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Summary
Premature mortality in people with epilepsy is not
fully explained by Sudden Unexpected Death in Epilepsy (SUDEP) or accidental death. Evidences that they
suffer from premature mortality due to somatic conditions seemingly unrelated to disease are reviewed here.
Epidemiological studies in the community found indeed premature mortality due to pneumonia, cerebrovascular disease, malignant neoplasms, and ischemic
heart disease. Occurrence of comorbidities seems to be
associated with greater epilepsy severity in term of seizure frequency. There are also suggestions that life expectancy might be influenced by the seizure frequency
(not considering SUDEPs). Seizures inducing repeated
peak of systemic inflammation may favour the development of vascular as well as neoplastic diseases. Repeated seizures may also have an enduring harassment
effect on the cardiovascular system. The long term effect of unabated seizures on patient’s health should
not be overlooked, it should be a source of motivation
not to give up trying to improve seizure control in patients with drug resistant epilepsy.
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Comorbidités somatiques et mortalité
La mortalité précoce mise en évidence chez les
patients souffrant d’épilepsie n’est pas complétement
expliquée par la survenue de morts subites dans l’épilepsie (SUDEP) ou de mort accidentel. Il existe en effet
des preuves que ces patients souffrent d’une mortalité
due à des problèmes médicaux apparemment sans lien
avec la maladie. Des études épidémiologiques dans la
population générale ont en effet mis en évidence une
mortalité précoce chez les patients souffrant d’épilepsie avec pour causes des pneumonies, maladie cérébro-vasculaire, cancer, et maladie coronarienne. La
survenue de ces comorbidités semble associée à une
sévérité plus importante de l’épilepsie (en termes de
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fréquence de crise). Certaines études ont également
suggéré que l’espérance de vie des patients souffrant d’épilepsie était influencée par la fréquence des
crises, ceci sans considérer les décès dus au SUDEP. Les
crises épileptiques induisant des poussées d’inflammation systémique de manière répétée pourraient
favoriser le développement de pathologie vasculaire
et néoplasique. Des crises non-contrôlées pourraient
également mettre à l’épreuve le système cardiovasculaire, avec un retentissement à long terme. Les effets
à long terme sur la santé de crises épileptiques non
contrôlées ne devraient pas être sous-estimées et
devrait être une source de motivation de continuer à
essayer sans cesse d’améliorer le contrôle des crises.
Mots clés : Santé, crises, inflammation

Somatische Komorbiditäten und Sterblichkeit
Die vorzeitige Sterblichkeit bei Patienten, die an
einer Epilepsie leiden, wird durch das SUDEP-Syndrom
(plötzlicher unerwarteter Tod bei Epilepsie) oder Unfalltod nicht vollständig erklärt. Nachweislich bestehen Zusammenhänge zwischen der vorzeitigen Sterblichkeit und somatischen Erkrankungen, die nicht in
direktem Zusammenhang mit der Epilepsie stehen.
Epidemiologische Studien in der Allgemeinbevölkerung konnten in der Tat eine vorzeitige Sterblichkeit
für Patienten mit Epilepsie aufgrund von Pneumonien,
zerebro-vaskulären Erkrankungen, Neoplasien und koronarer Herzkrankheit aufzeigen. Das Auftreten von Begleiterkrankungen scheint zudem mit der Schwere der
Epilepsie, bezogen auf die Anfallshäufigkeit, zusammenzuhängen. Einige Studien legen auch nahe, dass es
einen Zusammenhang zwischen der Lebenserwartung
von Patienten mit Epilepsie und der Anfallshäufigkeit
gibt, Fälle von SUDEP ausgeschlossen. Durch wiederholtes Auslösen von systemischen entzündlichen Vorgängen könnten Anfälle das Entstehen von vaskulären
Erkrankungen und Neoplasien fördern. Ebenfalls könnten wiederholte Anfälle einen dauerhaften, schädlichen Einfluss auf das kardiovaskuläre System haben.
Der Langzeiteffekt von nicht kontrollierten Anfällen
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auf die Gesundheit sollte nicht unterschätzt werden,
vielmehr sollte er eine Motivation darstellen, die Versuche einer optimalen Anfallskontrolle auch bei Patienten mit therapierefraktärer Epilepsie nicht aufzugeben.
Schlüsselwörter: Gesundheit, Anfälle, Entzündung

Introduction
We have discussed previously the increased prevalence of comorbid condition in people with epilepsy
compared with general population. The relationship
between comorbid conditions and epilepsy is however difficult to disentangle as there are a number of
biases potentially interfering in this context such as
the underlying cause of epilepsy, the consequences of
the disease and its treatment, socio-economic difficulties of people with epilepsy as well as frequent medical contact that could all lead to an overestimation of
the real prevalence of somatic comorbidities. Should
this reported increased prevalence be fully explained
by these different biases, no major difference in term of
mortality would be expected aside from deaths directly
related to epilepsy. In that case, we would indeed expect that the health of people with epilepsy in the community would not be markedly different from the general population. This is, however, clearly not the case, as
there are several evidences that people with epilepsy
suffer from premature mortality due to causes not directly related to the disease.

