from the CRCHUM Review Board
(#2022-10274). This article follows the Strengthening the Re-
porting of Observational Studies in Epidemiology (STROBE)
reporting guidelines.9

The Canadian Longitudinal Study on Aging (CLSA) is an on-
going, national, prospective study of 51 338 adults aged 45 to
85 years at baseline and recruited in Canada. Participation was
voluntary, and all participants provided written informed
consent.10 The exclusion criteria were as follows: resident of
a long-term care facility, cognitive impairment, resident of a
First Nations reserve, full-time member of the Canadian Armed
Forces, and inability to communicate in English or French.10

Participants self-identified with the following ethnicities as
codified by CLSA investigators: Arab, South Asian, Southeast
Asian, West Asian, Black, Chinese, Filipino, Japanese, Ko-
rean, Latin Amerian, White, or other. In this study, ethnici-
ties from Chinese to Korean were all categorized within one
level (Asian). Participants responding as other described be-
longing to ethnicities such as Caribbean, Native American, or
multiple ethnicities. The CLSA is divided into the tracking co-
hort and the comprehensive cohort. The tracking cohort com-

prises approximately 20 000 individuals who complete self-
report questionnaires through telephone interviews. The
comprehensive cohort includes approximately 30 000 indi-
viduals who are evaluated in person at 1 of 11 data collection
centers. Only people living within 25 to 50 km of one such ur-
ban center were eligible for the comprehensive cohort.10 Cur-
rently, data from the baseline, the first follow-up at 3 years, and
the second follow-up at 6 years are available (2015-2021). Study
analyses focused on the comprehensive cohort, in which data
from clinical/physical tests and biospecimens are collected in
addition to self-report data.10 In this study, we excluded all par-
ticipants who reported at baseline having previously had a
stroke, a transient ischemic attack (TIA), or a myocardial in-
farction (MI).

Variables
The primary outcome of this study was the self-reported oc-
currence of a CVE at the first or second follow-up. CVE was a
composite outcome that included stroke, TIA, and MI. Sec-
ondary outcomes were the occurrence of each CVE compo-
nent (ie, stroke, TIA, or MI). Exposure was a lifetime history
of epilepsy at baseline, determined with a modified version of
a previously validated diagnostic algorithm (sensitivity >97%,
specificity >98%).11 More information on this algorithm can be
found in the eMethods in Supplement 1.

Other variables of interest, all measured at baseline, in-
cluded sociodemographic variables (eg, age and sex), comor-
bidity/lifestyle variables (eg, history of diabetes and smoking
status), medication variables (eg, use of EIASMs), clinical/
physical test variables (eg, Physical Activity Scale for the El-
derly [PASE] score and waist to hip ratio), and biospecimen vari-
ables (eg, high-density lipoprotein and total cholesterol). The
PASE score reflects the intensity and duration of physical ac-
tivity in older adults, with a higher score being attributed to a
more active individual.12 All sociodemographic, comorbidity/
lifestyle, and medication variables were self-reported (for medi-
cation data, a list of active medications was consulted), whereas
other variables were measured during a clinical examination.
EIASMs were divided into 2 categories: strong EIASMs (ie, car-
bamazepine, phenytoin, phenobarbital, and primidone) and

Key Points
Question Are older adults with epilepsy more likely to develop
cardiovascular events (CVEs) than their counterparts without
epilepsy, and how much of this results from enzyme-inducing
antiseizure medication (EIASM) use?

Findings This cohort study included 27 230 individuals and, using
the Canadian Longitudinal Study on Aging, found that adults with
a lifetime history of epilepsy were approximately 2 times more
likely to report new CVEs, including strokes, transient ischemic
attacks, and myocardial infarctions, over 6 years. Almost one-third
of this association may result from EIASM use.

Meaning Results suggest that clinicians should be careful when
prescribing EIASMs to older adults with epilepsy, especially in the
presence of other cardiovascular risk factors.
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weak EIASMs (ie, oxcarbazepine, eslicarbazepine, topira-
mate, and rufinamide).7,13 Using available data, the Framing-
ham risk score (FRS) was calculated, which has been vali-
dated to predict MI and coronary death at 10 years.14

Statistical Analyses
All statistical analyses were performed using R (R Project for
Statistical Computing).15 Significance level was set at 2-sided
P value ≤.05. We performed descriptive analyses on the full
study sample and stratified by epilepsy status. Binary/
categorical data are presented as count (proportion), and con-
tinuous data are presented as mean (SD).

