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It is quite clear that nutrition can have a major impact on exercise performance as well as training
adaption. In fact, without proper nutrition, exercise goals will not be fully realized. Recent research,
however, indicates that when one eats may have as much influence over achieving exercise goals as
what one eats. In other words, timing of nutrient consumption or “nutrient timing” can significantly
impact exercise performance, recovery and training adaptation. These responses to nutrient timing
are built into our DNA and therefore not limited to the elite athlete. Everyone, young and old, male
and female, untrained and trained will respond to nutrient timing.

Simply stated, nutrient timing is the delivery of appropriate macronutrients during the time in which
the body is primed to use them most effectively (1). While most nutrient timing programs designed
for athletes and individuals who exercise regularly are centered on nutrient intake prior to and after
workouts and competitions, timing of daily meals and their composition are also of importance. Of
the 3 basic meals of the day, breakfast, lunch and dinner, breakfast is by far the most important.

Breakfast is a critical meal because it influences practically every dimension of our being during the
course of the day, including how we perform physically and mentally. Breakfast immediately raises
the body’s energy level and restores the blood glucose level to normal after an overnight fast. It also
raises the muscle and liver glycogen stores. Carbohydrate is the preferred fuel for muscle and the
nervous system (2, 3). Low carbohydrate levels result in poor performance and rapid fatigue during
training and other physical activities (4, 5). Perceived exertion is also elevated when blood glucose
and muscle glycogen levels are low making exercise mentally challenging (5, 6). Therefore, starting a
training session with low carbohydrate availability can significantly limit the quality of one’s training
session and adversely impact training adaptation. A well-designed breakfast can provide an adequate
amount of carbohydrate and other essential nutrients to raise the blood glucose levels and get a
morning training session going with vigor and vitality, and without being overly filling.

Second, breakfast immediately lowers the blood level of the stress hormone cortisol, which peaks
during the early morning hours (7, 8). We generally think of sleep as a non-stressful period. From a
psychological viewpoint this is generally true. Physiologically, however, it is quite the opposite. Even
though our metabolic needs decrease significantly while we are sleeping, the body still needs to

maintain critical physiological and metabolic functions required to support life as well as those which
foster daily recovery, tissue repair and growth and development – key components to training
adaptation. The energy to support these functions come from blood glucose, liver glycogen and free
fatty acids.

When we first go to sleep, blood glucose and liver glycogen are sufficient to support the energy
requirements of the body. During the initial hours of sleep growth hormone peaks and protein
synthesis is elevated (7). However, by the early morning hours our liver glycogen stores start to wane
and blood glucose, insulin and growth hormone levels decline. To prevent a drop in blood glucose,
blood cortisol starts to rise and peaks just before waking up. Cortisol is a stress hormone released
from the adrenal glands and causes the breakdown of muscle protein and fat. Amino acids generated
from this protein breakdown are then transported to the liver where they are converted into glucose
and released into the blood to limit the decline in blood glucose. When we awaken, cortisol levels are
at their highest point of the day. To lower blood cortisol levels requires nutrient intervention, and if
we do not consume nutrients upon awakening, cortisol will remain elevated until we do. This will
result in a prolonged breakdown in muscle protein, which over the long-term can have a significant
impact on the fitness status of the athlete. In addition, maintaining an elevated blood cortisol level
will promote fat storage, particularly in the abdominal area and stimulate appetite (9). Chronically
elevated cortisol levels are directly associated with increased risk of obesity and a number of medical
conditions associated with the metabolic syndrome such as type 2 diabetes and coronary heart
disease (9, 10). Individuals that routinely skip breakfast have a much great chance of being obese than
individuals that routinely eat breakfast (11, 12, 13).

Third, breakfast is the most satiating meal of the day (14). This satiating-effect can impact food
consumption for the entire day. Investigators have found that the pattern of food intake has a
dramatic effect on overall daily food consumption. This is due to the impact of our meal pattern on
the release of gut hormones that control appetite. Secretion of these hormones early in the morning
is in part due to the elevation in blood cortisol and can have a sustained effect throughout the day.
Therefore, eating a larger breakfast and reducing the blood cortisol level lowers appetite and reduces
daily caloric intake (15, 16, 17). Research findings suggest a strong correlation between regular
breakfast eating and long-term weight maintenance and weight loss (18, 19, 20, 21). In fact, seventyeight percent of successful dieters, defined as those who have lost more than 10% of their body
weight and kept if off for two years, reported eating breakfast every day (22). Interestingly,
researchers have also found that even when the same amount of calories are consumed daily that
dieters who eat breakfast lose on average 50% more weight than dieters who skip breakfast (23). This
implies that cortisol may alter the manner in which the body processes food. As mentioned earlier,
sustained elevation of blood cortisol promotes increased abdominal fat storage.

