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Objective: People with neurocognitive disorders (NCDs) have an increased risk of epilepsy. However, most studies investigating the risk of seizures in people with NCDs are limited to those with Alzheimer's disease (AD) and vascular dementia (VD), and those who developed dementia after age 65 years. A knowledge gap exists regarding factors associated with development of epilepsy in people with younger-onset NCD, and those with non-AD and non-VD dementia subtypes. In this study, we aimed to identify the factors associated with the development of epilepsy in people with younger-onset NCDs of varied etiologies, the majority of whom had symptom onset prior to age 65 years.

Participants and Methods: This was a retrospective study reviewing the medical records of consecutive people admitted with cognitive impairment to a tertiary neuropsychiatry unit between 1 January 2004 and 30 April 2019. People diagnosed with primary NCDs were included in the analysis. The prevalence and characteristics of epilepsy were described. The factors associated with developing epilepsy were identified in a binary logistic regression model.

Results: A total of 427 people were included. One hundred fourteen had Alzheimer's disease, 104 frontotemporal dementia, 51 vascular dementia, 69 movement disorder-associated dementia, and 89 unspecified NCD. The median age on admission was 59 years (range 33–86) and 75.2% (n = 321/427) had young-onset NCD with onset before 65 years of age. 40/427 (9.4%) people had epilepsy, and epilepsy onset clustered between 2 years before and 6 years after the onset of cognitive decline in 80% (n = 32/40). The most frequent seizure type was focal to bilateral tonic-clonic seizure (35%, n = 14/40). Most of the people (94.7%, n = 36/38) achieved seizure freedom with one or two antiseizure medications. People with unspecified NCD (compared to frontotemporal dementia and movement disorder-associated dementia, age of onset of NCDs ≤50 years, and current smoking status were independently associated with higher risk of developing epilepsy.

Conclusion: Epilepsy is common in people with younger-onset NCDs, and a high index of suspicion is warranted particularly for those with unspecified subtype and smoking status. Smoking reduction or cessation should be further investigated as a potentially modifiable factor for risk reduction.
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INTRODUCTION

Neurocognitive disorders (NCDs) are characterized by substantial decline in one or more cognitive domains including complex attention, executive function, learning and memory, language, perceptual-motor, and social cognition, not attributable to delirium or other mental disorders (American Psychiatric Association, 2013). Studies have shown that people with NCDs have an increased risk of seizures, in the order of 6.2–10-fold for Alzheimer's disease (AD) (Hesdorffer et al., 1996; Friedman et al., 2012; Imfeld et al., 2013; Vossel et al., 2017), 5.7-fold for vascular dementia (VD) (Imfeld et al., 2013) and 8-fold for non-AD dementia (Hesdorffer et al., 1996). Furthermore, people with NCD and epilepsy present with cognitive impairment earlier than those with NCD alone (Vossel et al., 2013). Several studies have demonstrated that decline in cognitive function is faster in those with seizures compared to those without seizures (Volicer et al., 1995; Lott et al., 2012). These findings underscore the importance of rapid diagnosis and treatment of new-onset epilepsy, with the view to achieve seizure control early, in people with NCDs.

There are a small number of studies exploring potential risk factors for the development of epilepsy in people with NCDs. Some of these risk factors include hyperlipidemia (Bernardi et al., 2010), male sex (Bernardi et al., 2010), longer duration of dementia for AD (Imfeld et al., 2013), shorter duration of dementia for VD (Imfeld et al., 2013), more severe cognitive impairment (McAreavey et al., 1992), and younger age at onset of cognitive decline or point of dementia diagnosis (McAreavey et al., 1992; Amatniek et al., 2006; Vossel et al., 2013; Beagle et al., 2017; Zelano et al., 2020). Furthermore, many recent studies find that seizures cluster at the early stage of cognitive impairment, or precede the onset of cognitive decline (Vossel et al., 2013; Beagle et al., 2017; Zelano et al., 2020).

However, most studies investigating factors associated with seizures in people with NCDs are limited to cohorts with AD and VD (Hesdorffer et al., 1996; Friedman et al., 2012; Imfeld et al., 2013; Vossel et al., 2017). Although younger age at onset of cognitive decline had been the most commonly identified risk factor for developing epilepsy in those with NCDs (McAreavey et al., 1992; Amatniek et al., 2006; Vossel et al., 2013; Beagle et al., 2017; Zelano et al., 2020), these study cohorts include participants with a mean age that is still more than 65 years of age. Thus, a knowledge gap exists regarding factors associated with the development of epilepsy in people with younger-onset NCDs, and those with non-AD and non-VD NCD subtypes.

In this study, we aimed to identify the factors associated with the development of epilepsy in people with younger-onset NCDs. We included a cohort of people with NCDs of varied etiologies, the majority of whom had symptom onset prior to age 65 years.



PARTICIPANTS AND METHODS


Subjects

This retrospective study was based on medical record review of consecutive people with cognitive decline who attended The Royal Melbourne Hospital (RMH) Neuropsychiatry Unit, Melbourne, Australia between 1 January 2004 and 30 April 2019. This Neuropsychiatry Unit is a state-based tertiary referral center with a special interest in young-onset NCDs. It comprises an eight-bed diagnostic inpatient unit as well as outpatient specialist clinics.

Primary inclusion criterion for the study were people who fulfilled the Diagnostic and Statistical Manual of Mental Disorders (DSM)-5 NCD diagnostic criteria (American Psychiatric Association, 2013). Those with likely NCD-related epilepsy were identified on review of medical records by consensus agreement of two epileptologists (X.W. and E.F.). Disagreements were adjudicated by a panel of senior clinicians: epileptologist (P.K.) and neuropsychiatrists (S.L. and D.V.). We excluded people whose cognitive impairment and/or epilepsy was due to established acquired brain injuries (ABIs) such as stroke, tumor, and traumatic brain injury; people diagnosed with specific NCDs with known genetic causes (e.g., Huntington's disease, Niemann-Pick type C disease, and Down syndrome-associated AD), as these NCDs were considered to be due to unique biological mechanisms and symptoms differed from the sporadic forms of young-onset NCDs. Individuals with familial forms of AD, e.g., conferred by presence of APOE ε4 allele, were not excluded, as the underlying pathology was considered similar to sporadic NCD cases. We also excluded people whose cognitive impairment was attributed to uncontrolled epilepsy and/or ASMs, rather than their NCDs, and those whose epilepsy occurred more than 10 years before the onset of cognitive impairment (Vossel et al., 2013). The study was approved by The RMH Human Research Ethics Committee (QA2012044).