Mortality due to somatic comorbidities
Several studies can be used to assess indirectly the
effect of comorbid conditions. One study was particularly valuable because of its very long duration [1]. The
authors assessed the standardized mortality rate of
people with epilepsy in a UK prospective community
follow-up study (National General Practice Study of
Epilepsy, NGPSE). They found an increased mortality
rate in people with epilepsy compared with the general
population after more than 20 years of follow-up, when

a contribution of the underlying cause of epilepsy to
mortality seems unlikely. Premature mortality was also
found in epilepsy diagnosed as cryptogenic or idiopathic. The overall standardized mortality ratio (SMR) was
2.2. More than eighty percent of those people were,
moreover, in terminal remission and only a negligible proportion of deaths were epilepsy-related. Those
people had significantly increased SMRs for pneumonia (6.6), cerebrovascular disease (2.9), malignant neoplasms (2.6), and ischemic heart disease (1.5). Other
studies [2, 3] found premature mortality cause by cardiovascular and respiratory causes, but those studies
did not distinguish patients with pre-existing cerebrovascular cause of epilepsy from developing vascular
comorbid conditions. Early mortality in the community
is mostly related to the underlying presumed cause of
epilepsy [2, 4]. There is an underrepresentation of life
threatening causes of epilepsy in studies of longstanding epilepsy in comparison with studies of incident epilepsy; this correlates with the peak of premature mortality found in the first years after epilepsy onset [5].
These studies relied on death certificates which were
shown not to be fully reliable, as they often did not take
epilepsy into account [6].
To explore the occurrence of premature mortality
caused by somatic comorbidities, we performed a follow-up study of people with long standing epilepsy [7]
in which cause of death was ascertain by post-mortem
examination. Patients in this cohort were in a long term
care institution (Chalfont centre, UK); they were admitted because of employment discrimination and they
were working as part of the policy of self-sustainability
of the institution (Figure 1). Such patients would be
followed up in an outpatient clinic nowadays. We found
a peak of premature mortality around age 45 in this cohort (Figure 2). As expected in a cohort of long standing
epilepsy, aetiology did not account for the mortality in
this cohort, as the vast majority established epilepsy in
childhood or early adolescence and most were admitted years later. People with sinister underlying conditions were not admitted as long-term residents for employment and pathologically verified causes of death
were not found to be a predictor of age at death. SUDEP
is a major contributor to the early mortality of chronic

Figure 1: Examples of patients with epilepsy admitted in an institution (Chalfont centre for epilepsy, UK) who had a lifelong
follow-up, providing rare insights in the long term course of the disease. Those patients were not disabled otherwise and were
admitted for employment as part of the institution aim of self-sustainability. Such patients would be encountered in an outpatient clinic nowadays. Reproduced with permission [7].
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Figure 2: Distribution of age at death, in 4 year epochs, of all
those who died whilst residents at the Chalfont Centre between 1988 and 2009. The frequency is displayed in number
of cases. Light grey columns represent the number of people who did not have a post-mortem examination, all others
had post-mortem examination; dark grey those who died of
SUDEP and medium grey those who died of other causes
determined at post-mortem examination. The superimposed black line (scale on right) shows the distribution of age
of death in the general population in the UK in the median
year of death (1997). This figure shows premature mortality
with a mortality peak around age 50, in comparison with the
general population. This premature mortality is not fully explained by SUDEPs (post-mortem proven). Reproduced with
permission [7].

