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Abstract: Sedentariness has progressed in recent years. Here, we summarize the high prevalence of
objectively measured sedentariness and the list of health problems associated with sedentariness.
According to the literature, a minimum sedentary time of 8 h/d may avoid the harmful effects
of sedentariness. Our review of the literature shows that many countries worldwide exceed this
threshold. The coronavirus disease 2019 pandemic has increased the proportion of time spent seated
in chairs and/or other types of furniture. Furthermore, prolonged sedentariness will continue to
increase because it is assumed that people, at least those in desk jobs, perform their work better when
sitting than when standing. Many practical solutions should be implemented to help people reduce
their sedentary time. People need to be aware that prolonged sedentariness causes health problems.
They need to measure the amount of time spent being sedentary to self-guide their behaviour. They
should adopt a new lifestyle to avoid prolonged sedentariness and prolonged standing. In addition,
we point out that they should frequently change their posture to avoid fatigue and health issues. For
global public health, there is an urgent need to adopt an intermediate healthy/healthier behaviour
between too much time spent in the sitting and standing positions.
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1. Introduction
Non-communicable diseases associated with lack of physical activity have been thoroughly documented over the last few decades [1–3]. More light should be shed on the
effects of sedentariness because non-communicable diseases associated with sedentariness are more recently documented [4–6]. Here, sedentariness is defined as any waking
behavior characterized by an energy expenditure ≤1.5 metabolic equivalents, while in
a sitting, reclining or lying posture [7]. In fact, the level of sedentariness is increasing
worldwide at least since the middle of the 20th century [8]. Furthermore, the coronavirus
disease 2019 (COVID-19) pandemic and the resulting structural changes in society (i.e.,
more teleworking, videoconferencing, and online shopping) [9] have prompted people to
become more sedentary and will continue to do so.
In the first section of this article, which is related to the healthcare policy, we highlight
that since the end of World War II, the prevalence of sedentariness has increased [8]. We
obtained evidence that people in high-income countries, and especially those in desk jobs,
spend long hours sitting, which is known as prolonged sedentariness. We review the
list of non-communicable diseases associated with prolonged sedentariness. The latest
epidemiological data highlight the need for clear proposals on how to reverse sedentariness [4,5]. In the second section of this article, we highlight that spending more time in
the standing position (simply standing, walking, performing any kind of other motor
action) or doing any physical activity even when sitting (cycling, working with a pedal
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Figure 1. Time spent in sedentariness per waking day.
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Table 1. Objective time spent seated (using accelerometers and/or inclinometers).
Study

Objective Time Spent per
Day in Sedentariness

Countries in Which the
Study Was Performed

Smith et al. (2015)

10.6 h/d

England

Hamer, Coombs and
Stamatakis (2014)

9.64 h/d

England

Loyen et al. (2017)

8.83 h/d

England, Norway, Portugal,
and Sweden

Gibson, Muggeridge, Hughes,
Kelly and Kirk (2017)

9.5 h/d

Scotland

Vallance et al. (2011)

8.5 h/d 1

Canada

Carson et al. (2014)

10.8 h/d

Canada

Healy, Matthews, Dunstan,
Winkler and Owen (2011)

8.44 h/d

United States of America

Matthews et al. (2008)

8.53 h/d

United States of America

h/d = hours per day; 1

Note.
The investigators measured 7.7 h/d of sedentariness in 13.9 h/d but they extrapolated
their results to a waking day of 15.4 h).