Perhaps the most compelling study on the critical role of breakfast as it relates to control of body
composition was a study by Jakubowicz et al. (24). The study was conducted over eight months and
compared two groups of dieting obese subjects. The first 4 months were supervised while the second
4 months were unsupervised. One group consumed a low carbohydrate-high protein diet that totaled
1,085 calories per day. For this group, breakfast was the smallest meal of the day. The second group
consumed a high carbohydrate-protein diet that totaled 1,285 calories per day. For the high
carbohydrate, higher calorie group breakfast was the largest meal of the day. Total calories per day
were the same for both groups during the initial 4 months of the diet program. For the first 4 months
each group lost approximately the same amount of weight (low caloric breakfast, 15.1±1.9 kg; high
caloric breakfast, 13.5±2.3 kg). However, during the final 4 months when food consumption was not
controlled the low caloric, low carbohydrate breakfast group gained back 86% of the weight it had
lost; whereas, the high caloric, high carbohydrate breakfast lost an additional 6.9±1.7 kg. Related to
this greater loss in body mass was a greater reduction in hormones that stimulate appetite, a
significant increase in satiety and reduced hunger throughout the day. From these findings, it is
evident that one should not skip breakfast. However, they also indicate that breakfast should contain
a significant amount of one’s daily caloric intake and be high in carbohydrate content. For athletes
that have difficulty in controlling their weight and body composition or compete in sports that have
weight limits, eating an appropriate breakfast is paramount to their nutritional program.

Fourth, breakfast has a significant effect on cognitive function during the day. If we fail to replenish
our carbohydrate stores during the early morning hours, the resulting low blood glucose levels can
adversely affect our ability to concentrate and perform mental tasks (25). Studies have shown that
children who eat breakfast perform at a higher level in school and are more physically active than
those who skip breakfast (26, 27). Also, breakfast helps increase the ability to focus and reduces
declines in attention and memory over the morning hours. This is particularly true when attempting
to process complex visual tasks (27, 28).

Whether one exercises or trains in the morning, afternoon or both morning and afternoon, breakfast
should be a major component of one’s daily nutritional plan. Breakfast immediately raises the energy
level of the body, increasing vigor and vitality. It reduces blood cortisol levels and helps control
appetite, which over the long-term, can significant impact body composition. Breakfast also increases
cognitive function and the ability to concentrate. For the athlete and health enthusiast, this translates
into more proficient training sessions and enhanced training adaptation.

References:

1. Ivy J, Portman R. Nutrient Timing, the Future of Sports Nutrition. North Bergen, NJ: Basic
Health Publications, Inc. 2004.
2. Levine SA, Gordon B, derrick CL. Some changes in the chemical constituents of the blood
following a marathon ace: with special reference to development of
hypoglycemia. JAMA 1924;82:1778-1779.
3. Coyle EF, Coggan AR, Hemmert MK, Ivy JL. Muscle glycogen utilization during prolonged
strenuous exercise when fed carbohydrate. J Appl Physiol.1986;61:165-172.
4. Bergström J, Hermansen L, Hultman E, Saltin B. Diet, muscle glycogen and physical
performance. Acta Physiol Scand1967;71:140-150.
5. Hermansen L, Hultman E, Saltin B Muscle glycogen during prolonged severe exercise. Acta
Physiol Scand 1967;71:334-346.
6. Ahlborg B, Bergstrom J, Ekelund LG, Hultman E. Muscle glycogen and muscle electrolytes
during prolonged physical exercise. Acta Physiol Scand 1967;70:129-142.
7. Takahashi Y, Kipnis DM, Daughaday WH Growth hormone secretion during sleep. J Clin
Invest 1968;47:2079-2090.
8. Weitzman ED, Fukushima D, Nogeire C, Roffwarg H, Gallagher TF, Hellman L. Twenty-four hour
pattern of the episodic secretion of cortisol in normal subjects. J Clin Endocriol
Metab 1971;33:14-22.
9. Anagnostis P, Athyros VG, Tziomalos K, Karagiannis A, Mikhailidis DP. The pathogenetic role of
cortisol in the metabolic syndrome: a hypothesis. J Clin Endocriol Metab 2009;94:2692-2701.
10. Rosmond, R, Dallman MF, Björntorp. Stress-related cortisol secretion in men: Relationships
with abdominal obesity and endocrine, metabolic and hemodynamic abnormalities. J Clin
Endocrinol Metab 1998;83:1853-1859.
11. Deshmukh-Taskar PR, Nicklas TA, O’Neil CE, Keast DR, Radcliffe JD, Cho S. The relationship of
breakfast skipping and type of breakfast consumption with nutrient intake and weight status
in children and adolescents: the National Health and Nutrition Examination Survey 19992006. J Am Diet Assoc 2010;110:869–78.
12. Timlin M. Breakfast eating and weight change in a 5-year prospective analysis of adolescents:
Project EAT (Eating Among Teens). Pediatrics 2008;121(3):e638–45.

