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Aims: Little is known about the recent epidemiology of epilepsy in the elderly in Germany. Therefore, the goal of
this study was to analyze the incidence of epilepsy and associated factors in elderly patients followed in general
practices in this country.

Methods: The incidence of epilepsy was estimated using data from all patients aged >60 years who were followed
in 1203 general practices in Germany in 2017 (IQVIA Disease Analyzer database). The association between
predefined variables and epilepsy was further studied using a case-control design (n = 4690 matched pairs).

:_:(;Ji,lvevssrjs' Cases were patients aged >60 years who had received a first diagnosis of epilepsy in general practices between
Incidence 2015 and 2017 (index date). Controls without epilepsy were matched (1:1) to cases by age, gender, index
Associated factors year, and physician.
The elderly Results: The incidence of epilepsy was 157 per 100,000 elderly persons. This incidence increased with age (92 per
Germany 100,000 persons in patients aged 60-65 years versus 311 in those aged >90 years) and was higher in men (166)
than in women (150). The three disorders that had the strongest association with epilepsy were subarachnoid,
intracerebral or intracranial hemorrhage (odds ratio [OR] = 3.31), stroke, including transient ischemic attack
(OR = 2.32), and mental and behavioral disorders due to use of alcohol (OR = 2.20). In addition, there was a
positive association between atypical neuroleptics and epilepsy (OR = 2.40).
Conclusions: The incidence of epilepsy was high and increased with age in elderly patients followed in general
practices in Germany. Addressing identified risk factors may help reduce the risk of developing epilepsy.
© 2018 Elsevier Inc. All rights reserved.
1. Introduction that epilepsy tends to occur more frequently in older than in younger

Epilepsy is a common neurological condition with a lifetime preva-
lence of around 8 per 1000 persons worldwide [1]. The prevalence is
the highest for epilepsies with generalized seizures and epilepsies of
unknown etiology. A recent study in Germany found that the preva-
lence of unspecified epilepsy and focal epilepsy was around 2.0% and
0.7% respectively [2]. Since epilepsy has a major impact on quality
of life [3], comorbidity [4], and mortality [5], new research is needed
to improve the diagnosis, management, and treatment of people
affected by this disorder.

In recent decades, there has been a growing interest in epilepsy in
elderly patients [6-13]. Aura, automatisms, and secondary generaliza-
tion are less frequent, and postictal confusion lasts longer in the elderly
than in young adults [10,14,15]. In addition, previous studies have found
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populations [6,7,13]. For example, in 2006, Hussain and colleagues
observed that the age-specific incidence was 10.6 per 100,000 person-
years between the ages of 45 and 59 years, 25.8 between the ages of
60 and 74 years, and 101.1 between the ages of 75 and 89 years
among 1919 community-dwelling volunteers from the U.S. [7]. These
findings were corroborated in 2018, when researchers from Canada
found that the incidence of epilepsy increased with age, from
approximatively 40 per 100,000 person-years in individuals aged 10-
14 years to 120 per 100,000 person-years in those aged between
85 and 89 years [13]. Interestingly, the increase in the incidence of
epilepsy was more pronounced after the age of 60, and this trend was
similar in men and women. Although these previous works are of
great interest, little is known about the recent epidemiology of epilepsy
in elderly patients in Germany. Since epilepsy is associated with a con-
siderable economic burden in older adults in this country [16], this lack
of data is of particular concern.

Therefore, the goal of this study was to analyze the incidence of
epilepsy and associated factors in elderly patients in Germany.
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2. Methods
2.1. Database

This study is based on data from the Disease Analyzer database
(IQVIA), which compiles drug prescriptions, diagnoses, basic medical,
and demographic data obtained directly and in anonymous format
from computer systems used in the practices of general practitioners
and specialists [17]. Diagnoses (International Classification of Diseases,
10th revision [ICD-10]), prescriptions (Anatomical Therapeutic Chemical
|ATC] Classification system), and the quality of reported data are being
monitored by IQVIA based on a number of criteria (e.g., completeness
of documentation and linkage between diagnoses and prescriptions).

The sampling methods used for the selection of physicians' practices
are consistent with a representative database of general and specialized
practices in Germany [17]. Prescription statistics for several drugs were
very similar to data available from pharmaceutical prescription reports
[17]. The age groups for given diagnoses in the Disease Analyzer data-
base also corresponded to those in relevant disease registries. Finally,
this database has already been used in studies focusing on epilepsy
[18-20].

