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ABSTRACT 
 
This review discussed the interrelationship between the circadian rhythm of the host and of the intestinal microbiome 
and the implications of this new field on energy metabolism, specifically implications relating to obesity. Circadian 
rhythm, or the 24-hour system that bodies use to expect and to increase receptivity to certain factors in the environ-
ment, is present in almost every organ and system. However, the data that this review utilized relates mainly to the 
intestinal microbiome: a group of bacteria, yeasts, and viruses that inhabit the colon, with this review’s focus placed 
on bacteria. This interrelationship is mainly discussed through possible effects of circadian disruption and through an 
analysis of different methods by which the circadian rhythm of the host and the rhythm of the microbiome interact. 
TRF, or time-restricted feeding, has been identified as one of the potential methods to reduce the negative conse-
quences of circadian dysregulation on metabolic processes, and various related studies were discussed in-depth. Data 
from four databases were analyzed to produce a variety of both experimental and review papers. All papers that related 
to the topic under review were thoroughly analyzed and incorporated into the review. 
 

Introduction 
 
This paper will examine the interrelationship between a host organism’s circadian rhythm and the circadian rhythm 
of the intestinal microbiota and how they affect the energy metabolism of the host. Circadian dysregulation has been 
suggested as a contributing factor in the development of obesity and metabolic disorders in humans and mice, and 
these physiological consequences and their triggers will be explored. Examining the relationship between circadian 
rhythms, the gut microbiome, and energy metabolism may bring the scientific community closer to identifying a po-
tential modifiable pathway to reducing risk of obesity.  

Circadian rhythm is the body’s natural, fluctuating rhythm based on a 24-hour day. Circadian rhythm regu-
lates the oscillation of the expression of certain genes and the relative abundance of specific types of microorganisms, 
as well as the timing of certain biological processes according to the 24-hour clock. This clock is broken down into a 
variety of components, most notably the feed/fast cycle, the sleep/wake cycle, and the light/dark cycle. (R.M. Voigt 
et al, 2016, Christoph A. Thaiss, et al, 2014). Circadian rhythm in humans is managed by the central clock in the 
suprachiasmatic nucleus (SCN), located in the hypothalamus, which uses transcription factors CLOCK and Bmal1 
and repressors such as Per and Cry to regulate the expression of certain genes (R.M. Voigt et al, 2016, Christoph A. 
Thaiss, et al, 2014).  The circadian rhythm of the gut microbiome is a little harder to measure, but it is done so by 
tracking the fluctuations of different phyla (Amir Zarrinpar, et al, 2014). Microbial metabolites of the intestinal mi-
crobiome, which fluctuate according to these same cues, may also help the intestinal microbiome communicate with 
peripheral clocks (Xue Liang, et al, 2017). Individual microbes may also have their own rhythms, made up of three 
proteins that function similarly to those of the mammalian rhythms, as studied in Cyanobacteria (R.M. Voigt, et al, 
2016). In addition to the clocks of the brain and the microbiome, there are a variety of smaller clocks, called peripheral 
clocks, located in different organs of the body. The central mammalian clock is mainly entrained by the host’s 
light/dark schedule, while the peripheral clocks are entrained by both the central clock and host behaviors such as 
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feeding (Joseph Bass, et al, 2010). When desynchrony, such as in the case of jet lag or shift work, is forced upon 
humans, natural circadian rhythm is disrupted and fluctuations of certain genes are impacted,which may lead to met-
abolic consequences (Simon N. Archer, et al, 2014, Margriet S. Westerterp-Plantenga, 2016). 

