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Background and Study Aims: Elderly epilepsy is the third most common chronic disease that affects metabolism either alone or
through antiepileptic drugs (AEDs). Here, we focus on whether neurocognitive profiles in elderly epilepsy and its treatment are linked
to metabolic conditions.

Patients and Methods: Elderly patients with epilepsy without cognitive impairment (n = 78) and with cognitive impairment (n = 75)
were enrolled. C-reactive protein (CRP) and metabolic markers (triglyceride (TG), total cholesterol (TC), high-density lipoprotein
(HDL-c), low-density lipoprotein (LDL-c), albumin, fasting glucose (Glu) and glycosylated hemoglobin (HbAlc)) were measured.
Serum markers were modeled using logistic regression analysis.

Results: TG, TC, fasting glucose, HbAlc and CRP were significantly increased (p < 0.05, 0.05, 0.001, 0.001, 0.01, respectively) in
elderly epilepsy, whereas HDL-c, LDL-c and serum albumin were decreased (p < 0.001, 0.001, 0.001) in elderly epilepsy. TG, TC,
fasting Glu, HbAlc and CRP were significantly elevated (p < 0.05, 0.001, 0.001, 0.001, 0.001, respectively) in epilepsy with cognitive
impairment, whereas HDL-c, LDL-c and serum albumin were decreased (p < 0.001, 0.001, 0.001). The abnormal glycolipid profile
was predominated in AED-treated patients. The regression model combined with TG, LDL-c, HDL-c and albumin performed better
(area under the ROC curve was 0.824) in AED-treated patients.

Conclusion: The relevant relationship between glycolipid profile and cognitive impairment with epilepsy was described, and the
logistic regression model based on serum TG, LDL-c, HDL-c and albumin is reported and may serve as promising diagnostic markers
for elderly epilepsy with cognitive impairment. Additionally, a specific emphasis on the complex role of altered lipid metabolism and
AEDs is made.
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Introduction
With advances in healthcare and an aging population, the number of the elderly with epilepsy is set to rise substantially
across the world. Epilepsy is the third most common neurological disorder and affects 65 million people with a peak
incidence that is higher in the older population over 65 years of age.l’2 A continuous epileptogenic process could
irreversibly damage the brain, causing persistent cognitive impairment.® Recent findings show an important bidirectional
link between cognitive function and epilepsy. Comorbid condition could arise before, concomitantly, or after an epilepsy
diagnosis; they may be caused by or a consequence of epilepsy or may be associated with epilepsy because they share
common pathologic risk factors or pathogenic process, or they may be discordant conditions.*> Epidemiological findings
show that individuals with epilepsy and people with cognitive impairment share common risk factors.®

The epileptic cognitive impairment theory was first put forward, indicating that cognitive impairment and epilepsy
may result from the same underlying impairment.® There is a complex interplay between comorbidities in elderly
epilepsy, especially elderly epilepsy with cognitive impairment. The elderly epilepsy identified a threshold of over 65
years of age as likely to be the most optimal.” Only one detailed report is available on cognitive function in people who
first developed epilepsy after the age of 65.% Importantly, some findings also suggest that elderly patients with epilepsy
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are at a higher risk of developing cognitive impairment and ultimately dementia.’ Indeed, markers for cognitive
impairment in epilepsy might not be unique to epilepsy but rather reflect mixed pathologies. Shared markers may be
due to the fact that cognitive impairment may share underlying pathological mechanisms with epilepsy. Alternatively,
seizures might trigger pathological changes that make the brain more vulnerable to developing cognitive impairment.
Thus, molecular cascades important in both seizure generation and cognitive impairment might converge within
epileptogenic tissue in elderly patients.'® Animal models of cognitive impairment provided possible insights into
commonalities of network disruption in cognitive impairment and epilepsy.'' Two important candidate pathologies in
elderly epilepsy have been implicated in dementia: small vessel cerebrovascular disease and tau or amyloid deposition,
both of which affect brain networks that subserve cognition on a large scale.® Levetiracetam, an antiepileptic drug
(AED), reduced amyloid plaques in the model.'? However, we note that there has been little investigation specifically of
cognitive impairment in elderly epilepsy.

