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Chapter

How to Reduce Sedentary
Behavior at All Life Domains

Olga Lopez Torres, Pablo Lobo, Valeria Baigin
and Gabriela F. De Roia

Abstract

Lifestyle has changed in the last century increasingly promoting sedentary
behaviors. Prolonged sitting time is related to increased all-cause mortality risk.
Therefore, scientific research aimed at understanding the effects of sitting on health
has increased to find effective interventions that can be carried out in life domains
(study, work, transport, and free time). The interaction between physical activity
and sitting time plays a key role in the development of strategies to promote physi-
cal activity practice and reduce sedentary behavior. Accepting that the modern soci-
eties incite to spend long periods seated, the aim seems to find a balance between
all the areas during the 24 h of the day. Maintaining sleep time, reducing screen
leisure time to 3 h/day, and breaking prolonged sedentary time for 2-3 min every
30 min-1 h of sitting, as well as reaching the physical activity recommendation may
help counteract the potential negative effect of too much sitting time. Governments
must provide active free time options to promote active leisure time and help reduce
screen time. At workplaces, managers and companies should encourage sitting
breaks and work standing options, and for the special population such as children
or older adults, new strategies must be considered to reduce sitting time.

Keywords: sitting time, exercise, older adults, children, work time, leisure time,
sedentary breaks

1. Introduction

Lifestyle has changed over the world in the past decades. The industrialization
process and technological advances have simplified the physical work of human
beings and changed the lifestyle of the last generations. Not that long ago, most of
the jobs required physical activity and some energy expenditure. Nowadays the per-
centage of work sectors demanding high levels of physical activity has reduced dras-
tically. This new reality derives in many people forced to spend at more than 8 h/day
sitting and having difficulties to reach the physical activity recommendations [1].
Sedentary lifestyles have become a significant public health issue spreading world-
wide, although there is evidence of being linked to a range of chronic health condi-
tions [2]. Extended periods of inactivity can produce metabolic dysfunction and
impair blood sugar regulation [3], elevate blood pressure [4], and make it difficult
to use fat as a metabolic substrate, as well as increase the risk of early death regard-
less of physical activity levels [5]. Therefore, it seems crucial to find strategies that
can be applied in all life domains to be able to reduce sedentary behavior, as well as
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to increase physical activity. Including regular and well-structured sedentary breaks
during long sitting periods could help reduce the negative effects of a sedentary
lifestyle.

This chapter aimed, firstly, to provide scientific evidence of the need to reduce
sedentary behaviors as well as to include regularly sedentary breaks. Secondly, to
show some possibilities and examples of how to break sedentarism in daily life. We
believe that introducing these practices in workspaces, schools, leisure time, and
in the daily activities of older adults might help control the negative effects derived
from sedentary lifestyles.

2. Sedentary behavior
2.1 Evolution of lifestyle and the concept of sedentary behavior

Historically, exercise physiologists have studied sedentary lifestyle as the oppo-
site of physical activity. The terms that have been used for research in this area have
been confusing, which makes it difficult to compare clinical trials. Already in the
1950s, Morris et al. [6] concluded that sedentary work increased cardiovascular risk
compared to those who worked more physically active. That study, among others,
resulted in a strong area of research focused, for over 60 years, on quantifying the
level of physical activity necessary to reduce morbidity and mortality [6]. These
investigations provided recommendations on physical activity and the implementa-
tion of public policies to promote physical activity practice.

Despite the efforts, a high percentage of the population (mostly from countries
that suffered rapid urbanization and industrialization) do no reach the physical
activity recommendations and the tendency is that this number increases [1] Office
works, school, screen games, technology, passive transportation and sedentary
leisure time have had a strong impact on reducing the opportunities to perform
physical activity at the same time that promote opportunities for sedentary behav-
ior in all the life domains.

For the past two decades, the number of studies focused on sedentary behavior
has grown exponentially, and physical activity and sedentary behavior can be
considered as an independent research field. The term sedentary behavior comes
from Latin “sedere” which means “to sit”. But not only the “position” determines
what is currently conceived as sedentary behavior. Sedentary behavior is defined as
any waking behavior characterized by the expenditure of 1.5 metabolic equivalents
of task (MET)s or less of energy while in a sitting, reclining, or lying posture [7].
Sedentary behavior, like physical activity, can be found in all life domains (work,
study, transport, and free time). Although research in this field has increased nota-
bly in the last decade, there is still confusion in the terminology and the scientific
community has not reached a consensus in some terms and concepts yet. Many
definitions of sedentary behavior can be found in the literature but some common
concepts are repeated, such as low energy expenditure, mostly under 1.5 METs,
activities performed in sitting, lying or reclining position and while the person is
awake [7]. Besides, some other concepts associated with sedentary behavior have
aroused the interest of the scientific community. Sedentary bouts, breaks of sitting,
sedentarism, sedentary lifestyle vs. inactivity, among others, are related terms that
could help deeply understand this problem.

