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Introduction: This study aimed to assess patient-perceived visual, auditory, and meteorological seizure triggers and examine 
their associations with ongoing seizure activity in adults with epilepsy.
Methods: This single-center, cross-sectional study was conducted with 100 adults with epilepsy. We developed a structured 
researcher questionnaire, which was used to conduct face-to-face interviews and included 12 environmental stimuli. These 
were grouped as visual, auditory, and meteorological stimuli. Each stimulus was assessed using a 5-point Likert-type scale. 
These scores were assessed in relation to ongoing seizures. To understand the relationship between the perception of envi-
ronmental stimuli and ongoing seizure activity, we performed multiple logistic regression analyses.
Results: Sixty-one percent of participants (95% CI, 51.2–70.0%) reported at least one environmental stimulus as a trigger 
“sometimes or more often.” The most frequently reported stimuli were flashing lights (39%), bright sunlight (32%), sudden 
loud sounds (30%), and hot weather (30%). Participants with ongoing seizures had higher visual, meteorological, and total 
environmental trigger burden scores than those without ongoing seizures. Ongoing seizure activity was associated with 
the reporting of an external trigger (adjusted odds ratio [aOR]=9.93; 95% confidence interval [CI], 2.85–34.54; p<0.001). Each 
5-point increase in the total environmental trigger burden score was associated with the occurrence of ongoing seizures 
(aOR=1.39; 95% CI, 1.02–1.88; p=0.035). Each additional ASM was independently associated with higher odds of ongoing 
seizure activity (aOR=2.36; 95% CI, 1.17–4.76; p=0.016).
Discussion and Conclusion: Many patients reported trigger stimuli when assessed in a structured manner. An increased 
environmental trigger load was shown to have an independent correlation with ongoing seizure activity. Therefore, a formal, 
structured assessment of environmental seizure triggers could provide additional information for routine epilepsy assess-
ments. Prospective studies using validated assessment tools and objective exposure assessments are warranted to better 
define the possible clinical implications of these findings.
Keywords: Environmental seizure triggers; epilepsy; meteorological factors; seizure activity; seizure stimuli; visual stimuli.

Epilepsy is a heterogeneous chronic neurological 
condition characterized by recurrent seizure episodes. 

This heterogeneity is evident in its different causes, clinical 
manifestations, and responses to therapy. While recurrent 
seizure episodes are perceived as spontaneous and 
unpredictable by the observer, many patients report the 

presence of internal and/or external factors that increase 
the likelihood of seizure episodes. The most commonly 
cited factors include, but are not limited to, stress, sleep 
deprivation, fatigue, medication nonadherence, sensory 
stimulation, and environmental factors [1–3]. Previous 
questionnaire-based studies have demonstrated that 
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patient-reported seizure triggers are frequent, indicating 
that the assessment of these seizure triggers may provide 
additional clinically relevant data beyond the standardized 
collection of seizure data.

Among the many potential environmental factors, visual 
stimuli have been the most extensively documented. These 
include flashing lights, repetitive visual patterns, as well as 
sunlight, television, and digital screens. Patient-reported 
visual sensitivity is not the same as the electrophysiological 
evaluation of photosensitivity. Clinical visual sensitivity 
and the photoparoxysmal response (PPR) to intermittent 
photic stimulation during electroencephalography (EEG) 
represent different but related clinical phenomena [4]. PPR 
is documented in a minority of patients with epilepsy, and 
variability in PPR is related to the epilepsy syndrome and 
pharmacological therapy [5]. Extensive research has been 
conducted on visual sensory stimuli as seizure-eliciting 
factors. Auditory stimuli as seizure-eliciting factors, such as 
sudden loud sounds or the startle response, have been less 
extensively researched but may still elicit seizures [6].

Other environmental factors may include meteorological 
factors. Temperature, atmospheric pressure, humidity, and 
sudden changes in weather have all been studied in relation 
to seizure incidence. Rakers et al. [7] found that lower levels 
of atmospheric pressure were associated with a greater 
incidence of seizures. In addition, in a study by Chang et al. 
[8], low ambient temperature was found to be a considerable 
meteorological risk factor for seizures. However, due to 
factors such as climate, geography, the nature of epilepsy, 
and methodology, findings may be inconsistent.

