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ABSTRACT

Emerging concept of chrononutrition proposes that meal timing per se could affect the circadian clock system or
circadian rhythm and disruption of biological rhythm can negatively influence timing and food selection.
Furthermore, research has come up with some suggestions that mealtime, energy distribution, nocturnal eating and
frequency of food ingestion may affect nutrient metabolism which are associated with various metabolic diseases.
Taking meal as per the biological circadian system invariably affect the human physiology and the long term health.
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INTRODUCTION

Recent scientific evidence has linked the circadian system
to metabolic physiology and nutrition and generated new
area of research nominated as 'Chrononutrition'. It proposes
that nutrients or meal timing per se could affect the
circadian clock system'. Research from this area has further
shown that mealtimes, energy distribution, nocturnal eating
and number of food episodes may influence nutrient
metabolism and may be associated with metabolic and
nutritional diseases’.

The individuals of the present society show long waking
hours, they become more exposed to many food intake
events over 24 hours, especially at times when they should
be sleeping and the body is not metabolically prepared for
digestion. In this regard, the daily dietary pattern has been
seen as a potential new target for lifestyle intervention to
reduce the risk of metabolic diseases’.

Food Intake and Circadian Synchronization

Eating behavior can synchronize the circadian timing. That
has been exemplified by the phenomenon of “food
anticipatory activity” which is responsible for inducing
characteristics of anticipatory rhythms of feeding,
locomotor activity and body temperature independent of
the suprachiasmatic nuclei’. This anticipatory rhythmic
activity leads to the release of many metabolic hormones
and secretion of enzymes which are necessary for digestion.

Certain dietary components do influence circadian
rhythms. Intake of caffeine, high- fat or high-sugar diets
may change clock gene expression rhythms, especially for
the peripheral clocks in the liver, as well as changing the
locomotor activity rhythm and feeding behavior. Likewise,
intake of a ketogenic diet (high fat and very low
carbohydrate) also alters circadian locomotor activity
rhythm’.

.__________________________________________4 160



Kingly Breakfast Devours Diseases: Scientific Perspectives

Circadian Desynchronization and Metabolism

Circadian disruption in humans can negatively affect the
metabolic homeostasis because humans are basically diurnal
and show decreased levels of appetite and gastric emptying
during night time’. Several biological markers which are
involved in metabolism show circadian oscillations. Cortisole
which is associated with glucose metabolism have a circadian
rhythm with the lowest values during early rest phase and the
peak in the activity phase’. Glucose tolerance being higher in
the morning than in the afternoon and evening along with
insulin levels which show less secretion and sensitivity in the
evening’. Leptin, which is involved in satiety, is having levels
high during the night but low during the day. Ghrelin, which is
involved in stimulating appetite, plays a special role as it is a
food-related entraining signal’.

In situations of circadian misalignment, an important
proportion of meals may occur desynchronized with controls of
hunger and appetite and during the time of suboptimal food
metabolism, resulting in a relative impairment of these
parameters. In addition, when the circadian misalignment
becomes chronic, these effects may pave the way for the
development of metabolic diseases .

Meal Timing and Metabolism

Several studies have pointed out that it is not only what and how
much is eaten, but when it was eaten plays a significant role in
weight regulation'"” and glucose and lipid metabolism". In
fact, skipping breakfast and/or overeating in the evening, play a
significant role in weight gain and obesity". Furthermore,
Garaulet and associate have shown in their interventional study
that the timing of lunch was predictive of weight loss during a
20-week period of dietary intervention conducted in obese and
overweight persons*.

Breakfast Consumption and Human Health

Several clinical studies have pointed out the importance of food
consumption in the early hours of the day for successful change
in body mass'*". In this context, it is pertinent to discuss a study
conducted on overweight and obese women with metabolic
syndrome'’. The selected women who had BMI of 32.4+1.8
Kg/m’ were randomized into two isocaloric (1400Kcal)
groups, a breakfast (BF) and a dinner (D) group. Breakfast
group received 700 Kcal at breakfast, 500 Kcal at lunch and
200 Kcal at dinner, while dinner group received 200 Kcal at
breakfast, 500 Kcal at lunch and 700 Kcal at dinner for a period
of 12 weeks. It was found that the BF group had greater weight
loss and waist circumference reduction. Triglyceride levels
decreased by 33.6%, while it increased by 14.6% in dinner (D)
group. The overall daily glucose, insulin, ghrelin and mean
hunger scores were significantly lower, whereas mean satiety
score was significantly higher in the BF group. The study
concluded that a high-calorie breakfast with reduced intake at
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dinner is beneficial and this approach might be useful as an
alternative way for the management of obesity and metabolic
syndrome .

