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Preventing the ‘24- hour Babel’: the 
need for a consensus on a consistent 
terminology scheme for physical 
activity, sedentary behaviour and sleep
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Clear, concise, and consistent. These 
qualities (the 3Cs) are critical for effec-
tive scientific communication. Plain 
language enables easy comparisons 
between study findings, ensures construct 
uniformity, and enhances communica-
tion of scientific discoveries to audiences 
beyond academia.

Health research has a growing interest 
in the inter- relationships of physical 
activity (PA), sedentary behaviour (SB) 
and sleep. These behaviours occupy most 
of the 24- hour cycle and are associated 
with a plethora of health outcomes.1 
Consensus statements suggest how to 
analyse these behaviours.2 Some PA/
SB guidelines have incorporated sleep 
using mostly cross- sectional evidence.1 
However, these consensus statements 
and guidelines fail to acknowledge the 
interactive and reciprocal relationships 
between PA, SB and sleep.

As more scientists enter this field 
(figure 1), terminology is becoming 
inconsistent and confusing. Here, we 
outline the disparate vocabulary for the 
24- hour cycle, and make the case for 
a consensus project to address how we 
collectively think about and refer to PA, 
SB and sleep using the 3Cs principle.

TERMINOLOGY FOR THE 24-HOUR 
CYCLE
Health research has a well- defined 
vocabulary for behaviours which occupy 
most of the 24- hour cycle. PA is any 
bodily movement which increases 
energy expenditure above 1.5 metabolic 

equivalents (METs).3 SB is any behaviour 
performed from a seated/lying position 
that requires ≤1.5 METs.4 Sleep is a 
recurring, reversible, neurobehavioural 
state of perceptual disengagement and 
unresponsiveness to the environment.5 
Sleep mechanisms are governed by 
homeostatic and circadian processes (ie, 
processes S and C, respectively) which 
interact continuously to regulate sleep.6 
Sleep is thus a complex physiological and 
psychological phenomenon, representing 
more than just a behaviour (ie, a biolog-
ical state).

PA, SB and sleep are also linked 
to the 24- hour biological clock that 
regulates the sleep–wake cycle.7 The 
24- hour cycle can be further dichoto-
mised into two types of behaviour that 
comprise both ends of the circadian 
cycle (ie, ‘wake- based’ and ‘sleep- based’ 
behaviour).

CHANGING OUR PERSPECTIVE FROM 
INDIVIDUAL, ISOLATED BEHAVIOURS 
TO THE 24-HOUR CYCLE
Researchers often treat PA, SB and sleep 
as isolated behaviours. They are often 
considered outside the context of how 
people live each day (eg, poor sleep 
likely impacts PA and vice versa). This 
issue impedes our understanding of how 
these behaviours impact health and for 
developing interventions to promote a 
healthy lifestyle.

Fortunately, many now recognise that 
PA, SB and sleep share an interactive rela-
tionship behaviourally (ie, displacement 
of one with another) and synergistically 
affect health (ie, one unhealthy behaviour 
amplifies health risks of another).8 As 
more researchers transition from using 
questionnaires to device- based measures 
(ie, wearables), we need to start conceptu-
ally integrating these behaviours. We think 
the time is now for a paradigm shift—
consistent terminology is an essential first 
step.

HEADING TOWARD A NEW BABEL: 
EXISTING TERMS TO COLLECTIVELY 
DEFINE THE 24-HOUR CYCLE
We need to have clear terminology to 
define the 24- hour cycle of activity. There 
are now at least five separate terms used 
to collectively describe PA, SB and sleep. 
The current Canadian 24- hour guide-
lines1 refer to movement behaviours, 
where each behaviour reflects a certain 
amount (or lack) of movement. Bussman 
and Berg- Emons9 coined the term physical 
behaviours to describe ‘the behaviour of a 
person in terms of body postures, move-
ments and/or daily activities in his/her 
own environment’. Pedišić 10 collectively 
branded PA, SB and sleep as time- use 
behaviours; our group suggested time- use 
activity behaviours.7 Rosenberger et al8 
referred to these behaviours collectively as 
the 24- hour activity cycle.

There are benefits to using each term. 
Movement behaviours is used in national 
public health guidelines1 and may be 
easily recognised by the public. Phys-
ical behaviours incorporates both body 
posture and movement into the defini-
tion; there is also a dedicated society, the 
International Society for the Measure-
ment of Physical Behaviour, with a peer- 
reviewed journal. The label time- use 
(activity) behaviours—or the 24- hour 
activity cycle—is globally inclusive of 
all three behaviours and accounts for 
the complexity of sleep. There is also a 
network devoted to time- use behaviour 
epidemiology, the International Network 
of Time- Use Epidemiologists.

Concurrent or interchangeable use 
of these terms is incompatible with the 
3Cs principle. A PubMed search of 
the published literature (2010–2020) 
shows >400 manuscripts that define PA, 
SB, and sleep using one of these terms; 
almost half these papers were published 
in the last 3 years. Interest in the 24- hour 
cycle’s impact on health will continue to 
increase, which will amplify the confu-
sion arising from the absence of formal 
agreement on terminology. This impedes 
synthesis of new knowledge about how 
PA, SB and sleep collectively impact 
health. Multiple terms describing similar 
concepts, or inconsistent terminology, 
will make it challenging to identify 
eligible articles for systematic reviews. 
Public health guidelines will be forced to 
continue using inconsistent terminology 
which will confuse the general public and 
reduce uptake of intended messages. We 
can only imagine the communications 
chaos if messages on COVID- 19 used five 
(or more) different labels for the disease.
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TOO MANY LABELS SPOIL THE 
MESSAGE
The purpose of science is to build explan-
atory structures for natural phenomena 
using facts. However, our explanations 
for the collective impacts of PA, SB and 
sleep on health will crumble like the 
Tower of Babel if the language we use is 
not uniform.

