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Abstract
Objective: A diagnosis of epilepsy has been associated with adverse cardiovas-
cular events (CEs), but the extent to which antiseizure medications (ASMs) may 
contribute to this is not well understood. The aim of this study was to compare 
the risk of adverse CEs associated with ASM in patients with epilepsy (PWE).
Methods: A retrospective case–control cohort study was conducted using 
TriNetX, a global health federated network of anonymized patient records. Patients 
older than 18 years, with a diagnosis of epilepsy (International Classification of 
Diseases, 10th Revision code G40) and a medication code of carbamazepine, lam-
otrigine, or valproate were compared. Patients with cardiovascular disease prior 
to the diagnosis of epilepsy were excluded. Cohorts were 1:1 propensity score 
matched (PSM) according to age, sex, ethnicity, hypertension, heart failure, ath-
erosclerotic heart disease, atrial and cardiac arrythmias, diabetes, disorders of li-
poprotein metabolism, obesity, schizophrenia and bipolar disorder, medications, 
and epilepsy classification. The primary outcome was a composite of adverse CEs 
(ischemic stroke, acute ischemic heart disease, and heart failure) at 10 years. Cox 
regression analyses were used to calculate hazard ratios (HRs) and 95% confi-
dence intervals (CIs) following 1:1 PSM.
Results: Of 374 950 PWE included; three cohorts were established after PSM: (1) 
carbamazepine compared to lamotrigine, n = 4722, mean age 37.4 years; (2) val-
proate compared to lamotrigine, n = 5478, mean age 33.9 years; and (3) valproate 
compared to carbamazepine, n = 4544, mean age 37.0 years. Carbamazepine and 
valproate use were associated with significantly higher risk of composite cardi-
ovascular outcome compared to lamotrigine (HR = 1.390, 95% CI = 1.160–1.665 
and HR = 1.264, 95% CI = 1.050–1.521, respectively). Valproate was associated 
with a 10-year higher risk of all-cause death than carbamazepine (HR = 1.226, 
95% CI = 1.017–1.478), but risk of other events was not significantly different.
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1   |   INTRODUCTION

People with epilepsy (PWE) have an increased risk of 
cardiovascular disease.1–4 There are several mechanisms 
underlying this relationship, including the causal etiology 
of epilepsy, direct seizure-related effects on the myocar-
dium,5 poorer lifestyle behaviors,6 and the association of 
epilepsy with deprivation.7 The long-term implications of 
antiseizure medications (ASMs) on cardiovascular health 
are not well understood. In this population of patients 
where there is high prevalent8,9 and incident2 cardiovas-
cular events (CEs), knowledge of ASM-associated car-
diovascular risks may influence choice and duration of 
treatment and monitoring.

An international federation of electronic health data 
was used to compare incident CEs in adult PWE taking 
lamotrigine, carbamazepine, and sodium valproate (val-
proate). These medications have been associated with 
elevated risk of arrythmias (lamotrigine);10 hyperlipid-
emia,11,12 and heart failure (carbamazpine);13 and ele-
vated triglycerides and hyperinsulinemia (valproate),14 
although evidence of the long-term impact of these on 
cardiovascular-related events is limited. We sought to de-
termine how adverse CEs compare between ASMs.

2   |   MATERIALS AND METHODS

2.1  |  Study design and setting

A retrospective cohort study was undertaken using 
TriNetX (https://​trine​tx.​com),15,16 a global research net-
work of electronic health data from ~250 million patients 
from >120 health care organizations (HCOs) across 19 
countries predominantly in North America but also in 
South America, Europe, Middle East, Africa, and Asia.15,16

2.2  |  Participants

Searches of the TriNetX dataset were undertaken on 
August 2, 2023. We identified people older than 18 years, 
and a subgroup of people older than 50 years, with a 
coded diagnosis of epilepsy (International Classification 

of Diseases, 10th Revision, Clinical Modification [ICD-
10-CM] code G40). We recruited those with at least one 
G40 code recorded within a January 1, 2000 to January 1, 
2015 recruitment period, restricting study entry to those 
who also had at least two prescription codes for carbamaz-
epine, lamotrigine, or valproate within 6 months of the 
first G40 code to appear within the recruitment period. 
The latter age structure was chosen to allow focused as-
sessment of those at highest risk of adverse CEs.

