
What is a circadian Rhythm and how is it generated?
• Circadian rhythms are biological processes that endogenously oscillate 

(cycle within the organism) over approximately 24 h.  
• Can have biological markers and behavioral markers
• Core body temperature
• Secretion of the hormones melatonin (helps to induce sleep) and cortisol 

(primary stress hormone)
• Sleep/wake cycles
• Rest/activity rhythms

• This rhythm is driven by a molecular clock and can be synchronized with, 
but does not necessarily rely upon, external cues (e.g., light, 
temperature, and feeding patterns). 



Circadian Rhythms
• Circadian rhythms are created by an internal clock that governs a variety of 

metabolic functions.
• Glucose homeostasis, hepatic lipid metabolism, bone metabolism, obesity, 

cardiovascular function, sleep, immune function.

• In humans, circadian rhythms are regulated in two ways:
• Central Nervous System (CNS): by light via the suprachiasmatic nucleus of the 

hypothalamus.
• Also regulates the circadian release of digestive peptides 
• Referred to as the central clock.

• Clock proteins that present in almost every cell of the body and provide a rhythm 
based on the 24-h day.
• The clock proteins are transcribed from clock genes including Clock, BmaL1, Cry, Per etc.
• Referred to as peripheral clocks.

• The central clock (SCN of Hypothalamus) is synchronized with the peripheral clocks.
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• Why do we need circadian rhythms?
• Prepares the body for events that occur 

throughout the day.
• Hormone secretion
• Renal blood flow
• Body temperature fluctuations
• Sleep/wake cycles
• Metabolic processes involving digestion, 

glucose metabolism
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Major disruptions to Circadian Rhythms
• Disruption of circadian rhythms in humans can be the result of many lifestyle factors, with 

shift work and traveling between time zones being some of the most obvious causes. 
• However, other factors contribute can contribute including:

• light exposure at night (e.g., use of light emitting electronic devices), which can alter rhythmicity via 
inputs from the eye directly to the SCN.

• Ayurveda recommends putting away electronics an hour or so before bed.
• Time of eating close to or during the rest period (i.e., typically within 2h of the normal rest 

time) can effectively uncouple central circadian rhythms from those in the intestine and 
liver.
• Ayurveda recommends eating around 6:30-7 so there are a couple of hours between eating and 

bedtime.
• Diet composition

• Alcohol consumption disrupts central circadian rhythms.
• Ayurveda recommends limiting alcohol intake.

• Social jet lag, where daily schedules are altered on work-free days compared to work days 
a leading to disruptions in circadian rhythms. For example, sleeping in on the weekend.
• Ayurveda recommends maintaining regular sleep/wake cycles throughout the week, even on the 

weekends.



What are the consequences of disruptions in 
Circadian Rhythms?

• A number of studies have demonstrated higher rates of cancer (breast and 
prostate), cardiovascular disease, obesity, and psychiatric, and 
neurodegenerative diseases in shift workers.
• Individuals with a late chronotype (i.e. night owl) are at a higher risk for 

developing poor health outcomes than individuals with an early 
chronotype.
• possibly because these individuals tend to eat close to the rest period, thereby 

uncoupling rhythms in the liver/intestine from the central pacemaker
• Ayurveda recommends going to bed around 10pm.

• But why do these detrimental consequences occur?
• One common feature among the diseases associated with circadian rhythm 

disruption is that they appear to be triggered or promoted by inflammation.
• The gut microbiome is also disrupted.



Circadian Rhythms in the gut microbiome
• Populations of gut bacteria cycle in terms 

of abundance in a circadian rhythm.
• Time of eating is thought to be a very 

powerful modulator of the microbiome.
• Effects both the bacterial abundance 

(quantity) as well as the function of the 
bacteria.
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Dinacharya
• Sleep
• Wake up 30-60 minutes before sunrise.
• Avoid excessive sleeping during the day.
• Go to bed around 10 pm.
• Maintain a regular sleep/wake routine.

• Food
• Eat your largest meal at noon.
• Eat a moderate dinner between 6-7 pm.
• Do not eat at night.
• Modify your food choices with the season.



Chrononutrition

• Time of eating and dietary components are considered to potentially 
modulate circadian rhythms in the GI system including the gut 
microbiome.
• Glucose metabolism in people follows a circadian rhythm:
• Glucose tolerance (the ability to dispose of glucose—movement of glucose 

from the blood into the tissues) peaks during the day when food consumption 
is occurring.
• Reduces in the night when fasting is usually occurring.

• Unusual meal timings can cause glucose intolerance by affecting the 
synchronicity of the central circadian pacemaker (hypothalamus) with 
the peripheral clocks in the cells of the liver and pancreas.
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Timing of food intake



Late evening meal
• Late evening meal on healthy individuals.

• Increase in blood glucose that shifted towards later at night, with peak of blood 
glucose during sleep.
• Nagasaka S, Omi N, Yamaguchi S, Hibi M, Umeda T, Nakaji S, Tokuyama K. Acute effect of late evening meal on diurnal 

variation of blood glucose and energy metabolism. Obes Res Clin Pract. 2011 Jul-Sep;5(3):e169-266. doi: 
10.1016/j.orcp.2011.02.001. PMID: 24331104.

• So late evening meals may cause postprandial hyperglycemia with a decrease in 
glucose tolerance from morning towards the night.

• Having a late dinner after 8pm is associated with an increase in HbA1c.
• This was true for both healthy individuals and T2D. (Rev in Henry et al, 2020).

• Type 2 diabetics have different circadian patterns compared to healthy 
individuals:
• Increased insulin sensitivity at night and higher glucose elevations in the morning 

compared to the evening (Rev in Henry et al, 2020).



Composition of meals
• Amount of calories consumed at breakfast and dinner seems to have 

an influence on the daily rhythm of postprandial glucose and insulin 
levels.
• When most of the day’s calories are consumed at dinner, a 2-fold increase in 

diabetes in older men and women.
• In overweight or obese women, consuming more calories at breakfast 

resulted in greater reductions in fasting blood glucose and insulin compared 
to consuming more calories at dinner.
• In type 2 diabetic patients, a high caloric breakfast/low caloric dinner was 

associated with a reduction in postprandial hypoglycemia and an increase in 
insulin for the whole day.
• Summarized in Henry et al, 2020.



Ayurveda

• Do not skip breakfast.
• Eat your largest meal at noon.
• Eat a moderate dinner between 6-7 pm.
• Do not eat at night.
• This does not take into account Prakriti.

• Ayurvedic framework could be an important lens through which to refine and 
personalize some of these concepts.