Variables Collected
 
NCD Variables

NCDs were categorized as “mild” or “major” depending on whether functional independence was impaired, with mild NCD corresponding to mild cognitive impairment (MCI) and major NCD corresponding to dementia (American Psychiatric Association, 2013). Where possible, cases were further categorized into specific etiologic subtypes, based on international guidelines and diagnostic criteria. These included AD (McKhann et al., 1984); frontotemporal dementia (FTD), including behavior variant FTD (bvFTD) (Rascovsky et al., 2011) and primary progressive aphasia (PPA) (Gorno-Tempini et al., 2011) subtypes; VD (Roman et al., 1993); dementia with Lewy bodies (DLB) (McKeith et al., 1996); Parkinson's disease dementia (PDD) (Emre et al., 2007); dementia associated with multiple system atrophy (MSA) (Kitayama et al., 2009); dementia associated with progressive supranuclear palsy (PSP) (Golbe, 2014); dementia associated with corticobasal degeneration (CBD) (Dickson et al., 2002); and unspecified NCD which included mixed dementias and dementias unable to be ascribed to a specific subtype. The age at onset of cognitive decline was obtained from the study participants or their caregivers.

Cognitive function was assessed using the Neuropsychiatry Unit Cognitive Assessment Tool (NUCOG), which is a validated screening tool testing five cognitive domains: attention, visuoconstructional function, memory, executive function, and language. Each cognitive domain is scored out of 20, producing a total score between 0 and 100, with higher scores indicating better cognitive function. It has been demonstrated that a cut-score of 80 is more sensitive and specific for the detection of dementia and differentiation of dementia subgroups than the Mini-Mental State Examination (MMSE) (Walterfang et al., 2006). For each patient, the NUCOG score obtained at the last follow-up (for people without seizures) or on the date nearest to seizure onset was included in the analysis.

Duration of cognitive decline was defined as the period between the onset date of cognitive decline and the date of last follow-up (for people without seizures) or the date of follow-up nearest seizure onset. Structural neuroimaging findings based on head magnetic resonance imaging (MRI) and computer tomography (CT) scans with dementia-protocols were classified as either “normal,” “demonstrating cortical atrophy,” or “demonstrating non-specific abnormalities” such as small-vessel ischemic change. Functional neuroimaging findings based on single-photon emission computed tomography (SPECT) were defined as abnormal if demonstrating hypoperfusion in any brain region. Prescription of anticholinesterase inhibitors, such as donepezil, rivastigmine, and memantine, was recorded.



Other Variables That Might Be Potential Risk Factors for Epilepsy

Other variables collected included: (1) demographic information, including age, sex, level of educational attainment, and marital status; (2) medical and psychiatric history, with specific note of hypertension, diabetes, hypercholesterolemia, obstructive sleep apnea, depression/anxiety and “other” psychiatric disorders (e.g., schizophrenia); and (3) lifestyle factors including current smoking status (defined as smoking within 12 months prior to recognition of cognitive decline) and current alcohol use (defined as drinking at least 1 standard unit of alcohol a week) (Topiwala et al., 2017). For people without epilepsy, data were drawn at the time point of the most recent follow-up appointment. For people with epilepsy, data were drawn at the time point just prior to seizure onset.



Variables Related to Epilepsy

Epilepsy was diagnosed according to the latest criteria set out by the International League Against Epilepsy (ILAE): two or more unprovoked seizures separated by at least 24 h, or one unprovoked seizure with an increased risk of recurrent seizures (Fisher et al., 2014), as evidenced by the presence of epileptiform activity on electroencephalography (EEG). We conservatively excluded patients with ambiguous events.

The characteristics of epilepsy were recorded, including age at onset of epilepsy, types of seizures, types and number of antiseizure medications (ASMs) prescribed, and seizure control. Types of seizures were classified as per the ILAE classification, and included focal aware seizure (FAS), focal impaired awareness seizure (FIAS), focal to bilateral tonic-clonic seizure (FBTCS), and generalized tonic-clonic seizure (GTCS) (Scheffer et al., 2017). Seizure semiology was also classified as convulsive vs. non-convulsive.




Statistical Analysis

We performed univariable comparisons of clinical variables between people with and without epilepsy using Fisher exact test, Student t-test, or Mann-Whitney U-test, as appropriate. Variables with p < 0.2 were entered into the multivariable logistic regression and forward stepwise method was used to establish the fitted model. For the purposes of analysis, people with DLB, PDD, MSA, PSP, and CBD were grouped together as movement disorder associated dementia (MDD). Two-tailed p < 0.05 were considered statistically significant. All statistical analyses were performed using the software package SPSS version 23.0.




RESULTS

A total of 575 people met the diagnostic criteria for NCDs. Among them, 427 people fulfilled all the inclusion criteria and were included in analysis. The final cohort was comprised of 67 people (15.7%) with mild NCD and 398 (84.3%) with major NCD. Of these, 40 (9.4%) had epilepsy and 387 (90.6%) did not have epilepsy. Figure 1 displays a flowchart of people included and excluded from the study.


[image: Figure 1]
FIGURE 1. Study flow chart of subject collection. NCD, neurocognitive disorder; ABI, acquired brain injury; ASMs, antiseizure medications.