Sedentary Behavior Concept has suffer an evolution over the years. Although the
distinction between sedentarism and physical inactivity (not meeting worldwide
recommendations for physical activity) has already been settled [7], it is still com-
mon to find some confusion in terms such as sedentary time, sitting time, screen
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time and stationary time; which, although in some cases are overlapping concepts,
refer to different behaviors [7]. Because they refer to different aspects of behavior
(position, movement, effort and the use of digital implements), these traits can

be blended in different ways, so that some criteria are met but others are not. For
example, one can be seated but doing physical activity (cycloergometer), so it’s not
a sedentary behavior; one could be stationary, but not sitting (e.g., waiting in line);
one may be in sedentary behavior, but not sitting (instead lying down watching
TV), which in turn is independent of screen usage (reading a book); among other
examples.

2.2 Using bed rest models

Studies on bed rest [8-13] provided useful information on the consequences of
inactivity and low energy expenditure for long periods. Thanks to these studies,
alot is known about the effects of prolonged inactivity in metabolism and organ
systems. Different studies focused on the effects of bed rest on metabolic function,
found peripheral insulin resistance in skeletal muscle and adipose tissue, hepatic
insulin resistance and a dyslipidemia [10], as well as a decline in function, muscle
mass, and muscle strength [12] and a reduction in cardiorespiratory capacity after
one-week bed rest [13]. In regards to the musculoskeletal structure, inactivity
produces loss of strength and endurance, contractures, changes in soft tissues,
disuse osteoporosis, sarcopenia, and degenerative joint disease [8]. At the cardio-
vascular level, the consequences can be postural hypotension, cardiac dysfunction,
and thrombotic events [13]. Additionally, bed rest can lead to impaired respira-
tory, renal, gastrointestinal, and nervous system levels [9]. Outside hospitaliza-
tion or illness, free-living healthy adults rarely spend these amounts of bed rest.
Nevertheless, technological and social factors have made prolonged sitting time a
common practice in all life domains (work, domestic life, and leisure time).

2.3 Quantifying sedentary behavior

Measuring physical activity and sitting time is complex. Research has been
aimed at improving the quality of the data through the objective measurement of
sedentary behavior using accelerometry, observing that the self-report measure-
ment underestimates the daily time of sedentary behavior concerning the objective
measurement.

Researchers have focused on developing devices to be able to objectively quan-
tify physical activity. In the past decades, many studies using accelerometers have
been carried out. A multi-country study (USA, Brazil, UK, Denmark, the Czech
Republic, and Hong Kong) using accelerometry found that the average sedentary
time per day was 513 min/day, or 8.55 h/day [14]. Sedentary time was estimated to
be responsible for 3.8% of all-cause mortality in adults according to a meta-analysis
pooling data across 54 countries [15]. The United States Physical Activity Guidelines
Advisory Committee (PAGAC) [16] recently comprehensively reviewed the scien-
tific evidence, linking sedentary behavior with specific physical health indicators in
adults and older adults, including mortality, cardiovascular disease, type 2 diabetes,
cancer, and obesity. Moreover, high levels of sedentary behavior are also negative
associated with cognitive function, depression, function and disability, physical
activity levels, and health-related quality of life [17]. In contrast, little evidence
has demonstrated the relationship between sedentary behavior and musculoskel-
etal pain, accidents or injuries, fatigue, sleep, or work productivity [18]. Ku et al.
[19] published in 2018 a meta-regression analysis involving more than 1 million
participants in which the cut-off points of daily sedentary time that were related
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to all-cause mortality in adults were established for data measured objectively and

self-reported [19]. According to the results of the study, the method of measuring

sitting time significantly moderated the association between daily sitting time and
mortality risk. The cut-off of daily sitting time in studies with self-report data was
7 h/day in comparison with 9 h/day for those with data measured by devices.

2.4 Sedentary behavior VS physical activity

It is accepted that exercise is an effective strategy for reducing key cardiovas-
cular risks [20]. Nevertheless, it is unclear if the benefits can be modified by a
sedentary lifestyle. Therefore, it is important to clearly define different concepts
such as physical activity/inactivity or sedentary behavior, as their physiological
consequences on health are different. While physical activity/inactivity is referred
to whether or not a person reaches the physical activity recommendations, a person
is considered as sedentary if he/she spends long periods of the day in sedentary
behavior. While for the first one (cut-off points for being physically active) there
is enough evidence to determine the recommendations (150 minutes of moderate
physical activity or 75 minutes of vigorous physical activity or an equivalent meta-
bolic combination between both, plus 2-3 days/week of resistance training) [21],
for the second one (cut-off points for being sedentary) there are still no recommen-
dations, since studies have found inconclusive results.

That means that a person can meet the physical activity guidelines and still
be considered sedentary. Sedentary behavior might produce harmful effects on
health independently of physical activity level, but when both are combined, the
results seem to change (combined joint association). In other words, high levels of
sedentary behavior combined with low levels of physical activity increase the risk
of death by 46% [18]. On the contrary, some studies have shown that high levels
of physical activity can counteract or reduce the risk of death caused by prolonged
sedentary behavior [22]. Similar results were obtained in cancer patients, where in
the most active patients no relationship was observed between sedentary behavior
and cancer mortality, while for those less active the risk of death increased [23].