While there is more evidence regarding individual seizure 
precipitants, larger studies have focused on general self-
reported triggers, laboratory-based photosensitivity, or 
meteorological factors studied in isolation. There is a lack 
of evidence examining visual, auditory, and meteorological 
seizure precipitants within the same study and relating these 
patient-reported measures to ongoing seizure activity. This 
study aims to address this gap by characterizing patient-
perceived environmental triggers in relation to ongoing 
seizure activity in real-world clinical practice. EEG findings 
were collected as descriptive clinical characteristics and 
were not a primary analytical outcome of the study.

The aim of this study was to assess the frequency and burden 
of patient-perceived visual, auditory, and meteorological 
seizure triggers and to examine their associations with 
ongoing seizure activity in adults with epilepsy. By focusing 
on structured patient-reported environmental trigger 
assessment alongside routine clinical information, this study 
seeks to evaluate whether such assessment may provide 
additional context for epilepsy management and counseling.

Materials and Methods 
This single-center, cross-sectional observational study was 
conducted at the Epilepsy Outpatient Clinic of Haydarpasa 
Numune Research and Training Hospital, University of 
Health Sciences, Türkiye. Data were collected between July 
2, 2026, and July 31, 2026. Patients attending the outpatient 
clinic for routine follow-up were consecutively approached 
for participation. A separate screening log documenting 
the exact number of patients assessed but not enrolled or 
those who declined participation was not prospectively 
maintained. The study was reported in accordance with 
the Strengthening the Reporting of Observational Studies 
in Epidemiology (STROBE) recommendations [9].

Patients were eligible for inclusion if they were aged 
≥18 years, had a diagnosis of epilepsy according to the 
International League Against Epilepsy (ILAE) clinical 
definition [10], were under neurological follow-up, had 
sufficient cognitive capacity to understand and complete 
the questionnaire, and provided written informed 
consent. Patients with an uncertain diagnosis of epilepsy, 
psychogenic nonepileptic seizures, exclusively acute 
symptomatic seizures, significant cognitive impairment, 
dementia or aphasia, inability to communicate or cooperate 
adequately, or refusal to participate were excluded.

Sample Size
An a priori sample size calculation was performed using 
G*Power version 3.1 [11]. The initial calculation was 
based on a chi-square framework because the study was 
designed to detect an association between two categorical 
clinical characteristics, particularly ongoing seizure status 
and the presence of a patient-reported external seizure 
trigger. Assuming a medium effect size (w=0.30), a two-
sided α level of 0.05, 80% statistical power, and 1 degree 
of freedom, the minimum required sample size was 88 
participants. Although the subsequent analyses included 
nonparametric group comparisons and multivariable 
logistic regression to provide more detailed adjusted 
estimates, the chi-square calculation was used as the initial 
sample size framework for participant recruitment. To allow 
for incomplete or unusable questionnaires, the recruitment 
target was increased to 120 participants. Ultimately, 100 
participants had complete and analyzable data, exceeding 
the prespecified minimum sample size.

Data Collection and Assessment of Seizure Triggers
An investigator-developed questionnaire was used during 
in-person interviews to collect data. Interviews lasted 5–10 
minutes. The demographic and clinical variables included 
age, sex, epilepsy duration, ongoing seizure status, and the 
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number of antiseizure medications (ASMs). According to 
the structured questionnaire, ongoing seizure status was 
recorded as “yes” or “no” (binary).

Available EEG reports were classified as normal, non-
epileptiform abnormality, or epileptiform abnormality 
based on the report text. The presence of a photosensitive 
epileptiform response was recorded separately.

In the first stage, participants answered “yes,” “no,” or “not 
sure” regarding whether they perceived an external seizure 
trigger and, if so, what the trigger was. In the second stage, 
all participants rated 12 environmental stimuli grouped into 
three categories. The first category (visual) comprised four 
stimuli (flashing lights, traffic lights, phone/TV screens, and 
bright sunlight). The second category (auditory) comprised 
three stimuli (vehicle horns, sirens, and loud sounds). 
The meteorological category comprised five stimuli: hot 
weather, cold weather, sudden weather changes, rainy 
weather, and windy weather.

Selection of the stimuli was based on factors reported in 
the literature as patient-perceived seizure triggers, reflex 
seizure triggers, and seizure-associated meteorological 
factors [1,6–8].