Evidence is emerging that inflammation might be a consequence as well as a cause of epilepsy.'*'* Over the last
decade, a study has shown a bidirectional communication between inflammation and epilepsy by using in vivo and in
vitro experimental models, indicating that seizures may generate an inflammatory response, which could in turn modulate
epilepsy.'® Several studies demonstrated that proinflammatory cytokines are overexpressed in brain areas of seizure
generation. Elevated blood levels of CRP have also been observed in patients with epilepsy.'> However, the relationship
of inflammation occurrence in elderly epilepsy and impaired cognition remains unknown.

In addition to inflammation, glycolipid metabolism has been shown to be associated with cognitive impairment in
epilepsy. Several metabolic indicators appear to be involved in cognition,'® although a relationship between glycolipid
metabolism profiles and cognitive impairment in elderly epilepsy remains inconclusive. AEDs have also been linked with
a myriad of metabolic disorders and their chronic use has been associated with a significant change in the lipid profile, as
well as CRP levels.!” Despite the availability of a wide range of AEDs, currently AEDs are mainly used to treat
symptoms and prevent seizures but do not affect the underlying pathology or the progression of the disorder.'®'® We are
not aware of any observations on the potential different effects of AEDs on serum markers in elderly epilepsy with or
without cognitive function.

The aim of the present study was to characterize the inflammatory pattern and metabolic profiles of elderly epileptic
patients. Inflammatory and metabolism markers are provided to understand the relationship and the role of AED
monotherapy in epilepsy and cognitive impairment.

Materials and Methods

Participants
The group consisted of 233 participants including 80 healthy volunteers and 153 epilepsy patients. Based on neuroima-
ging data, clinical and EEG features (see Table S1), all patients were diagnosed as epilepsy. Inclusion criteria were age
65-80 years and a first-recognized, unprovoked seizure. Patients were excluded if seizures were provoked (ie, associated
with trauma, cerebrovascular factor, infection, mass lesion or toxin). Care was taken to ensure that the control population
did not have any inflammatory or infectious diseases, such as fever and upper respiratory tract infection in the last 2
weeks, which may alter levels of glycolipids. Glycolipid biomarkers were collected from epilepsy patients at baseline and
grouped according to the MMSE score, such that the elderly epilepsy patients were divided into two groups. MMSE >25
were elderly epilepsy individuals without cognitive impairment (n = 78), and MMSE < 25 were the elderly epilepsy
individuals with cognitive impairment (n = 75). In addition, the 80 healthy, sex-matched volunteers without underlying
health conditions were enrolled as the control group.

This study was carried out at the Affiliated ZhongDa Hospital. It was approved by the Ethics Committee. Informed
consent was obtained from all patients and control subjects.

Laboratory Analyses
Routine fasting blood samples were analyzed for TC, TG, LDL-c, HDL-c, serum albumin, fasting Glu, HbAlc and CRP
in patients with non-epileptic seizures.
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Statistical Analyses
Continuous variables were compared using Student’s ¢-test. Statistical analyses were performed using SPSS software. A
p-value <0.05 was considered significant for all statistical analysis.

Results

Patients and Clinical Findings

Table 1 presents the baseline characteristics of the 80 healthy people, 78 epilepsy subjects without cognitive impairment
and 75 epilepsy subjects with cognitive impairment. No significant differences were determined between the groups in
terms of mean age or sex.