Using the concepts of sedentary and/or physically active person, we can describe
four possible combinations:

A. The sedentary inactive: Those who do not meet the physical activity recom-
mendations and also spend long periods of the day sitting.

B. The non-sedentary inactive: Those who do not meet the physical activity
recommendations but do not spend long periods of the day sitting.

C. The sedentary active: Those who reach the physical activity recommendation
but spend long periods of the day sitting.

D. The non-sedentary active: Those who reach the physical activity recommen-
dations and also do not spend long periods of the day sitting.

Figure 1 represents graphically these possibilities.

The health implication for possibilities A and D are clear. Classification A has a
negative influence on health and is negatively associated with all-cause mortality
and D is positively associated with better health markers. What is not fully clear
yet, are the implications of classifications B and C. Can one the variables counteract
the negative effect of too much of the other one? Or, are the positive effects of one
variable suppressed by the other one?
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Figure 1.
Person’s classification according to sedentary behavior and physical activity practice. (A) Sedentary inactive,
(B) non-sedentay inactive, (C) sedentary active, (D) non-sedentary active.

As mentioned before, some studies found that high levels of physical activity
might attenuate the increased risk of some illness or death associated with high
sitting times [22]. Notwithstanding, there is still some uncertainty in the charac-
teristics of the specific dose-response curves, which makes it difficult to determine
specific quantitative public health recommendations [24]. As sedentary lifestyle
in western societies does not tend to reduce, new strategies might be the solution.
Some degree of sedentary lifestyle might be beneficial for health so that it helps
to rest and recover. On the contrary, excessive sitting time may become a risk
factor. Scientific evidence has not found an increase in the risk of death from any
cause in people with a total sitting time between 4-8 hours/day when compared
to those who remain seated for less than 4 hours. Nevertheless, the risk increases
by 15% when sitting time rises to 8-11 hours/day, and by 40% with sitting times
higher than 11 hours/day [25]. Contrary, some other studies found a dose-response
relationship for every 1-hour increase in sitting time in intervals between 0-3,
>3-7, and > 7 h/day total sitting and all-cause mortality. This model estimated a
34% higher mortality risk for adults sitting 10 h/day, after taking physical activity
into account, although the risk increased staggered [26], similar to other studies
that observed statistically significantly higher risk of death with sedentary times of
9.5 h/day or more [23].

This situation has put the focus on the double challenge of increasing levels
of physical activity and reducing sedentary behavior. Many countries have
developed strategies to promote changes in the population. As an example, the
Canadian government created the Canadian 24-Hour Movement Guidelines
for Adults (https://csepguidelines.ca/). It recommends that adults between
18-64 years must limit sedentary time to 8 hours/day or less, including no more
than 3 hours/day of recreation screen time and breaking long periods of sitting as
often as possible.

2.5 Sedentary breaks: effectivity of the different types according to scientific
evidence

As it has been mentioned before, modern lifestyles predispose a high percentage
of the population to spend long periods in sedentary behaviors. As too much sitting
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time is related to different chronic diseases such as type 2 diabetes, obesity, hyper-
tension, and cardiovascular diseases, or some types of cancer, it seems crucial to
clearly understand the mechanism and strategies to reduce the negative effects of a
sedentary lifestyle. Generalizing, we get up, use the elevator to go to the car, drive to
work, take the escalator to go work, spend 8 hours at least working with minimum
movement, drive back home, eat, have some hours of recreational time, watch TV
and go to bed. Fortunately, different lifestyles and personal situations (occupational
situation and leisure-time preferences) as well as inherent individual differences,
result in different accumulations of sedentary time. Due to the strong available
evidence on the deleterious effects of a sedentary lifestyle on health, it is neces-
sary to better understand the metabolic mechanisms and how it is accumulated.
Researchers have observed that reducing or breaking up sedentary time may result
in beneficial changes in body composition and acute improvements in markers of
cardiometabolic risk.

Sedentary behavior might be considered as a multifactorial concept, where four
different aspects influencing it should be taken into account:

a. Type of activity performed seated: intellectual or occupational sitting seems
to be less harmful than TV time or less intellectual activities.

b.Level of PA: adequate levels of physical activity may attenuate the negative
effect of prolonged sitting.

c. Age: as an accumulative factor, so that, normally, if a person has a sedentary
lifestyle, it has been adopted for more years when the person is older and the
deleterious effects have been applying longer.

d.Interruptions in sedentary bouts: interrupting sitting time regularly may
attenuate its negative effects when comparing to the same average uninter-
rupted sitting time.