Participants rated the stimuli on a 5-point scale, where 0, 
1, 2, 3, and 4 corresponded to “never,” “rarely,” “sometimes,” 
“often,” and “always,” respectively. Participants rated each 
stimulus and answered an open-ended question regarding 
perceived external seizure triggers.

Domain-specific trigger burden scores were calculated 
by summing the corresponding item scores, yielding 
possible ranges of 0–16 for visual triggers, 0–12 for 
auditory triggers, and 0–20 for meteorological triggers. 
A total environmental trigger burden score ranging 
from 0 to 48 was calculated by summing all 12 items. For 
item-level analyses, responses ≥2 (“sometimes,” “often,” 
or “always”) were considered indicative of a perceived 
trigger, and the number of stimuli meeting this threshold 
was calculated for each participant (range, 0–12). These 
indices were developed for the present study and were 
not considered validated clinical scales.

Statistical Analysis
Summary statistics for categorical variables were expressed 
as frequencies and percentages. Continuous variables were 
evaluated for distribution using histograms, Q–Q plots, 
and the Shapiro–Wilk test. Variables showing non-normal 
distributions, including age and epilepsy duration, were 
presented as medians and interquartile ranges (IQRs). 
Trigger burden indices additionally exhibited considerable 
zero inflation and violations of normality and were therefore 
also presented as medians and IQRs.

For participants with and without ongoing seizures, 
trigger burden indices were compared using the Mann–
Whitney U test. For the perception of general external 
triggers, the “no,” “yes,” and “uncertain” groups were 
evaluated using the Kruskal–Wallis test. If a significant 
result was detected with the Kruskal–Wallis test, Dunn-
based pairwise post hoc comparisons with Bonferroni 
correction were subsequently conducted.

Because the five comparisons were based on overlapping 
measures derived from the same 12 items, Holm's 
sequential Bonferroni procedure was applied to the five 
unrounded Mann–Whitney U test p values to control the 
family-wise error rate. For item-level proportions, 95% 
confidence intervals were calculated using the Wilson 
score method. Rank-biserial correlation was reported as 
the effect-size measure for Mann–Whitney U comparisons, 
with positive values indicating higher scores in participants 
with ongoing seizures. Exploratory item-level associations 
between each binary trigger indicator (“sometimes or more 
often” vs. “never/rarely”) and ongoing seizure status were 
evaluated using Fisher’s exact test, with Holm adjustment 
across the 12 item-level tests.
Cronbach’s alpha coefficients for the visual, auditory, 
meteorological, and total trigger indices were calculated 
descriptively. Agreement between the general external-
trigger question and item-derived binary indicators was 
evaluated using percentage agreement and Cohen’s 
kappa coefficient for two thresholds (any item rated at 
least “rarely” and any item rated at least “sometimes”); 
participants who answered “uncertain” to the general 
question were excluded from these agreement analyses. 
For the open-ended responses, investigators grouped 
responses according to content similarity, and a single 
response could be included in several groups.
For the external trigger perception multivariable binary 
logistic regression analysis, external trigger perception (“yes” 
vs. “no”) was the dependent variable, and participants who 
were “uncertain” were excluded from the primary analysis. 
Ongoing seizure activity was the primary independent 
variable. Age and sex were included as prespecified 
demographic adjustment variables, while the number of 
ASMs was included as a prespecified indicator of treatment 
burden. These covariates were selected a priori to provide 
a parsimonious adjustment set for potential demographic 
and clinical confounding. The number of ASMs was entered 
as a continuous variable, such that its adjusted odds 
ratio represents the change in odds associated with each 
additional ASM. Epilepsy duration was not added as an 
additional covariate because the number of outcome events 
in the primary model was limited; avoiding an additional 
parameter reduced the risk of overparameterization.
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In the second model, the total environmental trigger 
burden score was the main independent variable, and 
ongoing seizure activity was the dependent variable. The 
same prespecified adjustment variables—age, sex, and 
number of ASMs—were retained, with the number of 
ASMs entered as a continuous variable. Due to the limited 
available sample size and number of outcome events, the 
number of predictors was deliberately limited.

The two regression models were specified to address 
two distinct research questions. Model A examined 
whether ongoing seizure activity was associated with the 
likelihood of reporting an external seizure trigger, whereas 
Model B examined whether a greater patient-perceived 
environmental trigger burden was associated with the 
likelihood of ongoing seizure activity. Because the study 
was cross-sectional, the designation of dependent and 
independent variables was analytical rather than temporal 
or causal; the models were intended to characterize 
complementary associations and not to establish 
directionality or causation.