Patients with diagnoses of cardiovascular diseases be-
fore their epilepsy diagnosis were excluded. This included 
ischemic heart diseases (ICD-10-CM I20–I25), atrial fibril-
lation and flutter (ICD-10-CM I48), ventricular fibrillation 
and flutter (ICD-10-CM 149.0), other cardiac arrythmia 
(ICD-10-CM I49), cardiac arrest (ICD-10-CM I46), ventric-
ular tachycardia (ICD-10-CM I47.2), acute ischemic stroke 
(ICD-10-CM I63), hemorrhagic intraparenchymal or in-
traventricular stroke (ICD-10-CM I61), and heart failure 
(ICD-10-CM I50). For each comparator group (carbamaz-
epine, lamotrigine, and valproate), people coded as tak-
ing the opposing ASM at any time during the time period 
under observation were excluded (e.g., when comparing 
carbamazepine to lamotrigine, the groups were formed of 
carbamazepine users excluding those with any medication 
code for lamotrigine, and vice versa).

2.3  |  Variables

Groups were 1:1 propensity score matched (PSM) ac-
cording to age, sex, ethnicity, hypertension, diabetes, 

Significance: Carbamazepine and valproate were associated with increased CE 
risks compared to lamotrigine. Cardiovascular risk factor monitoring and careful 
follow-up should be considered for these patients.

K E Y W O R D S

carbamazepine, epilepsy, lamotrigine, stroke, valproate

Key points

•	 Lamotrigine was associated with reduced risk 
of adverse cardiovascular outcomes compared 
to carbamazepine and valproate

•	 Carbamazepine and valproate demonstrated 
similar cardiovascular event risk

•	 Prescribers should consider the impact of an-
tiseizure medication choice on cardiovascular 
health in patients with epilepsy
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disorders of lipoprotein metabolism, obesity, schizo-
phrenia and bipolar disorder, cardiovascular medi-
cations, antilipemic agents, ASMs (excluding the 
comparator medications), and epilepsy classification. 
As small numbers of patients experienced new CEs be-
tween their first diagnostic code of epilepsy and ASM 
treatment codes, we also matched for heart failure, 
atherosclerotic heart disease, and atrial and other car-
diac arrythmias, to ensure at baseline cohorts were well 
matched. A full list of codes used in the analysis can be 
found in the supplementary information Tables S1–S3. 
Cohorts were deemed to be well matched if the standard 
difference was <.1.

The observation period for each participant began 
1 day after the first co-occurrence of G40 code with ASM 
of interest. Outcomes were assessed within 10 years of the 
start of this observation period and in a subgroup analysis, 
outcomes at 5 years were reviewed.

Our primary outcome was a composite of acute adverse 
CEs (acute ischemic heart disease including acute myo-
cardial infarction and unstable angina, acute ischemic 
stroke, and heart failure). Our secondary outcomes were 
individual incident adverse CEs of heart failure, myo-
cardial infarction, atrial fibrillation or flutter, ventricular 
tachycardia or fibrillation/flutter, acute ischemic stroke, 
hemorrhagic intraparenchymal or intraventricular stroke, 
angina (including chronic and unstable angina), and car-
diac arrest. We also reviewed the rates of hyperlipidemia, 
obesity, and all-cause death.

2.4  |  Statistical analysis

Cox proportional hazard regression models were used 
to calculate hazard ratios (HRs) with 95% confidence 
intervals (CIs). Kaplan–Meier plots for 10-year compos-
ite outcome were produced and displayed in the results. 
Analyses were performed within the TriNetX platform, 
which uses R's survival package (v3.2-3).

As this was a retrospective electronic health care data 
analysis, there were no missing data.

3   |   RESULTS

A total of 374 950 adult PWE were included for study. 
We studied three cohorts of PWE. After propensity score 
matching, for the carbamazepine compared to lamotrigine 
analysis, n = 4722, mean age 37.4, 51.2% male; for the val-
proate compared to lamotrigine analysis, n = 5478, mean 
age 33.9, 54.1% male; and for the valproate compared to 
carbamazepine analysis, n = 4544, mean age 37.0, 52.9% 
male (see Table 1).