Circadian rhythm and metabolism are deeply intertwined, especially when referring to the body’s feed/fast 
cycles. One study has shown that meals eaten in the morning are more likely to be metabolized faster than those eaten 
in the evening (S. Bo, et al, 2015), and another study has proven that eating more calories during the day can lead to 
increased weight loss, as well as  reduction of the levels of the appetite stimulant, ghrelin, in the blood (Daniela 
Jakubowicz, et al, 2013). However, it has also been shown that concentrations of blood variables may not fluctuate in 
accordance with circadian rhythm; instead, they may fluctuate based on meal patterns. Circadian disruption as a result 
of a phase-delay was shown to have no effect on energy expenditure (Hanne KJ Gonnissen, et al, 2012).  In addition 
to meal patterns, sleep-related ailments have possibly detrimental effects on the body, with jet lag shown to reduce 
fluctuations of circadian genes, and sleep fragmentation possibly contributing to gut dysbiosis (Brittany A. Maten-
chuk, et al, 2020).  

This review will look at the current research regarding circadian rhythm, the intestinal microbiome, and en-
ergy metabolism. It will explore the mechanisms by which the circadian clocks of the intestinal microbiome and the 
host can communicate, factors that disrupt circadian rhythms and how to reduce their effects, and the importance of 
daily fluctuations of microbiome composition to a healthy energy metabolism. 
 
Microbiome Compositions and Obesogenic Phenotypes 
 
The gut microbiome is composed of a variety of different organisms, including bacteria, yeasts, and viruses (Emanuele 
Rinninella, et al, 2019). This review will focus entirely on bacteria, including Firmicutes and Bacteroidetes, which 
make up 90% of the gut microbiome. Other phyla, which can be found in smaller numbers, include Fusobacteria, 
Actinobacteria, Proteobacteria, and Verrucomicrobia (Emanuele Rinninella, et al, 2019). 
 Bacteroides, of the phylum Bacteroidetes, the most abundant genus in the gut microbiome, is responsible for 
breaking down carbohydrates and the secretion of short-chain fatty acids, while bacteria of the phylum Firmicutes are 
responsible for the transport of certain nutrients, as well as the secretion of the short-chain fatty acid butyrate, while 
Verrucomicrobia promotes metabolic health (Shanthi G Parkar, et al, 2019). These three phyla are usually taken into 
account when discussing obesity and the microbiome, as Bacteroidetes and Verrucomicrobia levels have been shown 
to rise during fasting and fall during feeding, while Firmicutes fluctuate inversely (Amir Zarrinpar, et al, 2014). This 
may be related to the fact that high levels of Firmicutes and low levels of Bacteroidetes are associated with an obese 
microbiome (Amir Zarrinpar, et al, 2014). Shifts in circadian rhythms, specifically sleep/wake cycle shifts, have been 
linked to these increases and decreases, meaning that those with shifted sleeping patterns may be at a higher risk of 
obesity (Zhi Liu, et al, 2020). These increases and decreases are measured through the use of OTUs, or operational 
taxonomic units, which are ways to classify clusters of closely related microorganisms (Christoph A Thaiss, et al, 
2016). Circadian rhythm disruptions, such as jet lag, have been shown to alter the diurnal fluctuations of OTUs, caus-
ing them to lose some of their rhythmicity, which can lead to an obesogenic microbiome  (Christoph A. Thaiss, et al, 
2014).  

One study took another unique approach to examining the full extent of the impacts of the microbiome on 
the host and its circadian rhythms: effectively destroying the microbiome.  When the microbiome was severely dis-
rupted through antibiotics, the genes that began exhibiting circadian periodicity began to change. However, the be-
haviors of the host did not, meaning that the loss of meal patterns could not have been the reason for this reprogram-
ming (Christoph A. Thaiss, et al, 2016). Several pathways lost and gained circadian rhythmicity in both the colon and 
the liver, including those linked to energy metabolism, broadening the understanding of the microbiome’s effect on 
the body (Christoph A. Thaiss, et al, 2016) 
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Entrainment Agents 
 
Because the purpose of circadian rhythms is to train the body to anticipate certain things from its environment at 
certain times, it is only natural that these clocks must be entrained by external cues, such as light, feeding, and sleep.  
 