Schematic representation of the general message that humans should exhibit intermediate behaviors to avoid non-communicable disease caused by too much time spent
in sedentariness and physical problems caused by too much time spent in the standing
position. The recommended threshold (8 h/d) is very general and conservative, and it
should be adjusted according to the type of people (children, healthy adults, older adults,
persons with impairments) and to the type of behavior (sitting at work, sitting in front of a
TV, performing physical activity during the day). The black line shows that the time spent
by people in so many countries is at least greater than 8 h/d (cf our review). Below this
black line in Figure 1, a threshold for too much time spent in the standing position is also
drawn. This threshold also really depends on the type of people and activity performed
during the day. The present manuscript does not discuss this threshold but suggests
that this maximum time spent in the standing position should also exist. We used the
approximation of 16 h/d for the waking day.
Certainly sedentariness remains a critical problem. Indeed, people can perform a
variety of tasks while sitting. They can work, organize their daily schedules, and get
anything they wish without moving. They are, or can be, seated at work (workplaces,
meeting rooms, conference rooms, and classrooms), when attending various entertainment
activities (concerts, cinemas, music lessons, TV, and video games), when commuting (bus,
metro, train, and car), and during waiting times (waiting rooms). Moreover, it is typically
assumed that people perform better and are more productive when seated than when
standing [12]. Many workers worldwide are so inclined to perform their work well that
solutions focused solely on health are only considered to be secondary. Furthermore,
teleworking provides many advantages such as increase in work productivity, increase
in the safety of employees, and reduction of pollution [9]. Ng and Popkin [8] showed
the potential increase in the time spent in sedentariness in the next 9 years, at least until
2030. Therefore, effective solutions should be pursued to counter this worldwide unhealthy
general trend.
As a primary problem, prolonged sedentariness is considered to be a non-communicable
disease that is responsible for at least 35 disorders and diseases [6,22]. Indeed, prolonged
sedentariness is proven to cause premature mortality [16,28], type 2 diabetes [17,29], cancer [16,29], vascular and cardiovascular disease [16,28–30], stroke [31], chronic inflammatory diseases [32], musculoskeletal disorders [29], poor muscle endurance and loss of
force [32], overweight and obesity [16,17], sleep disorders [17], and immune and endocrine
impairments [32]. Prolonged sedentariness also impairs an individual’s executive function,
cognitive performance, decision-making ability [32], and self-control [32]. Prolonged seden-
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tariness is associated with anxiety [17,31], demotivation, discomfort [33], and increased
depression [17]. It also promotes orthostatic intolerance, which is defined as a sustained
reduction in arterial blood pressure [32]. Prolonged sedentariness leads to the impairment
of various cells, tissues, skeletal muscles, and metabolic flexibility [32], also of lipolysis and
blood glucose regulation [6,34]. These problems interact with one another. For example,
people who spend more time being sedentary have lower levels of social interactions [31].
Less social interactions can increase the levels of anxiety, which in turn can lead to the
development of psychological and cognitive disorders [17,31]. Sitting behaviour is addictive [35]; that is, sedentariness decreases the desire to stand [32] and therefore creates
a vicious circle. Hence, prolonged sedentariness is assumed to be a central disease [32],
which originated from other problems and disorders [6]. Therefore, measures to prevent the
negative health consequences of prolonged sedentariness are urgently needed, especially
during this pandemic period. We need to emphasize that modern-day hunter-gatherers
are almost not affected by any of these non-communicable diseases [13]. As mentioned
above, modern-day hunter-gatherers spend as much time in nonambulatory behaviour [13].
However, they spend more time in dynamic nonambulatory behaviours and therefore less
time in passive nonambulatory behaviours, i.e., sitting, than modern humans. This change
in dynamic vs. static nonambulatory behaviours may be a key issue to understanding
the existence of non-communicable diseases [13]. The physiology of human body is not
adapted to spend too many hours in sedentariness [13]. If too many hours are spent in
sedentariness every day, the body physiology may be disrupted over time.
Sedentariness differs from physical inactivity. Indeed, people need to move to interrupt their physical inactivity while simply standing can already interrupt sedentariness.
Sedentariness and physical inactivity interact and contribute to the development of noncommunicable diseases. In fact, there is a negative association between physical activity
and prolonged sedentariness as non-communicable diseases occur when people are both
inactive and spend too much time in sedentariness [16,28]. However, there is no positive