It has been proposed that breaks in sedentary time could help counteract the
negative effect of prolonged periods of whole-body inactivity. A break in sedentary
time can be defined as a period of non-sedentary activity, such as standing or
walking in between two sedentary bouts [7]. Experimental studies have demon-
strated that interrupting sedentary time with short frequent breaks reduces daily
glucose, postprandial glucose, and insulin resistance [3, 26, 27]. In a study carried
out by Healy et al. [28] in 2008, the authors found, that interruptions of sedentary
behavior were negatively associated with obesity and cardiometabolic health.
These results highlighted, already at that time, the fact that not only total sitting
matters but also how it is distributed in a period of time. The characteristic of the
sedentary breaks in the study from Healy et al. showed that the breaks reported
by the participants were shorter than 5 min on average, and they were performed
at a light intensity. Results from this study also found lower waist circumference,
BM]I, triglycerides, and 2-h plasma glucose in the participants with higher sedentary
break bouts, independent of total sedentary time or moderate-to-vigorous intensity
activity time. Since this pioneering study was published, the scientific community
have had an increased interest in analyzing the effects of sedentary breaks, to be
able to deeply understand the effects of prolonged sitting on metabolism, as well as
to establish clear and specific guidelines of intervention. Different types of sed-
entary breaks have been studied trying to analyze if shorter bouts of sitting time,
are less metabolic disrupting even when the total amount of daily or weekly sitting
times are similar.
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Brief bouts of light-intensity-activity sedentary breaks could reduce the nega-
tive effects of long periods sitting on lower limb vascular function in healthy and
overweight/obese adults [29]. Experimental studies [30-32] have seen that combin-
ing exercise with breaks in sitting resulted in additional reductions in postprandial
insulin-glucose dynamics and triglycerides when comparing exercise and uninter-
rupted sitting. This effect, although useful in any case, seems to be more effective in
those with high basal insulin resistance.

As many studies focused on analyzing the effects of sedentary breaks to coun-
teract the metabolic problems associated with prolonged sitting time have found
positive interactions, the question that remains unanswered is not if we should
break sitting regularly, what already has a positive answer. The unanswered ques-
tion is, which is the best structure for a sedentary break?

As it has been mentioned before, the lack of enough specific interventional
studies complicates for experts to concrete the most optimal structure for sedentary
breaks. A recent study by Wheeler et al. [30] investigated the effects of 3 different
sitting strategies in overweight and obese: i) uninterrupted sitting for 8 h, ii) sitting
for 1 h, moderate-intensity walking for 30-min and uninterrupted sitting for 6.5 h
and iii) sitting for 1 h, moderate-intensity walking for 30 min and sitting for 6.5 h
interrupting sitting every 30 min with 3 min of light-intensity walking. They found
reductions in postprandial insulin-glucose dynamics and triglycerides by combin-
ing exercise with breaks in sitting. This study not only proposes a way to help reach
the physical activity recommendation by breaking sedentary time for 30 min/day
but also demonstrates that regular sedentary breaks help control the metabolic
deleterious effect of prolonged sitting.

A well-controlled meta-analysis conducted by Loh et al. in 2020 [33] found that
the use of sitting breaks moderately attenuated post-prandial glucose, insulin, and
triacylglycerol. The authors also found that the glycemic attenuation was greater in
people with a higher body mass index. An interesting result was that for attenuating
glucose levels, a statistically significant small advantage for sitting breaks was found
over continuous exercise when exercise matched energy. That could mean that for
glucose regulation, it might be more interesting short regular breaks along the day,
than one continuous bout of exercise.

The skeletal muscle might also play a key role in glycaemia control, which is even
more important in overweight. Bergouignan et al. [34] performed an analysis from
randomized clinical trials comparing one or three days uninterrupted sitting with
sitting interrupted with light-intensity or moderate-intensity walking every 20-min
in the modulation of contraction- and insulin-stimulated glucose uptake pathways
in muscle. They found that both sitting break interventions reduced postprandial
glucose concentration as well as a transition to modulation of the insulin-signaling
pathway and increased capacity for glucose transport. The moderate-intensity inter-
vention resulted in a greater capacity for glycogen synthesis and ATP production.
These results might through some light in preventive strategy for metabolic diseases.

Published literature [35] might tend to propose that the best option to reduce the
negative effects of sedentary behavior on metabolic functions could be to combine
regular activity breaks of several minutes every 30 min of sitting with 30 min of
continuous walking whether at the beginning or the end of the long sitting period.

Therefore, breaking sedentary time should be a good way to reduce the negative
effects of long periods of sitting, for both metabolic and muscle function. These
breaks are even more interesting for patients with initial high blood sugar, insulin
resistance, or overweight-obesity. The general recommendation would be to make
an active 2-3 min-break every 30 min of sitting time. If the activity made during
these breaks is of moderate-high intensity, such as climbing stairs, the metabolic
benefits might be greater.
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2.6 Sedentary behavior in the workplace. Strategies

The workplace is considered an important environment for the promotion
and protection of health [36]. According to a report from the World Health
Organization (WHO) together with the World Economic Forum, 65% of the world’s
adult population is part of the workforce [37]. In 2007, about 3.1 billion people were
part of the economically active population and it was estimated that by 2021 this
number would exceed 3.6 billion [38]. Taking into account that this working adult
population spends around a third of the day at work, workers” health must be seen
as a priority action.

Encouraging the reduction of sedentary behavior and promoting the practice
of physical activity in the workplace is a strategy that helps maintain the health of
the working population and affects their close environment. In 2018, the WHO
presented the Global Action Plan for Physical Activity [39], with two mean chal-
lenges: reducing sedentary behavior by 2030 as well as the percentage of inactive
population by 15% to the reported values of 2016. This plan encourages the popula-
tion to take advantage of the many opportunities that arise in daily living to inte-
grate physical activity, including the workplace (as a fundamental environment to
practice physical activity programs as well as its promotion).

