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Abstract
Objective
We conducted a nationwide case–control study in Sweden to test the hypothesis that anti-
epileptic drugs (AEDs) mono- or polytherapy, adherence, antidepressants, neuroleptics,
β-blockers, and statins are associated with sudden unexpected death in epilepsy (SUDEP) risk.

Methods
Included were 255 SUDEP cases and 1,148 matched controls. Information on clinical factors and
medications came frommedical records and the National Patient and Prescription Registers. The
association between SUDEP and medications was assessed by odds ratios (ORs) with 95%
confidence intervals (CIs) adjusted for potential risk factors including type of epilepsy, living
conditions, comorbidity, and frequency of generalized tonic-clonic seizures (GTCS).

Results
Polytherapy, especially taking 3 or more AEDs, was associated with a substantially reduced risk of
SUDEP (OR 0.31, 95% CI 0.14–0.67). Combinations including lamotrigine (OR 0.55, 95% CI
0.31–0.97), valproic acid (OR 0.53, 95% CI 0.29–0.98), and levetiracetam (OR 0.49, 95% CI
0.27–0.90) were associated with reduced risk. No specific AEDwas associated with increased risk.
Regarding monotherapy, although numbers were limited, the lowest SUDEP risk was seen in
users of levetiracetam (0.10, 95%CI 0.02–0.61). Having nonadherencementioned in themedical
record was associated with an OR of 2.75 (95% CI 1.58–4.78). Statin use was associated with a
reduced SUDEP risk (OR 0.34, 95% CI 0.11–0.99) but selective serotonin reuptake inhibitor use
was not.

Conclusion
These results provide support for the importance of medication adherence and intensified AED
treatment for patients with poorly controlled GTCS in the effort to reduce SUDEP risk and
suggest that comedication with statins may reduce risk.

RELATED ARTICLE

Editorial
Reducing the risk of
SUDEP: From uncertainty
to reality

Page 807

MORE ONLINE

CME Course
NPub.org/cmelist

From the Department of Neurology (O.S., T.T.), Karolinska University Hospital; Department of Clinical Neuroscience (O.S., T.T.) and Institute of Environmental Medicine (T.A., S.C.),
Karolinska Institutet, Stockholm; Center for Occupational and Environmental Medicine (T.A.), Stockholm County Council; and Department of Neuroscience (P.M.), University of
Uppsala, Sweden.

Go to Neurology.org/N for full disclosures. Funding information and disclosures deemed relevant by the authors, if any, are provided at the end of the article.

The Article Processing Charge was funded by Karolinska Institute.

This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License 4.0 (CC BY-NC-ND), which permits downloading
and sharing the work provided it is properly cited. The work cannot be changed in any way or used commercially without permission from the journal.

Copyright © 2020 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology. e2509

http://dx.doi.org/10.1212/WNL.0000000000010874
mailto:olafur.sveinsson@sll.se
http://NPub.org/cmelist
https://n.neurology.org/lookup/doi/10.1212/WNL.0000000000010874
http://creativecommons.org/licenses/by-nc-nd/4.0/


There is an urgent need to reduce the risk of sudden un-
expected death in epilepsy (SUDEP).1 Risk factors related to
drug treatment may represent opportunities for prevention.
Data on antiepileptic drugs (AEDs) and SUDEP risk are
limited.2 Carbamazepine3,4 and lamotrigine5 have been
reported to increase the risk, observations not confirmed
when adjustments were made for generalized tonic-clonic
seizures (GTCS).6,7 Polytherapy with AEDs was a risk factor
in some studies8,9 but not in a meta-analysis controlling for
GTCS.7 Adding an AED rather than placebo to existing AED
medication was associated with a lower SUDEP incidence in a
meta-analysis of randomized controlled trials in refractory
epilepsy.10 Nonadherence to AED treatment has been asso-
ciated with increased mortality,11,12 although SUDEP risk has
not been analyzed. Other drugs have been discussed in re-
lation to SUDEP. Antidepressants have been proposed to
potentially reduce SUDEP risk based on animal data,13 but
clinical data are lacking. In the absence of large clinical trials,
observational data can provide important insights on the
potential role of drugs in the prevention of SUDEP. In order
for such results to be valid, it is crucial to adjust for other
potential risk factors for SUDEP that may differ across
treatment groups.

We carried out a population-based case–control study in
Sweden to assess the association between use of AEDs, selec-
tive serotonin reuptake inhibitors (SSRIs), and other poten-
tially relevant drugs and SUDEP risk utilizing a combination of
data from individual medical records, providing detailed in-
formation on potential confounders, and national registries
including specific data on drug exposure.