The habit of eating proper breakfast is considered as an
important indicator of health'” while overweight/obesity is
often commonly associated with individuals who skip the
breakfast”. Interestingly, other studies have shown that
skipping breakfast is associated with a higher risk of
developing coronary heart disease”, stroke™, worse glycemic
control and insulin resistance'” as well as negative change in
lipid profile”.

A meta-analysis of eight studies also concluded that breakfast
skipping is associated with a significantly increased risk of type
2 diabetes™. Furthermore, the review of 19 studies on 19,270
overweight or obese participants found that the risk of being
overweight or obese among those skipping breakfast compared
to those consuming breakfast was 1.55%.

In this context, it is interesting to observe that how keenly
observant our ancestors were who proverbially commented
that “Eat breakfast yourself, share lunch with a friend and give
dinner away to your enemy”’ or “Eat breakfast like a king, lunch
like a prince and dinner like a pauper’. In the light of present
scientific observations, these proverbs seem to make sense’.

Mechanisms behind Breakfast and Health Protection

1. Food intake in the morning is in rhythm with circadian
system. After a time lag of § to 10 hours between breakfast
and last night meal (window to eat), the body system is ready
to accept and assimilate nutrients in a proper way. Morning
food intake is particularly satiating and can reduce the total
amount of energy ingested. This is in contrast to late night
eating which has no satiating properties and may result in
greater energy intake”. The above mentioned pattern is
possible because of modulation of hormonal levels of
ghrelin and leptin which are related to appetite control and
satiety'**,

2. Breakfast skipping has been consistently associated with
lower micronutrient intakes in particular, calcium, folate,
magnesium, vitamin C and vitamin A, when compared with
regular breakfast eaters” ™

3. It is important to re-emphasize that the chronotype is
considered as an important determinant factor for
consideration of meal timing preference in general and
breakfast in particular. Eveningness which is associated
with unhealthy behavior and metabolic diseases has also
been associated with a tendency to skip breakfast”.

4. It is also observed that evening types seem to skip breakfast
because their circadian thythms are delayed. They do not
consume breakfast due to lack of signaling by biological
clocks for their time to take morning meal™.
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5. Regularly eating breakfast may link positively to sleep
health in persons with morning meal preference. This
behavior is possibly due to the alterations in the release of
orexigenic hormones and appetite suppressants”'.

Morning versus Nocturnal Eating

Having being analyzed the metabolic advantages of morning
meal (breakfast), let us view scopically the disadvantages of
late night eating. Nocturnal eating has resulted in metabolic
dysfunctions®, obesity" and increased risk of diabetes”. The
metabolic disadvantages are because fat oxidation is lower in
the evening compared with that in the morning™*. The energy
metabolism is less efficient during the evening®. There is
increased intake of food due to an insufficient satiety function”
along with there is reduced nocturnal sensitivity and glucose
tolerance’. Therefore, meal intake at night between 8pm and
midnight, even it is comprised of low glycemic ingredients,
contributes to higher glucose excursions and concomitantly
greater insulin levels when compared with an equivalent meal
in the morning".

After considering the aforementioned evidences, eating late at
night may have adverse metabolic effects, which are not
favorable for healthful living. On the other hand, the morning
eating is conducive for metabolic health and in some way or
other mitigates or delay the development of chronic diseases
linked to metabolic dysfunctions.

CONCLUSION

In the pre-industralization era, people were working in the day
and sleeping in the night. The meals were basically two —firstin
the morning and second in the evening preferably before
sunset. These meals were in perfect concordance with the
circadian rthythm. People were healthy, physically and socially.
The present scientific observations support this concept and
substantiate the proverb that “Eat breakfast like a king.....”.
The circadian disruption has paved the ways for metabolic
disturbances and development of chronic diseases. There is
therefore, an urgent need to think about the correlation of
circadian rhythm and nutrition, what is labeled as
chrononutrition. This might curtail the rising incidence of
chronic metabolic diseases.

REFERENCES

1. Oda H. 2015. Chrononutrition. J. Nutr. Sci. Vitaminol.
(Tokyo). 61 (Suppl):592-594.

2. Crispim CA and Mota MC. 2018. New perspective on
chrononutrition. Biol. Rhythm Res.
http://doi.org/10.1080/09291016.2018.1491202

3. Melkani GC, Panda S. 2017. Time-restricted feeding for
prevention and treatment of cardiometabolic disorders. J
Physiol. 595(12):3691-3700.