The activities where sedentary behavior predominates have increased lately
and the workplace is a clear example. The machines have replaced human physical
work at the same time that there has been a notable increase in office jobs, where
the employee spends most of the working day in front of a computer. Although the
negative consequences for cardiometabolic and musculoskeletal health of sedentary
behavior have been widely demonstrated and office work represents for many
workers a third of their day sitting, few have been made to improve this situation
and reduce sitting time at workplaces, with the associated health risk.

The Healthy Work Environment model, proposed by the WHO [38] proposes
intervention programs to reduce and break sedentary behavior in the workplace as a
health promotion model and protection strategy. This model proposes four sce-
narios of action or “avenues of influence”, which are not isolated, but rather overlap
each other:

1. The physical environment of the work, which refers to the structure, air,
machinery, furniture.

2. The psychosocial work environment, which includes the organization of work
and institutional culture, attitudes, values, beliefs that can affect the mental
and physical well-being of workers.

3. Personal health resources in the workplace, that consist in an environment
that promotes health, health services, information, resources, opportunities,
and the flexibility that the companies offer to workers to support the efforts to
improve or maintain healthy lifestyles, as well as to monitor and support your
physical and mental health.

4.The physical participation of the institution in the community, which includes
the activities that the company carries out to improve the safety, well-being,
and quality of life of workers and their families.

To successfully establish health promotion programs in the workplace, certain
conditions must be considered:
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1. Raising awareness among managers and chiefs of the importance of these
interventions, facilitating employees to carry them out. Companies’ leaders
must understand that these strategies are not only not time wasted but will also

result in increased productivity.

2. A previous evaluation of the workplace and the type of tasks that are
developed, that help design an optimal plan.

3.Execution of the plan with the support of all interested parts (managers,
middle managers, bosses, CEO, etc.) and commitment by workers.

4.Re-evaluation and adaptation of the proposal.
With different adaptations, similar models can be recommended with more or
less the same stages.
Experts have suggested different strategies to reduce or interrupt seden-
tary behavior in the workplace, which could be grouped into the following
categories [40].
a. Physical/environmental changes in workplace design
* Desks with adjustable height that allow lifting them to work standing up.
* Raised desks with a treadmill.
* Rooms with high tables for standing meetings.
* Modify the layout of the workplace, for example, by placing printers,
trashcans, or water dispensers away from desks, which will force employees

to stand up and walk a few steps when they need to use these items.

* Provide bicycle racks, lockers, and services to wash up to encourage active
transportation to work.

* Eliminate architectural barriers to allow employees to move around the
workplace, creating unobstructed corridors and spaces that invite walking.

b.Changes in workplace policy to incentivize and encourage reduction and
disruption of sitting time

* Promote the holding of standing or walking meetings.

* Propose active breaks during working hours (short breaks in which you can do
joint mobility exercises, put on a musical theme and dance, or any activity that
allows interrupting the sedentary behavior through light physical activity)

* Offer group physical activity practice.

* Encourage the use of breaks for short walks.

* Encourage employees to communicate with their colleagues by approaching
their desks rather than by phone or messages.
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* Propose to take advantage of telephone communications to do them standing

or walking (obviously, spaces that do not interfere with the work of others
should be considered).

* Encourage the use of the stairs instead of the elevator or escalator.

c.Information and advice to raise employee awareness and commitment by

offering

» Workshops, training courses and outreach programs on the importance of
reducing sedentary behavior. Reporting on the health risks of sedentary
behavior and the benefits of practicing physical activity could allow people
to evaluate their behavioral choices.

* Campaigns through various means, such as posters, signage, emails,
WhatsApp messages, telephone calls or internal messages to motivate a
change in behavior or.

* Install reminder software every 30 minutes on employees’ mobile phones
or personal computers, for example, to interrupt the sedentary behavior by
standing up, dancing or doing some movements.

2.7 Sedentary behavior in the leisure time. Strategies

As mentioned so far, human bodies are adapted to maintain a physically active
lifestyle. Proof of this is the health consequences of an insufficient level of physical
activity. However, it is also true that neurobiologically we are adapted to “optimize”
our energy expenditure, avoiding additional efforts when possible; In other words,
sedentary behaviors are attractive for human beings, and willing power is required to
counteract this attraction and opt for a behavior with higher associated energy expen-
diture [41]. It has been studied how the energy cost associated with a task affects, not
only our decision to choose another more “economic” one, but directly to our percep-
tion of the initial task [42] and, therefore, to our future intention to undertake it.

A process as complex as human behavior cannot be reduced to just one compo-
nent. Emotional/affective factors, as well as built habits, are also related to seden-
tary behavior and physical activity [43]. However, it is an interesting starting point
if we seek an alternative approach to the one traditionally used. The assumption
that human behaviors are decided by rational evaluations of the available informa-
tion are underlying concepts in many current intervention strategies and, therefore,
knowing the benefits of regular physical activity and the damages of prolonged
sedentary behavior should be enough to solve the problem [44]. Nevertheless, in
light of the sustained global pandemic of physical inactivity, it may be necessary to
complement and enrich this approach with other perspectives.

