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Sedentary behavior refers to certain activities in a reclining, seated, or lying position
requiring very low energy expenditure. It has been suggested to be distinct from physical
inactivity and an independent predictor of metabolic risk even if an individual meets
current physical activity guidelines. Over the past decades, a shift in the activity profile
of individuals has been observed with vigorous physical activity and sleep being partly
replaced by cognitive work, a potential neurogenic stress component considering its
hormonal and neurophysiological effects, leading to various impacts on health. Mental
work, for instance, may significantly increase glycemic instability leading to an increase
in the desire to eat and thus, higher energy intakes. Furthermore, screen-based leisure
activities (e.g., television watching) and screen-based work activities (e.g., computer use
for work purposes) have often been considered together while they may not trigger the
same stress response and/or use of substrate. Thus, the problems of sedentariness
may not only be attributed to a lack of movement, but also to the stimulation provided
by replacing activities. The objective of this review is to discuss the (1) recent evidence
and current state of knowledge regarding the health impact of sedentary behaviors on
health; (2) potential neurogenic effects of cognitive work as a sedentary behavior; (3) link
between sedentary behaviors and the diet; (4) resemblance between sedentary behaviors
and the inadequate sleeper; and (5) potential solutions to reduce sedentary behaviors and
increase physical activity.
Keywords: sedentary behavior, mental work, diet, physical inactivity, sit-stand desks, exercise pause, physical
activity participation

INTRODUCTION
Although the beneficial health effects of physical activity have been well recognized, physical
inactivity accounts for 9% of premature mortality worldwide (1). The term physical inactivity
refers to performing insufficient amounts of moderate to vigorous-intensity activity (i.e., not
meeting specific physical activity guidelines) (2). Sedentary behavior, on the other hand, has been
suggested to be distinct from physical inactivity and an independent predictor of metabolic risk
even if an individual meets current physical activity guidelines (3). The World Health Organization
recommends that adults aged 18 or older participate in at least 150 min of moderate-to-vigorous
activity per week or the equivalent of 30 min of daily activity (4). Currently, just over 15%
of Canadian adults are meeting these guidelines (5). However, it is unclear if meeting these
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of movement, but also to the stimulation provided by replacing
activities. In a context where there is exposure to cognitive work,
novel strategies to increase physical activity and improve energy
balance regulation are needed.
Therefore, the objective of this review is to discuss the (1)
recent evidence and current state of knowledge regarding the
health impact of sedentary behaviors on health; (2) potential
neurogenic effects of cognitive work as a sedentary behavior; (3)
link between sedentary behaviors and the diet; (4) resemblance
between sedentary behaviors and the inadequate sleeper; and (5)
potential solutions to reduce sedentary behaviors and increase
physical activity.