Missing data were handled using multiple imputations
(200 iterations).16 Technical details pertaining to this process
are available in the eMethods in Supplement 1. Estimates from
the subsequent regression models were pooled using Rubin
rules.17

Logistic regression models were fitted for new-onset CVEs
(as well as for each type of CVE) as a function of epilepsy, age,
sex, household income, and education level. A directed acy-
clic graph (DAG), the simplified version of which is available
in the Figure and the complete version of which is available
in eFigure 1 in Supplement 1,18 was used to determine the mini-
mal set of variables to adjust for confounding. These vari-
ables were cerebrovascular disease, ischemic heart disease, de-
mentia, and psychosocial health preepilepsy onset. We
attempted to eliminate confounding due to cerebrovascular dis-
ease and ischemic heart disease by excluding people with a his-
tory of stroke, TIA, or MI at baseline. Little to no confounding
due to dementia was expected, as cognitive impairment was
an exclusion criterion for recruitment into the CLSA.19 We ad-
justed for baseline household income and education level to
account for confounding due to preepilepsy-onset psychoso-
cial health. The regression formulas were weighted using ana-
lytic weights provided by the CLSA (eMethods in Supple-
ment 1).

From the DAG (Figure and eFigure 1 in Supplement 1),18

several mediators were identified, for which mediation analy-
ses were performed using the mediation R package (R Project
for Statistical Computing).20,21 In sum, it is possible to decom-
pose the effect of an exposure on an outcome into a natural
direct effect (independent of the mediator) and a natural in-
direct effect (passing through the mediator). The natural di-
rect effect captures the effect of an exposure on an outcome
holding the mediator at the value it would naturally take in the
absence of the exposure. The natural indirect effect captures
the effect of an exposure on an outcome that operates through
a mediator variable. This indirect effect can be obtained by mul-
tiplying the coefficients of 2 regression models, one regress-
ing the mediator on the exposure and the other regressing the
outcome on both the exposure and the mediator (ie, product
of coefficients approach). The direct effect can then be calcu-
lated by subtracting the indirect effect from the total effect.
The proportion mediated corresponds to the natural indirect
effect divided by the total effect. The mediation R package uses
a simulation-based approach (eg, Monte Carlo or bootstrap-
ping) instead of a simple product of coefficients approach to
measure these effects.20,21 These 2 approaches do not change

the interpretation of the natural effects. For these effects to
be truly causal, the sequential ignorability assumption must
hold true.20 This assumption essentially requires that the ex-
posure-mediator, mediator-outcome, and exposure-
outcome associations are not confounded, and that there is no
mediator-outcome confounder that is affected by the expo-
sure. This assumption cannot be directly tested from ob-
served data and is therefore nonrefutable. The proportion me-
diated (95% CI) was calculated for 5 mediators: strong EIASM
use, weak EIASM use, FRS, PASE score, and waist to hip ratio.
The PASE score and waist to hip ratio were chosen as mea-
sures of physical activity and obesity, respectively. Exposure-
mediator interactions were tested for each outcome, and if such
an interaction was statistically significant, we would perform
additional mediation analyses where the direct effect, indi-
rect effect, and proportion mediated were allowed to differ be-
tween levels of exposure. Mediation analysis was also con-
ducted for a set of non-EIASMs (ie, levetiracetam, lamotrigine,
lacosamide, and valproic acid) for control purposes. Media-
tion analysis was performed for all outcomes. More details on
the methodology and assumptions used in the mediation
analyses are available in the eMethods in Supplement 1.