epilepsy [8], and it was the second most common cause
of death. Post-mortem-confirmed (i.e. definite) SUDEP
was only responsible for some of the early deaths, suggesting that epilepsy can also lead to premature death
through other mechanisms such as somatic comorbidities. In this study, a meaningful proportion of sudden
deaths without suspected contribution of other conditions (40%) that might have been diagnosed clinically
as SUDEP were in fact shown to be deaths caused by
comorbid conditions. Those cases were not classified in
the new SUDEP plus category (where a comorbid condition is thought to contribute to death without being
clearly the cause) [9], as the cause was clearly related to
comorbid, mostly cardiac conditions. There is no study
comparing the sensitivity of clinical diagnosis of probable SUDEP against post-mortem verified definitive
SUDEP. Our results may imply that a proportion of clinically probable SUDEP cases [9] may in fact be the result
of comorbid conditions. Our findings are in keeping
with a study [10] suggesting people with epilepsy are
at increased risk of cardiac arrest (confirmed by cardiac
recordings). Without ECG confirmation, these cardiac
arrests were likely to have been considered as probable
SUDEPs.
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In this series clearly differentiating between deaths
due to the underlying cause of epilepsy, seizure-related
deaths or unrelated causes (comorbidities), somatic
comorbidities clearly played a role in the premature
mortality. When excluding SUDEP and other seizure-related deaths (mostly head trauma) and in the absence
of death due to underlying epilepsy causes, there was
still a clear peak of premature mortality at around age
45 - 50 (Figure 2). Those who died of causes other than
SUDEP or directly epilepsy-related deaths had similar
ages of death for cardiovascular, respiratory or other
comorbidities, suggesting that no single cause was responsible for premature deaths; this accords with reports showing that long-term excess mortality rates
are seemingly not directly related to the disease [1, 11].
Treatment seems not to be an obvious bias; there was
no disparity in terms of exposure to enzyme-inducing
AEDs, as the whole cohort (with one exception) was
exposed for years (if not decades) to enzyme-inducing
AEDs. People with more severe epilepsy were exposed
to a higher number of different treatments, and mostly
to a greater number of newer AEDs which seem less
inclined to induce long term cardiovascular complications, but prolonged experience with these agents is
limited. The burden of somatic comorbidity in people
with epilepsy could conceivably be worsened by more
severe disease.

Relationship between mortality due to somatic
comorbidities and epilepsy
Few studies have explored the relationship between
somatic comorbidities and epilepsy characteristics. Epilepsy severity was found to be the major determinant
in those studies, variably defined as greater seizure frequency and/or overall treatment exposure. A greater
prevalence of ECG repolarisation abnormalities [12], of
obesity [13], of obstructive sleep apnoea [14, 15] and
higher mortality rate due to cancer [16] was indeed reported in people with drug resistant epilepsy. In some
of those studies, greater exposure to antiepileptic
medication was hypothesized to be the explanation,
as AEDs are widely thought to be an important factor in many comorbid conditions [17, 18]. There also is
evidence that cumulative exposure to AEDs can be associated with long term adverse events (such as visual
field loss on vigabatrin), but there is considerable interindividual variability [19]. In a study comparing two
different cohorts of people with epilepsy (one in the
community with relatively mild epilepsy and another
at referral centre with intractable epilepsy) [20], we did
also find a difference in term of prevalence of somatic
comorbidities, people with more severe epilepsy having
significantly more somatic comorbidities (OR:2.6), independently from other demographical factors (Figure 3).
This increased prevalence of somatic comorbidities was
independent from the treatment exposure (using the
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Figure 3: Distribution of somatic comorbidities in two different cohorts of people with epilepsy. Dark grey columns represent
the referral centre cohort (total = 2016), light grey column the community cohort (total = 1278). Most comorbidities’ types were
significantly more frequent at referral centre. Reproduced with permission [20].

number of medication the patient was exposed to as a
surrogate), suggesting that long term effect of medication is unlikely to explain the development of somatic
comorbidities as a general factor. The study was, however, unable analysing the effect of the treatment on
individual condition.
In the long term follow-up study of people with long
standing epilepsy discussed above [7] in which cause of
death was ascertain by post-mortem examination, disease severity (defined here by seizure frequency) was a
major predictor of age of death in non-epilepsy-related
deaths as diagnosed post-mortem, suggesting that comorbidities (or their consequences) may be linked with
epilepsy severity. We could not analyse the occurrence
of comorbidities between the person’s admission and
death, but the effect of disease severity seems not to be
due to the presence of somatic comorbidities present
early in the course of the disease, as higher prevalence
of somatic comorbidities at admission was not a predictor of age at death.
Seizure frequency which was relatively stable in
most residents studied showed a linear relationship
with age at death when considering all deaths including seizure-related deaths but also when considering
only deaths due to comorbidities, suggesting that seizures themselves can accelerate the occurrence of comorbidities. In this cohort, a seizure frequency of more
than 4 seizures monthly decreased the life expectancy
due to comorbidities by 12 years in comparison with
a seizure frequency of less than 1 seizure monthly
(considering only deaths that were not epilepsy related). In this study, it was impossible to analyse the
seizure semiology, as during the decades over which
the study stretched the classification changed several
times (sometimes with only intensity appreciation).
It is therefore unclear whether some seizure types are
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more deleterious than others (such generalized convulsive seizures) or if the overall activity of the disease is
the major determinant. These data might suggest that
unabated seizures might have an enduring long term
effect on health, leading to the development of somatic
comorbidities seemingly unrelated to the disease.