guidelines of activity is sufficient to be considered non-sedentary.
Daily physical activity levels are evaluated by a person’s daily
energy expenditure divided by his or her basal metabolic rate
(6). The prevalence of sedentary behavior, defined as any waking
behavior that requires low energy expenditure (≤ 1.5 MET) such
as prolonged sitting, reclining or lying down (2), is very high in
developed countries. Results from the 2003/2004 National Health
and Nutrition Examination Survey (NHANES) demonstrated
that children and adults in the United States spend ∼7.7 h/day
of their waking time engaged in sedentary behaviors such as
watching television, playing passive video games, using the
computer, prolonged sitting (e.g., at a desk) and motorized
transportation (7).
Over the last 30 years, overweight and obesity have become
characteristic of the majority of Canadians which has led to
a concomitant increase in the prevalence of co-morbidities
including type 2 diabetes and cardiovascular disease. Sedentary
behavior has been a contributing factor to this epidemic and
associated with an increased risk of all-cause mortality (8, 9).
In a 12-year prospective study, a progressively higher risk of
mortality was found across higher levels of sitting time from
all causes and cardiovascular disease, independent of leisuretime physical activity (10). Furthermore, in a meta-analysis of
six studies evaluating daily sitting time and all-cause mortality, a
34% higher mortality risk for adults sitting 10 h/day was observed
after taking physical activity into account (9). Sedentary behavior
has also been linked with poor glycemic control including a
reduction in insulin sensitivity and glucose uptake (11). Several
animal studies have shown that insulin-mediated glucose uptake
is significantly reduced due to muscular inactivity (12, 13).
Epidemiological studies have consistently reported that time
spent in sedentary tasks that require little muscular activity (low
accelerometry counts, computer use or self-reported television
time) is negatively associated with insulin action (14, 15). In a
clinical trial, healthy non-exercising young men who reduced
their daily activity levels from normal (10,501 steps/day) to
low (1,344 steps/day) levels of ambulatory activity for 2 weeks
were found to display metabolic alterations including a 17%
decline in their insulin sensitivity (16). However, because higher
inactivity decreases energy expenditure, if this reduction is not
compensated for by a reduction in energy intake it will lead
to energy surplus which has been shown to increase insulin
resistance (17).
In addition to the changes in human activity, globalization
and technological changes have favored a progressive switch
from physically demanding tasks to knowledge-based work or
mental activity soliciting an enhanced cognitive demand. Screenbased leisure activities (e.g., television watching, video games,
and internet use) and screen-based work activities (e.g., computer
use for work purposes) have often been considered together
while they may not trigger the same stress response and/or use
of substrate. Furthermore, from a physiological perspective, the
biological requirements and effects of physical and cognitive
work are not the same. Mental work, for instance, may
significantly increase glycemic instability (i.e., wide fluctuations
in blood glucose concentrations) leading to an increase in the
desire to eat and thus, higher energy intakes (18, 19). Thus, the
problems of sedentariness may not only be attributed to a lack
Frontiers in Public Health | www.frontiersin.org