 
 
Fig 1- This figure shows the various entraining cues and pathways that lead to various physiological effects on the 
human body. Reprinted from Shanthi G Parkar, et al, 2019. 
 
Light/Dark Cycles 
 
Light/dark cycles determine the activity of most animals, as animals tend to restrict their activities to a certain portion 
of the cycle; for humans, activity is usually restricted to the light phase, meaning that feeding times are too. To that 
extent, the light/dark cycle also determines the fluctuations of certain phyla of bacteria. Restricting the feeding of mice 
to the active dark phase promotes the cyclical nature of the mouse microbiome. In mice, bacteria in the phylum Fir-
micutes and those in the phylums Bacteroidetes and Verrucomicrobia fluctuate inversely when feeding is limited to 
the dark phase (Shanthi G. Parkar, et al, 2019). The light/dark cycle is also the most potent entrainment agent for the 
SCN (Shanthi G Parkar, et al, 2019). Constant light exposure has been shown to increase and decrease levels of certain 
bacteria which may have roles in the protection and maintenance of the intestinal barrier (Jessica A Deaver, et al, 
2018). 
 
Time-Restricted Feeding 
 
Time-restricted feeding — restricting feeding to an organism’s active phase — is being explored as a potential solution 
to circadian disruption-related obesity. Most experiments that test TRF are conducted in mice, where promising results 
have emerged. In an experiment conducted in three groups of mice, mice that underwent time restricted feeding while 
still eating a high-fat, high-sugar diet maintained a relatively healthy microbiome composition (Amir Zarrinpar, et al, 
2014). This may suggest that the benefits of time-restricted feeding could be due, at least in part, to alterations of the 
intestinal microbiome. Other findings from this study suggest that time-restricted feeding may increase calorie excre-
tion in stool by restricting the microbiome’s ability to break down complex sugars, contributing to weight loss. An-
other study conducted in mice used fecal transplantation to show that normalized feed/fast (and sleep/wake) cycles 

Volume 10 Issue 3 (2021) 

ISSN: 2167-1907 www.JSR.org 3

https://pubmed.ncbi.nlm.nih.gov/30709031


 

 

have the ability to restore fluctuations in the microbiome (Christoph A. Thaiss, et al, 2014). TRF may also restore the 
fluctuations of metabolic pathways, decrease appetite, and improve motor coordination (Amir Zarrinpar, et al, 2016). 
Some similar patterns have been found in human trials, where it has been shown that eating meals earlier in the day 
decreases the number of calories extracted from them. This may also contribute to decreases in appetite (Daniela 
Jakubowicz, et al, 2013). 

The host organism’s feeding patterns are not the only determinant for fluctuations in the composition of the 
gut microbiome. A study done in 2015 has shown that the gut microbiome undergoes fluctuations regardless of 
whether or not nutrients are absorbed through the gastrointestinal tract. Mice were only given nutrients through intra-
venous fluids (parenteral nutrition), which altered the composition of the microbiome, but still maintained cyclic var-
iations (Vanessa Leone, et al, 2015). 

 
Fig 2- This figure shows the relationship between time-restricted feeding and obesity. Adapted from Graphical Ab-
stract, Christoph A Thaiss, et al, 2014. 
 
Shift Work, Jet Lag, and Circadian Rhythms 
 
Shift work requires a worker to be awake for extended periods of time, usually interfering with natural sleep/wake 
and feed/fast patterns. This has devastating effects on energy metabolism, as it disrupts circadian cycles and uncouples 
the rhythms of systems that usually work in conjunction, shifting circadian rhythms.  Shift work also desynchronizes 
the feed/fast cycle; workers have to eat at night to maintain energy, disrupting circadian rhythms (Amir Zarrinpar, et 
al, 2016). Shift workers experience decreased levels of leptin, increasing appetite, which may explain the link between 
shift work and obesity (Amir Zarrinpar, et al, 2016). Shift work has also been linked to type 2 diabetes and changes 
in genes related to sleep homeostasis, circadian rhythms, and metabolism (Möller-Levet, et al, 2013, Shan Z, et al, 
2018). Jet lag may also predispose the organism to obesity through alterations in microbiome composition (Christoph 
A. Thaiss, 2018). Jet-lagged humans’ fecal samples contain higher levels of bacteria associated with obesity, and, 
upon transplantation into rats, caused the rats to gain weight (Christoph A. Thaiss, et al, 2014). 
 