Physiological effects of seizures
Epilepsy is not the only condition associated with an
increased prevalence of seemingly unrelated comorbid
diseases. In studied cases, chronic low grade systemic
inflammatory response is thought to be a major factor in the occurrence of cardiovascular and neoplastic
comorbidities [21 - 24] in inflammatory conditions [25
- 27] but also in obesity, metabolic syndrome or sleep
apnoea [28 - 33], conditions that are not primarily inflammatory.
Similarly it is increasingly recognized that seizures
induce a systemic inflammatory response. Several clinical studies showed that there is a plasma peak of proinflammatory interleukin 6 after seizures [34 - 39] lasting up to 72 hours [40]. Those changes were also found
interictally in people with chronic epilepsy [38, 41].
Other pro-inflammatory changes, such as increased interleukin 1β (IL-1β) or tumour necrosis factor α (TNF-α)
or decreased interleukin 1 receptor antagonist (IL-1ra)
have been shown less consistently [34 - 37]. A recent
study [42] found significantly higher levels of interleukin 17 (IL-17), interferon γ (IFNγ), IL-1β, interleukin 6
(IL-6) in people with epilepsy than in healthy controls.
Studying in more details IL-17, it was significantly higher in postictal periods than interictally and, when measured in the cerebrospinal fluid (CSF), the level was significantly higher than in subjects with demyelinating
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conditions. Resection of hippocampal sclerosis in people with mesio-temporal lobe epilepsy was also found
to decrease significantly (at 2 months) some inflammatory cytokines such as IL-1β,TNF-α after 6 months
of seizure freedom without treatment changes while
other cytokines (such as IL-6) did not show significant
changes [43]. Seizures were also suggested as having
an effect on natural killer cells (NK) and T-lymphocytes,
increasing their blood count [44], but this increase occurred along with an increased blood count of most
leukocyte cell types and may be due to de-marginalisation of those cells. Recently C-reactive protein (CRP)
was also shown to be increased post-ictally in people
with epilepsy in comparison with healthy controls with
a median of 3.5 versus 0.7mg/ml [45]. All these studies on cytokine release were carried out in telemetry
wards, a secure environment, making it unlikely that
major traumatic lesions would explain the increase in
inflammatory cytokines.
These cytokines were associated with the development of a wide range of somatic conditions. Increased
serum IL-6 levels were shown to be an independent
cardiovascular risk factor [46, 47]. In healthy people, increased IL-6 was shown independently to predict the occurrence of other cardiovascular risk factors of myocardial infarction [48] and diabetes type 2 [49]. In people with
previous myocardial infarction, it independently predicts
the occurrence of congestive heart failure [50] and cardiovascular deaths [51]. IL-17 is widely thought to contribute to the development and maintenance of chronic
inflammatory conditions such as asthma, rheumatoid
arthritis, inflammatory bowel disease [52, 53], and inhibitors of this pathway recently showed efficacy in inflammatory conditions in clinical trials [54]. The effects
of interleukin 17 in atherosclerosis are debated with
conflicting results [55, 56]. Levels of IL-1β were shown to
correlate with dyslipidaemia in people with rheumatoid
arthritis [57]; higher levels of IL-1β were associated with
higher triglyceride, total cholesterol, LDL cholesterol,
and decreased HDL cholesterol. Increased CRP level was
found to predict the occurrence of several cancer types
(ovarian [58, 59], colorectal [60], or lung cancer [61]),
independently from other risk factors such as smoking.
Other mediators, such as interleukin 6, seem not to predict cancer occurrence independently from weight gain,
despite one study showing predictive value in the occurrence of ovarian cancer [62], but they have been shown
to predict mortality in cancer, though this association
may be explained by a correlation between cancer extension and level of inflammatory mediators [63 - 66].
This could suggest that unabated seizures may lead to
repeated inflammatory peaks that would promote cardiovascular conditions and cancer. This hypothesis would
accord well with our findings that a higher seizure frequency accelerates the occurrence of significant comorbid condition leading eventually to premature mortality.
Some authors also wondered whether systemic inflammatory changes induced by seizures could also favour
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the occurrence of pneumonia which is a major cause of
mortality in epilepsy [1].
Seizures may also induce repeated physiological
stress that could contribute to mortality. Through the
same mechanisms that are thought to contribute to
SUDEP [67], unabated seizures could, in the long term,
damage the cardiovascular system. Seizures, mostly