EPIDEMIOLOGICAL OBSERVATIONS
The energy cost of various activities, both in work and leisure,
has been of great interest to researchers. Regular physical activity
has been associated with decreased adiposity (20, 21), an increase
in muscle oxidative potential (22) and resting metabolism (21),
a decrease in energy intake relative to energy expenditure (23)
and an increase in beta-adrenergic stimulation (21, 24). In
a study examining the association between physical activity
and weight loss maintenance in a group of individuals who
were previously living with obesity, participants in the highest
tertile of physical activity (highly active; >1575 kcal/week)
experienced a significantly lower weight regain compared to
those in the low (<850 kcal/week) and moderately (850–
1575 kcal/week) active groups after a two year follow-up (25).
This suggests that significant weight loss may be maintained
for 2 years when weekly caloric expenditure is greater than
1500 kcal/week; however, success also depending upon the
degree of lifestyle changes made. This study also indicated
that the increasing the frequency of exercise appeared to be
the best method for increasing weekly caloric expenditure and
that increased fat utilization post-exercise may be a likely
contributor to maintaining a lower body weight long term.
Inverse associations have been observed between time spent in
moderate-to-vigorous physical activity and indices of adiposity
in children, independent of objectively measured sedentary time
and other covariates, while sedentary behavior was not linked
with any of the adiposity indicators (26). However, frequent
interruptions in sedentary time have been shown to be associated
with a favorable cardiometabolic risk profile in adults (27) and
among children with parental obesity (28). In a cross-sectional
study of children with a family history of obesity, examining
the associations among moderate-to-vigorous physical activity,
fitness, sedentary behavior and insulin sensitivity using two
markers of characterization (i.e., accelerometer and screen-time),
it was found that physical activity was correlated with indices of
insulin sensitivity independent of fitness and sedentary behaviors;
however, this association was attenuated when adiposity was
considered (29). Furthermore, self-reported screen-time was
negatively associated with insulin sensitivity in girls, but not
boys, after controlling for physical activity, fitness and adiposity
(29). Although the reason for this is not clear, other factors
including dietary habits linked to screen-time were suggested to
be involved which may explain its effects on insulin sensitivity
(29). Additionally, as previously discussed, this suggests that a
2
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factor for a positive energy balance leading to overweight in
the longer term (18). Cortisol concentrations over the 45 min
in the two cognitive conditions was also significantly higher
compared to the control condition suggesting knowledge-based
work as a neurogenic stress component considering its hormonal
and neurophysiological effects. Activation of the hypothalamicpituitary-adrenal (HPA) axis is the primary neuroendocrine
response to both psychological and physiological stress and
previous studies (37, 38) have shown that stress-induced cortisol
reactivity is associated with greater food intake which may
explain the response to the knowledge-based conditions in this
study (18). In another study assessing the impact of a major
work deadline (high workload) and a quiescent period of work
(low workload) on plasma lipids, dietary intake, and self-reported
stress in employees, self-reported stress, plasma total cholesterol,
energy and dietary fat intakes were higher in the high workload
compared to the low workload condition (34). Although the
association between cognitive work and body weight has been
primarily investigated in adults, one study examining the link
between homework duration, adiposity indicators, and stressrelated levels in school-aged children found that boys with a
high workload of homework, when combined with schoolworkrelated stress, had unfavorable adiposity indicators (i.e., higher
percent body fat) (39). As has been previously suggested, from a
physiological perspective, the biological requirements of physical
and mental work are different because knowledge-based work is
a type of activity that relies on the brain which utilizes glucose
for the metabolism of energy compared to physical activity
which uses skeletal muscle and relies mostly on fat metabolism,
depending on the type of physical activity (40). For example,
frequent interruptions of prolonged sitting with short bouts
of activity rely primarily on carbohydrate as fuel. However, in
a study by Volkow et al., positron emission tomography was
used to examine the impact of methylphenidate medication
on the amount of glucose required by the brain to perform a
cognitive task (41). It was found that methylphenidate reduced
the increase in carbohydrate utilization induced by mental work
by ∼50% (41).
Appetite control occurs through a complex interaction
between physiology and behavior. Low physical activity levels
have been suggested to interact with body fat to dysregulate
appetite and be a source of overconsumption (42, 43). Hormonal
responses to changes in energy intake and structured exercise
have been observed; however, few studies have investigated their
responses to increased time spent in sedentary activities. In a
clinical trial of non-obese adults, only one day of inactivity, long
hours of sitting, and minimal walking or standing, decreased
insulin sensitivity even when energy intake was reduced to
maintain energy balance (44). Subjects participated in three
study sessions, mostly sitting without matching energy intake
(SIT), sitting with matching energy intake (SITBAL), and no
sitting (NO-SIT) (45). Three meals, breakfast, lunch, and dinner
were exactly the same between SIT and NO-SIT. However,
the caloric content of the breakfast and lunch were reduced
by about 1,000 calories to match the reduction in energy
expenditure in SIT-BAL. The next morning insulin action was
tested. The results indicate that whole body insulin action

stress-related biological reality related to screen-time may also
promote metabolic dysfunctionality. In a recent meta-analysis of
16 studies, high levels of moderate intensity physical activity (60–
75 min/day) appeared to offset the increased risk of mortality
associated with high sitting time; however, the high activity did
not eliminate the increased risk associated with television viewing
suggesting the importance of considering the type of activities
while sitting (30).
Extended periods of sedentary behavior results in low
energy expenditure and may contribute to weight gain and
negative health effects via effects on energy intake. Changes
in energy expenditure and energy intake have been attributed
to many factors including changes in family dynamics and
popular sedentary activities including using computers and
television viewing. In a systematic review of observational
studies, higher levels of sedentary behavior (e.g., television
viewing) were associated with a less healthful diet, such as less
fruit and vegetable intake and higher consumption of energydense snacks and sugar-sweetened beverages in pre-school and
school-aged children and adolescents (31). However, the results
were less conclusive in adults. Technological development has
favored a progressive switch from physically demanding tasks to
knowledge-based work, soliciting great cognitive demand (32).
This may be reflected by activities such as computer “chatting”
in children, whereas for adults, it may represent knowledgebased work that appears to be essential from the perspective of
economic competitiveness (i.e., labor efficiency and productivity)
(33).