Multivariable logistic regression analyses were performed 
using the Enter method. Age was modeled per 10-year 
increase for clinical interpretability, the total trigger 
burden score was modeled per 5-point increase, and 
the number of ASMs was modeled per one-medication 
increase. Multicollinearity was evaluated by estimating 
variance inflation factors in linear regression models that 
included the same predictors. Adjusted odds ratios (aORs) 
with 95% CIs and two-sided p values were reported. The 
maximum variance inflation factor (VIF) was reported for 
each multivariable model.

Overall model fit was assessed using the omnibus 
likelihood-ratio chi-square test, the Hosmer–Lemeshow 
test, and Nagelkerke R². Discriminative performance was 
assessed using the area under the receiver operating 
characteristic curve (AUC/c-statistic). Sensitivity analyses 
were performed with “uncertain” responses coded as “no” 
and as “yes” in separate analyses. Nonparametric 95% 
confidence intervals for the AUC estimates were calculated 
using DeLong’s method.

IBM SPSS Statistics version 26.0 was used for all statistical 
analyses. All tests were two-sided, with statistical 
significance set at p<0.05.

Ethical Considerations
The study was conducted in accordance with the principles 
of the Declaration of Helsinki. Participants provided 
written informed consent, and the study was approved 
by the Ethics Committee for Non-interventional Clinical 
Studies of University of Health Sciences, Haydarpasa 

Numune Research and Training Hospital, Türkiye, on June 
2, 2026 (approval no. HNEAH-GOAEK/KK/2026/119). Direct 
personal identifiers were removed from the analytical 
dataset, and all data were used for scientific purposes.

Results
Recruitment was completed at the end of the planned data-
collection period before the target of 120 participants was 
reached. A total of 100 eligible participants were enrolled, 
and all 100 had complete data for the structured study 
variables and were included in the final analyses. The results 
are presented according to the demographic and clinical 
characteristics of the study population, the distribution of 
environmental seizure triggers, comparisons according to 
ongoing seizure status, and multivariable regression analyses.

Demographic and Clinical Characteristics of the 
Study Population
The demographic and clinical characteristics of the 
participants are presented in Table 1. The median age was 
35.5 years (IQR, 27.8–45.2), with an age range of 19–78 years, 
and the median duration of epilepsy was 15.0 years (IQR, 
8.0–23.0). Women comprised 58.0% of the study population. 
Ongoing seizures were reported by 42.0% of participants.

Table 1. Demographic and clinical characteristics of the study 
population (n=100)

Characteristic Value

Age, years 35.5 (27.8–45.2)

Age range, years 19–78

Male sex 42 (42.0)

Female sex 58 (58.0)

Duration of epilepsy, years 15.0 (8.0–23.0)

Ongoing seizures: No 58 (58.0)

Ongoing seizures: Yes 42 (42.0)

Perception of an external trigger: No 35 (35.0)

Perception of an external trigger: Yes 36 (36.0)

Perception of an external trigger: Uncertain 29 (29.0)

Number of ASMs 1.0 (1.0–2.0)

One ASM 59 (59.0)

Two ASMs 30 (30.0)

Three or four ASMs 11 (11.0)

EEG: Normal 47 (47.0)

EEG: Non-epileptiform abnormality 15 (15.0)

EEG: Epileptiform abnormality 38 (38.0)

Photic-sensitive epileptiform response 8 (8.0)

Values are presented as n (%) or median (interquartile range), unless otherwise 
indicated. EEG categories were derived from the free-text EEG report field. ASM: 
Antiseizure medication; EEG: Electroencephalography.
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Regarding the general perception of external seizure 
triggers, 36.0% of participants reported that their seizures 
were triggered by an external factor, 35.0% reported 
no such trigger, and 29.0% were uncertain. The median 
number of ASMs was 1.0 (IQR, 1.0–2.0). Overall, 59.0% of 
participants were receiving one ASM, 30.0% were receiving 
two ASMs, and 11.0% were receiving three or four ASMs.

EEG findings were classified as normal in 47.0% of 
participants, non-epileptiform abnormal in 15.0%, 
and epileptiform abnormal in 38.0%. A photosensitive 
epileptiform response was identified in 8.0% of participants.