association between physical activity and less time spent in sedentariness as people can
exercise a lot but still spend much time in sedentariness [36,37]. Moreover, people develop
the same non-communicable diseases associated with prolonged sedentariness [17,31]
even if they are physically active. The only exception is that physical activity can reduce
non-communicable diseases due to prolonged sedentariness when the level of physical
activity is extremely high (60–75 min/d of moderate-intensity physical activity) [16,28].
Therefore, non-communicable diseases due to prolonged sedentariness cannot be avoided
even if light or moderate physical activity is performed, as a higher level of exercise is
needed. Instead, an efficient way to avoid non-communicable diseases due to prolonged
sedentariness is to interrupt and avoid prolonged sedentariness.
3. Recommendations for Public Health Implications
The WHO [38] already synthetizes that worldwide time spent in sedentariness is
too high and urged individuals to reduce this level of sedentariness, giving specific recommendations for various groups of person (e.g., children, adults, older adults, persons
with impairments). At the scientific level, our review and analysis indeed confirmed that
people worldwide objectively spend too much time in prolonged sedentariness, potentially
causing harmful effects on their health. Many studies have used a threshold of 6 to 8 h/d
to examine the association between prolonged sedentariness and non-communicable diseases in healthy adults [19,28,39–42]. These studies found significant associations between
sedentariness and non-communicable diseases; that is, prolonged sedentariness could
cause non-communicable diseases in these originally healthy adults. Hence, according to
this literature, [19,28,39–42] a general conservative minimum threshold of sedentariness to
avoid its harmful effects could be 8 h/d (Figure 1). Here, we only suggest that spending
more than 8 h/d in sedentariness may be dangerous if this behaviour is a long-lasting
lifestyle habit. However, we do not suggest that spending less than 8 h/d in sedentariness
is not harmful. Even spending 7 h/d or 6 h/d in sedentariness could be harmful, as
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suggested by many studies discussing non-communicable diseases caused by sedentary
behaviour such as watching TV [28,43].
As part of the efforts to promote public health, people should be informed about this
general and conservative threshold (8 h/d), to avoid the harmful effects of sedentariness [4].
Indeed, if people are not informed of the negative health consequences of sedentariness
for more than 8 h/d, they most likely will not be motivated to change their behaviour.
If they do not know that sitting is considered a disease [6,32], they most likely will not
be encouraged to change their behaviour. In practical terms, assuming that the waking
day is 16 h, people should stand and/or spend time in dynamic nonambulatory position
(e.g., squatting and kneeling) and/or dynamic sitting (e.g., on a big ball or on a stool) for
at least 8 h/d. Otherwise, they would spend more than 8 h/day in sedentariness. The
conservative threshold of 8 h/d is easy to remember as it is half of a conventional waking
day of 16 h/d (Figure 1), it is one third of a full day. This threshold is merely a general
minimum threshold of sedentariness to be re-adjusted in future studies, in the same way
as the threshold for physical activity was suggested and then re-evaluated [38].
We also encourage people to objectively monitor their time spent in sedentariness. Indeed, people do not accurately report the time they spend in sedentary behaviour [5,22,44].
Self-reports are not reliable in terms of accuracy of the measure and variability of the
errors, and these values do not correlate with the objective values [44]. People clearly
underestimate the time they spend in sedentariness as showed by many studies [5,22,44].
It important to mention that we are not aware of the existence of any commercially, userfriendly, highly accurate device for objectively measuring sedentariness in the population.
To our knowledge, currently available devices (such as accelerometers and inclinometers) [45] are expensive, difficult to use, and are mainly applicable in research studies.
This shortcoming is unexpected and surprising, especially when people are being broadly
encouraged to use information technology and electronic devices to self-monitor other
aspects of their health [45]. Today, we are aware of smart watches and mobile applications
to signal if individuals spend too much time on sedentariness [46,47]. This is a good start
to break prolonged sedentariness, to suggest standing and moving around, or to begin
a short period of time working or performing other tasks while in the standing position.
However, both smart watches and mobile phones are limited as they do not measure and
report the total time spent in sedentariness during the day. Novel solutions are appearing
in the literature but are still in development [48]. These devices do not measure sedentariness accurately because people do not carry their cell phone at each moment all day long.
Moreover these devices are not perfectly accurate in their measure of the time spent in