Methods
We have used the same cases and controls as in a recent
analysis of clinical risk factors for SUDEP and the methods for
identification of the cases and controls have been described in
detail.14

SUDEP definition and classification
SUDEP is defined as sudden, unexpected, witnessed or
unwitnessed, nontraumatic, and nondrowning death of patients
with epilepsy with or without evidence of a seizure, excluding
documented status epilepticus, and in whom postmortem ex-
amination does not reveal a structural or toxicologic cause for
death.15 To facilitate comparison with previous studies, we
classified SUDEP cases according to Annegers’16 criteria into
definite, probable, or possible.

Study population
Together with each individual’s personal identification number,
the Swedish National Patient Register (SNPR) contains ICD
codes for all patients hospitalized (starting in 1968, with total
national coverage from 1987) or managed in hospital-based
ambulatory care since 2001.17 Our study population was com-
posed of all individuals who were registered at any time during
1998–2005 in the SNPR with an ICD-10 code for epilepsy (G
40) (n = 78,424) who were alive on June 30, 2006 (n = 60,952).

Cases
Using linkage to the National Cause of Death Registry (ICD-10
classified since 1994),18 9,605 deaths were identified from the
study population during the follow-up time from July 1, 2006, to
December 31, 2011. All deaths with epilepsy written on the
death certificate (n = 1,276), together will all individuals who
died during 2008 (n = 1,890), were eligible SUDEP cases
(figure 1). One neurologist (O.S.) reviewed all death certifi-
cates. Excluded from further analysis of case records were ob-
vious non-SUDEP deaths such as malignancy, terminal illness,
stroke, myocardial infarct, and postmortem confirmed pneu-
monia (figure 1). For the remaining cases (n = 1,373), where
SUDEP could potentially be the cause of death, patient records
from family physicians, hospital records, nursing homes or other
institutions, police records, and autopsy records were reviewed
(O.S.). Standardized protocol was used when information was
extracted from records. Two neurologists (O.S. and T.T.)
reviewed all gathered information and classification of cases was
made through consensus. All cases had to meet the criteria for a
diagnosis of epilepsy according to the definition of the In-
ternational League Against Epilepsy.19 Finally, 255 definite (n =
167) and probable (n = 88) cases according to the Annegers’
classification served as cases for this study (figure 1). Possible
SUDEP cases (n = 73) were not used for analysis in this study.

Controls
From the study population, 5 epilepsy controls (n = 1,275) for
each SUDEP case, of the same sex, who were alive at the case’s
time of death were randomly selected by the National Board of
Health andWelfare. The case’s time of death served as an index
date for the controls, who thus were matched with the cases for
sex and calendar time. We acquired medical records for 1,232
(97%) controls, of which 84 (6.8%) were adjudicated not to
have epilepsy after case review. The remaining 1,148 individ-
uals served as controls in the current study (figure 1).

Information from patient records
Through patient records, we collected information on age, sex,
and living conditions (living alone, with others, including parents,

Glossary
AED = antiepileptic drug; ATC = Anatomical Therapeutic Chemical; CI = confidence interval; GTCS = generalized tonic-
clonic seizure; ICD = International Classification of Diseases; OR = odds ratio; SAS = Statistical Analysis Software; SNPR =
Swedish National Patient Register; SSRI = selective serotonin reuptake inhibitor; SUDEP = sudden unexpected death in
epilepsy.
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partners, children, siblings, and if sharing a bedroom) for all cases
and controls. Individuals who weremarried or had a partner were
classified as sharing a bedroom, if not otherwise explicitly stated.
Further information was collected on epilepsy onset, duration of
epilepsy, type of epilepsy, etiology,20 history of tonic-clonic sei-
zures (in this context including both GTCS and focal to bilateral
tonic-clonic seizures in accordance with most previous case–
control studies of SUDEP, and abbreviated GTCS),19 presence
and frequency ofGTCSs during last year of observation, presence
of other seizures during the last year of observation, history of
nocturnal seizures, history of nocturnal GTCS, and presence of
nocturnal GTCS during last year of observation. If nonadherence
was mentioned in the 5 years leading up to death or index date,
the patient was classified as nonadherent.

Information from the Swedish Prescribed
Drug Register
We used the National Prescribed Drug Register to assess drug
exposure. The Register records information on all prescribed
drugs dispensed at Swedish pharmacies since July 2005.21

Medications are classified according toAnatomical Therapeutic
Chemical (ATC) classification system and in the present study,
code ATC N03A was used for AEDs. For the current analysis,
we focused on the 7 most frequently used AEDs among our
cases and controls. Using data from this register, we classified
AED usage in the following way: taking an AED: AED dis-
pensed within 90 days of death or index date, because in
Sweden, drug dispensing cannot be for longer than 90 days at a
time; monotherapy: only 1 AED dispensed within 90 days of

Figure 1 Flow chart describing the selection process

SUDEP = sudden unexpected death in
epilepsy.