Distribution of Environmental Seizure Triggers
The distribution of visual, auditory, and meteorological 
triggers according to the predefined threshold of “never/
rarely” versus “sometimes or more often” is shown in Table 2.

At least one specific trigger rated as occurring “sometimes 
or more often” was reported by 61 participants (61.0%; 
95% CI, 51.2–70.0%). At this threshold, the most frequently 

reported triggers were flashing lights (39.0%), bright 
sunlight (32.0%), sudden loud sounds (30.0%), and hot 
weather (30.0%). Rainy weather (5.0%), cold weather (8.0%), 
and windy weather (8.0%) were reported less frequently.

Environmental Trigger Burden According to 
Ongoing Seizure Status
Environmental trigger burden scores were compared 
between participants with and without ongoing seizures 
(Table 3).

Participants with ongoing seizures had significantly 
higher visual trigger scores than those without ongoing 
seizures (median 4.5 [IQR, 1.0–6.8] vs. 0.5 [IQR, 0.0–4.0]; 
U=774.0; unadjusted p=0.001). Meteorological trigger 
scores were also significantly higher among participants 
with ongoing seizures (2.0 [0.0–6.8] vs. 0.0 [0.0–1.0]; 
U=817.5; unadjusted p=0.002).

Similarly, the total environmental trigger burden score was 
higher in participants with ongoing seizures (6.5 [3.0–19.2] 

Table 2. Distribution of self-reported environmental seizure triggers (n=100)

Domain Trigger Never/Rarely, 
n (%) [95% CI]

Sometimes or more often, 
n (%) [95% CI]

Visual Flashing lights 61 (61.0) [51.2–70.0] 39 (39.0) [30.0–48.8]

Traffic lights 91 (91.0) [83.8–95.2] 9 (9.0) [4.8–16.2]

Smartphone/television screens 76 (76.0) [66.8–83.3] 24 (24.0) [16.7–33.2]

Bright sunlight 68 (68.0) [58.3–76.3] 32 (32.0) [23.7–41.7]

Auditory Vehicle horns 82 (82.0) [73.3–88.3] 18 (18.0) [11.7–26.7]

Sirens 78 (78.0) [68.9–85.0] 22 (22.0) [15.0–31.1]

Sudden loud sounds 70 (70.0) [60.4–78.1] 30 (30.0) [21.9–39.6]

Meteorological Hot weather 70 (70.0) [60.4–78.1] 30 (30.0) [21.9–39.6]

Cold weather 92 (92.0) [85.0–95.9] 8 (8.0) [4.1–15.0]

Sudden weather changes 83 (83.0) [74.5–89.1] 17 (17.0) [10.9–25.5]

Rainy weather 95 (95.0) [88.8–97.8] 5 (5.0) [2.2–11.2]

Windy weather 92 (92.0) [85.0–95.9] 8 (8.0) [4.1–15.0]

The category “sometimes or more often” included responses of sometimes, often, and always. The 95% confidence intervals for proportions were calculated using the 
Wilson score method. n: Number of participants.

Table 3. Comparison of environmental trigger burden according to ongoing seizure status

Trigger measure Ongoing seizures 
(n=42)

No ongoing seizures 
(n=58)

U (r_rb) Holm-adjusted 
p

Visual trigger score (0–16) 4.5 (1.0–6.8) 0.5 (0.0–4.0) 774.0 (0.365) 0.007

Auditory trigger score (0–12) 0.0 (0.0–5.8) 0.0 (0.0–2.0) 1016.0 (0.166) 0.098

Meteorological trigger score (0–20) 2.0 (0.0–6.8) 0.0 (0.0–1.0) 817.5 (0.329) 0.007

Total trigger burden score (0–48) 6.5 (3.0–19.2) 2.0 (0.0–9.0) 771.5 (0.367) 0.007

Number of triggers reported sometimes or more often (0–12) 3.0 (1.0–6.0) 0.5 (0.0–2.8) 815.5 (0.330) 0.007