2.2. Study population

The incidence of epilepsy was estimated using data from all patients
aged >60 years who were followed in 1203 general practices in

Germany in 2017 (IQVIA Disease Analyzer database). The association
between predefined variables and epilepsy was further studied using
a case—control design (n = 4690 matched pairs). Cases were patients
aged 260 years who had received a first diagnosis of epilepsy (ICD-10:
G40, G41) between 2015 and 2017 in general practices (index date).
They were included only if they were followed for at least 365 days
prior to the index date. After applying similar inclusion criteria, controls
without epilepsy were matched (1:1) to cases by age, gender, index
year, and physician. The index date was a randomly selected visit date
during the study period (Fig. 1).

2.3. Study outcomes and variables

The first outcome of the study was the incidence of epilepsy in indi-
viduals aged >60 years in 2017. The incidence was calculated based on
the number of incident epilepsy cases and the total number of patients
visiting general practices during this year. The second outcome was
the association between predefined variables and epilepsy in previously
selected cases and controls. The predefined variables were the patients’
diagnosed disorders and the therapies they had been prescribed within
365 days prior to the index date that are known to be potentially asso-
ciated with epilepsy. Disorders were syncope and collapse (ICD-10:
R55) [21], intracranial injury (S06) [22], mental and behavioral disor-
ders due to use of alcohol (F10) [23], stroke, including transient ische-
mic attack (163, 164, G45) [24], mild cognitive impairment (F06.7)
[25], subarachnoid, intracerebral or intracranial hemorrhage (160-62)
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Fig. 1. Selection of study patients.
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Table 1
Incidence of epilepsy in cases per 100,000 people in patients aged
>60 years who were followed in 1203 general practices in Germany in

2017.
Cohort Incidence in 2017 (95% CI)*
Age 60-65 92 [81-103]
Age 66-70 117 [99-135]
Age 71-75 149 [128-170]
Age 76-80 180 [161-199]
Age 81-85 227 [199-254]
Age 86-90 248 [211-285]
Age > 90 311 [252-371]
Males 166 [150-182]
Females 150 [141-159]
Total 157 [148-166]

[26], dementia (FO1, FO3, G30) [27], Parkinson's disease (G20) [28],
diabetes (E10-14) [29], hypertension (I10) [30], coronary heart disease
(124, 125) [31], insomnia (F510) [32], and depression (F32, F33) [33].
Therapies included in the study were selective serotonin reuptake in-
hibitors (SSRIs; Ephmra ATC: NO6A4) [34], serotonin-norepinephrine
reuptake inhibitors (SNRIs; NO6A5) [35], other antidepressants
(NO6A9) [35], atypical neuroleptics (NO5A1) [36], other neuroleptics
(NO5A9) [37], antidementia agents (NO7D1) [38], opioids (NO2A) [39],
and benzodiazepines (NO5C) [40]. Finally, demographic variables
included age and gender.

2.4. Statistical analyses

The incidence of epilepsy was studied in the overall population and
in different age and gender subgroups. A multivariate logistic regression
analysis was further conducted to investigate the association between
predefined variables and epilepsy. This model was adjusted for all disor-
ders and therapies included in this study. A P-value of <0.05 was consid-
ered statistically significant. All analyses were carried out using SAS 9.4
(SAS Institute, Cary, USA).

3. Results

The incidence of epilepsy was 157 per 100,000 persons in individuals
aged >60 years who were followed in general practices in Germany in
2017 (Table 1). This incidence increased from 92 per 100,000 persons
in patients aged 60-65 years to 311 per 100,000 persons in those aged

>90 years and was higher in men (166 per 100,000 persons) than
in women (150 per 100,000 persons). The results of the multivariate
logistic regression model are displayed in Table 2. Eight disorders were
significantly associated with epilepsy: subarachnoid, intracerebral or
intracranial hemorrhage (odds ratio [OR] = 3.31), stroke, including tran-
sient ischemic attack (OR = 2.32), mental and behavioral disorders
due to use of alcohol (OR = 2.20), dementia (OR = 2.08), intracranial
injury (OR = 1.82), mild cognitive impairment (OR = 1.70), Parkinson's
disease (OR = 1.53), and syncope and collapse (OR = 1.49). In addition,
six families of drugs increased the risk of developing epilepsy: atypical
neuroleptics (OR = 2.40), other neuroleptics (OR = 1.53), SSRIs
(OR = 1.45), opioids (OR = 1.44), antidementia agents (OR = 1.38),
and SNRIs (OR = 1.33).

4. Discussion

We found that the incidence of epilepsy was 157 per 100,000 elderly
patients followed in general practices in Germany in 2017. Furthermore,
this incidence increased with age and was higher in men than in
women. Finally, it was observed that the risk of developing epilepsy
was positively associated with several disorders and families of drugs
such as subarachnoid, intracerebral or intracranial hemorrhage, stroke,
including transient ischemic attack, mental and behavioral disorders
due to use of alcohol, and atypical neuroleptics.