Characteristics of All People With NCDs

The median age on admission to the Neuropsychiatry inpatient unit was 59 years (range 33–86). The median age of NCD onset was 57 years (range 32–86), and 75.2% (n = 321/427) were diagnosed as young-onset NCDs with onset before 65 years of age (Rossor et al., 2010). One hundred fourteen people had AD, 104 FTD, 51 VD, 69 MDD (comprised of 24 DLB, 33 PDD, 3 MSA, 4 PSP, and 5 CBD), and 89 unspecified NCD (including 24 people with mixed dementia, 14 people with mild cognitive impairment who did not meet diagnostic criteria for differential diagnoses, and 51 people who did not meet the criterion for a specific NCD type). The median duration of cognitive decline was 3 years (range 0.5–15 years) prior to inclusion in the study. A total of 324 (75.9%) people had undergone NUCOG assessment and the mean NUCOG score was 66.1 (standard deviation [SD] 17.5). Four hundred twenty-two people (98.8%) underwent neuroimaging, including 412 MRI scans and 10 CT scans, and 368 people (86.2%) had SPECT scans. Detailed characteristics of the whole cohort are displayed in Table 1.


Table 1. Baseline characteristics of the whole cohort.
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Clinical Characteristics of NCD People With Epilepsy

Among the study cohort, 40 (9.4%) people had epilepsy. Their characteristics are shown in Table 2. The median age at onset was 57.5 (range 30–87) and 75.2% (n = 321/427) of people fulfilled the diagnostic criteria for young-onset NCDs with the age of onset <65 years (Rossor et al., 2010). Seven (17.5%) people developed epilepsy prior to cognitive decline and 33 (82.5%) after cognitive decline. The median duration between the onset of cognitive decline and the onset of epileptic seizures was 2 years (range −10 to 10 years), with 80% of people (n = 32/40) experiencing their first epileptic seizures within the time frame ranging from 2 years prior through to 6 years after the onset of cognitive decline (Figure 2).


Table 2. Clinical characteristics of people with epilepsy (n = 40).
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FIGURE 2. Onset of epilepsy in relation to the onset of cognitive decline. The yearly distribution of new-onset seizures relative to the year of onset of cognitive decline: the median duration between the onset of cognitive decline and the onset of epileptic seizures was 2 years (range −10 to 10 years), with 80% of people (n = 32/40) experiencing their first epileptic seizures within the time frame ranging from 2 years prior through to 6 years after the onset of cognitive decline.


Regarding the semiology of seizures, 2 (5%) people had FAS only, 13 (32.5%) had FIAS only, 14 (35%) had FBTCS (including 9 with both FIAS and FBTCS, and 5 with FBTCS only), and 11 (27.5%) had GTCS. Eleven of the 13 people (84.6%) with FIAS has non-convulsive seizures without motor symptoms. Among the people who had seizures before dementia onset, most (n = 6/7, 85.7%) continued to have seizures during cognitive decline.

Of the 40 people with epilepsy, 30 (75%) were prescribed ASM monotherapy, 8 (20%) polytherapy, and 2 (5%) individuals declined ASM therapy. Among the 38 people prescribed ASMs, all 30 on monotherapy (100%) and 6 on polytherapy (75%) achieved seizure freedom, which was defined as no seizures for at least 1 year (Kwan et al., 2010). The remaining 2 people trialed multiple ASMs yet continued to have uncontrolled seizures.



Univariable Analysis of the Characteristics

The univariable comparison of the basic characteristics of people with and without epilepsy is displayed in Table 3. The distribution of education level (p = 0.045), subtype of NCD (p = 0.034), age at the onset of cognitive decline (p = 0.026), and lifestyle factors (smoking and alcohol use, p = 0.029 and 0.036, respectively), were significantly different between the two groups. Compared to those without epilepsy, a higher proportion of people with epilepsy achieved tertiary education (47.5 vs. 31.3%) and had younger-onset (age 50 or less) NCDs (42.5 vs. 25.6%). The most common NCD subtypes were unspecified NCD (n = 16/40, 40%), AD (n = 10/40, 25%), and FTD (n = 6/40, 15%) in those with epilepsy, while AD (n = 104/387, 26.9%), FTD (n = 98/387, 25.3%), and unspecified NCD (n = 73/387, 18.9%) were more common in people without epilepsy. Moreover, people with epilepsy had a higher proportion of current smoking status (32.5 vs. 16.8%) and alcohol use (40 vs. 24%) compared to those without epilepsy.


Table 3. Characteristics between cohort with and without epilepsy.
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Other factors including sex, age, family history of dementia, mild or major NCD, duration of cognitive decline prior to data collection time point, extent of cognitive impairment, and neuroimaging findings were not significantly different between people with and without epilepsy.



Multivariable Analysis for Risk Factors of Having Epilepsy in People With NCDs

The multivariable logistic regression identified NCD subtype, age at onset of cognitive decline, and current smoking status as risk factors for having epilepsy (Table 4). People with FTD and MDD showed significantly lower risk of developing epilepsy compared to unspecified NCD (odds ratio [OR] 0.23, 95% confidence interval [CI] 0.06–0.85, p = 0.028 and OR 0.23, 95% CI: 0.08–0.63, p = 0.005, respectively), while the risk did not significantly differ for other NCD subtypes. People whose cognitive decline began at age 50 or less had a significantly higher risk of having epilepsy compared to those with cognitive decline starting after age 50 years (OR 2.29, 95% CI: 1.12–4.68, p = 0.023). Current smoking status also increased the risk of epilepsy compared to non- or ex-smokers (OR 2.18, 95% CI: 1.04–4.57, p = 0.038).


Table 4. Multivariable logistic regression in the whole cohort and the young-onset cohort.
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Sub-analysis of Predictors of Epilepsy Within the Subgroup With Young-Onset NCDs

To test if the results of the whole cohort were applicable to those with young-onset NCDs, we performed a sub-analysis of predictors in this unique subgroup. Dementia subtypes (p = 0.02), age at onset of cognitive decline (p = 0.01), current smoking status (p = 0.008), and current alcohol use (p = 0.015) were significantly different between the subgroups with and without epilepsy (Table 5). These factors were then included in a logistic regression model, along with other variables with p < 0.2 in the univariable analysis (i.e., age, level of education, duration of cognitive decline, and diabetes). Onset age of cognitive decline, current smoking status, and dementia etiology were selected into the regression model by using forward stepwise method (Table 4). Onset age of cognitive decline ≤50 (OR 2.59, 95% CI: 1.13–5.91, p = 0.024) and current smoking status (OR 3.23, 95% CI: 1.39–7.47, p = 0.006) were independently associated with increased risk of developing epilepsy. NCD subtype overall was not identified as an independent risk factor for developing epilepsy in those with younger-onset NCDs (p = 0.152), although FTD was associated with a lower risk of developing epilepsy compared to unspecified NCD (OR 0.25, 95% CI: 0.09–0.74, p = 0.012).