Figure. Simplified Directed Acyclic Graph (DAG) Depicting
the Hypothesized Causal Mechanisms Underlying the Association
Between Epilepsy and Cardiovascular Events

Ischemic heart disease

Cerebrovascular disease

Dementia

Poor preepilepsy
psychosocial health

Epilepsy

Poor postepilepsy
psychosocial health

Cardiovascular
risk factors

EIASM

Cardiovascular
eventsSeizures

A DAG is a powerful graphical tool that uses a priori knowledge on biological and
behavioral pathways to guide research design and statistical analysis.18 This
DAG depicts the hypothesized causal relationships (arrows) between variables
(rectangles) involved in the association between epilepsy and cardiovascular
events. The 4 variables in blue-gray represent the minimal set of variables that
must be adjusted to eliminate exposure-outcome, exposure-mediator, and
mediator-outcome confounding. Cerebrovascular disease, ischemic heart
disease, and dementia were operationalized by the following variables in the
Canadian Longitudinal Study on Aging, respectively: history of stroke or
transient ischemic attack, history of myocardial infarction, and history of
dementia at baseline. Enzyme-inducing antiseizure medication (EIASM) and
cardiovascular risk factors represent mediators of interest between epilepsy
and cardiovascular events. As we do not have access to data on poor
preepilepsy psychosocial health, we use poor postepilepsy psychosocial health
as a proxy, the adjustment of which possibly causes some overadjustment bias
because it is presumed to lie in the causal pathway between epilepsy and
cardiovascular events. A more detailed version of this DAG is available in
eFigure 1 in Supplement 1.
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Sensitivity analyses
Regression analyses were repeated for new-onset CVEs (and
for each individual type of CVE) using complete cases only
rather than imputed data.

Performing multiple imputations requires that the miss-
ing data are at least missing at random (MAR). If data are miss-
ing not at random (MNAR), multiple imputations may gener-
ate biased results.17 Tipping point analyses were performed to
determine if new-onset CVEs were MNAR.22 In other words,
we calculated how much the odds ratios (ORs) would change
if imputed datasets were used in which the outcomes were
more/less likely to occur in people who were lost to follow-up
vs those who were not lost to follow-up. Details on these analy-
ses are provided in the eMethods in Supplement 1.

For each exposure-outcome OR calculated in the regres-
sion analyses, an E-value was calculated.23 An E-value repre-
sents the minimum strength of association that would be re-
quired by an unmeasured confounder to render an exposure-
outcome association insignificant.24

Results
Of 30 097 participants in the CLSA’s comprehensive cohort,
2867 were excluded for having a history of CVEs at baseline.
In total, 27 230 individuals (mean [SD] age, 62.3 [10.1] years;
14 268 female [52.4%]; 12 962 male [47.6%]) were included, 431
with a lifetime history of epilepsy. Participants self-
identified with the following ethnicities: 97 Arab (0.4%), 658
Asian (2.4%), 237 Black (0.9%), 117 Latin American (0.4%),
25 664 White (94.4%), and 426 other (1.6%).

Descriptive Analyses
Table 1 provides a general description of the study sample.
New-onset CVEs were more likely in epilepsy and occurred over
6 years in 1260 individuals (5.5%), including 43 PWE (11.9%)
and 1217 people (5.4%) without epilepsy. In total, 3793 people
(13.9%) did not complete all 6 years of follow-up (these people
had their outcomes imputed). Of note, 49 people (0.18%) with-
out a lifetime history of epilepsy took strong EIASMS, and 63
people (0.24%) without a lifetime history of epilepsy took weak
EIASMs. The explanation for this may be 2-fold: most EI-
ASMs have indications outside of epilepsy (eg, primidone for
essential tremor), and the algorithm used to identify people
with a lifetime history of epilepsy may not have been per-
fectly accurate. The exact distribution of different types of
ASMs among people with vs without a lifetime history of epi-
lepsy is provided in eTable 1 in Supplement 1.

Multiple Imputations and Multivariable Analyses
Standard diagnostic plots for multiple imputations are pro-
vided in eFigures 2 to 5 in Supplement 1, showing no obvious
assumption violations.

Table 2 depicts the results of the multivariable analyses
using imputed data.23,24 Over 6 years, the odds of new-onset
CVEs, TIAs, and MIs were significantly higher in people with
vs without epilepsy (OR for any CVE, 2.20; 95% CI, 1.48-3.27)
when adjusting for age, sex, household income, and educa-

tion level. eTable 2 in Supplement 1 presents the results of the
multivariable analyses using complete cases only. Results were
similar, although epilepsy did not reach statistical signifi-
cance in the TIA and MI models. eTable 3 and eFigure 6 in
Supplement 1 confirm that logistic regression assumptions were
met for the models.