Several studies have recently investigated the incidence of epilepsy
in the elderly [6-13], and it has been revealed that epilepsy is more
common among older adults [8,41]. For example, a prospective study
conducted in Iceland found that the age-specific incidence of epilepsy
was highest in children (130 per 100,000 person-years) and in partici-
pants aged >65 years (110.5 per 100,000 person-years) [41]. Thus,
epilepsy is considered as a disorder of old age and is often a symptom
of an underlying brain condition. The most frequent etiologies of
epilepsy in the elderly are stroke (36%), atherosclerosis (15%), neurode-
generative disorders (12%), and trauma (7%) [8].

In this study, we found that subarachnoid, intracerebral, and intra-
cranial hemorrhages were associated with a 3.3-fold increase in the
epilepsy risk. In 2012, Woo and colleagues estimated that 8.4% of 263
consecutive patients with spontaneous intracerebral hemorrhage
developed either early or late seizures [26]. Cortical involvement and
young age had a significant impact on early seizures, while cortical
involvement and communicating hydrocephalus favored the occur-
rence of late seizures. The fact that cortical involvement was a risk factor

Table 2

Association between defined chronic conditions and prescribed drugs and epilepsy in elderly patients in general practices in Germany.
Variable Proportion among patients Proportion among patients 0Odds ratio P-value

with epilepsy (%) without epilepsy (%) (95% CI)

Diagnoses (ICD-10 codes) within 365 days prior to the index date
Syncope and collapse (R55) 11.5 7.4 1.49 (1.28-1.74) <0.001
Intracranial injury (S06) 34 1.5 1.82 (1.35-2.46) <0.001
Mental and behavioral disorders due to use of alcohol (F10) 5.0 2.1 2.20(1.72-2.83) <0.001
Stroke, including TIA (163, 164, G45) 24.4 119 2.32 (2.06-2.61) <0.001
Mild cognitive impairment (F06.7) 14 0.7 1.70 (1.08-2.61) 0.023
Subarachnoid, intracerebral or intracranial hemorrhage (160-62) 4.2 1.0 3.31(2.39-4.58) <0.001
Dementia (FO1, FO3, G30) 24.9 10.8 2.08 (1.83-2.36) <0.001
Parkinson's disease (G20) 6.1 2.9 1.53 (1.22-1.91) <0.001
Drugs prescribed (ATC codes) within 365 days prior to the index date
SSRIs (NO6A4) 164 9.3 1.45 (1.26-1.67) <0.001
SNRIs (NO6A5) 54 24 1.33 (1.02-1.74) 0.032
Atypical neuroleptics (NO5AT) 10.2 2.6 2.40 (1.93-3.00) <0.001
Other neuroleptics (NO5A9) 24.7 113 1.53 (1.35-1.74) 0.002
Antidementia agents (NO7D1) 6.0 19 1.38 (1.06-1.82) 0.005
Opioids (NO2A) 135 8.5 1.44 (1.25-1.66) <0.001

Abbreviations: ICD-10 — International Classification of Diseases, 10th revision; ATC — Anatomical Therapeutic Chemical; TIA — Transient ischemic attack; SSRIs — Selective serotonin

reuptake inhibitors; SNRIs — Serotonin and norepinephrine reuptake inhibitors.

There was no significant effect for diabetes (E10-14), hypertension (I110), coronary heart disease (124, 125), insomnia (F510), depression (F32, F33), other antidepressants (NO6A9), and

benzodiazepines (N05C).
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may be explained by the fact that it irritates the cortex, leading to its
overactivation [26]. We further observed a strong relationship between
stroke and epilepsy. In 2016, Bryndziar et al. showed that 7.2% of a
sample of 489 participants presented with new-onset seizures in the
years following the first ischemic stroke [42]. In addition, poststroke
seizures worsened the functional outcome and increased the risk of
mortality. Seizures following ischemic strokes may be related to an
increase in intracellular Ca®>™ and Na™ resulting in a lower threshold
for depolarization, glutamate excitotoxicity, hypoxia, metabolic dys-
function, global hypoperfusion, and hyperperfusion injury [24]. By con-
trast, previous research has found that seizures following hemorrhagic
strokes are attributable to blood products that irritate the brain.