Neurology.org/N Neurology | Volume 95, Number 18 | November 3, 2020 e2511

http://neurology.org/n


death or index date: polytherapy: 2 or more AEDs dispensed
within 90 days of death or index date; not taking an AED: no
AED dispensed within 360 days of death or index date; un-
determined group: AED dispensed between 90 and 360 days
but not within 90 days from death or index date. We also
collected information on concomitant treatment with neuro-
leptics (ATC N05A), antidepressants (ATC N06A), β-block-
ers (ATCC07A), and statins (ATCC10A). Cases and controls
were considered to use the above-mentioned medications if
they had been dispensed within 90 days of death or index date.

Information from the Swedish National
Patient Registers
Information on substance abuse and alcohol dependence was
obtained from the SNPR (from 1997 to death or index date)
as previously described14; information on intellectual dis-
ability was collected from patient records. Information on
highest educational level was attained from the Longitudinal
Integration Database for Health Insurance and Labor Market
Studies (LISA), which holds registers since 1990 and includes
all individuals 16–74 years of age.

Statistics
Characteristics were expressed as means (range) or propor-
tions. The associations between SUDEP and medications were
estimated by odds ratios (ORs) with 95% confidence intervals
(CIs) calculated by conditional logistic regression to account
for matching by sex and calendar time. As the control partici-
pants were sampled with an incidence densitymethod, theORs
can be interpreted as incidence rate ratios.22 In model 1, ORs
were adjusted for matching variables (sex and calendar time)
and age. Model 2 included additional adjustments for duration
and type of epilepsy, living conditions (sharing bedroom), in-
tellectual disability, substance abuse, alcohol dependence, and
education. Model 3 included the same covariates as model 2
together with history of GTCS, frequency of GTCS, and
nocturnal GTCS during last year of observation, which was
included separately because they were considered potential
mediators of the association between treatment and SUDEP. In
the Results, results from model 3 are presented unless stated
otherwise. In a post hoc analysis, we assessed the impact of the
level of care by adding this covariate to those included inmodel
3. For this purpose, we defined 3 levels where the highest was
patients who had been subject to epilepsy surgery or vagus
nerve stimulation treatment, which is only provided in tertiary
epilepsy centers. The second level was those receiving care
through neurologists or neuro-pediatricians, and the third level
those not receiving their epilepsy care from such specialists.
The latter information was obtained from the SNPR. Statistical
Analysis Software (SAS) 9.4 (SAS Institute, Cary, NC) was
used for all analyses.

Standard protocol approvals, registrations,
and patient consents
The study was approved by the Ethics Committee of Kar-
olinska Institutet, which granted that individual informed
consent was not required.

Data availability
Anonymized data will be shared by request from qualified
investigators to the corresponding author.

Results
Characteristics of cases and controls by AED treatment
(none, mono-, and polytherapy) are presented in table 1. As
described in detail previously,14 cases had longer duration of
epilepsy, and were more likely to have history of GTCS,
presence of GTCS, and nocturnal GTCS during the pre-
ceding year, intellectual disability, and a history of substance
abuse, and were less likely to share a bedroom compared to
controls. Taking no AED was more common among controls
(23.1%) than cases (18.4%) and the most frequently used
AED overall was carbamazepine among cases (33.3%) and
lamotrigine (24.5%) among the controls. From table 1 it is
evident that individuals on polytherapy more often have a
history of GTCS including nocturnal GTCS during the pre-
ceding year and are more likely to have intellectual disability
than individuals without AED treatment.

Using no AED treatment as reference, polytherapy, especially
taking 3 or more AEDs, was associated with a significantly
reduced risk of SUDEP after adjusting forGTCS frequency and
other covariates (table 2). Numbers were small in analyses of
specific monotherapies and levetiracetam was the only AED
that was associated with a significantly lower SUDEP risk when
compared to no AED treatment (OR 0.10, 95% CI 0.03–0.61).
Lamotrigine, valproic acid, and levetiracetam were associated
with a significantly reduced risk when used as part of poly-
therapy (figure 2). For all AEDs except levetiracetam, a trend
was observed towards lower risk when used in polytherapy
compared with monotherapy (figure 2). No monotherapy in-
creased the risk for SUDEP (table 2 and figure 2). The pattern
was similar in a sensitivity analysis including only cases and
controls with a history of GTCS (results not shown). Adjust-
ment for level of care did not change any of the associations
reported in table 2 (results not shown). SUDEP risk in relation
to lamotrigine use was analyzed separately for female partici-
pants and there was no indication of excess risk when used as
mono- or polytherapy (table 3).