Sedentary behaviors in free time are usually classified as screen-time (watch-
ing television, videos via streaming platform or physical medium, browsing the
internet and social networks by both on a computer, tablet or cell phone and the
use of video games) or not screen-time (sitting down to eat, participating in social
gatherings, playing board games, recreational, attending cultural events such as
cinema, theater, show music, sports competition, religious ceremony, doing artistic
activities like writing or drawing or hobbies. The extensive list is testimony to the
enormous offer of sedentary activities in free time. Recommendations on physical
activity and sedentary behavior limit the amount of time in sedentary behaviors,
but particularly those carried out in front of the screen [21].

10
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Sedentary activities in front of the screen in free time, in addition to adverse
effects on physical health, are related to adverse effects on mental health, mainly
in minors [45]. Screen time during childhood is negatively correlated with brain
connectivity, compared to time spent reading books, as well as being related to loss
of imagery ability [46] or social-emotional functionality [47]. Interestingly, and in
contrast to these studies, in the specific case of video games, there is evidence that
indicates various cognitive benefits according to the type of game (action, strat-
egy), and even positive socio-emotional impacts [48].

Of the large number of sedentary activities carried out in free time, although
the impact on physical health is equivalent, it would be differential over other
dimensions of the subject’s health. This leads to one of the perspectives mentioned
in the literature as a strategy to address sedentary behavior: “harm reduction”
Assuming that certain socio-cultural (technological) changes are already part
of daily life, priority is given to modifying those behaviors that present a greater
health risk: replacing sedentary behaviors in front of the screen with sedentary
behaviors without a screen, or by non-sedentary screen activities (for example,
walking while using portable devices or replacing sedentary video games with
active ones) [49].

Different classifications have been proposed for reducing sedentary behavior
in the free time [50]: 1) environmental interventions such as devices that limit the
time of television use), and 2) behavioral interventions like education campaigns
about the harms of prolonged sedentary behavior; 3) multi-component interven-
tions which include both types mentioned above.

Although studies on this fact do not have homogeneous methodologies, some
findings can be pointed out. Studies that focus on the sedentary behavior of chil-
dren in the home context have found a relationship between the existence of screen
devices in the bedroom and greater sedentary behavior (with less reading time).
Likewise, both the interventions that use devices that limit the use of television
and those on family rules for screen use have been successful in reducing sedentary
behavior. Furthermore, it was observed that in those cases in which the parents had
more television time, or participated with their children in sedentary activities,
the children presented higher levels of sedentary behavior. In some studies, the
existence of adequate space or equipment for practicing physical activity at home
is related to less sedentary behavior (although it does not present higher levels of
physical activity at moderate or vigorous intensities) [51].

In the case of adults and the elderly, studies on free time are scarce and meth-
odological imprecise. The absence of control in the domains makes it difficult to
control the changes since the decrease of sedentary time in a domain does not imply
its replacement by physical activity since it could simply shift to sedentary behavior
in another domain. Those interventions aimed exclusively at reducing sedentary
behavior have better results than those that also focused on increasing physical
activity [50].

For children and adolescents, as well as for adults and the elderly, there is
another alternative intervention strategy, which constitutes itself in an emerging
field of research: exergaming, also known as active gaming or effort video game.
These video games, unlike the traditional ones, are controlled with body move-
ments (either full body or only certain segments); Thus, instead of being a seden-
tary activity, at least light-intensity physical activity is achieved (with the potential
to become moderate intensity and even vigorous). In the US, it is estimated that
90% of children and adolescents play video games recreationally. In an increas-
ing technophile society, and in which electronic entertainment is already part of
our lives, exergaming stands as a strategy to address those to whom other physical
activity proposals are not convincing. In addition, the commitment, immersion,
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and experience of “flow” that they can generate, make them a great resource for
health-related purposes. Sustainability over the years of this type of activity has
been investigated, finding greater adherence in women, and similar to that of team
sports [52].

Results for studies analyzing experiences in exergaming as part of both school
physical education and at-home context show a decrease in sedentary behavior
with potential, according to the intensity at which the game is played, increase of
moderate-to-vigorous physical activity and good adherence to intervention pro-
grams. One of the challenges of exergaming is the “replay value” (once the game
becomes monotonous and therefore the motivation to continue playing decreases),
which maintain adherence. Multiplayer games (both face-to-face and remotely)
show greater adherence. The eventual increase in the number of published games
would compensate for this situation, allowing simply to change to a new one [53].

Particularly interesting is the research with older people, which improvements
for both institutionalized and community-dwelling subjects, and not only in the
physical dimensions but also in the cognitive one [54].

In all these cases, we refer mainly to consoles-home exergaming, but everyday
mobile devices with augmented reality technology (Pokémon Go with geo-location
system integrated into cell phones) are great opportunities to promote exergaming.
Pokémon Go requires active movement of the player around their surroundings
to play. This game mechanic has achieved a statistically significant change in the
number of steps per day (thus decreasing sedentary behavior), although there is
still not enough evidence on long-term adherence.