Moreover, there is a positive relationship between epilepsy and
mental and behavioral disorders due to use of alcohol. A 2010 meta-
analysis that included six studies reported that alcohol consumption
was strongly associated with epilepsy and unprovoked seizures and
that the risk of developing epilepsy steadily increased with the amount
of alcohol consumed [23]. For example, individuals consuming an
average of eight drinks every day exhibited 3-fold increased odds of
developing epilepsy. The chronic alcohol consumption-epilepsy rela-
tionship is likely mediated by multiple factors such as brain traumas,
hypoxia, and long-term changes in neuronal excitability [23]. It is very
likely that mental and behavioral disorders due to use of alcohol in
our study were an indirect marker of the chronic consumption of alco-
hol, although several psychiatric conditions have been previously asso-
ciated with epilepsy and seizures [33]. Mild cognitive impairment and
dementia were found to be additional risk factors for epilepsy in this
retrospective study conducted in Germany. A recent meta-analysis of
19 studies showed that the prevalence of epilepsy was around 4-5% in
people affected by dementia [27]. There is growing evidence that
Alzheimer's disease and other types of dementia favor pathological ex-
citability and neuronal changes, leading in turn to seizures and epilepsy
[43]. For example, there is a decreased number of neurons in the ento-
rhinal cortex and the hippocampal field CA1 in very mild Alzheimer's
disease [44], while cell loss and reorganization of neuronal circuitry in
these regions are common in temporal lobe epilepsy [43].

Regarding intracranial injury, it was found that this condition led to a
1.8-fold increase in the risk of developing epilepsy. In 2000, Annegers
and Coan discovered that the severity of the injury in victims of
traumatic brain injury was positively associated with epilepsy (mild:
relative risk [RR] = 1.5; moderate: 2.9; and severe: 17.2) [22]. Identified
risk factors were brain contusion with subdural hematoma, skull frac-
ture, loss of consciousness or amnesia lasting one day or more, and
age over 65 years. Taken together, these findings underline the major
impact of traumatic brain injury on the activity and the excitability of
cortical neurons. Another interesting result of our study is that it reveals
a significant and positive relationship between Parkinson's disease and
epilepsy. In 2018, Gruntz et al. observed in a nested case—control study
including 23,086 patients with incident Parkinson's disease and 92,343
controls that the crude incidence rate of epilepsy was 267 and 112 per
100,000 person-years in cases and controls respectively [28]. This re-
search clearly shows that, although Parkinson's disease is a subcortical
disorder, it can involve the cortex even in the early stages of the disease
[45]. The last condition found to be a risk factor for epilepsy in this study
was syncope. Although it is difficult to differentiate these two conditions,
researchers from Ireland recently reported a case series of 12 patients
who presented with generalized tonic-clonic seizures after a clear
syncopal phase, suggesting that syncope may be an underrecognized
trigger for convulsive seizures [21].

Finally, we observed that epilepsy was positively associated with
the use of SSRIs, SNRIs, atypical neuroleptics, other neuroleptics,
antidementia agents, and opioids. In 2015, Hill and colleagues found
that the use of antidepressant drugs increased the risk of developing ep-
ilepsy in a cohort study using a primary care database from the United
Kingdom [35]. The highest hazard ratios (HR) were found for trazodone,
lofepramine, venlafaxine, and combined antidepressant treatments.

Two years later, Chou et al. estimated that the cumulative incidence of
poststroke epilepsy was higher in SSRI users than in SSRI nonusers par-
ticipating in a population-based nationwide study [34]. Moreover, SSRIs
were positively associated with epilepsy (HR = 2.45), and this associa-
tion increased with the daily dose of SSRIs. As for its association with an-
tipsychotic drugs, it was shown in a cohort of 60,121 patients with
schizophrenia, affective disorders, or dementia that the incidence rate
of seizures was higher in users of these molecules (24 to 59 per
10,000 person-years) than in nonusers (12 per 10,000 person-years)
[46]. The association between these various drugs and epilepsy may
be explained by the fact that they have a significant impact on seizure
threshold [36,38,47]. Regarding anti-dementia drugs and opioids, the
findings of this study must be interpreted with great caution and need
to be corroborated by further analyses.

This study is subject to several limitations that should be mentioned
at this point. Firstly, we included only elderly patients followed in gen-
eral practices. Since an important proportion of these older adults may
have been followed in neurological practices and other settings, this
may have biased the present findings. Secondly, the definition of
incidence was based on the number of patients followed in general
practices in 2017. Since a small proportion of the elderly population
may have not seen any general practitioner during this year, we may
have overestimated the incidence of epilepsy in older adults. Thirdly,
because of the design of the study, it was not possible to determine
causality or temporality in the association between defined variables
and epilepsy. Moreover, further variables that could be associated
with epilepsy - including smoking behavior, physical activity, patterns
of alcohol consumption, other social factors - are not available in the
database used. Finally, only drug classes and no drugs were analyzed
separately. On the other hand, the strength of this study is the fact
that it is based on a nationwide database that includes a large number
of patients, doctors, and variables.

Overall, the incidence of epilepsy was high and increased with age
in elderly patients followed in general practices in Germany. Several
factors were found to be significantly associated with epilepsy, and
addressing these factors may help reduce the risk of developing epi-
lepsy in the future.