Potential Mechanisms of Communication and Their Effects on Circadian Rhythms and Energy 
Metabolism 
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The intestinal microbiome releases a variety of metabolites, which are instrumental in communication between the 
intestinal microbiome and certain peripheral clocks. The body also releases hormones that fluctuate according to cir-
cadian rhythms, and these hormones, such as ghrelin and leptin, influence factors of energy metabolism and can be 
explored as a pathway for communication between the peripheral clocks and the SCN (Margriet S. Westerterp-
Plantenga, 2016). 
 
Ghrelin, Leptin, and Glucagon-Like Peptides 
 
Leptin is a hormone, secreted by adipose tissue, whose secretions exhibit circadian fluctuations, and it is in charge of 
the suppression of appetite (Margriet S. Westerterp-Plantenga, 2016, B Racz, et al, 2018). Levels are highest when 
appetite is lowest (usually at night) and lowest when appetite peaks during the day (Margriet S. Westerterp-Plantenga, 
2016). BMI has been found to be associated with levels of leptin in blood plasma; essentially, the leptin is telling the 
body that it should stop eating, which makes leptin a factor in weight management (B Racz, et al, 2018). Leptin’s 
counterpart, ghrelin, an appetite stimulant, is also a factor in weight management through the gut-brain axis (Margriet 
S. Westerterp-Plantenga, 2016, B Racz, et al, 2018). Ghrelin levels increase with the disruption of sleep cycles, making 
sleep-deprived people hungrier after they eat meals, which, in turn, may perpetuate obesity (Margriet S. Westerterp-
Plantenga, 2016, B Racz, et al, 2018). Ghrelin may also be used as a way for peripheral clocks to communicate with 
the SCN (Margriet S. Westerterp-Plantenga, 2016). 

GLP-1, or Glucagon-Like Peptide-1, is a hormone secreted by intestinal cells that stimulates the secretion of 
insulin (Manuel Gil-Lozano, et al, 2014). Levels of GLP-1 can be used as a marker for decreased satiety, as levels 
shift with meal patterns (Margriet S. Westerterp-Plantenga, 2016). It, along with other hormones like ghrelin, can also 
act as feeding entrainment agents for the central nervous system and other tissues (Amir Zarrinpar, et al, 2016). 
 
Polyamines 
 
Polyamines are polycations that are being explored as a potential modifiable pathway to normalize circadian periods 
due to their roles in gene transcription and translation (Amir Zarrinpar, et al, 2016). The intestinal microbiota has been 
linked to the rhythmicity of these polyamines, and the absence of the gut microbiota has been shown to eliminate 
fluctuations in polyamines and other metabolites in mice (Christoph A Thaiss, et al, 2016). A diet lacking in polyam-
ines has also been linked to the reprogramming of the transcriptome of hepatic cells in mice, which suggest that diet 
and its relationship with the microbiome have considerable effects on the circadian transcriptome of the liver (Chris-
toph A Thaiss, et al, 2016). Polyamines have also been shown to affect the activities of clock proteins, thus helping in 
the maintenance of circadian rhythms (Amir Zarrinpar, et al, 2016). Polyamine levels normally decrease with age, 
leading to the lengthening of circadian periods, which normally last approximately 24 hours (Amir Zarrinpar, et al, 
2016). Naturally, supplementation of these polycations may lead to the reversal of these lengthened circadian periods 
(Amir Zarrinpar, et al, 2016). 
 
