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Responses Induced by Time-Restricted Arithmetics
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Abstract: Stress at higher intensities can impair cognitive function and alter cardiorespiratory
dynamics. In this work, we employed fNIRS and external physiological monitors to investigate
how time restriction affects human physiology during an arithmetics test in 60 participants. By
quantifying brain activity and systemic physiology alterations to baseline, we found that (1) time
restriction elicited bigger changes in cardiorespiratory parameters, and (2) fNIRS brain activity
maps were more local during time restriction.

Introduction: Stress is a physiological response that disturbs homeostasis in the presence of a perceived threat.
While moderate stress is natural, acute exposure to higher levels of stress can impair cognitive functions and lead to
mental health issues [1,2]. Thus, understanding the impacts of stress on human physiology is valuable for
developing preventive care and health interventions. In this work, we combined functional Near-Infrared
Spectroscopy (fNIRS) and cardiorespiratory monitoring to assess how stress, induced by time-restricted arithmetics,
affects both neural and autonomic responses.

Methods: This study enrolled 60 neurologically healthy participants (31 females; mean (standard deviation): 26 (8)
years). The setup comprised a NIRS system (NIRScout, NIRx Medical Technologies) with 62 long-separation
channels (~3 cm) and 6 short-separation channels (SC, ~8 mm), covering the frontal and parietal lobes. Additionally,
vascular and respiratory parameters were recorded using a Finometer (Finapres) and a capnography system (G3C,
General Meditech), respectively. The paradigm consisted of a randomized block-design stimulation composed of 30
to 40 seconds of simple arithmetic followed by 30 to 45 seconds of rest, repeated 15 times. In the first 5 blocks,
participants performed calculations without time restriction. The time taken by the participant was used to establish
the initial time constraint for subsequent blocks, which was adjusted based on performance: if the participant scored
more (less) than 70% in a block, we reduced (increased) the time constraint for the following block. fNIRS data
analysis consisted of channel pruning (SNR < 8), motion correction [3], and band-pass filtering (0.005 — 0.5 Hz).
Neural activation was inferred using a general linear model, which included a prewhitening filter to reduce
autocorrelation [4]. Additionally, mean arterial pressure (MAP), exhaled CO2 curves, and SC time series were used
as additional regressors after maximizing their cross-correlation (up to 10 seconds) to the hemoglobin time series.

Results: Arithmetic performance was higher for the unlimited time condition compared to the time-restricted (90
(8)% vs 57 (8)%, p<0.001). We observed an increase in MAP, heart rate (HR) and respiratory rate (RR) of 3.8 (0.8)
mmHg, 4 (1) bpm and 2.7 (0.4) cpm when compared to baseline for time restriction. These changes were higher than
the ones observed with unlimited tasks for MAP (p < 0.001), HR (p = 0.026) and RR (p = 0.008). After considering
correction from systemic physiology, arithmetics elicited brain activation bilaterally in the dorsolateral prefrontal
cortex, supplementary motor area and parietal cortex in both conditions. Pairwise comparison between both
conditions showed a reduced recruitment of the middle frontal gyri and inferior parietal lobes during time restriction.

Conclusion: The higher increase in systemic physiology is consistent with a stronger activation of the sympathetic
branch of the autonomic nervous system, typical of stressful situations. The more local brain maps during time
restriction potentially reflect reduced integrative and working memory functions, due to lower task performance.
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