Mediation Analyses
Table 3 presents the results of the mediation analyses pre-
suming no exposure-mediator interactions (eTable 4 in
Supplement 1). The proportion of the effect of epilepsy on
new-onset CVEs mediated by strong EIASM use was 24.6%
(95% CI, 6.5%-54.6%) when adjusting for age, sex, house-
hold income, and education level. Weak EIASM use, the
PASE score, and waist to hip ratio were significant media-
tors, with proportion-mediated point estimates as follows:
weak EIASM, 4.0% (95% CI, 0.8%-11.0%); PASE score, 3.3%
(95% CI, 1.4%-6.8%); and waist to hip ratio, 1.6% (95% CI,
0.4%-3.7%). The FRS (1.4%; 95% CI, −1.6% to 4.5%) and
non-EIASM (0.2; 95% CI, −8.3 to 12.6) use did not show sig-
nificant mediation effects.

eTable 5 in Supplement 1 shows the results of signifi-
cance tests for exposure-mediator interactions. No signifi-
cant interactions were found. Therefore, the mediation analy-
ses were not repeated with exposure-mediator interaction
terms.

Sensitivity Analyses
eFigures 7 to 10 in Supplement 1 detail the tipping point
analyses performed for new-onset CVEs, strokes, TIAs, and
MIs, respectively. As the log-odds of a CVE occurring more
often in people with missing data increased up to 5, the
exposure-outcome OR decreased but remained statistically
significant. Because log-odds of 5 equate to an OR of
approximately 150, we consider the multiple imputations to
have been robust to MNAR CVE data. The models for
strokes, TIAs, and MIs were generally less robust against
departures from a MAR mechanism.

Table 2 presents the E-values for each regression
model.23,24 An unmeasured confounder would have had to
generate an OR of 2.32 or greater to render the association be-
tween epilepsy and new-onset CVEs not statistically signifi-
cant.

Discussion
In this prospective cohort study, we measured the associa-
tion between a lifetime history of epilepsy at baseline and new-
onset CVEs over 6 years. We investigated the mediation ef-
fects of EIASM use and CVRF on this association. Results reveal
that epilepsy was associated with new-onset CVEs in older
adults and that almost one-third of this association can be ex-
plained by EIASM use.

Conceptually, epilepsy and CVD share risk factors, at least
in older adults. Because epilepsy may be caused by stroke and
stroke may result from an underlying CVD, it is unsurprising
that PWE may experience more CVD.5 New-onset CVEs may
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Table 1. Cohort Characteristics, All Participants, as Well as Lifetime History of Epilepsy vs No Lifetime History of Epilepsy

Variable

All participants (n = 27 230)

History of epilepsya

Lifetime (n = 431) No lifetime (n = 26 797)

No. (%) Miss No. (%) Miss No. (%) Miss
Age, mean (SD), y 62.25 (10.07) 0 61.22 (9.41) 0 62.27 (10.08) 0

Sex

Female 14 268 (52.40)
0

235 (54.52)
0

14 032 (52.36)
0

Male 12 962 (47.60) 196 (45.48) 12 765 (47.64)

Province

AB 2679 (9.84)

0

45 (10.44)

0

2634 (9.83)

0

BC 5688 (20.89) 99 (22.97) 5588 (20.85)

MB 2812 (10.33) 40 (9.28) 2772 (10.34)

NL 1993 (7.32) 29 (6.73) 1964 (7.33)

NS 2774 (10.19) 39 (9.05) 2734 (10.20)

ON 5774 (21.20) 97 (22.51) 5677 (21.19)

QC 5510 (20.24) 82 (19.03) 5428 (20.26)

Household income, $

<20 000 1306 (5.12)

1711

50 (12.41)

28

1256 (5.00)

1683

20 000-50 000 5527 (21.66) 102 (25.31) 5424 (21.60)

50 000-100 000 8976 (35.17) 126 (31.27) 8849 (35.24)

100 000-150 000 5159 (20.22) 70 (17.37) 5089 (20.26)

>150 000 4551 (17.83) 55 (13.65) 4496 (17.90)

Ethnicityb

Arab 97 (0.36)

31

0 (0)

0

97 (0.36)

31

Asian 658 (2.42) 7 (1.62) 651 (2.43)

Black 237 (0.87) 5 (1.16) 232 (0.87)

Latin American 117 (0.43) 1 (0.23) 116 (0.43)