sedentariness. One solution was proposed by Gill et al. [49], but this smart watch is still
not commercially available today.
Given that many populations worldwide are spending more than 8 h/d in sedentariness (Figure 1) [14,18,20–24], it is clear that spending more time in the standing position
could be beneficial. The question then holds as to whether people could be as efficient and
productive at work when standing than when sitting. If people were more efficient and
productive in the sitting position, it would be difficult to accept the solution to work more
often in the standing position. In fact, many recent studies have shown and explained that
spending more time in the standing position does not negatively impact performance of
tasks and productivity of individuals working in desk-based jobs [33,50]. According to
this information, people do not have to sit to be more effective and productive at work.
The perspective of performing work satisfactorily while in the standing position is not
intuitive but reflects new discoveries [33,50–52]. Hence, we encourage future studies to
continue to show that more time spent in the standing position at work could facilitate
good performance and work productivity.
In general, people do not spend enough time in the standing position either in nonambulatory or ambulatory behaviours (Figure 1). Therefore, our recommendation is to
find solutions to spend more time in the standing position during the day. This recommendation should be considered carefully and requires clarification and explanation. First,
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it is not applicable to everyone. It should be adapted for people with disabilities and/or
difficulties to stand [53]. For healthy adults, considering a waking day of 16 h/d, any
one spending less than 6 h/d in sedentariness may not need so much to increase the time
spent in the standing position (Figure 1). Behavioural habits should primarily change in
people who spend less than 8 h/day in the standing position and/or in dynamic nonambulatory behaviours. Second, sedentary behaviours should be changed gradually instead
of abruptly, in the same way as physical activity should be changed gradually for those
who do not meet WHO recommendations [38]. For example, a person who spend more
than 12 h/d in sedentariness would clearly need to increase the time spent in the standing
position and/or dynamic nonambulatory behaviours. Otherwise, this person is exposed to
non-communicable diseases (Figure 1), as already mentioned earlier [6,16,17,28,32]. For
this person or any other person, the recommendation would not be to abruptly change
from prolonged sedentariness to prolonged standing. Indeed, prolonged standing is clearly
acknowledged to be harmful for global health and work productivity [10]. In fact, Baker
et al. [11] showed that one additional hour standing per day might already cause health
problem. For this person, the recommendation would be to slowly change from prolonged
sedentariness to a more intermediate behaviour with more time spent in the standing
position either in nonambulatory or ambulatory behaviours.
People who have intermediate behaviour could be referred to as people who are
not engaged in prolonged sedentariness and/or prolonged standing but who still spend
enough time in both behaviours during the waking day (Figure 1). To the best of our
knowledge, this notion of “intermediate behaviour” is new. In its absolute sense, the term
refers to sitting less than 8 h/d (Figure 1). At the individual level, a strategy to achieve this
recommended threshold needs to be adapted. For example, in order for person A to avoid
spending 10 h/d in sedentariness, the strategy to adopt the intermediate behaviour could
be to sit less from one period to another, with the change implemented gradually [12]. In
order for person A to achieve this intermediate behaviour, an appropriate strategy would
be to increase the time spent in the standing position by 30–40 min during a period and
then increase again by 30–40 min as discussed in the previous paragraph. This person A
should do so until sitting at least less than 8 h/d. Hence, it would require many months
and even years of practice for this person to develop and adopt the intermediate behaviour.
This recommendation to spend 30 to 40 additional min/d can be beneficial if office workers
stand additional 5 min per hour during their day at work [11]. Meanwhile, in order for
person B used to stand 7 h/d every day, no change in lifestyle habits would be required, as
this individual would already use the intermediate behavior. However, this person B could
still reduce his/her time spent in sedentariness in sitting less than 7 h/d, e.g., 6 h/d, to
move further away from the threshold of 8 h/d. For this second person B, the objective to
stand less than 6 h/d would only require a few months of practice.
We further recommend to frequently alternate between standing and sitting, that is
standing up and standing very often in short periods of time instead of once in a long
period of time. People must change their behaviour not only for some weeks but as a new
lifestyle habit. They should gradually shift towards spending more time in the standing
position and/or dynamic nonambulatory behaviours. In alternating between standing and