Values are presented as median (interquartile range). U denotes the smaller Mann–Whitney U statistic reported by SPSS. Values in parentheses are rank-biserial correla-
tions (r_rb). Holm-adjusted p values were calculated from the unrounded two-sided asymptotic p values across the five overlapping comparisons. Positive r_rb values 
indicate higher scores in participants with ongoing seizures. IQR: Interquartile range; SPSS: Statistical package for the social sciences.
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vs. 2.0 [0.0–9.0]; U=771.5; unadjusted p=0.001), as was 
the number of triggers reported as occurring “sometimes 
or more often” (3.0 [1.0–6.0] vs. 0.5 [0.0–2.8]; U=815.5; 
unadjusted p=0.004). In contrast, auditory trigger scores 
did not differ significantly between the groups (0.0 [0.0–
5.8] vs. 0.0 [0.0–2.0]; U=1016.0; unadjusted p=0.098). After 
Holm correction for the five overlapping comparisons, the 
visual, meteorological, total burden, and trigger-count 
comparisons remained statistically significant (adjusted 
p=0.007 for each), whereas the auditory comparison 
remained non-significant (adjusted p=0.098).

Rank-biserial correlations for the visual, auditory, 
meteorological, total trigger burden, and trigger-count 
comparisons were 0.365, 0.166, 0.329, 0.367, and 0.330, 
respectively; positive values indicated higher scores in 
participants with ongoing seizures.

Multivariable Regression Analyses
Factors independently associated with perceived external 
seizure triggers and ongoing seizure activity were 
examined using two separate multivariable binary logistic 
regression models (Table 4).

In the first model, which evaluated patient-reported 
external-trigger perception (“yes” vs. “no”; n=71), 
ongoing seizure activity was independently associated 
with reporting an external trigger (adjusted odds ratio 

[aOR]=9.93; 95% CI, 2.85–34.54; p<0.001). Age, sex, and 
number of ASMs were not independently associated 
with external-trigger perception. The overall model was 
statistically significant (omnibus χ²[4]=23.80; p<0.001), 
with a Nagelkerke R² of 0.380, Hosmer–Lemeshow 
p=0.600, and an AUC of 0.811. Participants who responded 
“uncertain” (n=29) were excluded from this primary 
model. The 95% CI for the AUC was 0.706–0.916, and the 
maximum VIF was 1.21.

In the second model, ongoing seizure activity was the 
dependent variable. Each 5-point increase in the total 
environmental trigger burden score was independently 
associated with higher odds of ongoing seizures 
(aOR=1.39; 95% CI, 1.02–1.88; p=0.035). In addition, 
each additional ASM was associated with higher odds 
of ongoing seizures (aOR=2.36; 95% CI, 1.17–4.76; 
p=0.016). Age and sex were not independently associated 
with ongoing seizure activity. The overall model was 
statistically significant (omnibus χ²[4]=25.53; p<0.001), 
with a Nagelkerke R² of 0.303, Hosmer–Lemeshow 
p=0.636, and an AUC of 0.742. The 95% CI for the AUC was 
0.640–0.844, and the maximum VIF was 1.23.

Sensitivity and Additional Analyses
The association between ongoing seizure activity and 
patient-reported external-trigger perception remained 

Table 4. Multivariable binary logistic regression analyses

Panel A. Factors associated with patient-reported external-trigger perception (“yes” vs. “no”; n=71)

Predictor aOR 95% CI p

Ongoing seizures: Yes vs. No 9.93 2.85–34.54 <0.001

Age, per 10-year increase 1.15 0.72–1.84 0.565

Female sex vs. male 1.54 0.47–4.98 0.473

Number of ASMs, per additional ASM 1.61 0.67–3.85 0.287

Twenty-nine participants who responded “uncertain” were excluded from the primary model. Overall model: omnibus χ²(4)=23.80, p<0.001; 
Nagelkerke R²=0.380; Hosmer–Lemeshow p=0.600; AUC=0.811. The 95% CI for the AUC was 0.706–0.916; maximum VIF=1.21. The AUC 95% 
CI was estimated using DeLong’s method; the reported maximum VIF refers to the model predictors (intercept excluded).