In the latter case, as in some home exergaming video games, there is no explicit
intention in its design to promote health effects or to prescribe a systematic physi-
cal activity program. However, they have the potential to have a positive impact on
the health and well-being of those who opt for this type of digital entertainment.
Sedentary behavior in free time poses a great global challenge that requires, par-
ticularly for new generations, imagination and innovative approaches, in tune with
contemporary technologies and paradigms.

2.8 Sedentary behavior in special populations: children and adolescents and
older people. Strategies

2.8.1 Children and adolescents

It is well accepted that physical activity is beneficial to maintain and improve
health and well-being across life [55]. In infants, toddlers, and preschoolers, high
levels of physical activity have been seen to be related to better social and motor
development improved metabolic health, and decreased adiposity, while a sed-
entary lifestyle is related to higher adiposity and poorer psychosocial health and
cognitive development [54].

Children (preschoolers and scholars) spend more than 2 h/day of screen time,
which is the maximal time recommended for this age group [56], plus eating time,
school, passive transportation, homework, etc., which results in more than 8 h/day
of sitting at this age. Moreover, studies found that screen time was associated with
an increased risk of overweight/obese independent of physical activity [54]. Sex
differences were also found. Boys are generally more involved in physical activity
than girls, which normally spent more time on domestic tasks and homework.
Children living in rural areas tend to use more active transportation than those
who live in urban areas. Older children also tend to use more active transportation
than the younger ones [57]. Taking into account that sedentary behavior in children
is directly associated with classical cardiovascular risk factors like elevated blood
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glucose levels, insulin resistance, high blood pressure, obesity, and elevated blood
lipids [58], strategies that help reduce total daily sitting time in children are crucial.

Nevertheless, although childhood should be a life stage where children should
freely play, run and jump as part of their natural development, social rules, obliga-
tions, parent’s overprotection, new technologies, and urban environments, hinder
the practice of physical activity for children with dramatic consequences. A qualita-
tive study performed by Hidding et al. [59] aimed in determining the reasons for
children to be sitting from the children or parents perspective, found that children
most repeated reason was that they sit because is the norm and they have to and
because they can play better that way. Other common answers were: I sit because
seated activities are fun, I sit because I'm tired, I want to relax, I want to rest, I sit
because of my health, I sit because there is nobody to play with, I sit because there
is nothing to do, I sit because I'm not in the mood to do anything, I sit because of
the weather. In regards to the answer “I sit because there is nobody to play with”, in
families with more than one child, seems to be easy for children to perform physical
activity [59].

All this information brings the experts ‘awareness of the necessity of reconsider
children’s environments. The CSEP Canadian 24-Hour Movement Guidelines [56]
propose an Integration of physical activity (both light and moderate-to-vigorous),
sedentary behavior, and sleep as the three principal parts of the day. All three must
be right balanced to promote overall health, well-being, and quality of life. These
guidelines use “the four S rule”:

1.SWEAT: Moderate to Vigorous Physical Activity: An accumulation of at least
60 min/day.

2.STEP: Light physical activity: Several hours of a variety of structured and
unstructured light physical activities (playing, walking)

3.SLEEP: Uninterrupted 9 to 11 h/night for those aged 5-13 years and 8 to 10
h/night for those aged 14-17 years, with consistent bed and wake-up times.

4.SIT: Sedentary behavior: No more than 2 h/day of recreational screen time and
limited sitting for extended periods.

Figure 2 ilustrates de cited guidelines.

In addition, parents might consider changing indoor activities for outdoor ones,
when possible, and including moderate to vigorous physical activity in exchange for
light physical activity at some point of the day.

Findings from a recent meta-analysis [60] on the physical activity a sedentary
behavior suggest that physical activity interventions can improve adolescents’
mental health.

2.8.2 Older adults

Worldwide, the population is aging, which results in higher economic and social
costs, as well as increased numbers of people living with more health problems, as
aging increases the risk of suffering from chronic diseases. Therefore, the concept
of successful aging has become a priority to guarantee, not only that life expec-
tancy is high, but also that the years lived are of the best quality possible, free or
with minimum chronic diseases. Physical activity has been proven to help increase
or maintain health throughout life. Due to physical activity tends to reduce with
age, older adults must become a risk population. Disability, frailty, dysfunction,
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GUIDELINES

For optimal health benefits, children and youth
laged 5-17 years) should achieve high levels

of physical activity, low levels of sedentary
behaviour, and sullicient steep each day.

A healthy 24 hours includes:

SWEA STEP SLEEP SIT

MODERATE TO VIGOROUS LIGH CAL ACTIVIT SLEEP SEDENTARY BEHAVIOUR
PHYSICAL ACTIVITY 2 -
Uninterrupted 9 to 11 hours No more than 2 hours per day
An accumulation of at leas? ! i and ! { of sieep per night for those of recreational screen time,;
R e % " aged 5-13 years and 8 to 10 Limited sitting for extended

us physacal activity hours per night for those aged periods

14-17 years, with consastent

orous physica bed and wake-up times;

Preserving sufficient sleep, trading indoor time lor outdoor time, and replacing sedentary behaviours and Light
physical activity with additional moderate to vigorous physical activity can provide greater health benefits.

