
Circadian rhythms are biological processes 
that occur within a 24 h period and are 
directly or indirectly controlled by circadian 
clocks. Circadian clocks in animals are present 
in almost every cell and are based on nearly a 
dozen transcriptional regulators interacting 
with one another through negative feedback 
loops. Additional mechanisms entrain these 
circadian clocks to ambient light and time of 
eating to enable animals to adapt to seasonal 
changes in day length and food availability. 
Shift work or ad libitum consumption of an 
obesogenic diet can disrupt the normal cir-
cadian rhythms and increase the risk of many 
chronic diseases, including obesity, type 2 
diabetes mellitus, cardiovascular diseases, gas-
trointestinal ailments, mood disorders, cancer 
and dementias. In modern human societies, 
the rapid increase in the incidence of chronic 
diseases in the past 30 years parallels the epi-
demic of circadian disruption. Hence, there is 
increasing urgency to understand the molec-
ular basis of circadian regulation and how 
circadian disruption increases disease risk. 
An improved understanding of these mecha-
nisms will help us devise strategies for disease 
prevention, management and cure.

The circadian clock operates in every cell, 
but the clock uses various mechanisms to pro-
duce mRNA rhythms in overlapping sets of 
genes in different organs. Therefore, a neces-
sary first step in studies that aim to improve our 
understanding of circadian rhythms in human 
health is to generate comprehensive reference 
circadian transcriptome maps of different 
organs; however, because of the obvious 

eating–fasting cycles, also found genome- wide 
and tissue- specific circadian gene expression2.

In sum, these studies reported that >80% of 
protein- coding genes show diurnal variation 
in their mRNA levels. It now seems that just 
like epigenetic code specifies tissue- specific 
gene expression, there is a hidden temporal 
code to gene expression. The data presented 
in these studies follow a broad theme; that is, 
they suggest the presence of temporal coordi-
nation of compatible processes, and temporal 
separation of incompatible or opposite reac-
tions (such as catabolic and anabolic reactions 
for the same metabolites), within a tissue or 
between tissues. In addition, many funda-
mental ‘housekeeping’ functions in different 
tissues, including protein synthesis and secre-
tion, DNA damage repair, autophagy, nutrient 
metabolism and cellular defence mechanisms, 
seem to show circadian modulation1,3. A map 
of these circadian expressed genes against 
molecular targets of existing drugs revealed 
>80% of drug targets show circadian expres-
sion3. In sum, these two studies bring us one 
step closer to understanding how circadian 
disruption due to diet or lifestyle leads to 
chronic illnesses.

Circadian transcriptomes and metabo-
lomes are not static; they are influenced by 
diet, sleep and eating time. Therefore, unbi-
ased genome- wide approaches are necessary 
to understand the molecular changes induced 
by circadian disruption that might increase 
the risk of disease. In controlled laboratory 
conditions, simulated shift work along with 
physiological monitoring has linked circadian 
disruption to increased disease risk2. Studies 
that complement these human interventions 
with time series transcriptome and metabo-
lome analyses are beginning to reveal molec-
ular correlates of increased risk of diseases. In 
2018, a plasma proteome survey on partici-
pants under normal day- active schedule and 

difficulties in carrying out time series on mul-
tiple tissue biopsy samples from humans, the 
development of a reference transcriptome map 
for humans had not been possible.

In 2018, however, one group overcame the 
experimental hurdles and identified rhythmic 
transcripts in many human organs through a 
clever informatics protocol that they applied 
to a vast collection of publicly available 
gene expression profiles from human tissue 
samples1. The experimental method used by 
the investigators enabled them to order tissues 
collected from a diverse age (20–79 years old, 
with >65% samples from 50–69-year-olds) and 
from both sexes across 24 h. Once the samples 
were temporally ordered, the authors used a 
standard rhythm detection software package 
to detect rhythmic transcripts. This process 
led to the identification of thousands of genes 
with tissue- specific circadian expression in 13 
different human tissues. A complementary 
study in non- human primates that included 
64 different tissues, including 22 brain regions 
from animals with defined light–dark and 
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Circadian rhythm research is beginning to show how rhythms sustain health. 
Genome- wide transcriptome, metabolome and proteome studies have 
improved our understanding of circadian regulation. This knowledge is 
leveraged for behavioural interventions that optimize daily rhythms, the 
timing of drug delivery and the targeting of clock components to prevent or 
treat chronic diseases.

Key advances

•	A	reference	human	circadian	transcriptome	atlas	elucidated	tissue-	specific	circadian	regulation1.

•	The	human	plasma	proteome	shows	diurnal	changes	and	shift	work	affects	a	subset	of	these	
temporal	changes4,5.

•	A	high-	fat	diet	disrupts	the	temporal	coordination	of	transcripts	and	metabolites	across	multiple	
organs	in	rodents6.

•	Time-	restricted	eating	among	men	at	risk	of	prediabetes	improves	blood	glucose	control	and	
reduces	blood	pressure	without	causing	weight	loss7.