Pac. J. Med. Health Sci. 2024; 9(3): 160-163

4. Mendoza J, Graff C, Dardente H, Pevet P, Challet E. 2005.
Feeding cues alter clock gene oscillations and photic
responses in the suprachiasmatic nuclei of mice exposed to
a light/dark cycle. J Neurosci. 25(6):1514-1522.

5. Oishi K, Uchida D, Ohkura N, Doi R, Ishida N, Kadota K,
Horie S. 2009. Ketogenic diet disrupts the circadian clock
and increases hypofibrinolytic risk by inducing expression
of plasminogen activator inhibitor-1. Arterioscler Thromb
Vasc Biol. 29(10):1571-1577.

6. Zimberg 1Z, Fernandes Junior SA, Crispim CA, Tufik S,
de Mello MT. 2012. Metabolic impact of shift work.
Work. 41(Suppl 1):4376-4383

7. Czeister CA, Klerman EB. 1999. Circadian and sleep-
dependent regulation of hormone release in humans.
Recent Prog Horm Res. 54:97-130-132.

8. Reutrakul S, Van Cauter E. 2014. Interactions between
sleep, circadian function, and glucose metabolism:
implications for risk and severity of diabetes. Ann. NY
Acad. Sci.1311:151-173.

9. Gonnissen HK, Hulshof T, Westerterp-Plantenga MS.
2013. Chronobiology, endocrinology, and energy and
food-reward homeostasis. Obes. Rev. 14(5):405-416.

10. Parsons MJ, Moffitt TE, Gregory AM, Goldman-Mellor
S, Nolan PM, Poulton R, Caspi A. 2015. Socialjetlag,
obesity and metabolic disorder: investigation in a cohort
study. Int. J. Obes. (Lond). 39(5):842-848.

Wang JB, Patterson RE, Ang A, Emond JA, Shetty N,
Arab L. 2014. Timing of energy intake duringthe day is
associated with the risk of obesity in adults. J. Hum.
Nutr. Diet. 27(Suppl 2):255-562.

McHill AW, Phillips AJ, Czeisler CA, Keating L, Yee K,
Barger LK, Garaulet M, Scheer FA, Klerman EB. 2017.
Later circadian timing of food intake is associated with
increased body fat. Am J Clin Nutr. 106(5):1213-1219.

Leung GKW, Huggins CE, Bonham MP. 2017. Effect of
meal timing on postprandial glucose responses to a low
glycemic index meal: a crossover trial in healthy
volunteers. Clin. Nutr. pii: 50261- 5614(17)31408-5.

11.

12.

13.

14. Garaulet M, Gémez-Abellan P, Alburquerque-Béjar JJ,
Lee YC, Ordovas JM, Scheer FA. 2013. Timing of food
intake predicts weight loss effectiveness. Int. J. Obes.

(Lond), 37(4):604-611.

Ruiz-Lozano T, Vidal J, De Hollanda A, Scheer FAJL,
Garaulet M, Izquierdo-Pulido M. 2016. Timing of food
intake is associated with weight loss evolution in severe

obese patients after bariatric surgery. Clin Nutr.
35(6):1308-1314.

15.

162



Kingly Breakfast Devours Diseases: Scientific Perspectives

16.

17.

Jakubowicz D, Barnea M, Wainstein J, Froy O. 2013.
High caloric intake at breakfast vs. dinner differentially
influences weight loss of overweight and obese women.
Obesity. 21(12):2504-2512.

Betts JA, Richardson JD, Chowdhury EA, Holman GD,
Tsintzas K, Thompson D. 2014. The causal role of
breakfast in energy balance and health: a randomized

controlled trial in lean adults. Am. J. Clin. Nutr.
100(2):539-547.

18. Alexander KE, Ventura EE, Spruijt-Metz D, Weigensberg

19.

20.

21.

22.

23.

MIJ, Goran MI, Davis JN. 2009. Association of breakfast
skipping with visceral fat and insulin indices in
overweight latino youth. Obesity. 17(8):1528-1533.

Cahill LE, Chiuve SE, Mekary RA, Jensen MK, Flint AJ,
Hu FB, Rimm EB. 2013. Prospective study of breakfast
eating and incident coronary heart disease in a cohort of
male US health professionals. Circulation.128(4):337-
443.

Kubota Y, Iso H, Sawada N, Tsugane S, JPHC Study
Group. 2016. Association of breakfast intake with
incident stroke and coronary heart disease: The Japan
public health center-based study. Stroke. 47(2):477-481.