White 25 664 (94.36) 410 (95.13) 25 252 (94.34)

Otherc 426 (1.57) 8 (1.86) 418 (1.56)

Level of education

No PS education 1976 (8.47)

3899

36 (10.29)

81

1940 (8.44)

3817
PS but no university 7645 (32.77) 134 (38.29) 7510 (32.68)

Undergraduate 7723 (33.10) 94 (26.86) 7629 (33.20)

Postgraduate 5987 (25.66) 86 (24.57) 5901 (25.68)

Single unmarried (vs not single) 8363 (30.67) 8 151 (35.03) 0 8211 (30.65) 8

Strong EIASM use (vs none) 149 (0.55) 0 100 (23.20) 0 49 (0.18) 0

Weak EIASM use (vs none) 71 (0.26) 0 8 (1.86) 0 63 (0.24) 0

Warfarin use (vs none) 437 (1.60) 0 9 (2.09) 0 428 (1.60) 0

Framingham score, mean (SD) 12.23 (4.66) 3099 12.26 (4.47) 58 12.22 (4.66) 3041

PASE score, mean (SD) 143.29 (73.99) 1390 136.60 (73.67) 20 143.39 (73.99) 1370

Waist to hip ratio, mean (SD) 0.900 (0.097) 199 0.904 (0.095) 5 0.900 (0.097) 194

New-onset CVEs (vs none) 1260 (5.52) 4419 43 (11.91) 70 1217 (5.42) 4347

New-onset strokes (vs none) 287 (1.26) 4424 14 (3.88) 70 273 (1.22) 4352

New-onset TIAs (vs none) 539 (2.37) 4461 19 (5.26) 70 520 (2.32) 4389

New-onset MIs (vs none) 569 (2.49) 4409 16 (4.44) 71 553 (2.46) 4336

Death (vs alive at follow-up) 1343 (4.93) 0 24 (5.57) 0 1318 (4.92) 0

Lost to follow-up (vs not) 3793 (13.93) 0 62 (14.39) 0 3730 (13.92) 0

Abbreviations: AB, Alberta; BC, British-Columbia; CLSA, Canadian Longitudinal
Study on Aging; CVE, cardiovascular event; EIASM, enzyme-inducing
antiseizure medication; MB, Manitoba; MI, myocardial infarction; miss, missing
data; NL, Newfoundland and Labrador; NS, Nova Scotia; ON, Ontario; PASE,
Physical Activity Scale for the Elderly; PS, postsecondary; QC, Quebec; TIA,
transient ischemic attack.
a Some people without a lifetime history of epilepsy took EIASMs. The

explanation for this may be 2-fold: most EIASMs have indications outside of
epilepsy (eg, primidone for essential tremor), and the algorithm used to
identify people with a lifetime history of epilepsy may not have been perfectly

accurate. The exact distribution of different types of ASMs among people with
vs without a lifetime history of epilepsy is provided in eTable 1 in Supplement 1.
Details on the algorithm used to identify people with a lifetime history of
epilepsy are provided in the eMethods in Supplement 1. Only 4 people taking
strong EIASMs and 3 people taking weak EIASMs took warfarin.

b The levels of categorization for ethnicity were adapted from the initial
codification used by CLSA investigators.

c Other ethnicity includes, eg, Caribbean, Native American, and multiple
ethnicities.
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be a manifestation of an underlying, progressive CVD, rather
than of epilepsy itself. Several observational studies have in-
vestigated the occurrence of CVEs in people whose epilepsy
was presumably not due to cerebrovascular disease. A 2019 sys-
tematic review of 6 such population-based cohort studies
showed that the risk of stroke and MI was higher in people with
vs without epilepsy.6 Five studies25-29 reported hazard ratios
(HRs) between 1.09 (95% CI, 1.00-1.19) and 3.30 (95% CI, 2.46-

4.43) for strokes, and 2 studies28,30 reported HRs between 1.09
(95% CI, 1.00-1.19) and 1.48 (95% CI, 1.31-1.67) for MIs. None
of these studies explicitly investigated the role of EIASMs and
lifestyle factors in the association between epilepsy and CVEs.6

Our multivariable analyses support the notion that the risk of
new-onset CVEs is higher in people with vs without epilepsy,
even in a cohort restricted to individuals who had no history
of CVEs.