Of the epilepsy participants without cognitive impairment, 35.90% (n = 28) were on levetiracetam (LEV) mono-
therapy, 24.36% (n = 19) were on oxcarbazepine (OXC) monotherapy, 21.79% (n = 17) were on sodium valproate (VPA)
monotherapy, and 17.95% (n = 14) were taking biotherapy. Of the epilepsy participants with cognitive impairment, 56%
(n = 42) were on LEV monotherapy, 5.33% (n = 4) were on OXC monotherapy, 8% (n = 6) were on VPA monotherapy,
and 30.67% (n = 23) were taking biotherapy.

Analysis of Serum Markers
Within the inflammatory markers measured, CRP concentrations were higher in epileptic patients (Figure 1). Considering
markers of metabolism, the epileptic patient group had a significant increase in TG, TC, fasting Glu and HbAlc, with a

Table | Clinical Demographic Data

Characteristic Control Epilepsy P value
(n=80) . . . .

Elderly Epilepsy without Elderly Epilepsy with

Cognitive Impairment (n=78) Cognitive Impairment (n=75)
Sex (M/F) 40/40 33/45 43/32 0.076
Age (years) 69.90+4.21 | 69.51+4.10 71.41£5.33 0.014
MMSE scores 29.06+0.90 | 28.58%1.17 15.13+£2.88 0.000
Duration (years) - 1.35£0.73 1.41£0.48 0.551
Focal epilepsy - 51727 46/29 0.619

/Generalized epilepsy

AEDs use (100%) -

LEV 28 42

OXC 19

VPA 17 6

Two AEDs 14 23

TC 2.98+0.95 3.05+0.92 3.77+0.83 0.000
TG 1.23+0.48 1.28+0.41 1.55+1.03 0.033
LDL-c 2.80+0.58 2.45+0.69 1.78+0.63 0.000
HDL-c 1.61£0.40 1.48+0.33 1.14+0.29 0.000
Serum albumin 46.32+3.44 | 37.60+2.19 34.03+4.13 0.000
Fasting Glu 5.17+0.71 5.45+1.14 6.87+1.60 0.000
HbAIc 5.14+0.55 5.46+0.57 6.10+0.83 0.000
CRP 1.57+0.83 3.11+6.67 14.78+21.60 0.000

Abbreviations: AEDs, antiepileptic drugs; LEV, levetiracetam; OXC, oxcarbazepine; VPA, valproate; TC, total cholesterol; TG, triglyceride; LDL-c,
low-density lipoprotein; HDL-c, high-density lipoprotein; HbAlc, glycosylated hemoglobin; CRP, c-reactive protein.
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Figure | Group situation of two groups. The levels of TC, TG, LDL-c, HDL-c, serum albumin, fasting Glu, HbAlc and CRP in healthy control group and elderly epilepsy
group. *p < 0.05, *p < 0.01, **p < 0.001.

decrease in HDL-c, LDL-c and serum albumin (Figure 1). Then, the serum markers in the patients with or without
cognitive impairment were analyzed. As shown in Figure 2, TG, TC, fasting Glu and HbA1c were significantly elevated
in elderly epilepsy with cognitive impairment, whereas HDL-c, LDL-c and serum albumin were decreased compared
with the elderly epilepsy without cognitive impairment.

Elevated levels of lipid metabolism were noted in the noncognitive impairment group, and patients with cognitive
impairment also had elevated markers of lipid metabolism. Epileptic patients had reduced levels of glycometabolism in
the noncognitive impairment group and in cognitive group. Changes were predominated among the group of patients
with cognitive impairment compared to the noncognitive impairment group (Table 2).