Table 5. Characteristics between young-onset NCD people with and without epilepsy.
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DISCUSSION

This study revealed that younger age (≤50 years), NCD of unspecified subtype, and current smoking status were independently associated with development of epilepsy in people with NCDs. We believe these results offer important insights into the intersection of these two common conditions, as the cohort was younger and had a wider range of underlying NCD etiologies compared to previous studies.

Previous studies have also identified that younger age at onset of cognitive decline or dementia is an important risk factor, and sometimes the sole predictor, of dementia-related epilepsy or seizures (Amatniek et al., 2006; Scarmeas et al., 2009; Vossel et al., 2013; Beagle et al., 2017; Zelano et al., 2020). The incidence of unprovoked seizures or new-diagnosis epilepsy for those with NCDs aged 50–59 is almost three times the incidence for those aged 60–69, and eight times the incidence for those aged 70 years or more (Amatniek et al., 2006). The higher risk of epilepsy in younger-onset NCD may be due to epileptic seizures hastening the manifestation of cognitive impairment (Volicer et al., 1995; Lott et al., 2012). In addition, shared common pathophysiological mechanisms, such as unique expression of genes that regulate neural network activity, may underlie these findings (Shea et al., 2016). Supporting this, we found a higher proportion of younger-onset NCD (<50 years) (n = 32/84, 38.1%) compared to those >50 years (63/248, 25.4%) had a family history of NCD, indicating a potential hereditary component.

The wide range of etiologies underlying NCDs are associated with different risks for development of epilepsy; our study identified that non-specific-, AD-, and VD-NCD subtypes placed people at highest risk of new-onset epilepsy. Few studies have evaluated the varying association between NCD etiology and occurrence of epileptic seizures, with most previous research focused almost exclusively on people with AD, the commonest NCD (Hesdorffer et al., 1996; Friedman et al., 2012; Imfeld et al., 2013; Vossel et al., 2017). A recent registry-based study found that compared to non-dementia controls, the risk of epilepsy was greatest in those with early-onset (<65 years) AD (HR = 5.83), compared to other NCD subtypes (HR 1.92 for late-onset AD, 2.62 for VD, 3.11 for DLB, 3.79 for PDD, 2.75 for FTD, 2.16 for mixed dementia) (Zelano et al., 2020). This may be due to the younger age of onset, rather than other factors, in the early-onset AD group. However, no subgroup analysis was reported that compared risk of epilepsy in early- vs. late-onset dementia. Previous studies report prevalence of new-onset epilepsy between 1.82 and 6.9% for people with AD (Friedman et al., 2012) and incidence 6.3% for VD (Zelano et al., 2020). The prevalence in our study was higher, likely due to inclusion of more participants with younger age of onset, and inclusion of people whose epilepsy developed up to 10 years before the onset of cognitive impairment. The relatively higher risk of epilepsy for AD- and VD-NCD subtypes may be due to the potential epileptogenic effect of amyloid β and tau pathology, a shared genotype such as APOE4, and increased markers of cerebrovascular disease on brain imaging in people with epilepsy (Sen et al., 2018).

In our study, there was also an association between new-onset epilepsy and unspecified NCD. The higher incidence might due to the add-on effect of mixed etiologies. Further, for the majority of this group, seizures occurred prior to clinically appreciably cognitive decline. This early presentation of seizures may be a manifestation of an underlying pathophysiological mechanism that also contributes to neurocognitive impairment, as opposed to the seizures occurring as a consequence of an advancing neurodegenerative process. In addition, we noted that the incidence of epilepsy was lowest in the subgroup with MDD, especially those with PDD (none of the individuals with PDD had epilepsy). Although some studies have reported a prevalence of epilepsy of 2.6% (Feddersen et al., 2014) and 1.7 increased odds of developing epilepsy (Gruntz et al., 2018) in people with PD, a negative relationship between PD and seizures and seizure-modulating effects of dopamine receptor agonists have also been found (Quesney et al., 1980; Vercueil, 2000), in keeping with our findings.

While seizure onset occurred in close temporal association with NCD onset in our study, the temporal relationship varies widely across the literature. Earlier studies reported that seizures tended to occur in the late stages of dementia (Hauser et al., 1986; Romanelli et al., 1990). In contrast, the majority of recent, large studies found that seizure onset clustered prior to and shortly following a NCD diagnosis (Vossel et al., 2013; Beagle et al., 2017; Zelano et al., 2020). We included people with mild NCDs and so included those in the pre- and early stages of dementia. This “pre- and early” dementia group may be at increased risk of seizures due to the increased cholinergic tone that occurs before the degeneration of cholinergic pathways that is seen in later stages of NCDs (Kam et al., 2016). Studies that report that seizure-onset is associated with later-stage dementia may potentially do so due to a reporting bias, with underreporting and under-recognition of “subtle” non-convulsive seizure types that may occur earlier in the NCD-process (Romanelli et al., 1990). Consistent with some previous studies (Bernardi et al., 2010; Horváth et al., 2018), focal impaired awareness seizures with or without evolution to bilateral tonic clonic seizures, and bilateral tonic clonic seizures, were the most commonly noted seizure type in our NCD cohort. However, some studies reported people with NCDs to have a higher proportion of non-convulsive seizures than convulsive seizure types (Vossel et al., 2013; Beagle et al., 2017). Again, this may reflect a reporting bias favoring recognition of convulsive seizure over non-convulsive seizures. Non-convulsive seizures may be challenging to identify, particularly for individuals with cognitive impairment. Clinicians should be mindful of seizures that manifest with subtle, non-motor semiology, and actively enquire about brief, stereotyped episodes of blank staring, oral or manual automatisms, or other features that may be consistent with focal seizures. As seen in our and previous studies (Belcastro et al., 2007; Vossel et al., 2013), epilepsy was well-controlled with ASMs in most people. Therefore, a high index of clinical suspicion for seizures may facilitate earlier diagnosis and treatment, and this might lead to better prognosis, and otherwise avoidable seizure-related injuries and hospitalizations.