SUDEP risk was also calculated in relation to time since last
dispensing of AEDs as a measure of persistence or adherence
to AEDmedication. This analysis was restricted to individuals
for whom medical records stated that AEDs were prescribed
during the last year of observation. Using 0–90 days as ref-
erence, individuals with 181–365 days since last dispensing
had an OR of 2.96 (95% CI 0.46–18.86). Similarly, having
nonadherence mentioned in the medical record was associ-
ated with an OR of 2.75 (95% CI 1.58–4.78) (table 2).

Use of statins was associated with a reduced risk of SUDEP
but we did not observe a reduced risk with SSRIs or other
antidepressants, neuroleptics, or β-blockers (table 4).
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Table 1 Characteristics of sudden unexpected death in epilepsy (SUDEP) cases and controls by antiepileptic drug (AED) therapy

Cases Controls

Total No AEDsa Monotherapyb Polytherapyc Total No AEDsa Monotherapyb Polytherapyc

Total 255 46 (18.4) 113 (44.3) 96 (37.6) 1 148 265 (23.1) 483 (42.1) 400 (35.0)

Age at diagnosis, y 13 (3, 39) 21 (12, 51) 17 (4, 46) 5 (1, 24) 12 (4, 29) 9 (4, 22) 16 (7, 41) 9 (3, 21)

Duration, y 19 (9, 37) 12 (7, 27) 17 (9, 31) 30 (14, 46) 15 (9, 27) 10 (8, 16) 14 (8, 25) 21 (12, 36)

Men 154 (60.4) 33 (71.7) 65 (57.5) 56 (58.3) 680 (59.2) 170 (64.2) 274 (56.7) 236 (59.0)

Sharing bedroom 32 (12.5) 6 (13.0) 17 (15.0) 9 (9.4) 391 (34.1) 77 (29.1) 179 (37.1) 135 (33.8)

Generalized epilepsy 37 (14.5) 8 (17.4) 17 (15.0) 12 (12.5) 267 (23.3) 68 (25.7) 131 (27.1) 68 (17.0)

Focal epilepsy 186 (72.9) 27 (58.7) 88 (77.9) 71 (74.0) 794 (69.2) 175 (66.0) 311 (64.4) 308 (77.0)

Generalized and focal epilepsy 10 (3.9) 1 (2.2) 2 (1.8) 7 (7.3) 31 (2.7) 4 (1.5) 10 (2.1) 17 (4.3)

Intellectual disabilityd 97 (38.0) 7 (15.2) 36 (31.9) 54 (56.3) 323 (28.1) 44 (16.6) 107 (22.2) 172 (43.0)

Substance abuse 34 (13.3) 11 (23.9) 17 (15.0) 6 (6.3) 53 (4.6) 18 (6.8) 16 (3.3) 19 (4.8)

Alcohol dependence 26 (10.2) 8 (17.4) 13 (11.5) 5 (5.2) 34 (3.0) 13 (4.9) 13 (2.7) 8 (2.0)

Primary school education 143 (56.1) 23 (50.0) 59 (52.2) 61 (63.5) 621 (54.1) 152 (57.4) 223 (46.2) 246 (61.5)

History of GTCS 251 (98.4) 44 (95.7) 111 (98.2) 96 (100.0) 943 (82.1) 195 (73.6) 401 (83.0) 347 (86.8)

GTCS last year 217 (85.1) 34 (73.9) 94 (83.2) 89 (92.7) 280 (24.4) 32 (12.1) 95 (19.7) 153 (38.3)

Nocturnal GTCS last year 110 (43.1) 13 (28.3) 51 (45.1) 46 (47.9) 99 (8.6) 13 (4.9) 24 (5.0) 62 (15.5)

Carbamazepine 85 (33.3) 45 (39.8) 40 (41.7) 279 (24.3) 130 (26.9) 149 (37.3)

Lamotrigine 65 (25.5) 27 (23.9) 38 (39.6) 281 (24.5) 104 (21.5) 177 (44.3)

Valproic acid 47 (18.4) 17 (15.0) 30 (31.3) 279 (24.3) 126 (26.1) 153 (38.3)

Levetiracetam 30 (11.8) 2 (1.8) 28 (29.2) 168 (14.6) 26 (5.4) 142 (35.5)