Declaration of conflicts of interest

The authors declare that they have no potential conflicts of interest
with respect to the research, authorship, and/or publication of this
article.

Funding

The authors have received no financial support for the research,
authorship, and/or publication of this article.

References

[1] Fiest KM, Sauro KM, Wiebe S, Patten SB, Kwon C-S, Dykeman J, et al. Prevalence and
incidence of epilepsy: a systematic review and meta-analysis of international studies.
Neurology 2017;88:296-303. https://doi.org/10.1212/WNL.0000000000003509
[PMID: 27986877PMCID: PM(C5272794].

[2] Groth A, Borghs S, Gille P, Joeres L, Wilke T. Incidence and prevalence of epilepsy in
Germany. Value Health 2017;20:A720. https://doi.org/10.1016/j.jval.2017.08.1927.

[3] Mahrer-Imhof R, Jaggi S, Bonomo A, Hediger H, Eggenschwiler P, Kramer G, et al.
Quality of life in adult patients with epilepsy and their family members. Seizure
2013;22:128-35. https://doi.org/10.1016/j.seizure.2012.11.012 [PMID: 23273809].

[4] Seidenberg M, Pulsipher DT, Hermann B. Association of epilepsy and comorbid
conditions. Future Neurol 2009;4:663-8. https://doi.org/10.2217/fnl.09.32 [PMID:
20161538PMCID: PM(C2802344].

[5] Klenerman P, Sander JW, Shorvon SD. Mortality in patients with epilepsy: a study of
patients in long term residential care. ] Neurol Neurosurg Psychiatry 1993;56:
149-52 [PMID: 8437003PMCID: PMC1014813].

[6] Wallace H, Shorvon S, Tallis R. Age-specific incidence and prevalence rates of treated
epilepsy in an unselected population of 2,052,922 and age-specific fertility rates of
women with epilepsy. Lancet 1998;352:1970-3. https://doi.org/10.1016/S0140-
6736(98)04512-7 [PMID: 9872246].


https://doi.org/10.1212/WNL.0000000000003509
https://doi.org/10.1016/j.jval.2017.08.1927
https://doi.org/10.1016/j.seizure.2012.11.012
https://doi.org/10.2217/fnl.09.32
http://refhub.elsevier.com/S1525-5050(18)30815-1/rf0025
http://refhub.elsevier.com/S1525-5050(18)30815-1/rf0025
http://refhub.elsevier.com/S1525-5050(18)30815-1/rf0025
https://doi.org/10.1016/S0140-6736(98)04512-7
https://doi.org/10.1016/S0140-6736(98)04512-7

L. Jacob et al. / Epilepsy & Behavior 90 (2019) 107-111 111

[7] Hussain SA, Haut SR, Lipton RB, Derby C, Markowitz SY, Shinnar S. Incidence of
epilepsy in a racially diverse, community-dwelling, elderly cohort: results from
the Einstein aging study. Epilepsy Res 2006;71:195-205. https://doi.org/10.1016/j.
eplepsyres.2006.06.018 [PMID: 16870396].

[8] Werhahn KJ. Epilepsy in the elderly. Dtsch Arztebl Int 2009;106:135-42. https://doi.org/
10.3238/arztebl.2009.0135 [PMID: 19568380PMCID: PMC2696249].

[9] Faught E, Richman J, Martin R, Funkhouser E, Foushee R, Kratt P, et al. Incidence and
prevalence of epilepsy among older U.S. Medicare beneficiaries. Neurology 2012;78:
448-53. https://doi.org/10.1212/WNL.0b013e3182477edc [PMID: 22262750PMCID:
PM(C3280050].

[10] Acharya JN, Acharya VJ. Epilepsy in the elderly: Special considerations and chal-
lenges. Ann Indian Acad Neurol 2014;17:518-26. https://doi.org/10.4103/0972-
2327.128645 [PMID: 24791083PMCID: PMC4001216].

[11] Tang DH, Malone DC, Warholak TL, Chong ], Armstrong EP, Slack MK, et al. Preva-
lence and incidence of epilepsy in an elderly and low-income population in the
United States. ] Clin Neurol 2015;11:252-61. https://doi.org/10.3988/jcn.2015.11.3.
252 [PMID: 26022458PMCID: PM(C4507380].

[12] Choi H, Pack A, Elkind MS, Longstreth Jr WT, Ton TG, Onchiri F. Predictors of incident
epilepsy in older adults: the cardiovascular health study. Neurology 2017;88:870-7.
https://doi.org/10.1212/WNL.0000000000003662 [PMID: 28130470PMCID:
PM(5331867].