This study reinforced active smoking status as an important predictor of development of epilepsy in NCD cohorts. Smoking has consistently been reported to increase the risk of AD, VD, and all-cause dementia (Anstey et al., 2007; Zhong et al., 2015). Smoking is also a risk factor for seizures. Smokers with epilepsy were found to experience more seizures compared with non-smokers with epilepsy (Johnson et al., 2019), smoking was found to significantly increase the risk of seizures in young adult women aged 25–42 (Dworetzky et al., 2010), and was significantly associated with late-onset epilepsy starting at 60 years or older (Johnson et al., 2018). Our results are in keeping with these studies. As well as being a well–recognized vascular risk factor, one potential hypothesis for the increased risk of epileptic seizures associated with smoking is that it contributes to the atherosclerosis of cerebral vessels and subsequent impairment of neurons, which accelerates the dysfunction of neuro-electrical networks and this leads to the outbreak of epileptic seizures (Sen et al., 2018). Interestingly, in our study, small-vessel ischemic change in neuroimaging was not significantly varied between the subgroups with and without epilepsy. This is consistent with a previous study that showed smoking was associated with late-onset epilepsy even after censoring individuals with stroke (Johnson et al., 2018) and implies possible further pathobiological mechanisms that act separately from the well-described effect on vessels.

Our study reveals several important directions for future research. These include investigating the mechanisms underlying the increased risk of epilepsy for people with younger-onset NCDs vs. older-onset NCDs through techniques such as genetic screening; to confirm the association between various NCD etiology/subtypes and risk of epilepsy; and to elicit the underlying shared mechanisms. Larger numbers of people with specific MDDs and other mixed dementias are needed to better determine how these rarer younger-onset NCDs may be associated with epilepsy risk. As smoking was found to be associated with increased risk of epilepsy and this association seems independent of its effect on cerebral small vessel disease, future studies may focus on identifying additional pathobiological mechanisms above and beyond vascular disease. Finally, tobacco smoking represents a modifiable risk factor, and interventions to reduce or cease smoking should be further investigated as a potential target for reducing risk of new-onset epilepsy in those with NCDs.

Our study has several limitations. Firstly, common to most epidemiology studies in the “real-world setting,” seizure occurrence was primarily based on self-reporting by patients or caregivers. Given that focal seizure semiology is often subtle and some symptoms may overlap with cognitive features of NCDs, the true prevalence of epilepsy may be higher than estimated. Second, information on the exact amount of smoking was not collected as part of routine care, limiting further analysis regarding the possibility of a dose-dependent relationship. Lastly, the study cohort was derived from a tertiary neuropsychiatry service with expertise in young-onset NCDs and so the study cohort may be younger with more severe disease, and so may not be representative of all people with MCI/dementia. Results may therefore not be generalizable to older people with more typical disease.



CONCLUSIONS

A substantial proportion of people with NCDs will develop epilepsy. Clinicians should be mindful that seizures are common in the years just prior to and shortly following an NCD diagnosis and focal to bilateral tonic clonic seizures are the type most likely to reach medical attention. NCD of unclear etiology, younger age at onset of cognitive decline (50 years or less), and current smoking status were independently associated with development of epilepsy. Early identification of seizures is important, particularly as ASM monotherapy is effective in the majority of cases.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by The RMH Human Research Ethics Committee. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



AUTHOR CONTRIBUTIONS

XW, DV, and PK designed the study. XW, SL, and EF collected the data. XW performed the statistical analysis with assistance from ZC. XW drafted the manuscript, which was critically revised by SL, EF, DV, and PK. All authors approved the final version of the manuscript.



FUNDING

This study was supported by the Chinese Scholarship Council Grant (201808330160) and the National Natural Science Foundation of China (82001363).



REFERENCES

 Amatniek, J. C., Hauser, W. A., DelCastillo-Castaneda, C., Jacobs, D. M., Marder, K., Bell, K., et al. (2006). Incidence and predictors of seizures in patients with Alzheimer's disease. Epilepsia 47, 867–872. doi: 10.1111/j.1528-1167.2006.00554.x

 American Psychiatric Association (2013). Diagnostic and Statistical Manual of Mental Disorders, 5th ed. Arlington, VA: American Psychiatric Publishing.

 Anstey, K. J., von Sanden, C., Salim, A., and O'Kearney, R. (2007). Smoking as a risk factor for dementia and cognitive decline: a meta-analysis of prospective studies. Am. J. Epidemiol. 166, 367–378. doi: 10.1093/aje/kwm116

 Beagle, A. J., Darwish, S. M., Ranasinghe, K. G., La, A. L., Karageorgiou, E., and Vossel, K. A. (2017). Relative incidence of seizures and myoclonus in Alzheimer's disease, dementia with lewy bodies, and frontotemporal dementia. J. Alzheimers. Dis. 60, 211–223. doi: 10.3233/JAD-170031

 Belcastro, V., Costa, C., Galletti, F., Pisani, F., Calabresi, P., and Parnetti, L. (2007). Levetiracetam monotherapy in Alzheimer patients with late-onset seizures: a prospective observational study. Eur. J. Neurol. 14, 1176–1178. doi: 10.1111/j.1468-1331.2007.01907.x

 Bernardi, S., Scaldaferri, N., Vanacore, N., Trebbastoni, A., Francia, A., D'Amico, A., et al. (2010). Seizures in Alzheimer's disease: a retrospective study of a cohort of outpatients. Epileptic Disord. 12, 16–21. doi: 10.1684/epd.2010.0290

 Dickson, D. W., Bergeron, C., Chin, S. S., Duyckaerts, C., Horoupian, D., Ikeda, K., et al. (2002). Office of Rare Diseases neuropathologic criteria for corticobasal degeneration. J. Neuropathol. Exp. Neurol. 61, 935–946. doi: 10.1093/jnen/61.11.935