generalized tonic clonic seizures, were shown to induce the release of stress hormones such as prolactin,
noradrenaline and vasopressin [68]. People with epilepsy (mostly those with temporal lobe epilepsy) have
been shown interictally to have decreased heart rate
variability [69, 70] independently from antiepileptic
medication; these changes could be related to seizures
as they were suggested to be influenced by the seizure
frequency [71, 72]. Decreased heart rate variability
in people with epilepsy is in keeping with cardiac imaging studies. Single photon emission computerized
tomography (SPECT) studies using iodine-131-metaiodobenzylguanidine (MIBG) to assess cardiac sympathetic post-ganglionic innervation have shown a significant decrease in post-ganglionic denervation in people
with temporal epilepsy when compared to controls
[73]. These changes have long been thought to be the
results of structural changes, probably in mesio-temporal (including amygdalar) regions [74 - 76]. Sympathetic
heart denervation underlying decreased heart rate variability is thought to increase heart sensitivity to adrenaline [67]. In that context, decreased heart rate variability has long been known to be a predictor of cardiac
mortality, independently from other risk factors [77,
78]. Seizures can also induce structural heart changes.
Seizures were also reported as inducing transient dilatation of the cardiac wall (Takotsubo cardiomyopathy,
sometimes referred to as left ventricular failure and
apical ballooning) leading at times to cardiogenic shock
[79, 80], or severe arrhythmias (ventricular fibrillation)
[81, 82]. Nuclear medicine and pathological studies in
non-seizure-related Takotsubo myopathies have suggested that sympathetic hypersensitivity [83] accompanying sympathetic denervation may be an important
cause [84]. Severe structural abnormalities were found
in the acute phase of Takotsubo cardiomyopathy, but
longer term structural effects are less clear [83]. The
long term outcome of non-seizure-related Takotsubo
cardiomyopathy appears, however, to lead to premature mortality [85, 86]. This premature mortality was
suggested in one study [85] as being explained at least
partly by the comorbidities associated with the condition (using the Charlson score) possibly suggesting
that Takotsubo cardiomyopathy is the indirect sign of
damage sustained by the heart by systemic conditions
rather than being an independent predictor of premature mortality. There is some evidence that seizures can
induce an elevation of troponin I, a sensitive marker of
cardiac injury [87]. A first small series of 11 people assessed for epilepsy surgery did not find any elevation
after mostly complex partial seizures [88]. A study of 30
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complicated (followed by significant systemic repercussions such as desaturation or hypotension) compared
to 30 uncomplicated generalized tonic clonic seizures
[89] found significantly higher troponin I values after
complicated rather than uncomplicated generalized
seizures; all values were, however, in the normal range.
Finally a recent large study of 741 consecutive people
admitted to hospital with consecutive generalized tonic
clonic seizures [90] found an elevation of troponin I after
6.7% of the seizures. None of these people had known
ischemic heart disease, and troponin I elevation was
asymptomatic in all cases. There was no obvious explanation to these elevations; Takotsubo cardiomyopathy
was excluded by echocardiography, and serial ECGs and
monitoring were unremarkable. Predictors of elevation
were the presence of cardiovascular risk factors such as
diabetes, hypertension or hypercholesterolemia, suggesting that generalized tonic clonic seizures can induce
reversible cardiac ischemia in people at risk.
Despite the extensive evidence that seizures can
lead to long lasting (interictal) damage to the cardiovascular system, there is currently no evidence that
seizures can induce long lasting changes to the respiratory system. Three studies [91 - 93] assessed interictal
respiratory function parameters (respiratory frequency,
vital capacity (CV), forced vital capacity (FVC), forced
expiratory volume (FEV), oxygen saturation, and end
expiratory carbon dioxide partial pressure (pCO2) in
samples of people with epilepsy compared with controls and did not find any significant differences. Epilepsy surgery whether followed by seizure freedom or
not, appears not to change respiratory parameters (respiratory frequency, oxygen saturation, and expiratory
carbon dioxide partial pressure) [93]. This normality
appears somewhat puzzling in the light of premature
mortality in people with epilepsy due to pneumonia
[1, 6]. As discussed above, there is also evidence in the
community that premature mortality due to pneumonia is not seizure related as it is also found in people in
remission [1].
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