Phenytoin 29 (11.4) 10 (8.8) 19 (19.8) 99 (8.6) 44 (9.1) 55 (13.8)

Topiramate 22 (8.6) 2 (1.8) 20 (20.8) 65 (5.7) 11 (2.3) 54 (13.5)

Oxcarbazepine 7 (2.7) 3 (2.7) 4 (4.2) 45 (3.9) 17 (3.5) 28 (7.0)

Abbreviation: GTCS = generalized tonic-clonic seizures.
Values are median (Q1, Q3) or n (%).
a No AED dispensed within 90 days of death or index date.
b Only 1 AED dispensed within 90 days of death or index date.
c Two or more AEDs dispensed within 90 days of death or index date.
d Information collected from patient records.
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Discussion
In this population-based case–control study, we found that pol-
ytherapy with 3 ormore AEDs was associated with a reduction of
SUDEP risk by two-thirds after taking GTCS into account. We
found no indications of an increased SUDEP risk with any of the
investigated AEDs whether in mono- or polytherapy when ad-
justments were made for GTCS frequency and other covariates.

Out of the different AEDs used in monotherapy, the lowest
SUDEP risk was seen in users of levetiracetam. AED polytherapy
in general and more specifically in combinations including
lamotrigine, valproic acid, and levetiracetam was associated with
significantly reduced risks. Patients with a record of poor adher-
ence had an increased SUDEP risk. Regarding other medications
than AEDs, the only association was seen with statins, which
appeared to be associated with a reduced SUDEP risk.

Table 2 Odds ratio (OR) and 95% confidence interval (CI) of sudden unexpected death in epilepsy in relation to
antiepileptic drugs (AEDs), time since last dispensed AED, and nonadherence as noted in medical records

Cases, n Controls, n Model 1a OR (95% CI) Model 2b OR (95% CI) Model 3c OR (95% CI)

AED therapy

No AEDsd 46 265 1 1 1

Monotherapye 113 483 1.15 (0.79–1.69) 1.03 (0.67–1.57) 0.79 (0.44–1.41)

Polytherapyf 96 400 1.24 (0.83–1.84) 0.90 (0.57–1.42) 0.48 (0.26–0.90)

2 AEDs 65 272 1.22 (0.80–1.87) 0.94 (0.58–1.51) 0.59 (0.31–1.12)

≥3 AEDs 31 128 1.27 (0.76–2.12) 0.81 (0.45–1.48) 0.31 (0.14–0.67)

Monotherapiesg

No AEDs 46 265 1 1 1

Carbamazepine 45 130 1.57 (0.97–2.55) 1.38 (0.80–2.37) 1.00 (0.48–2.11)

Lamotrigine 27 104 1.39 (0.81–2.40) 1.42 (0.79–2.57) 0.93 (0.41–2.12)

Valproic acid 17 126 0.71 (0.39–1.29) 0.62 (0.32–1.19) 0.52 (0.20–1.30)

Phenytoin 10 44 0.96 (0.45–2.07) 0.76 (0.32–1.83) 0.56 (0.17–1.88)

Levetiracetam 2 26 0.39 (0.09–1.71) 0.33 (0.07–1.53) 0.10 (0.02–0.61)

Oxcarbazepine 3 17 0.98 (0.27–3.61) 0.83 (0.20–3.34) 0.58 (0.09–3.69)

Topiramate 2 11 0.95 (0.20–4.61) 0.67 (0.12–3.64) 2.02 (0.29–14.26)

Other monotherapies 7 25 1.61 (0.66–3.94) 1.39 (0.52–3.74) 1.32 (0.39–4.53)

Time since last dispensed AED, dh

0–90 199 871 1 1 1

91–180 16 85 0.85 (0.48–1.49) 1.13 (0.61–2.08) 1.20 (0.50–2.87)

181–365 6 15 1.99 (0.72–5.51) 3.41 (1.05–11.09) 2.96 (0.46–18.89)

>365 14 33 1.92 (0.99–3.71) 2.42 (1.14–5.14) 2.25 (0.73–6.90)

Nonadherence mentioned
in medical record

No 173 886 1 1 1

Yes 62 118 2.47 (1.73–3.54) 2.56 (1.70–3.84) 2.75 (1.58–4.78)