sitting, people could reduce the risk of developing non-communicable diseases caused by
prolonged sedentariness [30] and also physical problems caused by prolonged standing.
As suggested in the previous paragraph, standing up for 5 additional min every hour
at work has been recommended [12]. The ultimate goal of this strategy is to adopt a
healthier, intermediate behaviour to reach an intermediate behaviour (Figure 1). To reach
this intermediate behaviour, we also recommend standing when calling someone or to
hold stand-up meetings over standing only once for a longer period (e.g., 1 additional
h/d). In fact, any behaviour (standing or sitting) used in excess does not promote global
health; it is better to alternate both behaviours throughout the day. Many other solutions
exist to increase the time spent in the standing position [54]. Some examples of intervention techniques are “prompting”, “social influence”, “feedback”, and “anchoring” [54,55].
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Prompting refers to messages (posters, mobile phone messages, alert on a phone) engaging
people to use the stairs instead of the elevators, to actively move to colleagues’ desk instead
of emailing or calling them. Social influence refers to messages (oral, written) that specify
what others have done (e.g., number of time other colleagues have taken the stairs during
the day) to induce the same behaviors in all workers. Feedback refers to information of
any behaviour to find out if one respects expected results, either in front of one’s personal
objectives or related to another’s. Anchoring refers to challenges suggested to workers,
e.g., to assign a 5000 steps objective during the day or to stand more than 50 times during
the day. Venema et al. [56] discussed that most of the office workers were favorable about
any intervention, even large ones, if these changes could improve their health. Only 11%
disapproved the nudge intervention in their study [56]. In trains, buses, metros or when
waiting at some places (for example in town for an appointment), people could stay in
the standing position instead of sitting. In classrooms and/or universities, students could
listen to professors sometimes upright, sometimes seated [57]. All these small changes
would be appropriate to increase the time spent in the standing position to come back to a
healthy/healthier intermediate behavior (Figure 1).
4. Conclusions
With regard to sedentariness, the world is not moving toward a desirable and healthier
goal. Indeed, more than half of the population worldwide is already engaged in too
much time spent in sedentary unhealthy behaviour (Figure 1). Again, human body and
physiology is not adapted to such excessive sedentariness. It means that individuals
should stand or perform dynamic nonambulatory activities at least half of their waking
day (Figure 1). We claim that humans need to adopt new lifestyles and find solutions
to reduce prolonged sedentariness to come back to a healthy intermediate behaviour.
Important is to acknowledge that non-communicable diseases were the leading cause of
death worldwide already in 2010 and that sedentary behaviour is one of the major causes
of non-communicable diseases [58]. One solution to reduce the time spent in sedentariness
is to spend more time in dynamic nonambulatory (e.g., standing, sitting on unstable
surface such as big bowls, squatting, kneeling) behaviours during the waking day. Another
solution to spend more time in the standing position during the day is to spend more time
in dynamic ambulatory behaviour (e.g., walking, going up and down the stairs, running,
performing any kind of physical activity). As we pointed out and need to recall here, the
increase time spent in the standing position per day should not be abruptly increased,
but only gradually increased over time. In the present manuscript, we explained, the
best lifestyle recommendation to frequently alternate sitting and standing positions in
order to balance time spent seated and standing, in order to reach a healthier intermediate
behaviour (Figure 1). This new lifestyle is possible to achieve, but will require more use of
sit-stand desks and devices to objectively measure and determine the proportion of time
spent seated. Indeed, people spend much time at work during the week and our societies
are built based on the idea of performing most of the activities in a sitting position. Also
at home, people do not have always something to do and can come to watch TV or their
computer for long hours. They thus need to verify their total time spent seated during the
day to regulate their behaviour.
In our manuscript, we are aware that we did not provide any specific minimum
threshold for each type of people (infants, healthy adults, older adults, persons with
disabilities) and/or for any individual in particular. Future studies should carefully analyse,
display and then adjust these respective minimum thresholds. Furthermore, the population
needs to be informed and be aware of these thresholds and, more importantly, be motivated
to become active in preventing, at least limiting, non-communicable diseases related to
prolonged sedentariness. Our main message is that everybody should be careful about
adopting an intermediate healthy—at least healthier—behaviour (Figure 1).