Panel B. Factors associated with ongoing seizure activity (N=100)

Predictor aOR 95% CI p

Total trigger burden score, per 5-point increase 1.39 1.02–1.88 0.035

Age, per 10-year increase 1.39 0.97–1.99 0.073

Female sex vs. male 0.43 0.17–1.12 0.084

Number of ASMs, per additional ASM 2.36 1.17–4.76 0.016

Across both models, age was modelled per 10-year increase and number of ASMs as a continuous variable per additional ASM; in Panel B, 
total trigger burden was modelled per 5-point increase. Odds ratios were adjusted for all variables shown in the model. Overall model: omni-
bus χ²(4)=25.53, p<0.001; Nagelkerke R²=0.303; Hosmer–Lemeshow p=0.636; AUC=0.742. The 95% CI for the AUC was 0.640–0.844; maximum 
VIF=1.23. The AUC 95% CI was estimated using DeLong’s method; the reported maximum VIF refers to the model predictors (intercept excluded).

aOR: Adjusted odds ratio; CI: Confidence interval; ASM: Antiseizure medication; AUC: Area under the receiver operating characteristic curve; VIF: Variance inflation 
factor; χ²: chi-square; R²: Coefficient of determination; n/N: number of participants; p: probability value.
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statistically significant in sensitivity analyses addressing the 
“uncertain” responses. When “uncertain” responses were 
recoded as “no,” ongoing seizures remained associated with 
external-trigger perception (aOR=3.75; 95% CI, 1.42–9.86; 
p=0.007). When “uncertain” responses were recoded as 
“yes,” the association also remained significant (aOR=9.24; 
95% CI, 2.76–30.89; p<0.001) (Appendix 1).

Visual, auditory, meteorological, total trigger burden, 
and trigger-count indices differed significantly across the 
three categories of general external-trigger perception. 
In Bonferroni-adjusted Dunn pairwise comparisons, 
participants who reported no external trigger had lower 
values than both those who reported an external trigger 
and those who were uncertain, whereas no statistically 
significant differences were observed between the “yes” 
and “uncertain” groups (Appendix 2).

Exploratory item-level associations with ongoing seizure 
activity are presented in Appendix 3. After Holm adjustment 
across the 12 item-level tests, hot weather (adjusted 
p=0.021) and sudden weather changes (adjusted p=0.027) 
remained statistically significant; the other item-level 
comparisons did not remain significant after multiplicity 
correction.

Cronbach’s alpha coefficients for the visual, auditory, 
meteorological, and total trigger indices were 0.791, 
0.932, 0.843, and 0.908, respectively (Appendix 4). 
Because the trigger indices were markedly zero-inflated, 
these coefficients were interpreted descriptively. In 
particular, the very high alpha for the three-item auditory 
domain may partly reflect redundancy among the items 
rather than uniformly high internal consistency, and the 
total 12-item alpha should not be interpreted as evidence 
of a single unidimensional construct because the items 
represent three distinct trigger domains. Agreement 
between the general external-trigger question and 
reporting at least one item as occurring “sometimes or 
more often” was 83.1%, with a Cohen’s kappa coefficient 
of 0.662 (Appendix 5).

Among the 37 participants who reported additional 
triggers in the open-ended question, the most frequently 
identified categories were stress/emotional factors 
(70.3%) and sleep deprivation/insufficient sleep (35.1%) 
(Appendix 6).

Discussion
This study examined perceived environmental seizure 
triggers among adults with epilepsy. Of the participants, 
61% reported specific triggers occurring at least “sometimes 
or more often,” with flashing lights, bright sunlight, sudden 
loud sounds, and hot weather being the most commonly 

reported stimuli. Participants who experienced ongoing 
seizures had higher visual, meteorological, and total trigger 
burden scores. In the multivariable analysis, the strongest 
association with reporting a perceived external trigger was 
ongoing seizure activity. In addition, a higher total trigger 
burden and a greater number of prescribed ASMs were 
associated with ongoing seizure activity.

The trigger reporting in our cohort is comparable with 
previous research, which also documented that a large 
proportion of individuals with epilepsy report at least 
one seizure-precipitating factor. Additionally, other recent 
studies have documented a wide range of patient-reported 
seizure triggers [12] and emphasized the importance of 
structured assessments [13]. One important finding of 
our research was that, with a general trigger question, 
approximately 36% of participants reported a perceived 
external trigger. However, with the structured item-based 
assessment, 61% of participants reported at least one 
specific trigger. Thus, our findings suggest that perceived 
triggers may remain unreported unless a structured 
assessment is performed. The potential value of systematic 
trigger assessment is further supported by recent 
preliminary work on the validation of a questionnaire 
specifically designed to assess perceived seizure triggers in 
adults with epilepsy [14].