Table 2. Multivariable Analyses With E-Values, New-Onset Cardiovascular Events (CVEs), Strokes, Transient Ischemic Attacks (TIAs),
and Myocardial Infarctions (MIs) Over 6 Years, Lifetime History of Epilepsy vs No Lifetime History of Epilepsy, After Multiple Imputationa

Variable

New-onset, OR (95% CI)

CVEs Strokes TIAs MIs
Lifetime history of epilepsy (vs none) 2.20 (1.48-3.27) 1.76 (0.96-3.23) 2.11 (1.07-4.15) 1.85 (1.04-3.27)

Age 1.07 (1.06-1.08) 1.08 (1.06-1.11) 1.08 (1.07-1.09) 1.06 (1.03-1.08)

Female sex (vs male) 0.51 (0.45-0.58) 0.61 (0.44-0.83) 0.67 (0.50-0.88) 0.32 (0.25-0.40)

Household income, $

<20 000 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

20 000-50 000 0.54 (0.43-0.69) 0.83 (0.52-1.33) 0.54 (0.34-0.84) 0.49 (0.37-0.66)

50 000-100 000 0.49 (0.41-0.59) 0.67 (0.32-1.38) 0.49 (0.33-0.72) 0.40 (0.31-0.52)

100 000-150 000 0.31 (0.23-0.42) 0.37 (0.19-0.71) 0.29 (0.18-0.46) 0.25 (0.17-0.38)

>150 000 0.38 (0.27-0.54) 0.52 (0.25-1.09) 0.35 (0.22-0.55) 0.28 (0.16-0.46)

Level of education

No PS education 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

PS education but no university 0.80 (0.67-0.95) 0.69 (0.48-1.00) 0.89 (0.66-1.21) 0.73 (0.57-0.93)

Undergraduate education 0.74 (0.63-0.88) 0.58 (0.41-0.81) 0.78 (0.60-1.03) 0.72 (0.56-0.92)

Postgraduate education 0.59 (0.47-0.74) 0.52 (0.35-0.77) 0.59 (0.38-0.93) 0.56 (0.39-0.82)

E-value for the point estimate/
E-value for the CIb

3.82/2.32 2.92/1.00 3.64/1.34 3.10/1.24

Abbreviations: CLSA, Canadian Longitudinal Study on Aging; OR, odds ratio; PS,
postsecondary.
a Models were adjusted for age, sex, baseline household income, and level of

education. ORs were calculated from the weighted logistic regression models’
estimates. Analytic weights provided by the CLSA were used. Regression
analyses were performed after multiple imputations, and Rubin rules were
used to pool ORs. The same sample of individuals who reported no previous
history of stroke, TIA, or MI at baseline was used for all models.

b E-values are presented for each model and represent the OR that would be
needed by an unmeasured confounder to explain away the association
between lifetime history of epilepsy and the outcome.24 The E-value for point
estimate is measured based on the point estimate of the exposure-outcome
OR, whereas the E-value for the CI is measured based on the lower bound of
the CI of the exposure-outcome OR.23 The E-value for the CI is therefore the
minimum OR needed by an unmeasured confounder to render the
exposure-outcome OR insignificant.

Table 3. Proportions Mediated by Different Variables of the Effect of Lifetime History of Epilepsy With New-Onset Cardiovascular Events (CVEs),
Strokes, Transient Ischemic Attacks (TIAs), and Myocardial Infarctions (MIs)a

Variable

Proportion mediated, % (95% CI)

New-onset CVEs New-onset strokes New-onset TIAs New-onset MIs
Strong EIASM use (vs none) 24.6 (6.5 to 54.6) 15.8 (−14.2 to 98.9) 13.3 (−5.9 to 46.9) 59.1 (26.3 to 126.9)

Weak EIASM use (vs none) 4.0 (0.8 to 11.0) 0.3 (−5.4 to 19.0) 7.7 (2.1 to 22.5) −2.8 (−3.7 to 7.8)

Framingham score 1.4 (−1.6 to 4.5) 2.2 (−3.0 to 14.6) 0.7 (−0.7 to 2.9) 2.0 (−2.3 to 7.2)

PASE score 3.3 (1.4 to 6.8) 7.8 (2.3 to 28.2) 3.3 (1.2 to 8.2) 3.7 (1.3 to 11.0)