Healthcare 2021, 9, 995

8 of 10

Author Contributions: Conceptualization, C.T.B. and J.A.B.; methodology, C.T.B.; validation, C.T.B.
and J.A.B.; formal analysis, C.T.B.; investigation, C.T.B.; resources, C.T.B.; data curation, C.T.B.;
writing—original draft preparation, C.T.B.; writing—review and editing, C.T.B. and J.A.B.; visualization, C.T.B. and J.A.B.; supervision, C.T.B.; project administration C.T.B. All authors have read and
agreed to the published version of the manuscript.
Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.
Conflicts of Interest: In the present manuscript, there is no conflict of interest.

References
1.
2.
3.
4.
5.

6.
7.

8.
9.
10.

11.
12.

13.
14.

15.

16.

17.
18.
19.
20.

Andersen, L.B.; Mota, J.; Di Pietro, L. Update on the global pandemic of physical inactivity. Lancet 2016, 388, 1255–1256. [CrossRef]
Sallis, J.F.; Haskell, W.L.; Wood, P.D.; Fortmann, S.P.; Rogers, T.; Blair, S.N.; Paffenbarger, R.S., Jr. Physical activity assessment
methodology in the Five-City Project. Am. J. Epidemiol. 1985, 121, 91–106. [CrossRef] [PubMed]
Sujatha, T.; Shatrugna, V.; Venkataramana, Y.; Begum, N. Energy expenditure on household, childcare and occupational activities
of women from urban poor households. Br. J. Nutr. 2000, 83, 497–503. [CrossRef] [PubMed]
Chaput, J.-P.; Olds, T.; Tremblay, M.S. Public health guidelines on sedentary behaviour are important and needed: A provisional
benchmark is better than no benchmark at all. Br. J. Sports Med. 2020, 54, 308–309. [CrossRef] [PubMed]
Stamatakis, E.; Ekelund, U.; Ding, D.; Hamer, M.; Bauman, A.E.; Lee, I.-M. Is the time right for quantitative public health
guidelines on sitting? A narrative review of sedentary behaviour research paradigms and findings. Br. J. Sports Med. 2019, 53,
377–382. [CrossRef] [PubMed]
Levine, J.A. Sick of sitting. Diabetologia 2015, 58, 1751–1758. [CrossRef] [PubMed]
Tremblay, M.S.; Aubert, S.; Barnes, J.D.; Saunders, T.J.; Carson, V.; Latimer-Cheung, A.E.; Chastin, S.F.M.; Altenburg, T.M.;
Chinapaw, M.J.M.; on behalf of SBRN Terminology Consensus Project Participants. Sedentary Behavior Research Network
(SBRN)–Terminology Consensus Project process and outcome. Int. J. Behav. Nutr. Phys. Act. 2017, 14, 75. [CrossRef] [PubMed]
Ng, S.W.; Popkin, B. Time Use and Physical Activity: A Shift Away from Movement across the Globe. Obes. Rev. 2012, 13, 659–680.
[CrossRef] [PubMed]
Belzunegui-Eraso, A.; Erro-Garcés, A. Teleworking in the Context of the COVID-19 Crisis. Sustainability 2020, 12, 3662. [CrossRef]
Coenen, P.; Parry, S.; Willenberg, L.; Shi, J.W.; Romero, L.; Blackwood, D.M.; Healy, G.N.; Dunstan, D.W.; Straker, L.M. Associations
of prolonged standing with musculoskeletal symptoms—A systematic review of laboratory studies. Gait Posture 2017, 58, 310–318.
[CrossRef]
Baker, R.; Coenen, P.; Howie, E.; Lee, J.; Williamson, A.; Straker, L. A detailed description of the short-term musculoskeletal and
cognitive effects of prolonged standing for office computer work. Ergonomics 2018, 61, 877–890. [CrossRef] [PubMed]
Bergouignan, A.; Legget, K.T.; De Jong, N.; Kealey, E.; Nikolovski, J.; Groppel, J.L.; Jordan, C.; O’Day, R.; Hill, J.O.; Bessesen,
D.H. Effect of frequent interruptions of prolonged sitting on self-perceived levels of energy, mood, food cravings and cognitive
function. Int. J. Behav. Nutr. Phys. Act. 2016, 13, 113. [CrossRef] [PubMed]
Raichlen, D.A.; Pontzer, H.; Zderic, T.W.; Harris, J.A.; Mabulla, A.Z.P.; Hamilton, M.T.; Wood, B.M. Sitting, squatting, and the
evolutionary biology of human inactivity. Proc. Natl. Acad. Sci. USA 2020, 117, 7115–7121. [CrossRef]
Smith, L.; Hamer, M.; Ucci, M.; Marmot, A.; Gardner, B.; Sawyer, A.; Wardle, J.; Fisher, A. Weekday and weekend patterns of
objectively measured sitting, standing, and stepping in a sample of office-based workers: The active buildings study. BMC Public
Health 2015, 15, 9. [CrossRef] [PubMed]
Hadgraft, N.T.; Healy, G.N.; Owen, N.; Winkler, E.A.H.; Lynch, B.M.; Sethi, P.; Eakin, E.G.; Moodie, M.; LaMontagne, A.D.;
Wiesner, G.; et al. Office workers’ objectively assessed total and prolonged sitting time: Individual-level correlates and worksite
variations. Prev. Med. Rep. 2016, 4, 184–191. [CrossRef]
Owen, N.; Healy, G.N.; Dempsey, P.C.; Salmon, J.; Timperio, A.; Clark, B.K.; Goode, A.D.; Koorts, H.; Ridgers, N.D.; Hadgraft,
N.T.; et al. Sedentary Behavior and Public Health: Integrating the Evidence and Identifying Potential Solutions. Annu. Rev. Public
Health 2020, 41, 265–287. [CrossRef]
Wang, X.; Li, Y.; Fan, H. The associations between screen time-based sedentary behavior and depression: A systematic review
and meta-analysis. BMC Public Health 2019, 19, 1524. [CrossRef] [PubMed]
Carson, V.; Wong, S.L.; Winkler, E.; Healy, G.N.; Colley, R.C.; Tremblay, M.S. Patterns of sedentary time and cardiometabolic risk
among Canadian adults. Prev. Med. 2014, 65, 23–27. [CrossRef] [PubMed]
Gibson, A.-M.; Muggeridge, D.J.; Hughes, A.R.; Kelly, L.; Kirk, A. An examination of objectively-measured sedentary behavior
and mental well-being in adults across week days and weekends. PLoS ONE 2017, 12, e0185143. [CrossRef]
Hamer, M.; Coombs, N.; Stamatakis, E. Associations between objectively assessed and self-reported sedentary time with mental
health in adults: An analysis of data from the Health Survey for England. BMJ Open 2014, 4, e004580. [CrossRef] [PubMed]

