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Abstract

Objectives: Epilepsy is a chronic disease that can cause cognitive, psychological, and social problems due to recurrent seizures.
Knowledge of the risk of seizure recurrence is crucial for patient treatment management. Therefore, we aimed to statistically evalu-
ate the effects of stress, sleep deprivation, fasting/prolonged hunger, and excessive physical activity on seizure frequency, despite
conflicting results in the literature.

Methods: This study prospectively analyzed data from 40 patients and a total of 60 seizures. The correlation between the propor-
tional hazards assumption and survival rank was investigated using Schoenfeld residuals and correlation tests.

Results: This study found that stress, sleep deprivation, fasting/prolonged hunger, and excessive physical activity increased the
risk of seizures. However, some additional, unidentified environmental or genetic factors were found to increase seizure risk by 2.7
times within the established model.

Conclusion: While our study found that stress, sleep deprivation, fasting/prolonged hunger, and excessive physical activity may
increase seizure frequency, it was also determined that some additional, unidentified environmental or genetic factors affect sei-
zure frequency. The limited sample size, heterogeneity of the patient population, and reliance on patients’ subjective assessments
constitute the primary limitations of this study. Furthermore, objective scales or validated measurement tools for sleep depriva-
tion, fasting, stress, and excessive physical activity were not used. Further studies with larger, more homogeneous groups and
objective assessment methods are needed to validate these findings.
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pilepsy is a chronic disorder characterized by recurrent

seizures, which result from sudden and excessive elec-
trical discharges within the cerebral cortex. Depending
on the affected brain region, symptoms may manifest as
muscle contractions, loss of consciousness, speech impair-
ment, or sensory, visual, and behavioral disturbances. In
some studies investigating the factors triggering seizures

in patients with epilepsy, discontinuation of antiepileptic
drugs, infections and metabolic disorders, sleep depriva-
tion in the last 24 hours, stress, and skipping meals were
reported as seizure-triggering factors.'"” By determining
the factors that trigger epileptic seizures and supporting
the use of nonpharmacologic methods, patients’ seizure
management skills and quality of life can be improved.”
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The time between seizures in a patient with epilepsy is re-
lated to the time of recurrence. However, this period is dif-
ficult to predict. Several methods have been presented in
the literature for the statistical analysis of recurrent seizure
data. These methods include the frailty model, counting
process, Cox-based models, and stratified Cox approaches.
134 The epilepsy patient population is heterogeneous. Het-
erogeneity may be caused by observable risk factors, such
as lack of sleep and stress, or unobservable risk factors,
such as genetic factors. It is assumed that patients have dif-
ferent vulnerabilities and that a patient with epilepsy with
high frailty will experience recurrence earlier than a patient
with epilepsy with low frailty.

In this study, we aimed to evaluate the risk factors that trig-
ger epileptic seizures, particularly stress, and the effects of
these factors on increasing seizure frequency by examining
them using the hazard model.

Methods

Data from a total of 60 epileptic seizures were obtained by
prospectively including 40 patients diagnosed with epilep-
sy. Ethics committee approval for the study was received
from the Clinical Research Ethics Committee of Amasya
University University on 03.02.2025 with decision number
2023/20. The study was conducted in accordance with the
principles of the Declaration of Helsinki. The interval be-
tween the patients’ initial presentation following a seizure
and the date of diagnosis was defined as the first interval;
the time between the first and second seizures was des-
ignated as the first interseizure interval, and the period
between the second and third seizures was defined as the
second interseizure interval. Age, sex, educational level, so-
cioeconomic status, seizure type (focal/generalized), num-
ber of antiepileptic drugs used (single/multiple), time since
diagnosis, and the date of the last seizure were recorded.

Statistical Analysis

The statistical evaluation in this study was performed using
SPSS version 26.0 and Stata 14 demo version (IBM Corp.,
Armonk, NY, USA). In this study, certain definitions were
made to transfer the clinical aspect to the model. Whether
the proportional hazards assumption was met was inves-
tigated using the correlation test between Schoenfeld re-
siduals and the rank of life expectancy. A frailty model was
used to describe unobserved heterogeneity. Seizure-free
survival was analyzed using the Kaplan-Meier method. For
the data analysis of patients with epilepsy, parametric re-
gression exponential, lognormal, Weibull, Gompertz, and
Weibull regression models were used. The AIC (Akaike in-
formation criterion) and BIC (Bayesian information criteri-
on) information criteria were used in model selection. For

the frailty term Z, the AIC and BIC information criteria were
used to decide which of the gamma, inverse Gaussian, log-
normal, and positive stable distributions to use.

