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Abstract

Aim: The purpose of this study was to investigate the effect of exercise at different times of
day on hemorheological variables. Methods: For this reason, fifteen healthy male subjects
(MeanzSD: age, 24.7+2.3 years, weight, 65.2+7.3 kg, height, 171.1+10.2 cm) participated in the
present study voluntarily. All subjects performed an aerobic exercise protocol on a cycle
ergometer at intervals of 3 days and at four different times of day (08:00, 12:00, 16:00 and,
20:00). In each session, subjects performed the cycling protocol for 30 minutes at an intensity
corresponding to 90% of HRmax after warming up. Heart rate and rate of perceived exertion
were recorded during 30 minutes of exercise. In each trial, two venous blood samples (10 ml)
were taken before and immediately after exercise. Blood samples were analyzed for
hemorheological variables (blood viscosity, plasma viscosity, hematocrit, fibrinogen, albumin
and, total protein). Results: statistical analysis of data revealed no significant effect of time of
day on responses of blood viscosity (P=0.056), plasma viscosity at a shear rate of 12 (P=0.070),
hematocrit (P=0.152), fibrinogen (P=0.078), erythrocyte sedimentation rate (P=0.461), heart rate
(P=0.838) and mean arterial blood pressure (P=0.581). However, time of day significantly
affected responses of plasma viscosity (P=0.045, shear rate of 60), total protein (P=0.014), and
body temperature (P=0.035) to endurance exercise. Conclusions: According to the findings of
the present study, it could be concluded that except for plasma viscosity at the high shear rate,
responses of hemorheological variables to exhaustive endurance exercise are not related to the
time of day that exercise is performed. Therefore, it seems that healthy people can probably
exercise at different times of the day without worrying about their blood status.
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Extended abstract
Background

Epidemiological studies have shown that increases in blood rheological variables are associated with cardiovascular risk
factors. Elevations in blood rheological factors have been attributed to physiochemical and metabolic factors
(haemoconcentration, plasma protein pattern, and lipid status) and are associated with many other physiological (diet and
exercise) or pathological (diseases) situations. The acute and chronic effects of endurance exercise on haemorheological
variables have been studied and reviewed. The flow properties of blood have been shown to be altered in athletes and
trained individuals. It has been reported that athletes have a lower plasma viscosity than sedentary individuals. The blood
of such individuals is more fluid than sedentary persons and this rheological advantage is believed to be responsible for
better oxygen delivery in athletes.

On the other hand, various psychological and physiological functions have been shown to undergo changes relative to the
time of the solar day. These variations are known as circadian or diurnal rhythms. In some context, it has been well
documented that maximal short-term performances fluctuate with time of day, with morning nadirs and afternoon
maximum values. These diurnal or circadian variations in high-intensity short-duration exercises (e.g., muscle power,
muscle strength, sprint) have been found to range from 3 to 21.2%, depending on the population tested, the muscle groups,
and the experimental design.

However, the literature regarding circadian or time-of-day effects on aerobic exercise (e.g., maximal oxygen consumption
[VO2max], maximal aerobic velocity, time to exhaustion) yields inconclusive results. Therefore, in the current research,
the characteristics of blood flow to a progressive aerobic cycling session to exhaustion have been investigated four times:
morning (08:00), noon (12:00), evening (16:00), and night (20:00).

Methods: Subjects were 15 healthy male non-smokers who were free of medication. The Ethics Committee in Biomedical
Research of Shahid Beheshti University initially approved the experimental procedures and study protocols, which were
fully explained to all subjects, and a written consent form was signed after having read and understood the details of the
experiments.

To control for the possible effect of diet and physical activity, morning trials took place after an overnight fast, and
subjects were asked to have minimal activity from the time of waking to the beginning of the test (45-min before exercise).
For the noon, evening, and night trials, subjects were asked not to consume any food or caffeine 6 hours before testing
and were only allowed to drink water. Although all subjects were recreationally trained subjects, one familiarisation
session was designed. During this familiarization session, subjects were habituated to the experimental protocols and
laboratory environment.

All subjects (MeanSD: age, 24.7+£2.3 years, weight, 65.2+7.3 kg, height, 171.1+10.2 cm) performed four bouts of
running at 90% of HRmax for 30 min on an ergometer cycle in the morning (08:00 h) noon (12:00), evening (16:00) and,
evening (20:00 h). The four exercise trials were performed on separate days with 3 days intervening. In each session, after
taking a blood sample, the subjects first rode an ergometer cycle for 5 minutes with a resistance of about 40 watts. After
warming up and performing stretching exercises, the subject rode on an ergometer cycle with an intensity equivalent to
90% of the maximum heart rate (approximately equivalent to 75-80% of the maximum oxygen consumption) for 30
minutes.

Haemorheological variables (Blood and plasma viscosity, Haematocrit, Erythrocyte Sedimentation Rate (ESR),
Haemoglobin, Total protein, and RBC count), Mean arterial blood pressure, Body temperature, and Fibrinogen level was
measured before, immediately after exercise. Statistical analysis of the data was done using SPSS software, and all data
were first tested using the Kolmogorov-Smirnov test to determine normality. Repeated two-way analysis of variance
(4x2) was used to compare the variables during four times (08:00, 12:00, 16:00, and 20:00). If the differences were
significant, Banferoni's post hoc test was used to determine the location of the difference. The significance level in this
research was considered as P<0.05.
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Results:

Statistical analysis of data revealed no significant effect of time of day on responses of blood viscosity (P=0.056), plasma
viscosity at a shear rate of 12 (P=0.070), hematocrit (P=0.152), fibrinogen (P=0.078), erythrocyte sedimentation rate
(P=0.461), heart rate (P=0.838) and mean arterial blood pressure (P=0.581). However, time of day significantly affected
responses of plasma viscosity (P=0.045, shear rate of 60), total protein (P=0.014), and body temperature (P=0.035) to
endurance exercise.

In addition, statistical analysis showed that a bout of exhaustive exercise led to a significant increase in the blood viscosity
at a shear rate of 12 and 60, the plasma viscosity at a shear rate of 12 and 60, the hematocrit, the number of red blood
cells, the total protein, the body temperature, and a significant decrease in the ESR.

Conclusion

In general, the results of this research showed that most hemorheological variables such as blood viscosity, plasma
viscosity, hematocrit, fibrinogen, total protein, and red blood cell sedimentation rate increase in non-athletes regardless
of the time of day in response to acute endurance training. In addition, factors such as plasma viscosity shear rate of 60,
total protein, and body temperature showed significant changes at some times of the day, both at rest and in response to
exercise. Therefore, it seems that healthy people can probably exercise at different times of the day without worrying about their blood
status.
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8. Circadian or diurnal rhythms

9. Shear rate

10. Aggregation

11. Deformability

12. Glyocalyx layer

13. Shearing forces

14. Reactive oxygen species
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