Abbreviation: GTCS = generalized tonic-clonic seizures.
a Model 1 is adjusted for matching variables (sex and calendar time) and age.
b Model 2 is adjusted for the same variables asmodel 1 together with duration and type of epilepsy, living conditions (sharing bedroom), intellectual disability,
substance abuse, alcohol dependence, and education level.
c Model 3 is adjusted for the same variables asmodel 2 togetherwith history of GTCS, GTCS frequency last year of observation, andnocturnal GTCS last year of
observation.
d No AEDs dispensed within 90 days of death or index date.
e Only 1 AED dispensed within 90 days of death or index date.
f Two or more AEDs dispensed within 90 days of death or index date.
g Seven most common monotherapies.
h Restricted to individuals prescribed AEDs according to patient records.
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Our observations of a potential protective effect of AED pol-
ytherapy are in contrast to previous findings. In fact, 2 early
case–control studies reported increased SUDEP risk with

polytherapy as compared to monotherapy.8,9 Similar findings
were reported in the pooled analysis of 3 case–control studies.7

However, because polytherapy is likely to be prescribed more

Figure 2 Forest plot showing odds ratio and 95% confidence interval (CI) of suddenunexpected death in epilepsy in relation
to specific antiepileptic drugs (AEDs) asmono- and polytherapy (reference is individuals not on that AED, based on
model 3)

Table 3 Odds ratio (OR) and 95% confidence interval (CI) of sudden unexpected death in epilepsy in relation to
lamotrigine treatment in women

No. cases No. controls Model 1a OR (95% CI) Model 2b OR (95% CI) Model 3c OR (95% CI)

No AEDsd 13 95 1 1 1

Other monotherapye 36 156 1.48 (0.73–2.99) 1.19 (0.53–2.65) 0.68 (0.23–2.06)

Other polytherapyf 23 84 1.83 (0.86–3.90) 1.11 (0.46–2.68) 0.54 (0.16–1.77)

Lamotrigine monotherapyg 12 53 1.52 (0.64–3.61) 1.24 (0.46–3.32) 0.67 (0.18–2.52)

Lamotrigine polytherapyh 17 80 1.47 (0.65–3.29) 1.03 (0.41–2.58) 0.35 (0.10–1.28)

AED = antiepileptic drug; GTCS = generalized tonic-clonic seizures.
a Model 1 is adjusted for matching variables (sex and calendar time) and age.
b Model 2 is adjusted for the same variables asmodel 1 togetherwith duration and type of epilepsy, living conditions (sharing bedroom), intellectual disability,
substance abuse, alcohol dependence, and education level.
c Model 3 is adjusted for the same variables asmodel 2 together with history of GTCS, GTCS frequency last year of observation, and nocturnal GTCS last year of
observation.
d No AEDs in women dispensed within 90 days of death or index date.
e Other monotherapy than lamotrigine in women dispensed within 90 days of death or index date.
f Polytherapy not including lamotrigine in women dispensed within 90 days of death or index date.
g Lamotrigine monotherapy in women dispensed within 90 days of death or index date.
h Lamotrigine included in polytherapy in women dispensed within 90 days of death or index date.
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frequently to patients with severe epilepsy, including higher
frequency of GTCS, this could confound the observed asso-
ciation. Consequently, polytherapy was no longer associated
with an increased SUDEP risk when adjustment was made for
GTCS frequency in the pooled analysis.7 However, the pooled
analysis did not identify any protective effect of polytherapy.7

Nevertheless, our results are compatible with observations in a
previous meta-analysis of placebo-controlled randomized trials
investigating adjunctive AED treatment of pharmacoresistant
epilepsy.10 In this meta-analysis, identifying 20 SUDEP cases
(18 definite or probable), SUDEP was significantly less fre-
quent in the group randomized to add-on with an AED at a
presumed efficacious dose than in the add-on placebo group.10

In contrast to our present study, data on seizure control in
relation to SUDEP occurrence were not available in the meta-
analysis.

No AED was associated with an increased SUDEP risk, either
before or after adjusting for covariates. The results of the less
frequently used AEDs in this study, levetiracetam, oxcarbaze-
pine, and topiramate, need to be interpreted cautiously given
the smaller numbers and the corresponding wider CIs. In-
terestingly, levetiracetam was associated with reduced SUDEP
risk as monotherapy even after adjusting for GTCS frequency
and other covariates, with an OR of 0.10. To our knowledge,
this finding has not been reported before. Levetiracetam has a
mode of action different from other AEDs. Whether this relates
to a possible effect on SUDEP risk remains to be explored.
Other monotherapies, notably valproic acid, phenytoin, and
oxcarbazepine, showed a nonsignificant trend for a reduced
SUDEP risk, whereas topiramate showed a trend in the other
direction, with an OR of 3.32 for increased SUDEP risk, which
may warrant further investigation. Contrary to some other
studies, we did not find an increased SUDEP risk in individuals
taking carbamazepine3,4 or lamotrigine.5 One previous small
case–control study suggested an increased SUDEP risk spe-
cifically among female patients treated with lamotrigine
(mono- and polytherapy combined in the analysis),5 but no

attempts were made to adjust for potential confounding factors
in that study. This observation was not confirmed in the pre-
sent study whether lamotrigine was used as monotherapy or in
polytherapy.