Waist to hip ratio 1.6 (0.4 to 3.7) 0.3 (−3.7 to 2.1) 1.4 (0.2 to 4.1) 3.3 (0.6 to 8.4)

Non-EIASM use (vs none) 0.2 (−8.3 to 12.6) −9.7 (−46.1 to 21.7) 8.0 (−4.3 to 33.4) −2.8 (−16.3 to 16.8)

Abbreviations: EIASM, enzyme-inducing antiseizure medication; PASE, Physical
Activity Scale for the Elderly.
a Models were adjusted for age, sex, baseline household income, and level of

education. An effect between an exposure and an outcome can be
decomposed into an average mediated effect (ie, the indirect effect explained
by the mediator) and an average direct effect (ie, the direct effect of an
exposure on an outcome). The proportion mediated refers to the proportion
of the exposure-outcome effect that can be explained by the mediator and is
calculated by dividing the average mediated effect by the total effect.
Quasi-bayesian 95% CI are supplied. The upper bound of the CI for the

proportion mediated can surpass 1 if the CIs for the average mediated effect
and average direct effect have different signs, as is the case for strong EIASM
use in the model for new-onset MIs. We used binary probit models for binary
outcomes or mediators and gaussian models for continuous mediators. We
presumed there were no exposure-mediator interactions; the estimates
shown here are, therefore, common between both levels of exposure.
Mediation analysis was performed for a set of non-EIASMs for control
purposes. Tables detailing the average direct, average indirect, and total
effects for each mediator and outcome can be found in eTable 4 in
Supplement 1.
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Why PWE experience more CVD, beyond shared risk fac-
tors, is not well understood. Sudden cardiac death, for in-
stance, has been observed more often in people taking ASMs.31

Which ASMs carry the highest risk for cardiac death is under
investigation. The use of EIASMs, which can lead to dyslipid-
emia and increased homocysteine and C-reactive protein lev-
els, has been proposed to promote atherosclerosis.32-36 Switch-
ing from EIASMs to non–enzyme-inducing agents has been
shown to result in a lasting decrease in serum lipid and C-
reactive protein levels and can lead to a 3.2- to 5.7-fold de-
crease in sudden cardiac death risk.35 A 2021 retrospective co-
hort study7 of approximately 30 000 PWE yielded an HR of
incident CVD of 1.21 (95% CI, 1.06-1.39) when comparing people
who took EIASMs vs those who did not. After the first 8 to 10
years, the cumulative hazard of incident CVD began to promi-
nently diverge between both groups, with people taking EI-
ASMs experiencing ever greater hazards. Surprisingly, only 4%
of the effect of EIASMs on incident CVD was mediated by in-
cident dyslipidemia. A few other cohort studies37,38 found no
significant association between EIASMs and CVD but were
either underpowered or had shorter follow-up periods. Our
study results suggest that EIASMs may mediate almost one-
third of the association between epilepsy and new-onset CVEs.
In turn, more than two-thirds of this association may be due
to other factors, such as more prevalent CVRF or a direct ef-
fect of epilepsy on CVD.

One hypothesis is that, due to socioeconomic dispari-
ties, epilepsy itself leads to worse CVRF and thereby pro-
motes CVD. It is well accepted that a diagnosis of epilepsy
may be associated with alterations in social determinants
of health through various mechanisms.39 It is also well
accepted that the social determinants of health play an
important role in the development of CVRF and, subse-
quently, CVD.40,41 The current study supports the notion
that PWE may develop more important/prevalent CVRF (ie,
PASE score and waist to hip ratio), leading to CVEs. The FRS
had no significant mediation effect, but this effect was
probably artificially lowered by adjusting models for base-
line psychosocial health variables. In sum, CVRF appear to
mediate the effect of epilepsy on new-onset CVEs, albeit
less than EIASMs do.

A final hypothesis is that chronic epilepsy may somehow
directly cause CVD. This has led some authors to coin the term
epileptic heart to describe the cardiac and coronary impacts
of repeated seizures.8 The epileptic heart is presumably due
to structural and electromechanical cardiac dysfunction sec-
ondary to seizure-related catecholamine surges and episodes
of hypoxemia.8 The vascular impacts of seizures are probably
not limited to the coronary system. For example, a 2017 sys-
tematic review42 identified 15 studies of carotid intima-
media thickness (CIMT) in PWE, demonstrating an increased
CIMT in PWE as compared with those without epilepsy. Some
experts recommend monitoring lipid levels in people with
chronic epilepsy to detect epilepsy-related changes in CVRF.43

Given that our mediators could not explain the entirety of the
association between epilepsy and new-onset CVEs, this im-
plies that either other mediators exist, or epilepsy has a di-
rect effect on CVD.

