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Chronobiology places time as a fundamental dimension of medicine and biology more generally. It is 
the study of biological rhythms, the repeating patterns in physiology and behavior that are 
synchronized with environmental time. At its core, the field seeks to understand how living systems 
perceive, are affected by, and evolve to time patterns in their environment, from daily to weekly, 
monthly, and yearly periodicities, among others. 
 
By the middle of the 20th century, circadian rhythms were shown to be ubiquitous and critically 
important, accounting for the difference between life and death in response to the same stimulus in the 
experimental laboratory. Their built-in nature had been documented and methods developed for their 
characterization. Franz Halberg coined the term circadian in 1959 from the Greek circa (about) and 
dies (day) to describe internal, self-sustained about 24-hour variations in all living organisms. With his 
wife, Erna, he introduced chronobiology in 1969 as a formal field of study to examine these rhythms 
systematically, laying the foundation for decades of research.  
 
Nobel Prize–winning work in 2017 elucidated the molecular processes underlying circadian rhythms, 
marking a milestone in the field’s maturity. Current understanding is that circadian rhythms are 
endogenous about 24-hour oscillations that synchronize physiological processes with the external 
light–dark cycle. Light serves as the dominant synchronizing signal for the central circadian pacemaker 
located in the hypothalamic suprachiasmatic nucleus (SCN). The SCN coordinates a distributed 
network of oscillators that includes additional central clocks within the brain as well as peripheral 
clocks in virtually all organs. Peripheral clocks are not regulated exclusively by SCN-derived signals; 
they are also synchronized by environmental and behavioral clues, most notably feeding patterns 
together with physical activity, temperature fluctuations, and metabolism.  
 
Molecular mechanisms for rhythms other than circadian are only starting to emerge. The following 
mechanistic foundations that guided research into circadian rhythms already provide indirect evidence 
for a broader multi-frequency time structure. 
- Endogenicity: about-daily, weekly, monthly (or other) changes are self-sustained oscillations 

characterizing physiological and cellular processes that persist when external time cues are 
removed. 

- Synchronization: external cycles such as light, temperature, and feeding schedules adjust the 
period and phase of these rhythms to align them with their environment. 

- Hierarchical organization: individual cells maintain internal rhythms, synchronized across tissues 
by systemic signals (e.g., SCN, neuronal activity, hormones). 

- Multi-dimensional interaction: complex feedforward and feedback behavior in gene expression, 
metabolite concentrations, protein activity, and other cellular processes. 

- Plasticity: rhythmic systems can be modified by genetic variation, environment, behavior, aging, 
and disease conditions.  and with disruption linked to pathophysiology. 

 
In the case of circadian rhythms, bidirectional relations have been documented between circadian 
robustness and health status. While circadian disruption has been linked to pathophysiology, 
reinforcing the circadian system can help alleviate illnesses and restore health. Circadian disruption is 
a broad term that includes disruption caused by genetic alterations, behavioral misalignment, sleep 
disorders, and lifestyle or environmental factors. It is becoming more common and is linked to 
increased morbidity and mortality. 



 

Quantitative chronobiology, the branch of biomedical science concerned with the objective 
measurement and analysis of biological time structure pioneered by Franz Halberg, offers a framework 
for designing time-aware studies, analyzing rhythmic data with statistical rigor, and interpreting 
temporal effects mechanistically. Rhythms in physiology, psychology and behavior are reframed as 
quantifiable phenomena amenable to statistical modeling rather than purely descriptive observation. 
Biological variables such as blood pressure, hormone secretion, immune activity, and mood exhibit 
organized temporal patterns that can be parameterized. Parameters, MESOR, amplitude and acrophase 
(and period, often known a priori) can be estimated with uncertainty and compared across individuals, 
conditions, or interventions. Rhythmometry as a formal methodology, including the cosinor, situates 
biological rhythms within environmental and societal time structures such as light–dark cycles, work 
schedules, and seasons. Designing chronobiological studies consider appropriate sampling duration 
and interval for individuals or populations of appropriate size, define a reference time (internal phase 
markers, sleep-relative time, or clock time). Environmental and behavioral covariates such as light 
exposure, sleep timing, medications, and season are treated as modeled influences rather than nuisance 
variability. 
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Popular books 

1. The Circadian Code (Satchin Panda): Guides on leveraging circadian rhythms for weight loss, energy, and 
longevity. 

2. The Power of When (Michael Breus): Helps readers find their chronotype (night owl, early bird) to 
optimize daily activities. 

3. Rhythms of Life (Russell Foster): Explores biological clocks in all living things, from insects to humans. 
4. Why We Nap (Claudio Stampi): Discusses the evolution and function of polyphasic sleep.  
5. Circadian Rhythms: A Very Short Introduction (Russell Foster): A concise overview of the topic. 
6. Bodyclock: The Effects of Light on Our Biological Rhythms (Keynes, Hughes): Explores the impact of 

light on our internal clocks. 
7. Chronobiology Unveiled (Manoj Dembla): Covers how time governs health and happiness. 
 