 Dworetzky, B. A., Bromfield, E. B., Townsend, M. K., and Kang, J. H. (2010). A prospective study of smoking, caffeine, and alcohol as risk factors for seizures or epilepsy in young adult women: data from the Nurses' Health Study II. Epilepsia 51, 198–205. doi: 10.1111/j.1528-1167.2009.02268.x

 Emre, M., Aarsland, D., Brown, R., Burn, D. J., Duyckaerts, C., Mizuno, Y., et al. (2007). Clinical diagnostic criteria for dementia associated with Parkinson's disease. Mov. Disord. 22, 1689–1707. doi: 10.1002/mds.21507

 Feddersen, B., Rémi, J., Einhellig, M., Stoyke, C., Krauss, P., and Noachtar, S. (2014). Parkinson's disease: less epileptic seizures, more status epilepticus. Epilepsy Res. 108, 349–354. doi: 10.1016/j.eplepsyres.2013.11.013

 Fisher, R. S., Acevedo, C., Arzimanoglou, A., Bogacz, A., Cross, J. H., Elger, C. E., et al. (2014). ILAE official report: a practical clinical definition of epilepsy. Epilepsia 55, 475–482. doi: 10.1111/epi.12550

 Friedman, D., Honig, L. S., and Scarmeas, N. (2012). Seizures and epilepsy in Alzheimer's disease. CNS Neurosci. Ther. 18, 285–294. doi: 10.1111/j.1755-5949.2011.00251.x

 Golbe, L. I. (2014). Progressive supranuclear palsy. Semin. Neurol. 34, 151–159. doi: 10.1055/s-0034-1381736

 Gorno-Tempini, M. L., Hillis, A. E., Weintraub, S., Kertesz, A., Mendez, M., Cappa, S. F., et al. (2011). Classification of primary progressive aphasia and its variants. Neurology 76, 1006–1014. doi: 10.1212/WNL.0b013e31821103e6

 Gruntz, K., Bloechliger, M., Becker, C., Jick, S. S., Fuhr, P., Meier, C. R., et al. (2018). Parkinson disease and the risk of epileptic seizures. Ann. Neurol. 83, 363–374. doi: 10.1002/ana.25157

 Hauser, W. A., Morris, M. L., Heston, L. L., and Anderson, V. E. (1986). Seizures and myoclonus in patients with Alzheimer's disease. Neurology 36, 1226–1230. doi: 10.1212/wnl.36.9.1226

 Hesdorffer, D. C., Hauser, W. A., Annegers, J. F., Kokmen, E., and Rocca, W. A. (1996). Dementia and adult-onset unprovoked seizures. Neurology 46, 727–730. doi: 10.1212/wnl.46.3.727

 Horváth, A., Szucs, A., Hidasi, Z., Csukly, G., Barcs, G., and Kamondi, A. (2018). Prevalence, semiology, and risk factors of epilepsy in Alzheimer's disease: an ambulatory EEG study. J. Alzheimers. Dis. 63, 1045–1054. doi: 10.3233/jad-170925

 Imfeld, P., Bodmer, M., Schuerch, M., Jick, S. S., and Meier, C. R. (2013). Seizures in patients with Alzheimer's disease or vascular dementia: a population-based nested case-control analysis. Epilepsia 54, 700–707. doi: 10.1111/epi.12045

 Johnson, A. L., McLeish, A. C., Shear, P. K., Sheth, A., and Privitera, M. (2019). The role of cigarette smoking in epilepsy severity and epilepsy-related quality of life. Epilepsy Behav. 93, 38–42. doi: 10.1016/j.yebeh.2019.01.041

 Johnson, E. L., Krauss, G. L., Lee, A. K., Schneider, A. L. C., Dearborn, J. L., Kucharska-Newton, A. M., et al. (2018). Association between midlife risk factors and late-onset epilepsy: results from the atherosclerosis risk in communities study. JAMA Neurol. 75, 1375–1382. doi: 10.1001/jamaneurol.2018.1935

 Kam, K., Duffy, Á. M, Moretto, J., LaFrancois, J. J., and Scharfman, H. E. (2016). Interictal spikes during sleep are an early defect in the Tg2576 mouse model of β-amyloid neuropathology. Sci. Rep. 6:20119. doi: 10.1038/srep20119

 Kitayama, M., Wada-Isoe, K., Irizawa, Y., and Nakashima, K. (2009). Assessment of dementia in patients with multiple system atrophy. Eur. J. Neurol. 16, 589–594. doi: 10.1111/j.1468-1331.2009.02544.x

 Kwan, P., Arzimanoglou, A., Berg, A. T., Brodie, M. J., Allen Hauser, W., Mathern, G., et al. (2010). Definition of drug resistant epilepsy: consensus proposal by the ad hoc task force of the ILAE commission on therapeutic strategies. Epilepsia 51, 1069–1077. doi: 10.1111/j.1528-1167.2009.02397.x

 Lott, I. T., Doran, E., Nguyen, V. Q., Tournay, A., Movsesyan, N., and Gillen, D. L. (2012). Down syndrome and dementia: seizures and cognitive decline. J. Alzheimers. Dis. 29, 177–185. doi: 10.3233/jad-2012-111613

 McAreavey, M. J., Ballinger, B. R., and Fenton, G. W. (1992). Epileptic seizures in elderly patients with dementia. Epilepsia 33, 657–660.