[13] Hernandez-Ronquillo L, Thorpe L, Pahwa P, Téllez-Zenteno JF. Secular trends and
population differences in the incidence of epilepsy. A population-based study from
Saskatchewan, Canada. Seizure 2018;60:8-15. https://doi.org/10.1016/j.seizure.
2018.05.018 [PMID: 29864609].

[14] Ramsay RE, Rowan AJ, Pryor FM. Special considerations in treating the elderly
patient with epilepsy. Neurology 2004;62:524-9 [PMID: 15007161].

[15] Cloyd ], Hauser W, Towne A, Ramsay R, Mattson R, Gilliam F, et al. Epidemiological
and medical aspects of epilepsy in the elderly. Epilepsy Res 2006;68(Suppl. 1):
S39-48. https://doi.org/10.1016/j.eplepsyres.2005.07.016 [PMID: 16384689].

[16] Hamer HM, Dodel R, Strzelczyk A, Balzer-Geldsetzer M, Reese J-P, Schoffski O, et al.
Prevalence, utilization, and costs of antiepileptic drugs for epilepsy in Germany—a
nationwide population-based study in children and adults. ] Neurol 2012;259:
2376-84. https://doi.org/10.1007/s00415-012-6509-3 [PMID: 22544296].

[17] Dombrowski S, Kostev K. Use of electronic medical records in the epidemiological
research [internet]. Cuvillier Verlag; 2017.

[18] Gollwitzer S, Kostev K, Hagge M, Lang ], Graf W, Hamer HM. Nonadherence to antiep-
ileptic drugs in Germany: a retrospective, population-based study. Neurology 2016;
87:466-72. https://doi.org/10.1212/WNL.0000000000002791 [PMID: 27371490].

[19] Jacob L, Hamer HM, Kostev K. Adherence to antiepileptic drugs in children and ado-
lescents: a retrospective study in primary care settings in Germany. Epilepsy Behav
2017;75:36-41. https://doi.org/10.1016/j.yebeh.2017.07.001 [PMID: 28821006].

[20] Jacob L, Hamer HM, Kostev K. Persistence with antiepileptic drugs in epilepsy
patients treated in neurological practices in Germany. Epilepsy Behav 2017;73:
204-7. https://doi.org/10.1016/j.yebeh.2017.06.008 [PMID: 28648971].

[21] Kelly DM, Costello DJ. Can syncope cause convulsive seizures in adults? Clin Auton
Res 2017;27:283-7. https://doi.org/10.1007/s10286-017-0443-5 [PMID: 28667576].

[22] Annegers JF, Coan SP. The risks of epilepsy after traumatic brain injury. Seizure 2000;
9:453-7. https://doi.org/10.1053/seiz.2000.0458 [PMID: 11034867].

[23] Samokhvalov AV, Irving H, Mohapatra S, Rehm J. Alcohol consumption, unprovoked
seizures, and epilepsy: a systematic review and meta-analysis. Epilepsia 2010;51:
1177-84. https://doi.org/10.1111/j.1528-1167.2009.02426 x.

[24] Myint PK, Staufenberg EFA, Sabanathan K. Post-stroke seizure and post-stroke
epilepsy. Postgrad Med ] 2006;82:568-72. https://doi.org/10.1136/pgm;j.2005.
041426 [PMID: 16954451PMCID: PM(C2585721].

[25] Hoéller Y, Trinka E. What do temporal lobe epilepsy and progressive mild cognitive
impairment have in common? Front Syst Neurosci 2014;8(58). https://doi.org/10.
3389/fnsys.2014.00058 [PMID: 24795575PMCID: PM(C3997046].

[26] Woo K-M, Yang S-Y, Cho K-T. Seizures after spontaneous intracerebral hemorrhage.
J Korean Neurosurg Soc 2012;52:312-9. https://doi.org/10.3340/jkns.2012.52.4.312
[PMID: 23133718PMCID: PM(C3488638].

[27] Subota A, Pham T, Jetté N, Sauro K, Lorenzetti D, Holroyd-Leduc J. The association
between dementia and epilepsy: a systematic review and meta-analysis. Epilepsia
2017;58:962-72. https://doi.org/10.1111/epi.13744 [PMID: 28397967].

[28] Gruntz K, Bloechliger M, Becker C, Jick SS, Fuhr P, Meier CR, et al. Parkinson disease
and the risk of epileptic seizures. Ann Neurol 2018;83:363-74. https://doi.org/10.
1002/ana.25157 [PMID: 29369409].

[29] Yun C, Xuefeng W. Association between seizures and diabetes mellitus: a compre-
hensive review of literature. Curr Diabetes Rev 2013;9:350-4 [PMID: 23590576].

[30] Hesdorffer DC, Hauser WA, Annegers JF, Rocca WA. Severe, uncontrolled hyperten-
sion and adult-onset seizures: a case-control study in Rochester, Minnesota.
Epilepsia 1996;37:736-41 [PMID: 8764811].