Short-Chain Fatty Acids 
 
Short-chain fatty acids (SCFAs), which include acetate, propionate, and butyrate, are bacterial metabolites that may 
be involved in communication between the gut microbiome and peripheral clocks. Butyrate has demonstrated signif-
icant potential for altering circadian rhythms due to its ability to inhibit SIRT-1 (sirtuin-1), which plays a critical role 
in the maintenance of normalized circadian periods (Shanthi G Parkar, et al, 2019). Acetate has been shown to promote 
an obesogenic phenotype in some mice, and the effects of acetate and butyrate have also been shown in the modulation 
of the expression of certain circadian clock genes (Shanthi G Parkar, et al, 2019). The microbiomes of mice fed a 
high-fat diet have been shown to experience increased acetate production (Rachel J. Perry, et al, 2016). The presence 
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of certain elements in one’s diet, such as cellobiose, which facilitates the levels of certain SCFAs, may even contribute 
to peripheral clock re-entrainment (Yu Tahara, et al, 2018).  
 
Bile Acids 
 
Bile acids (BAs) are sent to the gastrointestinal tract to expedite the breakdown of lipids (Amir Zarrinpar, et al, 2016). 
While most bile acids are reabsorbed by the small intestines to the liver, some arrive at the colon, where they are 
metabolized by the bacteria who reside there. The microflora produces an enzyme which breaks down the bile salts 
into amino acids (Gucin Alp Avci, 2014). This process has been shown to regulate circadian genes such as Per1/2 and 
the clock-controlled genes Abcg5/8, Angptl4, and PPARγ (Shanthi G. Parkar, et al, 2019). Bile acids can also be 
deconjugated to form unconjugated bile acids, which can undergo even more modifications and become secondary 
bile acids (Govindarajan, et al, 2016). It has been shown that unconjugated bile acids may increase the expression of 
the circadian genes that were associated with their conjugated counterparts (Govindarajan, et al, 2016). The cycling 
of bile acids not only regulates the expression of circadian genes, but also expresses a clear circadian rhythm (Shanthi 
G. Parkar, et al, 2019).  
 
Bacteria and Energy Harvesting 
 
The flora of the gut microbiome affect weight through energy harvesting. A 20% increase in bacteria from the phylum 
Firmicutes has been associated with an increased rate of calorie absorption: about 150 more calories a day (Reiner 
Jumpertz, et al, 2011). This same study also offers explanations for changes in the gut microbiome due to weight loss, 
particularly in the phyla Firmicutes and Bacteroidetes. The results of the experiment supported the hypothesis that 
changes in the composition of the intestinal microbiome may be due to the reduction of nutrients available in the host’s 
diet rather than actual weight loss, with the microbiome sensing a shift in the nutrient load and changing the rate of 
nutrient absorption accordingly (Reiner Jumpertz, et al, 2011). This may indicate that the intestinal microorganisms 
may have a direct role in weight gain and weight loss; however, more research is needed to fully support this claim. 
 

Methodology 
 
Four databases were utilized in this search: PubMed, Journal PLOS, Nature, and the Cochrane Library. 
Enter the key terms “circadian rhythm” “gut microbiome” in the search engine. 
Use filter options to limit the years of the papers’ publications to 2010-2020. 
Repeat steps 2 and 3, this time using the terms “circadian rhythm” “energy metabolism”.  
 
Utilize applicable articles from references provided by articles returned from this search method to provide additional 
relevant information. 
 

Discussion 
 
The presented research appears to establish a clear connection between circadian rhythms of the host and microbiome, 
as well as their links to energy metabolism. However, there are still some connections left to be made. It has already 
been established that an increase in bacteria of the phylum Firmicutes and a decrease in Bacteroidetes are linked to 
weight gain and increased energy harvest (Amir Zarrinpar, et al, 2014, Reiner Jumpertz, et al, 2011); however, there 
must be some reason for these corresponding increases and decreases.  Further understanding of the correlation be-
tween these phyla and obesity opens up many new pathways to decreasing a person’s likelihood of becoming obese, 
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possibly including supplementation of Bacteroidetes. Another area for future experiments to look into is the study of 
the molecular circadian clocks of individual microbes, as the circadian clock of Cyanobacteria may not be the same 
of those who inhabit human microbiomes (Emanuele Rinninella, et al, 2019, R.M. Voigt, et al, 2016). 