Figure 2.
Canadian 24-hour movement guidelines for children and youth (5-17 years): an integration of physical activity,
sedentary behavior, and sleep. Taken from CSEP website (https://csepguidelines.ca/).

or sarcopenia are some of the problems that can affect older adults, which can
compromise the independence level [61]. As physical activity decreases in this
group, sedentary behavior increases, with fatal consequences. Maintaining physical
activity levels and reducing sedentary time, should be a priority for the administra-
tions. In this regard, there is evidence about the negative associations of sedentary
behavior with frailty and how this relationship can differ by sitting bout length.
Some studies [62] have found that prolonged sedentary bouts and total sedentary
time were associated with higher mortality risk in frail individuals but not in robust.
These results, including moderate-to-vigorous physical activity, reducing sedentary
time in those frail older adults, as well as including sedentary breaks seem like a
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suitable strategy to prevent dependency and maintain health. As the total hours

of a day are always 24, that means that when a person increases the time spent in
moderate-to-vigorous physical activity, this person is reducing the time spent in
another activity, that could be sitting or light physical activity. If sleeping time
remains stable and a person substitutes 30 min/day of light physical activity for
moderate-to-vigorous physical activity that includes resistance training, and at the
same time changes 1 hour of sitting for light physical activity such as walking, the
frailty status could be significantly reduced. Moreover, if this person would include
a short sedentary break every 30 min - 1 hour of the total time this person is seated,
the benefits would be even higher with only small changes.

Due to older adults are mostly retired, which releases them of office sitting time
and have a lot of leisure time, political strategies must center on providing older
adults with a safe environment where they can perform light physical activity,
such as walking [63]. Pavements and sidewalks in good conditions, green areas,
and safe cross-roads might help improve that older adults go more often outside
to take a walk. At the same time, organized affordable exercise activities, specifi-
cally designed by experts for this population, could make that older adult reach the
recommendation for moderate-to-vigorous physical activity and resistance training.
Moreover, these activities also promote social interaction, which improve wellbeing
and might help reduce depression and anxiety, improving health-related quality
of life, as well. These two actions would help to achieve physical activity recom-
mendations at the same time that sedentary time would be reduced. To completely
promote health in this group, clinicians, governments, and media should establish
campaigns to make older adults understand the importance of breaking sedentary
time. Things such as get up in the commercials when they watch TV, walking or
standing while they are phoning, or get up to drink some water once each hour
might be enough to break sitting time.

3. Conclusions

Lifestyle has dramatically changed in the last century. Industrialization and
technology have reduced the physical requirements of many jobs, urbanization has
changed population habits, force them to use passive transport instead of active
ones, children play with digital devices since they are very young and older adult
do not have to go outside because cities, family and environment easily provide
all their needs. However, this sedentary lifestyle has disastrous consequences for
health. Physical activity is necessary to maintain an optimal physiological function
and prolonged sitting time interferes with the proper metabolic regulation. The
combination of both, low physical activity levels and prolonged sitting time, maybe
even more deleterious. That suggests a double challenge for developed countries;
reducing and stopping prolonged sedentary behavior as well as increasing levels of
physical activity. Although each of them separately has concrete effects on health,
their interaction must be also taken into account. Sedentary behavior appears to be
negative for health “per se”, as well as low physical activity levels, but how both are
combined is what can make the difference. Scientific evidence says that high physi-
cal activity levels might help counteract the negative effects of sitting time and that
this effect is progressive. That means, that the higher the physical activity intensity,
the less negative effects of sitting time. At the same time, it seems that long con-
tinuous sitting bouts are more harmful than the same total sitting time but with
breaks in between. Eight hours seated without any break might be a lot worse for
metabolic regulation than the same 8 h of sitting but with breaks of 2-3 min every
30 min-1 h. With all these ideas in mind, the strategy to reduce sedentary behavior
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seems clear: practice enough physical activity, reduce free-time sitting and screen
time, promote active transportation, and include sedentary breaks at sedentary
jobs. The reason why these strategies are not working is complex and implies a
compromise at different levels. First, governments must provide opportunities for
affordable exercise practice and physical activity-friendly environments. Secondly,
at workplaces, managers, CEOs, and bosses must be aware of the importance of
promoting working places where employees have the opportunity of breaking
sedentary time, and that it is seen as normal. Third, citizens should make efforts to
include active activities in the free time as well as substitute classic videogames for
exergaming, where at least, sitting time is exchanged for light physical activity. Last
but not least, special populations (children and older adults) should not be forgot-
ten. Parents and schools should reconsider the rules and norms and adapt them,
when possible, to others more active versions, not forcing children to spend long
periods seated promoting at the same time at least one hour of physical activity per
day. Controlling screen time and giving good examples must be another priority for
parents. In regards to older adults, societies should allow them to perform easy tasks
that increase physical activity, encouraging them to used active transportations to
carry them out, at the same time that exercise programs, specifical design for this
population, are easily available in every neighborhood.
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