Longitudinal Analysis of Stress Patterns Derived from Physiological Data During the Four

“IraA. Ful_ton Schoo!s of
% Engineering

Arizona State University

Menstrual Phases

Tanima Dey | Aurel Coza

School of Biological and

Health Systems Engineering

School of Biological and Health Systems Engineering

\_

Participants:

Time Range:

Data Collection:

Data Processing and Analysis:

METHODS

7 females aged 23-32 with regular menstrual cycles (2340 days).

* Excluded: Participants on hormonal medications or drugs affecting
hormone levels.

* Participants monitored for 56 days, covering at least one full menstrual
cycle.

 Rhythm24TM Waterproof Armband Heart Rate Monitors worn 20-24
hours/day.

 Continuous recording of HR and HRV data.

« Raw data processed using MATLAB and Python.

» Stress levels were derived using the LF/HF ratio from Heart Rate
Variability (HRV) data, calculated through Fast Fourier Transform
(FFT) analysis.

» Signal processing techniques applied to remove artifacts and smooth data.

o Statistical analysis performed using ANOVA to compare stress markers
across phases.

* Visualization created using Matplotlib and Seaborn.

Menstrual and Luteal phases display stable rhythms with high morning
HRV derived stress and mild evening rebound.
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Fig 3 Overall median throughout the phases

*lllustrates overall median HRV-derived stress values across all menstrual
phases.

*Median HRV-derived stress levels show a clear diurnal pattern, peaking
around 6—7 AM and declining through the day.

*This mirrors the natural cortisol rhythm, supporting HRV as a surrogate
stress marker.

*A slight plateau Is seen In the evening, suggesting stabilized autonomic
activity.

*Findings align with past studies—cortisol levels were higher in the Follicular
phase than the Luteal phase.
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« Menstrual cycle, a fundamental aspect of female physiology, involves | I ” N
significant hormonal fluctuations across four
phases: Menstrual, Follicular, Ovular, and Luteal.
 Heart Rate Variability (HRV), a non-invasive measure of autonomic
nervous system (ANS) activity, provides insights into stress and cognitive = B
changes across the menstrual cycle. R N R N R T o - ==t 0 0N
» Wearable technology used to continuously monitor HR and HRV over a 3- I oo hroschont o e - oVULAR .
month period to identify stress patterns across the menstrual c 2 ==ni o et g et ety m )
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*HRV-derived stress levels over 24 hours show a clear circadian * Menstrual Ehasg. C|30n3|stent negative deviations, especially in the
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*Follicular phase starts with low stress, rising through the day—suggesting ollicular phase: Posilive devialions In the early morning and evening,
- with a midday dip—suggesting fluctuating stress.
Fig. 1. Cortisol level throughout the day autonomic recovery. - - N « Ovular phase: Starts with low stress during sleep, rising steadily
*Ovular phase shows a steep morning peak and sustained drop, indicating ' S ’
\_ ) higher stress throughout the day—indicating elevated stress later.

« Luteal phase: Shows a parabolic trend—Ilow iIn early hours, rising by
\ evening, then falling again at night. y

SUMMARY, CONCLUSIONS AND FUTURE DIRECTIONS

* HRV-based stress patterns follow a clear circadian rhythm, peaking in the
morning and decreasing throughout the day.

* The Follicular phase showed elevated stress In the evening, likely due to
hormonal priming before ovulation.

* The Menstrual phase had consistently low stress, suggesting a potentially
restorative period.

» Delta analysis confirmed phase-specific deviations—Ovular phase showed

nighest stress later in the day; Luteal phase followed a dip—rise—dip trend.

 HRV proves to be a promising noninvasive tool for personalized, phase-

aware stress monitoring using consumer-grade wearables.
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