Researchers need to prevent this 
looming ‘24- hour Babel’ by coming 
to agreement about how to collec-
tively define PA, SB and sleep through 
an inclusive and systematic consensus 
process. We suggest that a 3Cs taxonomy 
of behaviours within the context of the 
24- hour cycle is needed—as well as 
agreed on terminology which defines the 
24- hour cycle. This could be similar to 
what was done to resolve the confusion in 
SB terminology.4 Developing constructs 
and definitions using comprehensive, 
transparent and broad- based participa-
tory processes will result in standardised 
terminology which is widely supported 
and adopted.

If integrated guidelines for these 
behaviours is the ultimate goal, it will 
be challenging to achieve—only a few 
studies have integrated them. Homog-
enous concepts and terminology which 
follow the 3Cs principle are an important 
first step to help advance future research, 
guidelines, policies and practices related 
to the 24- hour cycle.

Twitter Jennifer C Davis @DrJenniferCDav1, Linda Li 
@LLi_1 and Emmanuel Stamatakis @M_Stamatakis

Contributors RSF wrote the first draft of the 
manuscript and developed the concept for the paper. 
JCD, LL, ES and TL- A provided key edits and wrote 
portions of the manuscript.

Funding Funding for this project was provided to 
TL- A by the Jack Brown and Family Alzheimer Research 
Foundation.

Competing interests None declared.

Patient consent for publication Not applicable.

Provenance and peer review Not commissioned; 
externally peer reviewed.

Open access This is an open access article distributed 
in accordance with the Creative Commons Attribution 
Non Commercial (CC BY- NC 4.0) license, which permits 
others to distribute, remix, adapt, build upon this work 
non- commercially, and license their derivative works on 
different terms, provided the original work is properly 
cited, appropriate credit is given, any changes made 
indicated, and the use is non- commercial. See: http:// 
creativecommons.org/licenses/by-nc/4.0/.

© Author(s) (or their employer(s)) 202 . Re- use 
permitted under CC BY- NC. No commercial re- use. See 
rights and permissions. Published by BMJ.

To cite Falck RS, Davis JC, Li L, et al. Br J Sports Med 
2022;56:367–368.

Accepted 14 September 2021
Published Online First 22 September 2021

Br J Sports Med 2022;56:367–368.
doi:10.1136/bjsports-2021-104487

ORCID iDs
Ryan S Falck http://orcid.org/0000-0003-4224-3871
Jennifer C Davis http://orcid.org/0000-0002-5274- 
4293

Linda Li http://orcid.org/0000-0001-6280-0511
Emmanuel Stamatakis http://orcid.org/0000-0001- 
7323-3225

REFERENCES
 1 Ross R, Chaput J- P, Giangregorio LM, et al. Canadian 

24- hour movement guidelines for adults aged 18- 64 
years and adults aged 65 years or older: an integration 
of physical activity, sedentary behaviour, and sleep. 
Appl Physiol Nutr Metab 2020;45:S57–102.

 2 Migueles JH, Aadland E, Andersen LB, et al. Granada 
consensus on analytical approaches to assess 
associations with accelerometer- determined physical 
behaviours (physical activity, sedentary behaviour 
and sleep) in epidemiological studies. Br J Sports Med 
2021:bjsports- 2020- 103604.

 3 Caspersen CJ, Powell KE, Christenson GM. Physical 
activity, exercise, and physical fitness: definitions and 
distinctions for health- related research. Public Health 
Rep 1985;100:126.

 4 Tremblay MS, Aubert S, Barnes JD, et al. Sedentary 
behavior research network (SBRN) – terminology 
consensus project process and outcome. Int J Behav 
Nutr Phys Act 2017;14:1–17.

 5 Carskadon MA, Dement WC. Normal human sleep: an 
overview. In: Principles and practice of sleep medicine. 
, 2005: 4, 13–23.

 6 Borbély AA. A two process model of sleep regulation. 
Hum Neurobiol 1982;1:195–204.

 7 Falck RS, Davis JC, Khan KM. A wrinkle in measuring 
time use for cognitive health: how should we measure 
physical activity, sedentary behaviour and sleep? Am J 
Lifestyle Med:15598276211031495.

 8 Rosenberger ME, Fulton JE, Buman MP, et al. The 
24- hour activity cycle: a new paradigm for physical 
activity. Med Sci Sports Exerc 2019;51:454–64.

 9 Bussmann JBJ, van den Berg- Emons RJG. To total 
amount of activity… and beyond: perspectives 
on measuring physical behavior. Front Psychol 
2013;4:463.

 10 Pedisic Z, Dumuid D, Pedisic Z. Integrating sleep, 
sedentary behaviour, and physical activity research 
in the emerging field of time- use epidemiology: 
definitions, concepts, statistical methods, theoretical 
framework, and future directions. Kinesiology 
2017;49:10–11.

Figure 1 PubMed search hits from 2010 to 2020 for each term for collectively defining physical activity, sedentary behaviour and sleep.
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