 McKeith, I. G., Galasko, D., Kosaka, K., Perry, E. K., Dickson, D. W., Hansen, L. A., et al. (1996). Consensus guidelines for the clinical and pathologic diagnosis of dementia with Lewy bodies (DLB): report of the consortium on DLB international workshop. Neurology 47, 1113–1124. doi: 10.1212/wnl.47.5.1113

 McKhann, G., Drachman, D., Folstein, M., Katzman, R., Price, D., and Stadlan, E. M. (1984). Clinical diagnosis of Alzheimer's disease: report of the NINCDS-ADRDA work group under the auspices of department of health and human services task force on Alzheimer's disease. Neurology 34, 939–944. doi: 10.1212/wnl.34.7.939

 Quesney, L. F., Andermann, F., Lal, S., and Prelevic, S. (1980). Transient abolition of generalized photosensitive epileptic discharge in humans by apomorphine, a dopamine-receptor agonist. Neurology 30, 1169–1174. doi: 10.1212/wnl.30.11.1169

 Rascovsky, K., Hodges, J. R., Knopman, D., Mendez, M. F., Kramer, J. H., Neuhaus, J., et al. (2011). Sensitivity of revised diagnostic criteria for the behavioural variant of frontotemporal dementia. Brain 134, 2456–2477. doi: 10.1093/brain/awr179

 Roman, G. C., Tatemichi, T. K., Erkinjuntti, T., Cummings, J. L., Masdeu, J. C., Garcia, J. H., et al. (1993). Vascular dementia: diagnostic criteria for research studies. Report of the NINDS-AIREN international workshop. Neurology 43, 250–260. doi: 10.1212/wnl.43.2.250

 Romanelli, M. F., Morris, J. C., Ashkin, K., and Coben, L. A. (1990). Advanced Alzheimer's disease is a risk factor for late-onset seizures. Arch. Neurol. 47, 847–850. doi: 10.1001/archneur.1990.00530080029006

 Rossor, M. N., Fox, N. C., Mummery, C. J., Schott, J. M., and Warren, J. D. (2010). The diagnosis of young-onset dementia. Lancet Neurol. 9, 793–806. doi: 10.1016/s1474-4422(10)70159-9

 Scarmeas, N., Honig, L. S., Choi, H., Cantero, J., Brandt, J., Blacker, D., et al. (2009). Seizures in Alzheimer disease: who, when, and how common? Arch. Neurol. 66, 992–997. doi: 10.1001/archneurol.2009.130

 Scheffer, I. E., Berkovic, S., Capovilla, G., Connolly, M. B., French, J., Guilhoto, L., et al. (2017). ILAE classification of the epilepsies: position paper of the ILAE commission for classification and terminology. Epilepsia 58, 512–521. doi: 10.1111/epi.13709

 Sen, A., Capelli, V., and Husain, M. (2018). Cognition and dementia in older patients with epilepsy. Brain 141, 1592–1608. doi: 10.1093/brain/awy022

 Shea, Y. F., Chu, L. W., Chan, A. O., Ha, J., Li, Y., and Song, Y. Q. (2016). A systematic review of familial Alzheimer's disease: differences in presentation of clinical features among three mutated genes and potential ethnic differences. J. Formos. Med. Assoc. 115, 67–75. doi: 10.1016/j.jfma.2015.08.004

 Topiwala, A., Allan, C. L., Valkanova, V., Zsoldos, E., Filippini, N., Sexton, C., et al. (2017). Moderate alcohol consumption as risk factor for adverse brain outcomes and cognitive decline: longitudinal cohort study. BMJ 357:j2353. doi: 10.1136/bmj.j2353

 Vercueil, L. (2000). Parkinsonism and epilepsy: case report and reappraisal of an old question. Epilepsy Behav. 1, 128–130. doi: 10.1006/ebeh.2000.0044

 Volicer, L., Smith, S., and Volicer, B. J. (1995). Effect of seizures on progression of dementia of the Alzheimer type. Dementia 6, 258–263. doi: 10.1159/000106956

 Vossel, K. A., Beagle, A. J., Rabinovici, G. D., Shu, H., Lee, S. E., Naasan, G., et al. (2013). Seizures and epileptiform activity in the early stages of Alzheimer disease. JAMA Neurol. 70, 1158–1166. doi: 10.1001/jamaneurol.2013.136

 Vossel, K. A., Tartaglia, M. C., Nygaard, H. B., Zeman, A. Z., and Miller, B. L. (2017). Epileptic activity in Alzheimer's disease: causes and clinical relevance. Lancet Neurol. 16, 311–322. doi: 10.1016/s1474-4422(17)30044-3

 Walterfang, M., Siu, R., and Velakoulis, D. (2006). The NUCOG: validity and reliability of a brief cognitive screening tool in neuropsychiatric patients. Aust. N. Z. J. Psychiatr. 40, 995–1002. doi: 10.1080/j.1440-1614.2006.01923.x

 Zelano, J., Brigo, F., and Garcia-Patek, S. (2020). Increased risk of epilepsy in patients registered in the Swedish dementia registry. Eur. J. Neurol. 27, 129–135. doi: 10.1111/ene.14043

 Zhong, G., Wang, Y., Zhang, Y., Guo, J. J., and Zhao, Y. (2015). Smoking is associated with an increased risk of dementia: a meta-analysis of prospective cohort studies with investigation of potential effect modifiers. PLoS ONE 10:e0118333. doi: 10.1371/journal.pone.0118333

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Wang, Loi, Foster, Chen, Velakoulis and Kwan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fnagi-13-637260-t003.jpg
Variables

Demographics
Female sex, No./total No. (%)
Age, median (range)
Education, No./total No. (%)
No more than basic
High school
Tertiary
Married, No./total No. (%)
NCD characteristics
Mid NCD, No./total No. (%)
Dementia subtypes, No./total No. (%)
AD
)
MDD
DLB
PDD
MSA
PSP
ceD
FTD
Unspecified @
NCD onset age, No./total No. (%)
Young-onset (<65)
<50
NCD duration (years), median (range)
Total NUCOGP, mean & SD
Family history of NCD, No./total No. (%)
Neuroimaging®, No./total No. (%)
Abnormality
Cortical atrophy
Non-specific abnormality
Small-vessel ischemic change
SPECT abnormality?, No./total No. (%)
On ADM®, No./total No. (%)
Medical history
Psychiatric history, No./total No. (%)
Depression/anxiety
Other psychiatric disorders
Hypertension, No./total No. (%)
Diabetes, No./total No. (%)
Hypercholesterolaemia, No./total No. (%)

Obstructive sleep apnea, No./total No. (%)

Lifestyle factors
Gurrent smoking, No./total No. (%)
Alcohol use, No./total No. (%)

With epilepsy (n = 40)

16/40 (40.0)
59 (38-85)

10/40 (25.0)
11/40 (27.5)
19/40 (47.5)
26/40 (65.0)

9/40 (22.5)