•	Timed	administration	of	drugs	without	changing	dosage	can	improve	potency	of	anti-inflammatory	
drugs	and	pharmacological	targeting	of	circadian	clock	is	a	new	approach	to	treat	cancer9,10.
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night- shift schedule revealed nearly half of the 
plasma proteome shows variation specific to 
the time of day4. Even short- term simulated 
shift work among healthy adults affected the 
overall levels or timing of abundance among 
dozens of proteins. Functional annotation of 
these proteins revealed enrichment in path-
ways related to cancer, immune function and 
metabolism. A complementary simulated 
night- shift study among healthy adults also 
found disruption in serum levels of glucose, 
free fatty acids and triglycerides5.

Circadian disruption is known to affect 
multiple organs, yet it is difficult to monitor 
the circadian transcriptome in multiple organs 
from human volunteers undergoing circadian 
disruption. Animal experiments are begin-
ning to reveal the genomic changes induced 
by circadian disruption. The normal circadian 
rhythms of rodents are disrupted when they 
are fed an obesogenic diet ad libitum. A paral-
lel time series transcriptome and metabolome 
analysis of eight different tissues revealed that 
an obesogenic diet disrupts synchrony of regu-
lation both within and between various tissues, 
including some brain regions6. Such temporal 
disturbances can compromise the central 
purpose of circadian regulation — temporal 
consolidation of compatible processes and 
separation of incompatible processes.

While circadian research has had a focus 
on circadian disruption and disease mecha-
nisms, in 2018 the idea of bolstering and sus-
taining robust rhythms as a disease prevention 
strategy gained ground. A controlled study 
among men with prediabetes showed that, 
even after controlling for calories consumed, 
a shorter duration of eating improves health7. 
Such an eating pattern (popularly called time- 
restricted feeding or eating), whereby all daily 
caloric intake is limited to a consistent interval 
of <12 h is known to improve daily rhythms 
in gene expression and function in animals8. 

the temporal restraint of cellular metabo-
lism, signalling and DNA repair might be 
an added barrier for cells to turn cancerous. 
Pharmacological reactivation of circadian 
clock components might reimpose the tempo-
ral restraint in cancer cells and deprive these 
cells of constitutive activation of pathways 
necessary for tumour growth. If the cancer 
cell cannot adapt to the temporal circadian 
regulation, it might trigger cell death. A 2018 
study10 showed that activation of clock compo-
nent REV- ERB can be a therapeutic approach 
for several types of cancer. Even in rodents 
transplanted with patient- derived glioblas-
toma cells, the REV- ERB agonist was as 
potent as the currently used drug in reducing  
tumour size and prolonging survival.

Overall, in 2018 we have witnessed a trans-
formation in the field of circadian rhythms in 
its translational approach to human health. 
The reference transcriptome and metabo-
lome atlases under normal and perturbation 
conditions are beginning to link circadian dis-
ruption to disease risks. Use of this knowledge 
in improving the robustness of the circadian 
clock by time- restricted eating, the timing 
of drug delivery and drugging the clock are 
poised to bring the new field of circadian 
rhythms to medicine, thus creating the field 
of circadian medicine.
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A human study on time- restricted eating 
showed that even after controlling for activity 
and caloric consumption, participants who ate 
all their calories within 6 h versus 12 h did not 
lose a statistically significant amount of body 
weight, yet showed improvement in glucose 
regulation, triglyceride levels and blood pres-
sure reduction7. Participants who ate all their 
calories within a 6 h window also reported 
improved sleep and reduced hunger. This 
finding is important, as the existing approach 
to the prevention and management of meta-
bolic diseases is to reduce weight and increase 
physical activity. If time- restricted eating can 
improve glucose regulation without the need 
to lose weight or increase physical activity, 
it adds another tool to the arsenal to com-
bat the epidemics of metabolic diseases that 
affect more than half of the adult population  
in the USA.

At advanced stages of metabolic disease, 
behaviour modification alone might be insuf-
ficient to reverse or better manage the disease. 
As the disease becomes more established, sys-
temic inflammation further accentuates the 
severity of metabolic disease symptoms and 
pharmacological interventions become una-
voidable. The use of circadian science might 
potentiate drug action to offer additional 
advantages in disease management. As the tar-
gets of a vast majority of approved drugs show 
circadian rhythmicity, the idea of improving 
drug efficacy by timing drug delivery is slowly 
gaining ground. This is specifically important 
for diseases of inflammation where timing 
drug delivery with immune function can offer 
an effective time window for treatment. One 
study from 2018 showed that timed pharmaco-
logical inhibition of CCL2 reduced athero-
sclerosis in rodents9. These data offer new 
hope with regard to the use of chronotherapy 
in future human clinical studies.

Finally, in 2018 we also witnessed a leap 
in the use of circadian insights for cancer 
treatment. In many cancers, circadian clock 
function is compromised, while the non- 
transformed cells still harbour a robust circa-
dian clock. Such dampening of the circadian 
clock in cancer raises an interesting idea that 

in 2018 we also witnessed 
a leap in the use of circadian 
insights for cancer treatment
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