Probiotics may be a promising pathway to minimize the effects of disruption on the microbial population, as 
promoting bacterial growth should be explored as a possible way to correct changes in altered operational taxonomic 
units (Amir Zarrinpar, et al, 2014, Christoph A Thaiss, et al, 2014). Probiotics may also indirectly affect microbiota 
composition, as probiotic supplementation can improve sleep and sleep quality (Brittany A. Matenchuk, et al, 2020). 
As research has previously shown, sleep regularity is an important factor in circadian rhythm synchronicity, and it 
may also affect microbiome health. Another potential pathway may be “postbiotics”, the supplementation of microbial 
metabolites, which may help those with forced circadian disruption gain rhythmicity (Christoph A Thaiss, 2018). An 
example can be seen in the supplementation of polyamines to reverse the effects of declining polyamine levels of an 
individual’s circadian rhythm (Amir Zarrinpar, et al, 2016). These avenues should be explored.  

One significant gap in research in this field of study is that the majority of the studies that reference circadian 
rhythm and the gut microbiome are conducted in mice, not humans. While mice and humans have similar genetic 
makeup, there is diversity in humans that mice do not have, meaning that they are not an entirely accurate substitute 
for humans. Another thing that many human studies lack is a large sample size, which limits the generalizability of 
the study. 

Many people suffer from the effects of circadian disruption because of jobs that demand it, and it is much 
easier and less ethically challenging to restrict a mouse’s food intake than a human’s. People have jobs that require 
them to be awake at night, and they still need to eat in order to function appropriately. Further research is needed in 
order to provide possible solutions and treatments for this group of workers, and as more evidence arises and more 
theories are supported, the scientific community will be able to bring them - and the world - one step closer to better 
management of weight gain and weight loss. 
  

Limitations 
 
These studies are an adequate basis for future research and conclusions. Qualitatively, they have proven a great help 
in assessing and analyzing the aspects of chronobiology covered in this review. Each paper comes to multiple conclu-
sions, and most seem to support the hypotheses of one another, with many using each other as references for their 
papers. Quantitatively, however, the number of studies may not be sufficient to reach a definitive conclusion. These 
studies must be able to be replicated and reproduced to maximize scientific validity. Future studies may consider doing 
a meta-analysis, as there were a significant lack of these in the literature that was found, and increasing the sheer 
number of research collected may provide more grounds for future, more in-depth claims. 
 

Conclusion 
 
Body weight is an important factor in people’s everyday lives, with effects ranging from health conditions to self-
esteem. While people often rush to stores to partake in the latest weight loss fad, the real key to the maintenance of a 
healthy metabolic state may simply lie in understanding the rhythms of the body. Circadian rhythm and the intestinal 
microbiome are both implicated in the management of body weight. The likelihood of losing weight increases when 
meals are consumed earlier in the day (Daniela Jakubowicz, et al, 2013) and restricting feeding to certain times of day 
(TRF) may inhibit the microbiome’s ability to break down complex carbohydrates into their more absorbable forms, 
increasing caloric loss in stool (Amir Zarrinpar, et al, 2014). Even important factors such as appetite, which is con-
trolled in part by the hormones ghrelin and leptin, exhibit circadian periodicity (B Racz, et al, 2018). The body’s 
receptivity to its environment is controlled by circadian rhythm, and when people don’t follow their body’s cues, 
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harmful effects may occur, as seen in people who travel frequently and experience jet lag (Christoph A. Thaiss, 2018). 
If people really want to maintain a healthy energy metabolism, they need to simply listen to their body and follow 
their natural circadian rhythm. 
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