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Due to increasingly diverse lifestyles, exercise timings vary between individuals: before breakfast, in the afternoon, or in
the evening. The endocrine and autonomic nervous systems, which are associated with metabolic responses to exercise,
show diurnal variations. Moreover, physiological responses to exercise differ depending on the timing of the exercise. The
postabsorptive state is associated with greater fat oxidation during exercise compared to the postprandial state. The
increase in energy expenditure persists during the post-exercise period, known as “Excess Post-exercise Oxygen
Consumption”.
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| 1. Introduction

According to surveys on time use conducted in the United States @ and Japan [, more people exercise in the
postprandial state in the late afternoon, and few individuals exercise in the postabsorptive state before breakfast (Figure
1). Additionally, most individuals choose to exercise when it best fits their schedule; thus, there are variations in exercise
timing among individuals. In professional athletes, daily training is frequently divided into multiple sessions. A recent
survey found that 48% of elite endurance athletes reported performing at least some training sessions in the morning in
the postabsorptive state [Bl. The most common reasons for this included weight loss or body composition goals.
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Figure 1. Time use survey on sports, exercise, and recreational activities. Diurnal variations in the percentage (%) of
people participating in sports, exercising, or performing recreational activities are shown in 1-h intervals based on the time
use survey in a working day in the United States 1. People mainly exercised after their working hours, but some exercise
in the morning, probably before breakfast.

Regular exercise helps to achieve and maintain the desired body composition ! and reduces the risk of multiple chronic
health conditions &I, Specific recommendations regarding the duration and intensity of exercise necessary to maintain a
healthy body are provided by the World Health Organization physical activity guidelines: 150-300 or 75-150 min of
moderate- or vigorous-intensity physical activity per week, respectively, or an equivalent combination of moderate- and
vigorous-intensity aerobic physical activities per week [, The physical Activity Guidelines for Americans also suggest that
exercise should be performed at least three days a week to avoid excessive fatigue and an increased risk of injury .
However, the preferable time (morning, afternoon, or evening) or nutritional state (postabsorptive or postprandial) when
exercise is performed is not specified in the guidelines. The endocrine and autonomic nervous systems associated with
metabolic responses to exercise exhibit diurnal variations B2, Moreover, physiological responses to exercise may differ
depending on the timing of the exercise. Shibata et al. recently proposed the term “chrono-exercise,” which associates
exercise effectiveness with the time when it is performed 9. Various studies have examined how exercise timing relates



to food intake 1Y, circadian rhythm 12131 energy substrates 24, body composition LILEILANLSE] training adaptations 12!
(201 and glucose metabolism 21221 Taken together, it appears that there may be a best time to exercise.

The evaluation of the accumulated energy expenditure and substrate oxidation over 24 h is essential in order to discuss
the role of exercise on body weight control. The mechanisms underlying the time or nutritional state-specific effects of
exercise on 24 h energy metabolism are currently being studied. First, fat oxidation during different exercise protocols
was compared using indirect calorimetry with a face mask or mouthpiece. Second, accumulated fat oxidation over 24 h
was compared using indirect calorimetry in a whole-room metabolic chamber. Third, the time course of glycogen content
in the liver and muscles was determined by conducting a 13C magnetic resonance spectroscopy (MRS) studly.

| 2. Effects of Exercise Timing on Fat Oxidation during Exercise

If the motive of exercise is to reduce body fat, increasing fat oxidation relative to energy expended is critical 2. Hence,
understanding the factors that increase or decrease fat oxidation is key. Exercise intensity is one of the most important
determinants affecting fat oxidation during exercise. The relative contribution of fat oxidation to total energy expenditure is
greater at lower exercise intensities, and the energy is primarily obtained from the oxidation of free fatty acids in plasma
23], Additionally, the rate of fat oxidation is increased in low-to-moderate intensity exercise, whereas it is decreased with
high-intensity exercise 23, Therefore, low-intensity exercise rather than high-intensity exercise is recommended to
maximize fat oxidation and fat loss.

Fat oxidation during exercise has also been reported to vary depending on the timing and intensity of the exercise.
According to Amaro-Gahate et al. 24, fat oxidation during graded exercise was greater between 5 and 8 PM than between
8 and 11 AM. Similarly, Sharma and Agarwal. 22 discovered that fat oxidation during steady-state exercise was higher
between 3 and 4 PM than between 9 and 10 AM. Furthermore, serum-free fatty acid levels were significantly higher at 2 h
after 60 min of steady-state exercise in the evening (between 5 and 6 PM) than in the morning (between 9 and 10 AM)
(28] To increase fat oxidation, evening exercise has been suggested over morning exercise 4. Although these studies
were conducted under standardized dietary conditions prior to experimental exercise conditions, the relative time between
exercise and eating in real life is not fixed. The physical response to exercise is affected not only by the time of day but
also by the nutritional status, which can be postprandial or postabsorptive. Particularly, the morning after an overnight fast,
which lasts 8-10 h after the last meal, is a characteristic time of the day to spare carbohydrates and increase reliance on
fat as a substrate for energy supply 8. The only time the postabsorptive state occurs in a typical three-meal-a-day
lifestyle is before breakfast. Exercise performed in the postabsorptive state is associated with greater fat oxidation than in
the postprandial state 29139,

Based on previous findings, it is possible to determine the optimal exercise conditions for losing body fat. However, the
increase in whole-body fat oxidation persists not only during exercise but also after exercise B1. Moreover, the intensity of
exercise may affect post-exercise nutrient oxidation differently. Indeed, when high-intensity exercise is compared to low-
intensity exercise, there is evidence of a greater reliance on energy from fat during the post-exercise period B2, As a
result, the energy source after high-intensity exercise shifts to fat-dominant sources; total fat oxidation during exercise
remains constant, and a 3 h recovery period is unaffected by exercise intensity 23l Therefore, to completely understand
the implications of exercise for body weight regulation, the long-term effects of exercise on nutrient oxidation must be
considered. However, assessing energy metabolism over an extended period, including eating and sleeping, would be
difficult with a method that completely covers the mouth with a mask (Figure 2).



Figure 2. Indirect calorimetry using a face mask. Expired air was collected through a face mask, limiting the measurement

duration to a few hours. The expired air was subjected to analysis of O, and CO, concentration.
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