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INTRODUCTION

There are daily variations in the rate of perceived exertion (RPE)12 during exercise, with
lower RPE in the beginning of the night compared with the early morning. We studied
whether RPE is affected by the internal circadian system while controlling for any effects of
behavioural patterns, including sleep, activity and meals.

METHODS

Ten healthy adults (six females, aged 52+2 years (mean+SEM)) participated in a forced
desynchrony protocol in dim light where all behaviours were evenly spread across the
circadian cycle (figure 1A).3 After a normal night of sleep and baseline testing, participants
underwent 10 recurring 5-hours 20-min of ‘behavioural cycles’ of 2-hours 40-min of sleep
opportunities and 2-hours 40-min of standardised waking episodes.® Approximately 1 hour
after each sleep episode, participants performed mild intensity cycle ergometer exercise

for 15 min at 50% predicted maximal heart rate (Karvonen’s formula®). The speed and
resistance were identical across each cycling bout. Participants rated their exertion using the
Borg RPE scalel after 3, 8 and 13 minutes of exercise. Salivary melatonin was used as the
circadian phase marker (0° = the dim light melatonin onset).> RPE data were normalised
within each participant (Z-scored), sorted into 60° (~4 hour) circadian phase bins and
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compared across phases using repeated measures analysis of variance (online supplementary
information).

RESULTS

The endogenous circadian system significantly affected RPE for the same workload with
lowest RPE in the late morning (circadian phase 210°, #10:45 AM) and highest RPE during
the biological night (90°, ~3:45 AM). The magnitude of the circadian variation was ~1 SD
(1 Z-score unit; figure 1B).

DISCUSSION

We have uncovered an endogenous circadian effect on RPE by strictly controlling and
evenly distributing all behavioural patterns across the entire circadian cycle. Our discovery
of lowest perceived exertion in the late morning suggests that exercise training may be easier
at this time. We studied healthy middle-aged adults during mild exercise. If similar results
prevail in athletes performing high-intensity exercise, this would lead to the intriguing
possibility of optimising circadian phase of athletes (eg, with bright light) to the expected
time of performance.®

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
(A) Schematic of five days 5 hours 20 min of forced desynchrony protocol. Grey

bars represent wakefulness in dim lighting (<3 lux), while black bars represent sleep
opportunities (<0.1 lux). Rate of perceived exertion (RPE) was assessed during the same
levels of mild intensity exercise performed during each standardised wake period. Circadian
phase was assigned based on time of the dim light melatonin onset (DLMO) from salivary
samples, indicated by open circles. The diagonal line through the DLMOs represents the
free running rhythm of the central circadian clock in dim light. (B) A significant circadian
rhythm of RPE, during identical exercise bouts, with greatest exertion during the biological
night and least exertion in the late morning. Black bar represents the average times when
sleep normally occurs in these participants (11 PM - 7 AM).
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