Results

Table 1 shows the mean demographic and clinical charac-
teristics of the patients.

Whether the proportional hazards assumption was met was
investigated using the correlation test between Schoen-
feld residuals and the rank of life expectancy, and it was
found that the proportional hazards assumption was not
met (p<0.0001). Based on the finding that the proportion-
al hazards assumption was not met in the data of patients
with epilepsy, the frailty model was used in the analysis of
the data from 60 seizures. To decide which parametric re-
gression model to use in the frailty model, the AIC and BIC
criterion values in Table 2 were examined in the data of the
patients with epilepsy.

After analyzing these criteria, it was decided to use the
exponential distribution as the basic hazard distribution
and the lognormal distribution for the frailty term. The
likelihood ratio test was used to test the significance of

Table 1. Demographic and clinical characteristics of patients

Variable Mean+SD
Age 37.64+16.71
Duration of lliness 8 months
n (40) %
Gender
Female 16 40
Male 24 60
Education status
llliterate 4 10
Literate 36 920
Socioeconomic status
Low 12 30
Good 28 70
Seizure type
Focal 12 30
Generalized 24 60
Undetermined 4 10
Number of drugs 29 72.5
Single AEI 11 27.5
Multiple AEls 16 40

*AEl: Antiepileptic drug; SD: Standard deviation
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Table 2. AIC and BIC values of patients

Information Basic Hazard Gamma Loanormal
criteria distribution distribution 9
Weibull 14.65 13.95
AIC
Exponential 12.95 11.67
Weibull 16.52 14.94
BIC
Exponential 15.63 12.41

* AIC: Akaike information criterion; BIC: Bayesian information criterion

the model. The chi-square value was 12.78, and p<0.001.
Therefore, it was concluded that frailty had an impact on
the model and should be included in the model.

When the analysis results with the exponential distribution
containing the lognormal frailty model in Table 3 were ex-
amined, excessive physical activity in the preseizure period
(expl1.45]) was associated with a 2.06-fold increase in sei-
zure frequency in patients with epilepsy. Patients with ep-
ilepsy who reported a history of prolonged hunger in the
preseizure period had 1.88 times more seizures than those
who did not (exp[1.27]). Patients with epilepsy who re-
ported a history of stress in the preseizure period had 2.44
times more seizures than those who did not (exp[1.79]). Pa-
tients with epilepsy who reported sleep deprivation in the
preseizure period had 1.95 times more seizures than those
who did not (exp[1.34]).

The fact that the estimator of the variance of the frailty dis-
tribution was 6=1.01 suggests that the data were hetero-
geneous and that unobserved risk factors exist in patients
with epilepsy. In addition to the factors examined, it can be
stated that environmental or genetic factors that were not
evaluated affect seizure frequency in patients with epilep-
sy. This unknown/undetected factor(s), V6, may be associ-
ated with a risk (exp[/0]=exp[v/1.01]) 2.73 times higher or
lower than that of any patient with epilepsy in the sample

with a meanztstandard deviation. When seizure-free sur-
vival in patients with epilepsy was analyzed using the Ka-
plan-Meier method, the median time from symptom onset
to the first seizure was found to be approximately 8 months
(95% confidence interval, 4.18-12.01) (Table 3).

Discussion

After the first unprovoked seizure, the recurrence rate
was found to be 36%-37% in the first year, and it was
reported that seizures recurred with a probability of 50%
in the first 6 months.® In addition to known risk factors,
the relationship between conditions such as sleep depri-
vation, prolonged hunger, stress, physical activity, and
frequent seizures is controversial, and there are a limit-
ed number of studies in the literature on these topics. In
this context, this study aimed to investigate the relation-
ship between the presence of these conditions and the
risk of seizures.

Although the association between psychiatric conditions
and epilepsy is known, it has often been difficult to reli-
ably assess the relationship between anxiety, stress, and
seizures. The main challenge is that stress is a subjective
concept and cannot be reliably measured. Many patients
report that the likelihood of a seizure increases when they
experience a stressful situation before a seizure. Decreased
hippocampal volume, increased amygdala volume, and
decreased serotonin receptors in the hippocampus are as-
sociated with both epilepsy and depression.” Stress leads
to the activation of many proinflammatory pathways and
is associated with inflammation of the central nervous
system.”? In one study, patients with epilepsy had 58%
more frequent seizures on days when they reported being
stressed.® In our study, consistent with the literature, pa-
tients with epilepsy who reported a history of stress in the
preseizure period had 2.44 times more seizures than those
who did not.