Interestingly, we observed a reduced SUDEP risk with AED
polytherapy after adjustment for GTCS frequency. This sug-
gests that AED treatment may reduce the risk of SUDEP also
through mechanisms beyond their ability to reduce the GTCS
frequency. One possibility is that the severity or duration of the
GTCS could be reduced, an effect that would not be captured
by our methodology. Other potential mechanisms, in addition
to AED effects on seizures, need to be considered. As an ex-
ample, it cannot be excluded that people on polytherapy are
more likely to be dependent and therefore kept under closer
observation, which could lead to a reduced SUDEP risk, be-
cause supervision has been suggested to be protective.4

A retrospective cohort study from the United States used
Medicaid claims data to evaluate adherence to treatment in
more than 33,000 patients with AED prescriptions.11 Com-
pared to adherence, nonadherence was associated with a more
than threefold increase inmortality. In another large study in the
United Kingdom, using similar methods to ours, nonadherence
was associated with increased mortality.12 In both mentioned
studies, the investigators analyzed all causes of mortality and not
SUDEP specifically. The latter study used drug prescription as a
measure of adherence. We used drug dispensing, which is one
step closer to knowingwhether the patient takes themedication.
We observed an increased SUDEP risk among patients where
time since last dispensed AED exceeded 180 days in model 2,
indicating poor adherence or persistence with AED treatment.
This increase was significant when adjusting for duration and
type of epilepsy, living conditions, intellectual disability, sub-
stance abuse, alcohol dependence, and education, but not when
adjustments also included frequency of GTCS and nocturnal
GTCS. A possible explanation for this observation is that
nonadherence can be expected to increase SUDEP risk through

Table 4 Odds ratio (OR) and 95% confidence interval (CI) of sudden unexpected death in epilepsy in relation to treatment
with drugs other than antiepileptic drugs (yes/no)

Cases Controls Model 1a OR (95% CI) Model 2b OR (95% CI) Model 3c OR (95% CI)

SSRIs 24 90 0.88 (0.53–1.48) 0.68 (0.39–1.18) 0.65 (0.31–1.36)

Other antidepressantsd 14 39 1.15 (0.59–2.25) 1.07 (0.51–2.21) 1.85 (0.70–4.88)

Neuroleptics 32 61 2.03 (1.27–3.25) 1.09 (0.65–1.82) 0.89 (0.45–1.77)

Statins 9 78 0.37 (0.17–0.78) 0.46 (0.21–1.02) 0.34 (0.11–0.99)

β-blockers 27 106 1.00 (0.61–1.63) 0.93 (0.54–1.59) 1.69 (0.81–3.55)

Abbreviations: GTCS = generalized tonic-clonic seizures; SSRI = selective serotonin reuptake inhibitor.
a Model 1 is adjusted for matching variables (sex and calendar time) and age.
b Model 2 is adjusted for the same variables asmodel 1 together with duration and type of epilepsy, living conditions (sharing bedroom), intellectual disability,
substance abuse, alcohol dependence, and education level.
c Model 3 is adjusted for same variables as model 2 together with history of GTCS, GTCS frequency last year of observation, and nocturnal GTCS last year of
observation.
d Other antidepressants than SSRIs.
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worsened control of GTCS, which in turn is a mediator to
SUDEP, explaining that ORs are attenuated when adjusting for
GTCS. Using physicians’ mention of nonadherence in medical
records yielded very similar risk estimates as the analysis based
on drug dispensing, supporting the role of nonadherence as a
risk factor for SUDEP. Although the validity of information in
medical records on nonadherence is uncertain,23 the fact that
both methods point in the same direction strengthens our
conclusions.