Additional information on the cohorts before and 
after propensity score matching can be found in the sup-
plementary material (Tables S1 and S2). After propensity 
score matching, all cohorts were well balanced, with stan-
dard differences < .1.

Results for the carbamazepine and lamotrigine com-
parisons are outlined in Table  2. Kaplan–Meier curves 
of composite adverse CEs up to 10-year follow-up for 
patients >18 years of age and the subgroup >50 years of 
age are depicted in Figure  1. Compared to lamotrigine, 
carbamazepine was associated with significantly higher 
risk of composite adverse CEs, with an HR of 1.351 (95% 
CI = 1.086–1.682) and 1.390 (95% CI = 1.160–1.665) in 
patients >18 years old up to 5 and 10 years of follow-up, 
respectively. This was also statistically significant in 
the age > 50 years subgroup at 10 years of follow-up 
(HR = 1.405, 95% CI = 1.155–1.708). Risk of heart failure 
was significantly higher in users of carbamazepine at 
5 years (HR = 1.453, 95% CI = 1.051–2.008) and 10 years 
of follow-up (HR = 1.316, 95% CI = 1.02–1.698). Risk of 
ischemic stroke was significantly higher in the 10-year 
follow-up groups for patients aged >18 years and the sub-
group aged >50 years (HR = 1.482, 95% CI = 1.144–1.919 
and HR = 1.494, 95% CI = 1.21–1.990, respectively). We 
found no increased risk in all-cause death in patients on 
carbamazepine compared to lamotrigine.

Results for the valproate and lamotrigine comparison 
are outlined in Table  3. Compared to lamotrigine, val-
proate was associated with higher risk of composite ad-
verse cardiovascular outcome in patients aged >18 years 
at 5- and 10-year follow-up (HR = 1.271, 95% CI = 1.018–
1.586 and HR = 1.264, 95% CI = 1.050–1.521, respectively). 
This was also statistically significant in the subgroup aged 
>50 years (HR = 1.399, 95% CI = 1.131–1.729, respectively). 
There was a significant increased risk of atrial fibrilla-
tion/flutter in patients treated with valproate (HR = 1.576, 
95% CI = 1.157–2.146). Risks of acute ischemic stroke and 
all-cause death were higher in the valproate group in pa-
tients aged >18 years up to 5-year follow-up (HR = 1.380, 
95% CI = 1.013–1.880) and in the subgroup analysis of pa-
tients aged >50 years at 10-year follow-up (HR = 1.399, 95% 
CI = 1.131–1.729). Risk of acute ischemic heart disease 
events were higher in the valproate cohort compared with 
lamotrigine up to 5 years of follow-up. Risk of heart failure 
was significantly higher in users of valproate compared to 
lamotrigine in patients >50 years of age at 10 years of fol-
low-up (HR = 1.392, 95% CI = 1.025–1.890).

Results of the valproate and carbamazepine compari-
son are summarized in Table 4. Compared to carbamaz-
epine, valproate was associated with increased risk of 
all-cause death in all groups >18 years of age with 10 years 
of follow-up (HR = 1.226, 95% CI = 1.017–1.478), but risk 
of other CEs was comparable.
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Carbamazepine was associated with higher risk of hy-
perlipidemia compared to lamotrigine and compared to 
valproate in patients >18 years of age at 10 years of fol-
low-up (HR = 1.324, 95% CI = 1.174–1.492 and HR = .880, 
95% CI = .781–.991, respectively). There was higher risk of 
overweight/obesity in users of carbamazepine compared 
to lamotrigine in patients >18 years of age at 10 years of 
follow-up (HR = 1.173, 95% CI = 1.020–1.348), whereas a 
comparison between carbamazepine and valproate did 
not demonstrate any significant differences in overweight/
obesity (HR = .904, 95% CI = .787–1.038).