Healthcare 2021, 9, 995

21.
22.

23.
24.
25.
26.

27.
28.

29.
30.

31.

32.
33.
34.

35.
36.
37.
38.

39.
40.
41.
42.
43.

44.

45.

9 of 10

Healy, G.N.; Matthews, C.E.; Dunstan, D.W.; Winkler, E.A.H.; Owen, N. Sedentary time and cardio-metabolic biomarkers in US
adults: NHANES 2003-06. Eur. Heart J. 2011, 32, 590–597. [CrossRef] [PubMed]
Loyen, A.; Clarke-Cornwell, A.M.; Anderssen, S.A.; Hagströmer, M.; Sardinha, L.B.; Sundquist, K.; Ekelund, U.; SteeneJohannessen, J.; Baptista, F.; Hansen, B.H.; et al. Sedentary Time and Physical Activity Surveillance Through Accelerometer
Pooling in Four European Countries. Sports Med. 2017, 47, 1421–1435. [CrossRef] [PubMed]
Matthews, C.E.; Chen, K.Y.; Freedson, P.S.; Buchowski, M.S.; Beech, B.M.; Pate, R.R.; Troiano, R.P. Amount of time spent in
sedentary behaviors in the United States, 2003–2004. Am. J. Epidemiol. 2008, 167, 875–881. [CrossRef]
Vallance, J.K.; Winkler, E.A.H.; Gardiner, P.A.; Healy, G.N.; Lynch, B.M.; Owen, N. Associations of objectively-assessed physical
activity and sedentary time with depression: NHANES (2005–2006). Prev. Med. 2011, 53, 284–288. [CrossRef]
Alomari, M.A.; Khabour, O.F.; Alzoubi, K.H. Changes in Physical Activity and Sedentary Behavior Amid Confinement: The
BKSQ-COVID-19 Project. Risk Manag. Healthc. Policy 2020, 13, 1757–1764. [CrossRef]
Gupta, N.; Hallman, D.M.; Mathiassen, S.E.; Aadahl, M.; Jørgensen, M.B.; Holtermann, A. Are temporal patterns of sitting
associated with obesity among blue-collar workers? A cross sectional study using accelerometers. BMC Public Health 2016, 16,
148. [CrossRef] [PubMed]
Parry, S.; Straker, L. The contribution of office work to sedentary behaviour associated risk. BMC Public Health 2013, 13, 296.
[CrossRef] [PubMed]
Ekelund, U.; Steene-Johannessen, J.; Brown, W.J.; Fagerland, M.W.; Owen, N.; Powell, K.E.; Bauman, A.; Lee, I.-M.; Lancet
Physical Activity Series 2 Executive Committe; Lancet Sedentary Behaviour Working Group. Does physical activity attenuate, or
even eliminate, the detrimental association of sitting time with mortality? A harmonised meta-analysis of data from more than 1
million men and women. Lancet 2016, 388, 1302–1310. [CrossRef]
Magnon, V.; Vallet, G.T.; Auxiette, C. Sedentary Behavior at Work and Cognitive Functioning: A Systematic Review. Front. Public
Health 2018, 6, 239. [CrossRef]
Paterson, C.; Fryer, S.; Zieff, G.; Stone, K.; Credeur, D.P.; Gibbs, B.B.; Padilla, J.; Parker, J.K.; Stoner, L. The Effects of Acute
Exposure to Prolonged Sitting, With and Without Interruption, on Vascular Function Among Adults: A Meta-analysis. Sports
Med. 2020, 50, 1929–1942. [CrossRef] [PubMed]
Stanczykiewicz, B.; Banik, A.; Knoll, N.; Keller, J.; Hohl, D.H.; Rosińczuk, J.; Luszczynska, A. Sedentary behaviors and anxiety
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Chastin, S.F.M.; Dontje, M.L.; Skelton, D.A.; Čukić, I.; Shaw, R.J.; Gill, J.M.R.; Greig, C.A.; Gale, C.R.; Deary, I.J.; Der, G.; et al.
Systematic comparative validation of self-report measures of sedentary time against an objective measure of postural sitting
(activPAL). Int. J. Behav. Nutr. Phys. Act. 2018, 15, 21. [CrossRef]
Sanders, J.P.; Loveday, A.; Pearson, N.; Edwardson, C.; Yates, T.; Biddle, S.J.H.; Esliger, D.W. Devices for Self-Monitoring Sedentary
Time or Physical Activity: A Scoping Review. J. Med. Internet Res. 2016, 18, e90. [CrossRef] [PubMed]