Strengths and Limitations
Our study features many strengths. In contrast to a prior analy-
sis of CVEs in people with epilepsy,7 the current study relied
on prospective data collection and included formal media-
tion analyses. Confounders and mediators were identified using
a DAG, promoting transparency and reproducibility. As the
CLSA is a research database, we had access to high-quality and
standardized clinical testing data, including data on blood
work, which allowed us to study numerous CVRF. We pushed
beyond the FRS and investigated measures of physical activ-
ity and obesity. Using sample weights in our analyses ren-
dered study findings more generalizable to the Canadian popu-
lation at large. Although we studied a composite outcome of
CVEs to enhance statistical power, analyses were also per-
formed on the individual components of this outcome. Fi-
nally, we provided several sensitivity analyses, including E-
values, to address assumptions in the main analyses.

Several limitationsmustbeaddressed.First,manyofthedata
used in this study were self-reported, which may have led to mis-
classification errors. For strokes and potentially TIAs, a 2015 sys-
tematic review44 showed that the specificity of self-report was
excellent (96%-99.6%), although the sensitivity was variable
(36%-98%). Likewise, we used a modified version of a diagnos-
tic algorithm to identify PWE at baseline. Although the original
algorithmhasbeenshowntobeaccurate(sensitivity>97%,speci-
ficity >98%), the accuracy of the version used in this study is
unknown.11 Fortunately, misclassification errors were likely non-
differential, biasing toward the null (ie, the reported association
is weaker than the true association). Second, approximately 14%
of participants were lost to follow-up, which may have induced
selection bias. The only scenario, however, in which this would
have biased our results away from the null would have been if
among the losses to follow-up, the association between epilepsy
and new-onset CVEs was weaker or inverted, which seems un-
likely. In any event, we used multiple imputation to replace miss-
ing data, including outcomes. Ascertainment bias, another form
of selection bias, was possible if PWE reported more CVEs due
to more frequent contacts with the health care system. Third,
missing outcome data may have followed an MNAR mechanism
rather than a MAR mechanism. We have provided tipping point
analyses showing that our findings were mostly robust to MNAR
data. Fourth, we could not perfectly adjust for variables shown
in the DAG due to temporality issues. For example, our DAG sug-
gested that only strokes occurring before epilepsy onset required
adjustment, but all people who had strokes at baseline were ex-
cluded. Removing people who developed stroke after epilepsy
may have biased results toward the null. Adjusting for baseline
psychosocial health may have also biased results toward the null,
given that psychosocial health was a potential mediator in the
DAG. Fifth, due to confounding variables being self-reported, re-
sidual confounding was possible. History of stroke and TIA were
used as proxy variables to adjust for cerebrovascular disease, but
if small vessel disease was somehow a cause of epilepsy, this may
havealsoresultedinresidualconfounding.WeprovidedE-values
to quantify how much residual confounding would be needed
to challenge our results. Sixth, we did not differentiate between
ischemic strokes and hemorrhagic strokes. This may be relevant
as hemorrhagic strokes may be less due to atherosclerosis. Sev-
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enth, the causal nature of our mediation analyses can only be as-
serted if there is no confounding at all, which we cannot guar-
antee. Furthermore, we chose to estimate natural mediation
effects instead of controlled mediation effects. Calculating con-
trolled effects requires less strong assumptions but yields
findings that may be less generalizable to real-world circum-
stances. Last, participants may have begun or stopped EIASMs
during their follow-up. These dynamic features of EIASM
use could not be analyzed, as we only had access to baseline
EIASM data.

Conclusions

Results from this prospective cohort study reveal that epi-
lepsy was associated with new-onset CVEs in older adults.
Nearly one-third of this association can be explained by EI-
ASMs. Of note, EIASMs appear to play a more important role
than many traditional CVRF in explaining this association. Our
findings should be considered when choosing an antiseizure
medication for a person at risk for CVD.
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