Kim SH, Song YH, Park S, Park MJ. 2016. Impact of
lifestyle factors on trends in lipid profiles among Korean
adolescents: the korea national health and nutrition

examination surveys study, 1998 and 2010. Korean J
Pediatr. 59(2):65-73.

Bi H, GanY, Yang C, Chen Y, Tong X, Lu Z. 2015.
Breakfast skipping and the risk of type 2 diabetes: a
meta-analysis of observational studies. Public Health
Nutr.18(16):3013-3019.

Horikawa C, Kodama S, Yachi Y, Heianza Y, Hirasawa R,
Ibe Y, Saito K, Shimano H, Yamada N, Sone H. 2011.
Skipping breakfast and prevalence of overweight and
obesity in Asian and Pacific regions: a meta-analysis.
Prev Med. 53(4-5):260-267.

24. Almoosawi S, Vingeliene S, Karagounis LG, Pot GK.

25.

2016. Chrono-nutrition: a review of current evidence
from observational studies on global trends in time-of-
day of energy intake and its association with obesity.
Proc Nutr Soc. 75(4):487-500.

de Castro JM. 2004. The time of day of food intake
influences overall intake in humans. J. Nutr. 134(1):104-
111.

26. Asao K, Marekani AS, VanCleave J, Rothberg AE. 2016.

Leptin level and skipping breakfast: the National Health
and Nutrition Examination Survey III (NHANES III).
Nutrients, 8(3):115.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Williams P. 2005. Breakfast and the diets of Australian
adults: an analysis of data from the National Nutrition
Survey. Int J Food Sci Nutr. 56(1):65-79.

Deshmukh-Taskar PR, Radcliffe JD, Liu Y, Nicklas TA.
2010. Do breakfast skipping and breakfast type affect
energy intake, nutrient intake, nutrient adequacy, and diet
quality in young adults? NHANES 1999-2002. J] Am Coll
Nutr. 29:407-418.

Teixeira GP, Mota MC, Crispim CA. 2018. Eveningness
is associated with skipping breakfast and poor nutritional
intake in Brazilian undergraduate students. Chronobiol
Int. 35(3):358-367.

Silva CM, Mota MC, Miranda MT, Paim SL, Waterhouse
J, Crispim CA. 2016. Chronotype, social jetlag and sleep
debt are associated with dietary intake among Brazilian
undergraduate students. Chronobiol Int. 33(6):740-748.

Schmid SM, Hallschmid M, Jauch-Chara K, Born J,
Schultes B. 2008. A single night of sleep deprivation
increases ghrelin levels and feelings of hunger in normal-
weight healthy men. J Sleep Res. 17(3):331-334.

Fonken LK, Workman JL, Walton JC, Weil ZM, Morris
JS, Haim A, Nelson RJ. 2010. Light at night increases
body mass by shifting the time of food intake. Proc Natl
Acad Sci USA. 107(43):18664- 186649.

Park HJ, Lee J, Kim JM, Lee HA, Kim SH, Kim Y. 2013.
A study of snack consumption, night-eating habits, and
nutrient intake in gestational diabetes mellitus. Clin Nutr
Res. 2(1):42-45.

Hibi M, Masumoto A, Naito Y, Kiuchi K, Yoshimoto Y,
Matsumoto M, Katashima M, Oka J, Ikemoto S. 2013.
Nighttime snacking reduces whole body fat oxidation
and increases LDL cholesterol in healthy young women.
Am J Physiol Regul Integr Comp Physiol. 304(2):R94-
R101.

Gluck ME, Venti CA, Salbe AD, Votruba SB, Krakoff J.
2011. Higher 24-h respiratory quotient and higher
spontaneous physical activity in nighttime eaters.
Obesity.19(2):319-323.

Fong M. Caterson ID, Madigan CD. 2017. Are large
dinners associated with excess weight, and does eating a
smaller dinner achieve greater weight loss? A systematic
review and meta-analysis. Br J Nutr. 118(8):616-628.

Oike H, Oishi K, Kobori M. 2014. Nutrients clock genes,
and chrononutrition. Curr Nutr Rep. 3:204- 212.

Pac. J. Med. Health Sci. 2024; 9(3): 160-163

[Reproduced with permission from Bulletin on Microvita Research and Integrated Medicine
Bull. Mircovita Res. Integr. Med, 2024; 16(2): 43-47]

163



	Page 164
	Page 165
	Page 166
	Page 167