10/40 (25.0)
5/40 (12.5)
3/40 (7.5)
2/40(5.0)
0/40 (0)
0/40 (0)
1/40 (2.5)
0740 (0)
6/40 (15.0)
16/40 (40.0)

20/40 (72.5)
17/40 (42.5)
3.00(0.5-10)

64.89 + 22,03
13/40 (32.5)

35/40 (87.5)
26/40 (65.0)
22/40 (55.0)
18/40 (45.0)
26/29 (89.7)
6/40 (15.0)

18/40 (45.0)
8/40 (20.0)
13/40 (32.5)
4/40 (10.0)
14/40 (35.0)
2/40 (5.0)

13/40 (32.5)
16/40 (40.0)

Without epilepsy (n = 387)

178/387 (46.0)
59 (33-86)

80/379 (20.7)
178/379 (46.0)
121/379 (313)
259/383 (67.6)

58/387 (15.0)

104/387 (26.9)
46/387 (11.9)
66/387 (17.1)
22/387 (5.7)
33/387 (8.5)
3/387 (0.8)
3/387 (0.8)
5/387 (1.3)
98/387 (25.3)
73/387 (18.9)

292/387 (75.5)
99/387 (25.6)
250 (0.5-15)
6635+ 17.13
82/387 (21.2)

328/382 (85.9)
233/382 (61.0)
204/382 (53.4)
152/382 (39.8)
307/339 (90.6)
56/387 (14.5)

145/387 (37.5)
70/387 (18.1)
112/387 (28.9)
58/387 (15.0)
158/387 (40.8)
22/387(5.7)

65/387 (16.8)
93/387 (24.0)

P-value

0.508
0.783
0.045

0.860

0.251
0.034

0.702
0.026
0.107
0.667
0.111

0820
0.733
0.847
0.612
0.748
~1.000

0.538

0.715

0.487

0.504
~1.000

0.029
0.036

X2/t value

0526
n/a*
6.105

0.113

1.547
10.185

0.169
5245
n/a*
0.431
2681

0.081
0.245
0.037
0.408
0.0256
0.008

1.354

0.222
0.726
0512
0.032

5.988
4.863

AD, Alzheimer disease; VD, Vascular dementia; MD, Movement disorder associated dementia; DLB, Dementia with Lewy bodies; PDD, Dementia associated with Parkinson disease;

MSA, Multple system atrophy; PSR, progressive supranuclear palsy; CBD, corticobasal degeneration; FTD, frontotemporal dementia; ADM, anti-cementia medications.

# not available for Mann-Whiteney U-test.

2 Include 4 people with mixed NCDs (3 AD/VD and 1 FTD/VD), 5 with mild cognitive impairment who did not meet diagnostic criteria for differential diagnoses, and 7 who did not meet
the criterion for a specific type in the cohort with epilepsy, and 20 people with mixed NCDs (15 ADVD, 2 FTDVD, 2 PDD/VD, and 1 DLBNVD), 9 with mild cognitive impairment who did

not meet diagnostic criteria for differential diagnoses, and 44 who did ot meet the criterion for a specific type in the cohort without epilepsy.

 based on the data of 30 people with epilepsy and 294 people without epilepsy.
© Mostly based on MR, 10 of them based on CT s the people (including 2 people with epilepsy) had only CT but no MR, & people (all without epilepsy) had neither MRI nor CT.
9 based on the data of 29 people with epilepsy and 339 people without epilepsy.

@ before onset of epilepsy or before the last follow-up record.
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dementia; DLB, Dementia with Lewy bodies; PDD, Dementia associated with
Parkinson disease; MSA, Multiple system atrophy; PSP, progressive supranuclear
palsy; CBD, corticobasal degeneration; FTD, frontotemporal dementia; ADM, anti-
dementia medications.

@ include 24 people with mixed NCDs (18 VD/AD, 3 FTD/VD, 2 PDDAVD, and 1 DLBAVD),
14 people with mid cognitive impaiment who did not meet diagnostic crteria for
differential diagnoses, and 51 people who did not meet the criterion for a specific type.

b data available for 324 people.

¢ Mostly based on MR, 10 of them based on CT as the individuals (inclucing 2 people
with epilepsy) hed only CT but no MRI, 5 people (all without epilepsy) hed neither MRI
norCT.

9 data available for 368 people.

© before onset of epilepsy or before the last follow-up record.
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FAS, focal aware seizure; FIAS, focal impaired awareness seizure; NCS, non-convulsive
seizure; FBTCS, focal to bileteral tonic-clonic seizure; GTCS, generalized tonic-clonic
seizure; VPA, valproate; LEV, levetiracetam; PHT, phenytoin; CBZ, carbamazepine; LTG,

lamotrigine; ZNS, Zonisamide; ASM, anti-seizure medication.
#nine of them had both FIAS and secondary generalization.
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AD, Alzheimer disease; VD, Vascular dementia; MD, Movement disorder associated dementia; DLB, Dementia with Lewy bodies; PDD, Dementia associated with Parkinson disease;

MSA, Multiple system atrophy; PSF, progressive supranuclear palsy; CBD, corticobasal degeneration; FTD, frontotemporal dementia; ADM, anti-dementia medications.

¥ not available for Mann-Whiteney U-test.

@ Include 2 people with mixed NCDs (1 AD/VD and 1 FTD/VD), 4 with mild cognitive impairment who did not meet diagnostic criteria for differential diagnoses, and 6 who did not meet
the criterion for a speciflc type in the cohort with epiepsy, and 13 people with mixed NCDs (10 AD/VD, 2 FTD/VD, 1 PDD/VD, and 1 DLBAVD), 11 with mild cognitive impaiment who

dld not meet diagnostic criteria for differential diagnoses, and 29 who did not meet the criterion for a specific type in the cohort without epilepsy.

© based on the data of 24 people with epilepsy and 233 people without epilepsy.

© Mostly based on MR, 6 of them based on CT as the people (all without epilepsy) had only CT but no MRI, 3 people (all without epilepsy) had neither MRI nor CT.

9 based on the data of 22 people with epilepsy and 263 people without epilepsy.

@ before onset of epilepsy or before the last follow-up record.
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