Abstract:

Chronobiology is the study of the underlying time-based mechanisms found in
organisms. It has been well documented that the human body’s ability to process
glucose is better in the morning compared to the evening (4,6). This could potentially
impact one’s high intensity, short duration exercise performance that relies primarily
on carbohydrate metabolism depending on what time of day carbohydrates were
consumed. Therefore, the purpose of this study is to determine if the chronobiology
of glucose affects anaerobic power. Twelve subjects were recruited to consume 75
grams of glucose at 6 am and 4 pm on two separate occasions. Blood glucose was
measured throughout 90 minutes post ingestion. Subjects then performed 2 30-
second lower body power (Wingate) tests separated by 7 minutes. The results didn’t
find statistically significant data when comparing morning and evening blood glucose
consumption. No statistical significance was found in peak power or mean power
produce from the Wingate tests.

Introduction:

Chronobiology studies the natural physiological rhythms of organisms by looking at
the biology of time and internal clocks. It has been well documented that the human
body’s ability to process glucose is better in the morning compared to the evening
(1,4,6).The increased sensitivity is due to more efficient secretion of insulin in the
morning through beta cells resulting in increased regulation of beta cells through
Clock BMAL1. The central brain clock in the hypothalamic suprachiasmatic nucleus
(SCN) is responsible for the sleep-wake cycle and synchronizes other rhythms
throughout the body by utilizing various pathways (3,5). Cortisol is one hormone that
IS released via connections to the SCN. Cortisol secretion peaks before the onset of
an active period. Both insulin signaling and secretion are affected as a result of
cortisol secretion. Insulin secretion rate will decrease as a result of cortisol secretion
because pancreatic beta cells will have a higher workload and thus less secretion is
necessary (2,7). This could potentially impact one’s high intensity, short duration
exercise performance that relies primarily on carbohydrate metabolism.

Hypothesis:

Since it is known that the body will be better process glucose in the morning the
expectation is that the body will better utilize the increase in glucose during
anaerobic exercise and return to fasting blood glucose.

Methods:

Participants
Nine (n=6 female, n= 3 male) physically active college students (20.11 yrs =1.17,

65.5 In £ 3.82; and |Ibs +25.87) participated in the study. Each of the 9 participants
self-identified as being without any preexisting metabolic conditions. All participants

reported that they were considered physically active by participating in physical activity

for at 30 minutes a day for the past 3 months. Participants were recruited from the

campus by word of mouth and advertising flyers. This study was approved through the
Institutional Review Board at the University of Mount Union, and all participants signed

informed consent documents prior to any experimental testing.

Experimental Design
The participants met a total of two times throughout this study. The first meeting
consisted of the participants reporting to the lab at 6:00 am on the first day of testing

following a 6 hour fast. Fasting blood glucose was measured followed by consumption

of 10z of a 75g Azer Scientific Glucose Tolerance Test Beverages in 10 minutes.
Fifteen minutes post consumption t the first blood glucose measurement was taken

followed by every 15 minutes for 90 minutes. Subjects remained seated throughout the
duration of the trial. Following the 90 participants completed 2 30-second Wingate trials

on a Veletron Cycle Ergometer (Racer Mate, Version 1.0.2) with 7 minutes between
each test. Blood glucose was measured between each test and 10 minutes after the
final test. For the second day of testing, participants began testing at 4:00 pm.
Participants arrived fasted for 6 hours and the same procedure from the morning trial
was followed.

Chronobiology of Glucose’s Effect on Anaerobic Exercise

Valerie Russell & Dr. Ron Mendel PhD

Figure 1. Oral Glucose
Tolerance Test comparing
morning vs evening

(p= .538).

Figure 2. Oral Glucose
Tolerance Test time
effect (p=0.00).

Figure 3. Oral
Glucose Tolerance
Test group effect
(p=.081).

Figure 4. Peak Power
(p=.388).

Figure 5. Mean Power
(p=.668).
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Conclusions:
_ These data suggest that regardless of time of consumption of carbohydrates there is no statistical
-+ _ difference on blood glucose levels over a period of 90 minutes. The data also suggests that there is
_ no statistical difference in the power output post glucose consumption Due to limited sample size,
i _ future research is warranted to further investigate the chronobiology of carbohydrate consumption
and its potential impact on anaerobic power.
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Table 1. Descriptive data
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Although no interaction was found in the OGTT between morning and evening consumption of
carbohydrates, there was a trend (p=0.08) in the group main effect over the course of 90
minutes (Fig 3). This finding aligns with previous research on the dawn phenomenon (4). A
relationship between the timing of glucose consumption and blood sugar has previously been
established (1,4,6). Thus, blood glucose appears to be better processed in the morning. The
synchronization pathways of peripheral clocks by the SCN describes a close relationship
between Clock BMAL1 and daily rhythms of the body (3). This study showed the successful
restoration of circadian rhythm by the release of cortisol (5). It has also been shown that insulin
secretion (decrease) is affected by the release of cortisol (2,7). This can impact the amount of
glucose utilized in anaerobic exercise as seen in the data collected.

22 | 5.Ralph, MR, Foster, RG, Davis, FC, and Menaker, M. Transplanted suprachiasmatic nucleus

TIME Evening

B determines circadian period. Science 247(4945): 975-978, 1990.

during 2nd
wingate
300
482
218
273
399
294
503
358
304

2. Buckley, TM and Schatzberg AF. On the interactions of the Hypothalamic-pituitary-adrenal axis and
_ - sleep: Normal HPA axis activity and circadian rhythm, exemplary sleep disorders. The Journal of
- T | Clinical Endocrinology & Metabolism 90(5): 3106-3114, 2005.

_ 3. Dibner, C, Schibler, U, and Albrecht, U. The Mammalian Circadian Timing System: Organization
s | and Coordination of Central and Peripheral Clocks. Annual Review of Physiology 72: 517-549, 2010.

6.Takeishi, S, Mori, A, Kawali, M, Yoshida, Y, Hachiya, H, Yumura, T, Ito, S, Shibuya, T, Fushimi, N,

Current effect: F(1, 16)=.19065, p=.66821

Ohashi, N, and Kawai, H. Investigating the Relationship between Morning Glycemic Variability and

350 r

TIME Evening

Acknowledgements:
= - | would like to acknowledge the generous donors of the Exercise Science Alumni Research Fund for
} funding this research project, the Exercise Science faculty for their support throughout the research

Cay project and the participants of this study.

Patient Characteristics Using Continuous Glucose Monitoring Data in Patients with Type 2 Diabetes.
T | Intern Med 56(12):1467-1473, 2017

— _ 7/.van Raalte, DH and Diamant, M. Steroid diabetes: from mechanism to treatment. The Netherlands
e Em—e—— Journal of Medicine 72(2): 62-72, 2014.



