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eather extremes are increasingly recognized as
Wcardiovascular risk factors, yet their effects on

arrhythmia dynamics remain incompletely under-
stood.'? Atrial fibrillation (AF), the most common sus-
tained arrhythmia, has known links to both cold and heat,
but previous studies relied on episodic monitoring or
hospital data, limiting temporal resolution.®> We examined
how ambient temperature and other weather conditions
influence the onset and continuation of device-detected
AF (DDAF) in patients with dual-chamber pacemakers
capable of continuous rhythm monitoring.

Data were derived from the ongoing ACaSA
(Pacemaker-based Long-term Monitoring of Sleep
Apnea) study, a prospective cohort of patients with
dual-chamber pacemakers (MicroPort CRM) implanted
at the Medical University of Innsbruck, Austria. The
study was approved by the institutional review board,
and all participants provided written informed consent
in accordance with the Declaration of Helsinki. Patients
with preexisting permanent AF and follow-up <90 days
were excluded from the analysis. Among 203 consecu-
tively enrolled patients, we analyzed 112355 patient-
days between March 2022 and November 2024 with a
median follow-up of 549 (interquartile range, 344-784)
days. Weather data (temperature, relative humidity, pre-
cipitation, and air pressure change) were obtained from
the Integrated Nowcasting through Comprehensive
Analysis system at 1x1 km spatial resolution, matched
to each patient's home municipality. DDAF was defined

as 26 minutes of atrial high-rate episodes per day based
on the pacemaker mode-switch algorithm. Days with AF
burden shorter than 6 minutes were not counted to min-
imize false positives.

The primary end points were (1) DDAF onset (first day
of an episode) and (2) DDAF continuation, defined as
persistence of AF across midnight into the subsequent
day, chosen over total episode duration or daily burden
to better capture the dynamic effects of daily weather
changes on arrhythmia persistence. A case-crossover
design was applied using each patient as their own
control, comparing meteorological conditions on days
with and without AF. Conditional logistic regression with
distributed lag nonlinear models was used to estimate
associations between meteorological variables and AF
outcomes, controlling for time-invariant confounding.

DDAF was detected in 114 patients (56.2%) over the
study period, contributing to an overall of 4725 DDAF
days. Median age was 75 (interquartile range, 68-80)
years; 43% were female. At 10°C maximum diurnal tem-
perature, the chance of DDAF onset was lower than at
0°C, with an odds ratio of 0.74 (95% CI, 0.60-0.92),
meaning that higher temperatures were associated
with a reduced risk (Figure, @). Compared with a 100-
Pa change (reference), higher air pressure changes of
300, 500, and 700 Pa were associated with progres-
sively higher odds of DDAF onset, with odds ratios of
1.49 (95% ClI, 1.08-2.06), 1.57 (95% CI, 1.19-2.06),
and 1.86 (95% Cl, 1.33-2.61), respectively. In contrast,
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AF atrial fibrillation
DDAF device-detected atrial fibrillation

compared with 0°C, higher temperatures of 30°C
increased the odds of remaining in DDAF for another day
2.03-fold (95% Cl, 1.30-3.16; Figure, @). Lower relative
humidity showed an association with decreased risk of
DDAF continuation (odds ratio; A=0.018), whereas air
pressure change (F=0.591) and precipitation (FP=0.505)
were not associated with DDAF continuation.

These findings suggest a bidirectional association of
temperature with AF: cold conditions may increase vul-
nerability to AF initiation (confirming results already pub-
lished in previous studies), while heat may facilitate its
persistence. While mechanisms remain speculative, pos-
sible contributors include cold-induced sympathetic acti-
vation and vasoconstriction leading to atrial strain versus
heat-related dehydration or electrolyte shifts promoting
sustained arrhythmia.

Several limitations should be recognized. First, weather
exposure was estimated based on home address; real-
time patient location was not available, and indoor condi-
tions were not measured. However, given the older age
of the cohort and low prevalence of air conditioning in
Austria (<10%), relevant exposure misclassification is
unlikely and would bias results toward the null. Second,
device data were summarized daily, precluding precise
timing or circadian analysis of episodes. Third, almost all
patients were of White ethnicity from a European alpine
region, limiting generalizability. Notwithstanding, these
results offer unique insights due to continuous, long-term
rhythm monitoring and high-resolution environmental
exposure data, supporting the hypothesis that ambient
temperature is associated with both the initiation and
duration of AF, thereby explaining seasonal patterns in
AF burden and related outcomes. Importantly, these find-
ings reflect observed associations, and causality cannot
be determined. The data, analytic methods, and study
materials are available upon reasonable request.
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Further research is needed to explore underlying
mechanisms and to assess whether these patterns are
reproducible in other populations and climate zones.
Studies incorporating wearable devices, real-time geolo-
cation, and physiological monitoring may provide a more
granular understanding of how climate and individual
behavior interact with arrhythmia risk.

In conclusion, both cold and heat seem to be asso-
ciated with AF in distinct ways. As climate variability
increases, understanding the association of environ-
mental factors with arrhythmia dynamics may become
relevant for improving cardiovascular risk prediction and
management.
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Figure. Bidirectional association of ambient temperature with atrial fibrillation dynamics.
The figure was created with BioRender. Bilgeri V. (2025) https://BioRender.com/1q7plal. OR indicates odds ratio.
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