It is conceivable that other medications than AEDs could affect
SUDEP risk. Pharmacologic treatment has been tried suc-
cessfully in prevention of sudden cardiac death in patients with
coronary artery disease, postmyocardial infarction, structural
heart disease, and congestive heart failure.24 Although this is a
different population compared to patients with epilepsy and
even if sudden cardiac death has a different pathophysiology, it
is reasonable to consider the possibility of a preventive effect of
drugs such as β-blockers and statins on SUDEP given the
similarities of the final event. Atypical and typical antipsychotics
have been shown to increase mortality, including sudden car-
diac death.25 However, SUDEP risk has not been assessed in
relation to SSRIs, β-blockers, statins, or neuroleptics. Pre-
liminary data from people with epilepsy suggest that SSRIs are
associated with reduced peri-ictal oxygen desaturation in focal
seizures, but not in GTCS,26 and pretreatment with fluoxetine,
an SSRI antidepressant, in an animal seizure model prevented
postictal respiratory arrest and SUDEP.13 We did not find a
lower risk of SUDEP with use of SSRIs or other antidepres-
sants. This negative finding is in line with a study that did not
find evidence that SSRIs protected against all-cause mortality in
a large population-based cohort study of people with epilepsy,
but we cannot exclude a protective effect of SSRIs given the
limited number of exposed.27

We did not observe an increased or reduced SUDEP risk with
concomitant use of neuroleptics or β-blockers. In our study,
statin use was associated with a 66% reduced SUDEP risk even
after adjusting for GTCS frequency. An association has been
found between the use of statins and a reduced risk of de-
veloping epilepsy28 and intake of statins has been associated
with reduced mortality in status epilepticus.29 There are also
studies reporting statins to reduce the risk of sudden cardiac
death,30 but ours is the first study to indicate a reduction in the
risk of SUDEP.

The strengths of the study are the size, being the largest
case–control study of SUDEP that we are aware of, and its
population-based and nationwide design with cases and con-
trols from the same population. Furthermore, all epilepsy cases
and controls were validated, and we were able to examine all
medical records for cases and for 97% of possible controls.
Another strength was that we used data from the Swedish
Prescribed Drug Register, which covers all prescriptions dis-
pensed in pharmacies in Sweden, which is likely to be more
accurate in terms of what the patient is realistically taking than
information from patient records. To our knowledge, this

methodology in combining extensive records review and reg-
isters has not been applied to this extent before in evaluating
SUDEP risk. Given these strengths, our results are generaliz-
able to other settings with similar socioeconomic and health
care conditions.

Because this was an observational study, we cannot rule out
confounding. As a strength, we had the opportunity to adjust
for a range of potential risk factors for SUDEP, including living
conditions and GTCS, previously shown to be associated with
excess risk of SUDEP in this cohort.14 It seems unlikely that the
reduced risk seen in individuals on polytherapy would be
explained by remaining confounding, since this would require
this patient group to have a higher frequency of an unknown
protective factor. GTCS was included separately in the models
because it may be a mediator in the association between AEDs
and SUDEP; a protective effect of AED risk may be exerted by
improved control of GTCS, and conversely, nonadherence
may increase SUDEP risk because it is associated with lack of
seizure control.31 Adjusting for GTCS frequency may therefore
dilute an apparent effect of nonadherence on SUDEP risk. In
our original analyses, we did not adjust for level of care. In-
terestingly, a recent retrospective cohort study from Canada
reported that “exposure to specialist care is associated with
incremental reductions in the hazards of premature mortality”
among people with epilepsy.32 That study, however, assessed
all-cause mortality and not SUDEP, and we could not observe
any effect of level of care on the associations reported in our
study.

Among the weaknesses are also that the authors extracting
information were not blinded to the outcome, and were aware
of previous reports on SUDEP risk factors, which may in-
troduce bias. At the same time, the information was collected
identically using a standardized protocol for both cases and
controls. Our definitions of being on an AED and adherent
(AED dispensed within 90 days of death or index date) could
be too strict. It is conceivable that patients have accumulated
medications over time and have not dispensed AEDs or other
medications within 90 days of death or index date without
being nonadherent. In addition, dispensing medication does
not guarantee intake.

No AED, neither in mono- nor polytherapy, was associated
with an increased risk for SUDEP. In contrast, polytherapy
more specifically in combinations including lamotrigine, val-
proic acid, and levetiracetam was associated with reduced risk
for SUDEP even after adjusting for GTCS and other covariates.
The same applied to levetiracetam as monotherapy. Given the
conflicting results with some previous reports, our data on
polytherapy should be interpreted cautiously, although adding
an AED to existing baseline AED treatment of patients with
refractory seizures has been associated with a reduced SUDEP
risk in the context of randomized controlled trials.10 Our data
furthermore indicate that AEDs may lower the risk of SUDEP
not just by reducing the frequency of GTCS and that treatment
with statins may be protective. Efforts should be made to
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enhance medication adherence as this is likely to reduce
SUDEP risk. Finally, our findings suggest that statinsmight be a
suitable candidate for future research to identify SUDEP pre-
ventive interventions.
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