4   |   DISCUSSION

This study demonstrates the following principal findings 
in PWE: (1) lamotrigine use was associated with fewer in-
cident CEs compared with valproate or carbamazepine, 
(2) valproate and carbamazepine had comparable car-
diovascular risks, and (3) valproate was associated with 
higher risk of all-cause death compared to lamotrigine 

or carbamazepine. To our knowledge, this is the largest 
study comparing CEs on individual ASMs in PWE.

In this study, the focus was on patients without known 
preexisting cardiovascular disease, as there is prior evidence 
that in patients with preexisting vascular risk, older genera-
tion ASMs such as carbamazepine and valproate are associ-
ated with greater cardiovascular disease and mortality.17,18 
For patients with poststroke epilepsy on monotherapy, 
Larsson et al.17 identified a reduced risk of cardiovascular 
death with lamotrigine compared to carbamazepine (ad-
justed HR = .76, 95% CI = .61–.95) and an increased risk of 
cardiovascular death with valproate compared to carbamaz-
epine (adjusted HR = 1.40, 95% CI = 1.19–1.64). In a Danish 
registry study of PWE and heart failure, valproate was asso-
ciated with greater heart failure mortality compared to leve-
tiracetam or lamotrigine (HR = 2.39, 95% CI = 1.02–5.60).18 
We also identified a higher all-cause death in users of val-
proate compared to carbamazepine and lamotrigine, but 
we were unable to determine cause of death to stratify car-
diovascular deaths. In a case–control study of sudden car-
diac death (SCD), SCD was associated with current sodium 

F I G U R E  1   Kaplan–Meier curve survival analysis for composite outcomes at up to 10 years of follow-up. (A, B) Composite outcome of 
carbamazepine (blue) and lamotrigine (orange) in patients older than 18 years (A) and older than 50 years (B). (C, D) Composite outcome 
of valproate (blue) and lamotrigine (orange) in patients older than 18 years (C) and older than 50 years (D). (E, F) Composite outcome of 
valproate (blue) and carbamazepine (orange) in patients older than 18 years (E) older than 50 years (F). (A) Hazard ratio (HR) = 1.390, 95% 
confidence interval (CI) = 1.160–1.665. (B) HR = 1.405, 95% CI = 1.155–1.708. (C) HR = 1.264, 95% CI = 1.050–1.521. (D) HR = 1.399, 95% 
CI = 1.131–1.729. (E) HR = .918, 95% CI = .768–1.098. (F) HR = .945, 95% CI = .777–1.150.
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channel-blocking ASM use in PWE.19 In a study of sudden 
deaths in Finland, ASM use during an acute coronary event 
for both epilepsy and nonepilepsy indications was associ-
ated with an increased risk of SCD.20

Two studies using large UK-based datasets concluded 
different results when comparing enzyme-inducing ASM 
(EIASM) to non-EIASMs. Josephson et al.21 demonstrated 
a significant increased risk of incident composite car-
diovascular outcomes in a period-prevalent epilepsy co-
hort taking EIASMs compared to non-EIASMs (adjusted 
HR = 1.21, 95% CI = 1.08–1.39) but nonsignificant in-
creases in cardiovascular outcomes in an incident epilepsy 
cohort. In the Welsh Secure Anonymised Information 
Linkage (SAIL) dataset analysis, Lee-Lane et al.22 did not 
identify statistical differences in cardiovascular outcomes 
between PWE on EIASMs compared to non-EIASMs. The 
differences described may in part be attributed to a shorter 
follow-up time in the SAIL study,22 but grouping medica-
tions for analysis may have attenuated associations identi-
fied with individual ASMs, as seen in this study.

In vitro data have suggested that lamotrigine may exhibit 
class 1B antiarrhythmic properties, thus raising concerns of 
an increased risk of arrythmia in patients with premorbid 
cardiac disease.23,24 Although our study excluded patients 
with prior cardiovascular disorders, there was no indica-
tion that there was an increased risk of arrythmias in users 
of lamotrigine compared to carbamazepine or valproate. 
This supports other work that has failed to determine la-
motrigine to be associated with cardiac conduction disor-
ders in populations with23 and without comorbid cardiac 
disease.24,25 Christensen et al.24 examined 91 949 new users 
of lamotrigine in a population-based cohort study and 
found no increased risk of cardiac conduction disorders 
in patients with and without cardiac morbidity, with a risk 
of new arrythmia compared to past users of lamotrigine of 
HR = 1.03 (95% CI = .76–1.40).24 In a pharmacovigilance 
study, Aboukaoud et al.26 failed to identify a significant in-
crease in the reports of arrythmias in PWE using lamotrig-
ine. A high risk of cardiac arrest was seen in psychiatric 
patients prescribed lamotrigine, but this was confounded 
by overdose, suicide attempts, and coadministration of 
other arrhythmogenic medications.26