13. Siega-Riz AM, Popkin BM, Carson T. Trends in breakfast consumption for children in the
United States from 1965-1991. Am J Clin Nutr 1998;67(suppl):748S–56S.
14. de Castro JM. The time of day of food intake influences overall intake in humans. J
Nutr 2004;134:104-111.
15. Leidy, HJ, Ortinau LC, Douglas SM, Hoertel HA. Beneficial effects of a higher-protein breakfast
on the appetitive, hormonal, and neural signals controlling energy intake regulation in
overweight/obese, “breakfast-skipping,” late-adolescent girls. Am J Clin Nutr 2013;97:677688.
16. Speedhly DP, Buffenstein R. Greater appetite control associated with an increased frequency
of eating in lean males. Appetite1999;33:285-297.
17. Speedhly DP, Rogers GG, Guffenstein R. Acute appetite reduction associated with an increased
frequency of eating in obese males. Int J Obes Relat Metab Disord 1999;23:1151-1159.
18. Van der Heijden A|AWA, Hu FB, Rimm EB, van Dam RM. A prospective study of breakfast
consumption and weight gain among U.S. Men. Obesity 2007;15:2463-2469.
19. Ma Y, Bertone ER, Stanek EJ 3rd, et al. Association between eating patterns and obesity in a
free-living US adult population. Am J Epidemiol. 2003;158:85–92.
20. Berg C, Lappas G, Wolk A, Strandhagen E, Toren K, Rosengren A, Thelle D, Lissner L. Eating
patterns and portion size associated with obesity in a Swedish
population. Appetite 2009;52:21-26.
21. Ortega RM, Requejo AM, Lopez-Sobaler AM, et al. Difference in the breakfast habits of
overweight/obese and normal weight schoolchildren. Int J Vitam Nutr Res 1998;68:125–32.
22. Wyatt HR, Grunwald GK, Mosca CL, Klem ML, Wing RR, Hill JO. Long-term weight loss and
breakfast in subjects in the National Weight Control Registry. Obesity 2002;10:78-82.
23. Schlundt DG, Hill JO, Sbrocco T, Pope-Cordle J, Sharp T. The role of breakfast in the treatment
of a randomized clinical trial. Am J Clin Nutr 1992;55:645-651.
24. Jakubowicz D, Froy O, Wainstein J, Boaz M. Meal timing and composition influence ghrelin
levels, appetite scores and weight loss maintenance in overweight and obese
adults. Steroids 2011;77:323-331.
25. Scholey AB, Harper S, Kennedy DO. Cognitive demand and blood glucose. Physiol
Behav 2001;73:585-592.
26. Sandercock GRH, Voss C, Dye L. Associations between habitual school-day breakfast
consumption, body mass index, physical activity and cardiorespiratory fitness in English
schoolchildren. Eur J Clin Nutri 2010;64:1086-1092.

27. Wesnes, KA, Pincock C, Richardson D, Helm G, Hails S. Breakfast reduces declines in attention
and memory over the morning in schoolchildren. Appetite 2003;41:329-331.
28. Mahoney CR, Taylor HA, Kanarek RB, Samuel P. Effect of breakfast composition processes in
elementary school children. Physiol Behav 2005;85:635-645.