Logistic Regression Analysis

Seventy-eight elderly epileptic patients without cognitive impairment and 75 elderly epileptic patients with cognitive
impairment were selected to establish the logistic regression model. The 9 markers, including TG, TC, fasting Glu,
HbAlc, HDL-c, LDL-c, serum albumin, CRP and LEV, were analyzed using forward logistic stepwise regression
analysis (Table 3). Only four variables, LDL-c, HLD-c, TG and albumin, were chosen in the equation. The partial
regression coefficients were —2.308, —3.259, —3.767 and —0.346, and the corresponding p values were 0, 0, 0, 0.002,

respectively.
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Figure 2 Group situation of two groups. The levels of TC, TG, LDL-c, HDL-c, serum albumin, fasting Glu, HbAlc and CRP in the elderly epilepsy without cognitive
impairment group and the elderly epilepsy with cognitive impairment group. *p < 0.05, **p < 0.001.
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Table 2 Number of Patients with Epilepsy Having Abnormal Serum Markers Balance in Relation to Different
AEDs Utilized (Elderly Epilepsy Without Cognitive Impairment/Elderly Epilepsy with Cognitive Impairment)

N=78/75 Total LEV (28/42) | OXC (19/4) | VPA (17/6) Polytherapy (14/23)
TC (high) 33/37 5/17 14/4 7/5 711

TG (high) 44/25 6/6 12/4 16/6 10/9

LDL-c (high) 37/34 6/13 15/3 12/5 413

HDL-c (high) 46/38 /17 17/3 5/5 13/13

Albumin (low) 40/39 10721 12/3 53 13/12

Fasting Glu (low) | 45/15 6/6 18/2 16/4 53

HbAlc (low) 41/40 8/22 173 16/5 6/10

CRP (high) 924 19 43 0/l 411

Notes: The number before / in the first row indicates the number of people taking the drug in the elderly epilepsy without cognitive
impairment, the number after / indicates the number of people taking the drug in the elderly epilepsy with cognitive impairment.
Abbreviations: AEDs, antiepileptic drugs; LEV, levetiracetam; OXC, oxcarbazepine; VPA, valproate; TC, total cholesterol; TG, triglyceride;
LDL-c, low-density lipoprotein; HDL-c, high-density lipoprotein; HbAc, glycosylated hemoglobin; CRP, c-reactive protein.

Table 3 The Logistic Regression Analysis

B SE Wald Sig. Exp (B)
LDL-c —2.308 0.408 32.049 0.000 0.099
TG -3.259 0.673 23.470 0.000 0.038
HDL-c —3.767 0.931 16.382 0.000 0.023
Albumin —0.346 0.109 10.052 0.002 0.708

Notes: Variable used in stepl: LDL-c. Variable used in step2: TG. Variable used in step3: HDL-c. Variable used in step4: serum
albumin.
Abbreviations: B, beta; SE, standard error; LDL-c, low-density lipoprotein; TG, triglyceride; HDL-c, high-density lipoprotein.

ROC Curve Analysis

The model discrimination was measured by the area under the receiver operating characteristic (AUC-ROC) curve
(Figure 3 and Table 4). Subsequently, the AUC was evaluated with the combined detection, which had the best diagnostic
value. In conclusion, the model with the four combined markers was the best model for diagnosing elderly epilepsy with
or without cognitive impairment.

Discussion

In this article, the relationship between cognitive impairment in epilepsy and glycolipid profile was evaluated. Elderly
epilepsy patients were divided into groups based on the presence or absence of cognitive impairment and nine serum
markers were selected to build a logistic regression model and ROC curves. OXC, LEV and VPA monotherapy are
determined to be significantly associated with cognitive impairment in elderly patients with epilepsy, albeit via different
underlying mechanisms.

Several lines of evidence suggest that in experimental models of epilepsy, changes in metabolism and activation of
specific cellular inflammatory pathways are associated with cognitive decline. Because the same signaling pathways are
often critical regulators of cellular mechanisms underlying synaptic plasticity, their detection may become a promising
approach for identifying the risk of cognitive comorbidities following epileptogenic brain injuries. This study provides a
comprehensive analysis of glycolipid metabolism profiles and common clinical markers in the elderly patients with

epilepsy.
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Figure 3 The ROC curves of four markers.