This study outlines important associations but does 
not prove causation. Despite differing mechanisms of ac-
tion, both carbamazepine and valproate, but not lamotrig-
ine, have been associated with increased common carotid 
intima media thickness correlated with duration of ASM 
therapy.27 In this study, we demonstrated higher rates of 
lipidemia disorders in the carbamazepine group, which 
may infer factors underlying the mechanisms for elevated 
rates of atherosclerosis-related CEs. These findings support 
historical reports of carbamazepine-related rises in lipids, 
including total cholesterol, high-density lipoprotein and 
low-density lipoprotein concentration in both the short 

and long term,11,28,29 which are reversible on switching to 
a nonEIASM.11 Hyperlipidemia may be the result of both 
direct drug-related effects and drug–drug interactions that 
may attenuate lipid-lowering therapies.11,30,31 Despite the 
established associations of carbamazepine, lipid elevation, 
and problematic interactions with statin therapy attenuat-
ing lipid-lowering effects being well reported,31,32 there is no 
existing guidance on how to address this in clinical practice. 
In incident epilepsy, initial ASM choice accounting for vas-
cular risk may be easily accommodated, but in patients for 
whom changing ASM could lead to deterioration in seizure 
control, guidance is urgently needed to manage complica-
tions such as hyperlipidemia.

The strengths of this study include the large cohort 
numbers after propensity score matching. Our case-
ascertainment strategy combining diagnostic epilepsy 
codes with ASM prescription is shown to be an accurate 
way to identify PWE within electronic health datasets.33 
We were able to demonstrate significant trends across 
all groups. We were able to exclude most patients with 
prior cardiovascular disease to focus on incident events. 
Further work should investigate mechanisms behind the 
increased cardiovascular risk and improving guidance on 
potentially modifiable factors of antiseizure treatment.

4.1  |  Limitations

This study utilizes anonymized electronic health care 
record data. As such, small numbers (<10) are rounded 
to preserve anonymity, and therefore outcomes with low 
numbers are less well studied.

Due to the nature of the platform used, we are unable 
to ascertain granularity of detail with regard to epilepsy 
etiology and how long patients were taking medication for. 
Data cannot be checked, and electronic health care record 
data may be subject to erroneous entries or gaps in data. 
This study was unable to stratify the study group according 
to whether patients' epilepsy diagnosis was new within the 
recruitment period or historic with coded epilepsy diag-
nosed prior to the recruitment period. This may have been 
a confounder, as duration of epilepsy is likely to have influ-
enced outcomes. Furthermore, the PSM methods used in 
TriNetX do not account for data clustering within HCOs; 
however, as the data are largely derived from the USA, this 
may attenuate the effect of this limitation. Due to limita-
tions in the data availability of the platform, we cannot ex-
tract median follow-up time data from the analysis. There 
are unknown lifestyle and social factors, such as smoking 
and access to health care, that may have influenced ASM 
choice and CEs. Further work is needed to study incident 
and prevalent epilepsy cohorts separately, and to clarify 
mechanisms and relationships of social factors relating to 
ASM use and cardiovascular outcomes.
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5   |   CONCLUSIONS

In PWE, carbamazepine and valproate use was associ-
ated with higher risk of incident adverse CEs compared 
to lamotrigine. Practitioners prescribing ASM or manag-
ing PWE should consider the implications different ASMs 
have on cardiovascular risk. Cardiovascular risk factor 
monitoring and careful follow-up should be considered 
for these patients. Health care datasets provide an oppor-
tunity to investigate long-term outcomes of patients with 
the required large sample sizes, and further work should 
be undertaken to analyze other ASMs and associated car-
diovascular morbidity and mortality.
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