[31] Kendir C, van den Akker M, Vos R, Metsemakers ]. Cardiovascular disease patients
have increased risk for comorbidity: a cross-sectional study in the Netherlands.
Eur ] Gen Pract 2018;24:45-50. https://doi.org/10.1080/13814788.2017.1398318
[PMID: 29168400].

[32] Quigg M, Gharai S, Ruland J, Schroeder C, Hodges M, Ingersoll KS, et al. Insomnia in
epilepsy is associated with continuing seizures and worse quality of life. Epilepsy
Res 2016;122:91-6. https://doi.org/10.1016/j.eplepsyres.2016.02.014 [PMID:
26994361].

[33] Josephson CB, Lowerison M, Vallerand I, Sajobi TT, Patten S, Jette N, et al. Association
of depression and treated depression with epilepsy and seizure outcomes: a
multicohort analysis. JAMA Neurol 2017;74:533-9. https://doi.org/10.1001/
jamaneurol.2016.5042.

[34] Chou C-C, Yen D], Lin Y-Y, Wang Y-C, Lin C-L, Kao C-H. Selective serotonin reuptake
inhibitors and Poststroke epilepsy: a population-based nationwide study. Mayo
Clin Proc 2017;92:193-9. https://doi.org/10.1016/j.mayocp.2016.10.011 [PMID:
28160872].

[35] Hill T, Coupland C, Morriss R, Arthur A, Moore M, Hippisley-Cox J. Antidepressant
use and risk of epilepsy and seizures in people aged 20 to 64 years: cohort study
using a primary care database. BMC Psychiatry 2015;15:315. https://doi.org/10.1186/
$12888-015-0701-9.

[36] Lertxundi U, Hernandez R, Medrano ], Domingo-Echaburu S, Garcia M, Aguirre C. An-
tipsychotics and seizures: higher risk with atypicals? Seizure 2013;22:141-3.
https://doi.org/10.1016/j.seizure.2012.10.009 [PMID: 23146619].

[37] Hedges D, Jeppson K, Whitehead P. Antipsychotic medication and seizures: a review.
Drugs Today (Barc) 2003;39:551-7 [PMID: 12973403].

[38] Kumlien E, Lundberg PO. Seizure risk associated with neuroactive drugs: data from
the WHO adverse drug reactions database. Seizure 2010;19:69-73. https://doi.org/
10.1016/j.seizure.2009.11.005.

[39] Manninen PH. Opioids and seizures. Can J Anaesth 1997;44:463-6. https://doi.org/
10.1007/BF03011931 [PMID: 9161737].

[40] Ochoa ]G, Kilgo WA. The role of benzodiazepines in the treatment of epilepsy. Curr
Treat Options Neurol 2016;18:18. https://doi.org/10.1007/s11940-016-0401-x
[PMID: 26923608].

[41] Olafsson E, Ludvigsson P, Gudmundsson G, Hesdorffer D, Kjartansson O, Hauser WA.
Incidence of unprovoked seizures and epilepsy in Iceland and assessment of the
epilepsy syndrome classification: a prospective study. Lancet Neurol 2005;4:
627-34. https://doi.org/10.1016/S1474-4422(05)70172-1 [PMID: 16168931].

[42] Bryndziar T, Sedova P, Kramer NM, Mandrekar J, Mikulik R, Brown Jr RD, et al.
Seizures following ischemic stroke: frequency of occurrence and impact on outcome
in a long-term population-based study. ] Stroke Cerebrovasc Dis 2016;25:150-6.
https://doi.org/10.1016/j jstrokecerebrovasdis.2015.09.008.

[43] Friedman D, Honig LS, Scarmeas N. Seizures and epilepsy in Alzheimer's disease. CNS
Neurosci Ther 2012;18:285-94. https://doi.org/10.1111/j.1755-5949.2011.00251.x
[PMID: 22070283PMCID: PM(C3630499].

[44] Price JL, Ko Al, Wade M]J, Tsou SK, McKeel DW, Morris JC. Neuron number in the
entorhinal cortex and CA1 in preclinical Alzheimer disease. Arch Neurol 2001;58:
1395-402 [PMID: 11559310].

[45] Son AY, Biagioni MC, Kaminski D, Gurevich A, Stone B, Di Rocco A. Parkinson's
disease and cryptogenic epilepsy. Case Rep Neurol Med 2016;2016:3745631.
https://doi.org/10.1155/2016/3745631 [PMID: 27688919PMCID: PMC5027309].

[46] Bloechliger M, Riiegg S, Jick SS, Meier CR, Bodmer M. Antipsychotic drug use and the
risk of seizures: follow-up study with a nested case-control analysis. CNS Drugs
2015;29:591-603. https://doi.org/10.1007/s40263-015-0262-y [PMID: 26242478].