Most of the stimuli used in this study were visual stimuli. 
Respondents frequently reported bright and/or flashing 
stimuli, sunlight, and smartphone and television screens. 
Data collected from the participants showed that only 
8% of individuals exhibited a photosensitive epileptiform 
response. This finding is consistent with the distinction 
between reported visual sensitivity and the presence of 
electrophysiological photosensitivity [4,5]. However, since 
our study did not analyze the relationship between visual 
trigger scores and photosensitive EEG findings, we cannot 
comment on whether such a relationship exists. Sudden 
loud sounds were reported as auditory stimuli, although 
the burden of auditory triggers did not differ significantly 
according to seizure status, suggesting that auditory 
stimuli may not be associated with ongoing seizure activity 
in this cohort.

Meteorological stimuli were also of clinical concern. 
Thirty percent of respondents reported hot weather, and 
those with ongoing seizures exhibited a higher burden 
of meteorological stimuli. The relationship between 
atmospheric pressure, temperature, and other weather-
related variables and the occurrence of seizures has 
been the subject of research, although results tend to be 
inconsistent [7,8,15,16]. The inconsistencies observed among 
studies may be due to geographic location, epilepsy type, 
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and variations in research methods [15,16]. Importantly, our 
study focused on patient-perceived meteorological stimuli, 
whereas most previous studies focused on objectively 
measured meteorological variables. The findings of this 
study should therefore be viewed as complementary to, 
rather than equivalent to, those of other research.

This study's findings highlight the association between 
increased trigger burden and ongoing seizures. Each 
5-point increase in total environmental trigger burden 
was associated with higher odds of ongoing seizures. The 
direction of this relationship cannot be established due to 
the cross-sectional nature of the study. Patients with active 
seizures may have greater trigger sensitivity and therefore 
may be more likely to perceive and report seizure-
provoking stimuli. In addition, although a greater number 
of ASMs was associated with ongoing seizure activity, this 
finding should not be interpreted as indicating an adverse 
effect of ASMs. Rather, a greater number of ASMs may 
reflect a greater treatment burden or more difficult-to-
control epilepsy [17]. Accordingly, the two models should 
be interpreted as complementary association models 
addressing different research questions rather than as 
evidence of reciprocal or causal effects.

The open-ended responses further illustrate that seizure 
occurrence may be associated with multiple factors. 
The most commonly reported additional triggers were 
stress/emotional factors and sleep deprivation, which are 
consistent with findings from previous research [1–3,13]. 
These results suggest that environmental factors and 
their triggers should not be considered separately from 
other factors, including sensory exposure, emotional state, 
treatment adherence, sleep, and individual susceptibility 
to seizures.

Limitations
This study has several limitations. Because of its single-
center, cross-sectional design, generalizability is limited, and 
causation cannot be determined. Patient self-report was 
used to assess trigger exposure and therefore may have been 
influenced by both recall and attribution bias. The indices 
used to measure trigger burden were developed specifically 
for this study and, to the authors’ knowledge, have not been 
validated. There was no attempt to relate meteorological 
exposures to objective weather measurements. In addition, 
data collection was conducted during a single summer 
month. Therefore, participants’ retrospective reporting of 
meteorological triggers may have been influenced by the 
season in which the interviews were conducted, particularly 
for temperature- and precipitation-related stimuli. This 
seasonal context should be considered when interpreting 
the meteorological trigger burden findings. Epilepsy 

syndrome and seizure type were also excluded from the 
multivariable models. Additionally, EEG categories were 
created based on the existing text of the reports, and a 
direct analysis of self-reported visual triggers and photic-
related epileptiform responses was not conducted. The 
number of outcome events in the first multivariable model 
was limited relative to the number of covariates included, 
which may have reduced the precision of the estimated 
association, as reflected by the relatively wide confidence 
interval around the adjusted odds ratio; this finding should 
therefore be interpreted cautiously. Because the AUC values 
were estimated using the same datasets used to fit the 
models and no internal validation was performed, these 
discrimination estimates may be optimistic.

Conclusion
Patients reported multiple visual, auditory, and 
meteorological seizure triggers. Structured trigger 
assessment revealed more perceived triggers than a single 
broad question, and a greater burden of environmental 
triggers was associated with ongoing seizure activity. 
These findings suggest that structured assessment of 
seizure triggers may be a useful addition to the standard 
evaluation of patients with epilepsy. Further multicenter 
studies using validated assessment tools are needed to 
better determine the clinical significance of these findings.
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