Healthcare 2021, 9, 995

46.

47.
48.
49.

50.
51.
52.
53.
54.

55.
56.
57.
58.

10 of 10

Beckwith, C. Utilizing Wearable Activity Trackers in the Intervention of Sedentary Lifestyles. In Proceedings of the Academic
Festival 2021, Fairfield, CT, USA, 5 May 2021. Available online: https://digitalcommons.sacredheart.edu/acadfest/2021/all/15
(accessed on 3 August 2021).
Aldenaini, N.; Alqahtani, F.; Orji, R.; Sampalli, S. Trends in Persuasive Technologies for Physical Activity and Sedentary Behavior:
A Systematic Review. Front. Artif. Intell. 2020, 3, 7. [CrossRef] [PubMed]
Wang, Y.; König, L.M.; Reiterer, H. A Smartphone App to Support Sedentary Behavior Change by Visualizing Personal Mobility
Patterns and Action Planning (SedVis): Development and Pilot Study. JMIR Form. Res. 2021, 5, e15369. [CrossRef]
Gill, J.M.R.; Hawari, N.S.A.; Maxwell, D.J.; Louden, D.; Mourselas, N.; Bunn, C.; Gray, C.M.; van der Ploeg, H.P.; Hunt, K.; Martin,
A.; et al. Validation of a Novel Device to Measure and Provide Feedback on Sedentary Behavior. Med. Sci. Sports Exerc. 2018, 50,
525–532. [CrossRef]
Karakolis, T.; Callaghan, J.P. The impact of sit-stand office workstations on worker discomfort and productivity: A review. Appl.
Ergon. 2014, 45, 799–806. [CrossRef] [PubMed]
Rosenbaum, D.; Mama, Y.; Algom, D. Stand by Your Stroop: Standing Up Enhances Selective Attention and Cognitive Control.
Psychol. Sci. 2017, 28, 1864–1867. [CrossRef]
Smith, K.C.; Davoli, C.C.; Knapp, W.H.; Abrams, R.A. Standing enhances cognitive control and alters visual search. Atten. Percept.
Psychophys. 2019, 81, 2320–2329. [CrossRef] [PubMed]
Smith, B.; Mallick, K.; Monforte, J.; Foster, C. Disability, the communication of physical activity and sedentary behaviour, and
ableism: A call for inclusive messages. Br. J. Sports Med. 2021. [CrossRef]
Landais, L.L.; Damman, O.C.; Schoonmade, L.J.; Timmermans, D.R.M.; Verhagen, E.A.L.M.; Jelsma, J.G.M. Choice architecture
interventions to change physical activity and sedentary behavior: A systematic review of effects on intention, behavior and health
outcomes during and after intervention. Int. J. Behav. Nutr. Phys. Act. 2020, 17, 47. [CrossRef]
Michie, S.; van Stralen, M.M.; West, R. The behaviour change wheel: A new method for characterising and designing behaviour
change interventions. Implement. Sci. 2011, 6, 42. [CrossRef] [PubMed]
Venema, T.A.G.; Kroese, F.M.; De Ridder, D.T.D. I’m still standing: A longitudinal study on the effect of a default nudge. Psychol.
Health 2018, 33, 669–681. [CrossRef]
Finch, L.E.; Tomiyama, A.J.; Ward, A. Taking a Stand: The Effects of Standing Desks on Task Performance and Engagement. Int. J.
Environ. Res. Public Health 2017, 14, 939. [CrossRef]
Habib, S.H.; Saha, S. Burden of non-communicable disease: Global overview. Diabetes Metab. Syndr. Clin. Res. Rev. 2010, 4, 41–47.
[CrossRef]