The results showed that, compared to healthy controls, elderly epileptic patients exhibited abnormalities in glycolipid
metabolism and inflammation. When searching for factors associated with abnormal cognition in epilepsy, attention classically
turns to variables, such as epilepsy syndrome, duration of epilepsy, seizure frequency and severity, and related disorder-specific
measures.”’ However, markers of inflammation and metabolic health are of considerable interest in the general aging and
cognition.”' The data herein also show that the markers of inflammation and metabolic health are significantly associated with
cognition. The higher degree of dysregulation in lipid metabolism observed in elderly epileptic patients with cognitive
impairment may be due to the differences in the levels of LDL-c, HLD-c, TG and albumin. In conclusion, the four indicators
selected may serve as predictors of elderly epilepsy with cognitive impairment. Moreover, single markers cannot fully explain the
change and development of the disease due to the complex pathophysiological process. Thus, the ROC curves of the four markers
were analyzed and compared and showed that the AUC based on the four indicators showed the best diagnostic value.

A rapidly growing body of evidence has demonstrated that currently available AEDs may modify lipid profiles. However,
little is known about the precise nature of such changes in elderly patients with epilepsy with cognitive impairment. The largest
observed effect of AEDs reported that the lower CRP concentrations are associated with VPA use.*? It is possible that these
AEDs have some effect on CRP concentrations, but the size of the effect was not large enough for diagnosing alterations in
cognition in elderly epileptic patients. The results herein showed that the CRP concentration was significantly below the

Table 4 Comparison of the AUC

Indexes Albumin LDL-c HDL-c TG Combined
AUC 0.753 0.779 0.788 0.522 0.824
Sensitivity 0613 0.773 0.853 0.600 0.853
Specificity 0.936 0.680 0.641 0.641 0910

Abbreviations: AUC, the area under the receiver operating characteristic; LDL-c, low-density lipoprotein; HDL-c, high-density
lipoprotein; TG, triglyceride.
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normal average range in two groups of elderly epileptic patients on AEDs monotherapy. The effects of VPA on changes in
lipid profiles remain controversial.>>** In the present results, more than half of the patients showed an increase in lipid
metabolism and a decrease in glymetabolism in both groups on VPA monotherapy. Interestingly, changes in the levels of
glycolipids in the elderly epileptic patients with or without cognitive impairment with different AEDs. Consistent with many
studies, the majority of epilepsy patients taking AEDs had higher lipid metabolism and lower glymetabolism in the present
study, with the LEV treatment group showing a lower degree of glycemic disorders.° To our knowledge, this is the first
report of changes in metabolism in elderly epileptic patients with or without cognitive impairment, despite the type of AEDs
utilized or the degree of control on AEDs. However, the current study has the sample limitations that interfere with
determining the cause of these changes.

An urgent need exists for determining if changes in the measured markers correlate with cognitive outcome with
sufficient specificity to provide a more clinically accessible marker of future risk of cognitive impairment in elderly
epileptic patients. Moreover, determining whether cognitive impairment is causative or a direct or indirect consequence
from a common origin is not clear and requires further investigations.

Conclusion

In this study, AED efficacy was assessed by determining changes in glycolipid metabolism. The elderly epilepsy was
grouped as elderly epilepsy without cognitive impairment and elderly epilepsy with cognitive impairment. Based on
these, 4 serum indicators were identified as being significantly different between the two groups, and the logistic
regression model based on these four serum markers holds promise for predicting cognitive outcomes and for achieving
a better prognosis for elderly epileptic patients.

Abbreviations

AEDs, antiepileptic drugs; CRP, C-reactive protein; TC, total cholesterol; LDL-c, low-density lipoprotein; HDL-c, high-
density lipoprotein; TG, triglyceride; HbAlc, glycosylated hemoglobin; AUC, area under curve; LEV, levetiracetam;
OXC, oxcarbazepine; VPA, valproate; ROC, receiver operating characteristic curve.

Ethical Conduct of Research

The study procedure was approved by the ethics committee of the Affiliated ZhongDa Hospital, and informed consent
was obtained from each participant. And the study was complied with the Declaration of Helsinki.
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