[47] Gazdag G, Barna I, Ivanyi Z, Tolna J. The impact of neuroleptic medication on seizure
threshold and duration in electroconvulsive therapy. Ideggyogy Sz 2004;57:385-90
[PMID: 15662766].


https://doi.org/10.1016/j.eplepsyres.2006.06.018
https://doi.org/10.1016/j.eplepsyres.2006.06.018
https://doi.org/10.3238/arztebl.2009.0135
https://doi.org/10.3238/arztebl.2009.0135
https://doi.org/10.1212/WNL.0b013e3182477edc
https://doi.org/10.4103/0972-2327.128645
https://doi.org/10.4103/0972-2327.128645
https://doi.org/10.3988/jcn.2015.11.3.252
https://doi.org/10.3988/jcn.2015.11.3.252
https://doi.org/10.1212/WNL.0000000000003662
https://doi.org/10.1016/j.seizure.2018.05.018
https://doi.org/10.1016/j.seizure.2018.05.018
http://refhub.elsevier.com/S1525-5050(18)30815-1/rf0070
http://refhub.elsevier.com/S1525-5050(18)30815-1/rf0070
https://doi.org/10.1016/j.eplepsyres.2005.07.016
https://doi.org/10.1007/s00415-012-6509-3
http://refhub.elsevier.com/S1525-5050(18)30815-1/rf0085
http://refhub.elsevier.com/S1525-5050(18)30815-1/rf0085
https://doi.org/10.1212/WNL.0000000000002791
https://doi.org/10.1016/j.yebeh.2017.07.001
https://doi.org/10.1016/j.yebeh.2017.06.008
https://doi.org/10.1007/s10286-017-0443-5
https://doi.org/10.1053/seiz.2000.0458
https://doi.org/10.1111/j.1528-1167.2009.02426.x
https://doi.org/10.1136/pgmj.2005.041426
https://doi.org/10.1136/pgmj.2005.041426
https://doi.org/10.3389/fnsys.2014.00058
https://doi.org/10.3389/fnsys.2014.00058
https://doi.org/10.3340/jkns.2012.52.4.312
https://doi.org/10.1111/epi.13744
https://doi.org/10.1002/ana.25157
https://doi.org/10.1002/ana.25157
http://refhub.elsevier.com/S1525-5050(18)30815-1/rf0145
http://refhub.elsevier.com/S1525-5050(18)30815-1/rf0145
http://refhub.elsevier.com/S1525-5050(18)30815-1/rf0150
http://refhub.elsevier.com/S1525-5050(18)30815-1/rf0150
http://refhub.elsevier.com/S1525-5050(18)30815-1/rf0150
https://doi.org/10.1080/13814788.2017.1398318
https://doi.org/10.1016/j.eplepsyres.2016.02.014
https://doi.org/10.1001/jamaneurol.2016.5042
https://doi.org/10.1001/jamaneurol.2016.5042
https://doi.org/10.1016/j.mayocp.2016.10.011
https://doi.org/10.1186/s12888-015-0701-9
https://doi.org/10.1186/s12888-015-0701-9
https://doi.org/10.1016/j.seizure.2012.10.009
http://refhub.elsevier.com/S1525-5050(18)30815-1/rf0185
http://refhub.elsevier.com/S1525-5050(18)30815-1/rf0185
https://doi.org/10.1016/j.seizure.2009.11.005
https://doi.org/10.1016/j.seizure.2009.11.005
https://doi.org/10.1007/BF03011931
https://doi.org/10.1007/BF03011931
https://doi.org/10.1007/s11940-016-0401-x
https://doi.org/10.1016/S1474-4422(05)70172-1
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.09.008
https://doi.org/10.1111/j.1755-5949.2011.00251.x
http://refhub.elsevier.com/S1525-5050(18)30815-1/rf0220
http://refhub.elsevier.com/S1525-5050(18)30815-1/rf0220
http://refhub.elsevier.com/S1525-5050(18)30815-1/rf0220
https://doi.org/10.1155/2016/3745631
https://doi.org/10.1007/s40263-015-0262-y
http://refhub.elsevier.com/S1525-5050(18)30815-1/rf0235
http://refhub.elsevier.com/S1525-5050(18)30815-1/rf0235
http://refhub.elsevier.com/S1525-5050(18)30815-1/rf0235

	Incidence of epilepsy and associated factors in elderly patients in Germany
	1. Introduction
	2. Methods
	2.1. Database
	2.2. Study population
	2.3. Study outcomes and variables
	2.4. Statistical analyses

	3. Results
	4. Discussion
	Declaration of conflicts of interest
	Funding
	References