Table 3. Analysis results with exponential distribution with lognormal frailty

Parameters Estimates Standard Error 95%(Cl for HR P

Intra-cranial lesion 135 0.42 0.51 2.18 0.001
Neurological deficit 1.21 0.40 0.42 2.00 0.003
Excessive physical activity 1.45 0.65 0.57 2.25 0.004
AEl disruption 1.25 0.40 0.46 2.03 0.002
Prolonged hunger 1.27 0.42 0.43 2.11 0.003
Stress 1.79 0.76 0.29 3.28 0.019
Seizure type 0.15 1.22 -2.24 2.55 0.900
Sleep deprivation 1.34 0.45 0.44 2.24 0.003

* AEl: Antiepileptic drug; CI: Confidence interval; HR: Hazard ratio
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Sleep deprivation has been found to be a triggering fac-
tor for epilepsy. It is thought that sleep deprivation may
increase neuronal excitability.” In this field, evidence on
the relationship between sleep disturbances and increased
seizure frequency is highly conflicting. In a study conduct-
ed with 124 patients with epilepsy, a positive correlation
was observed between insomnia and seizure frequency.['®
However, in a retrospective study of 152 patients and a pro-
spective study of 90 patients, insomnia was not associated
with increased seizure frequency.'" In our study, patients
with epilepsy who reported sleep deprivation in the presei-
zure period had 1.95 times more seizures than those who
did not.

In recent years, some studies have suggested that physi-
cal activity reduces seizure frequency. In both animal and
human models of physical activity-induced stress, the hy-
pothalamic-pituitary-adrenal axis has been shown to influ-
ence adrenal steroids and neurosteroids and increase sei-
zure susceptibility.? One study found that 10% of patients
with epilepsy had exercise-triggered seizures.'™ In another
study, physical fatigue was found to be associated with in-
creased seizure frequency.'"™ In this study, the frequency
and type of activity were not specified, and only the pres-
ence of excessive physical activity in the preseizure period
was questioned. Excessive physical activity in patients with
epilepsy in the preseizure period was found to be associat-
ed with a 2.06-fold increase in seizure frequency.

The number of studies on hunger is limited. Algadi et al.l'!
found that fasting had a positive effect on seizure control
in patients with epilepsy in a study conducted during Ra-
madan. In a study of 405 patients, meal skipping was ques-
tioned in patients with epilepsy, and 9.1% of the patients
had skipped a meal before an epileptic seizure.l'™ In this
study, patients with epilepsy who reported prolonged hun-
ger before their seizures had 1.88 times more seizures.

In addition to the factors examined that may affect seizure
frequency in patients with epilepsy, the model identified a
baseline hazard of 2.7, which has significant clinical impli-
cations. This finding suggests that even in the absence of
the specific triggers examined in this study, namely stress,
sleep deprivation, excessive physical activity, and fasting or
prolonged hunger, patients still have a substantial intrinsic
risk of seizure recurrence. From a clinical perspective, this
indicates that although managing lifestyle-related triggers
is essential, there is a strong underlying vulnerability, like-
ly driven by unmeasured genetic factors, neurobiological
pathways, or subclinical interictal activity. Therefore, clini-
cians should emphasize that trigger avoidance is a support-
ive strategy rather than a guaranteed preventive measure,
and pharmacological management remains the corner-

stone of treatment to address this high baseline risk. Beghi
et al.®stated that the cause could not be identified in 50%
of patients in their study. Not all factors that trigger seizures
in patients with epilepsy have been elucidated, and further
studies are needed in this field.

Our study has several limitations that should be acknowl-
edged. First, the data were based on patients’ self-reports,
and no objective scales or standardized measurement tools
were used to evaluate factors such as stress, sleep depriva-
tion, excessive physical activity, and fasting or prolonged
hunger. Consequently, reliance on subjective assessments
without objective evidence may introduce recall bias. Sec-
ond, the criteria for “fasting” were not specifically defined,
leaving it unclear whether skipping a single meal or long-
term caloric restriction, such as religious fasting, was the
primary trigger. Additionally, the limited sample size and
inherent heterogeneity of the epilepsy patient population
may affect the generalizability of our findings. These factors
should be considered when interpreting the results of the
established model.

Conclusion

Assessing the risk of seizure recurrence is crucial for effec-
tive clinical management. This study demonstrates that
stress, sleep deprivation, fasting or prolonged hunger, and
excessive physical activity significantly increase seizure
risk. Furthermore, our findings indicate a 2.7 baseline haz-
ard, suggesting that undetected environmental or genetic
factors may play a substantial role in this model. To further
validate these results, additional research involving larger
sample sizes and more homogeneous patient populations
is warranted.
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