EFFECTS OF SEDENTARY BEHAVIOR VS.
PHYSICAL INACTIVITY ON ENERGY
INTAKE, APPETITE CONTROL AND
METABOLISM
Over time, a shift in the activity profile of individuals has been
observed. Vigorous physical activity and sleep have been, in
part, replaced by cognitive work which has also contributed
to various health-related effects. Sedentary occupations have
become the norm with approximately one in two individuals
performing primarily sedentary tasks. In addition to the low
energy expenditure from these sedentary tasks, high mental
demands at work have been associated with increased food intake
suggesting that this may lead to a positive energy balance (34–
36). In a study examining the impact of knowledge-based work
on spontaneous energy intake, subjective appetite and glucose
homeostasis, healthy women students were randomly assigned to
one of three 45-min conditions including (1) resting in a seated
position; (2) reading a document and writing a summary; or (3)
performing a battery of computerized tests followed by an ad
libitum buffet meal (18). Although no differences in subjective
appetite were observed, mean energy intake following the
reading-writing and automated test-battery conditions exceeded
that measured after rest by 203 kcal and 253 kcal, respectively
(18). Furthermore, significant variations in plasma glucose and
insulin concentrations were observed compared to the seated
only position suggesting that this may be considered a risk
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was lower in SIT and SIT-BAL compared to NO-SIT (39
and 18% respectively). Therefore, both muscle inactivity and
energy surplus contribute to the effect of prolonged sitting
on insulin action. Further analyses examining gastrointestinal
hormone response showed that SIT-BAL led to an increase
in ghrelin in the men, but attenuated the leptin response,
reduced ghrelin, increased hunger, and decreased fullness in
the women. Because a reduction in energy expenditure was not
accompanied by lower appetite, prolonged sitting may promote
excess energy intake, leading to weight gain in both men and
women. Physical inactivity has also been shown to interact with
dietary macronutrient composition to influence energy and fat
balance (46). Energy intake was not found to be regulated over
a 2-day period in response to either imposition of inactivity or
a high-fat diet (46). It was suggested that physical activity was
essential to the avoidance of a significant positive energy balance.
From a practical standpoint, sedentary behavior is frequently
associated with activities performed in a seated position.
As previously discussed, there are potentially unfavorable
stimulations that may be promoted by seated activities. However,
these observations also reveal that the main problem of
sedentariness in this context is maybe not the seated position,
but rather the stressful stimulation that would accompany
seated activities. For instance, in the context of usual daily
activities seated labor can become stressful because of demanding
cognitive effort, an inadequate sitting position, a stressful labor
environment, or seated work that may be too long. Up until
now, the biological mechanisms underlying stressful sitting
activities have not been sufficiently documented; however, as
discussed, our research experience suggests that stressful sitting
may promote glycemic instability, hypercortisolemia and a
reduced parasympathetic activity (18), which are all biological
adaptations that are contrary to optimal metabolic fitness and

body composition. Furthermore, up until now, there is no clear
evidence that reading an interesting book in a seated position to
relax before going to bed has negative effects (Figure 1).

SEDENTARY BEHAVIOR AND THE
INADEQUATE SLEEPER
There is a resemblance between the biological effects of
inadequate sleep compared to stressful seated work. In
individuals with inadequate sleep habits, for example, glycemic
instability has also been documented (47) and it is also wellknown that short sleepers (<6 h/night) are more prone to
excessive energy intake and thus, weight gain compared to
individuals sleep 7–8 h/night (48). These observations add to
the proof of concept, where it is not so much the nature of the
sedentary activity, but the stress-related biological reality that
may be related to it.

POTENTIAL SOLUTIONS TO
COUNTERACT THE APPARENT
DETRIMENTAL EFFECTS OF
SEDENTARINESS
Clinical and public health guidelines for physical activity
have been in place for nearly two decades (49); however, no
quantitative guidelines exist for sedentary behavior because it is
not known how much sedentary behavior is harmful to health.
The impact of cognitive work as a sedentary behavior appears
to be a stimulus favoring a significant enhancing effect on food
intake and very trivial effects on energy expenditure. There is a
clear disturbance in the context of modernity because of what we
are accustomed to due to evolution. We have been configured to

FIGURE 1 | Sedentary behavior and effects on appetite and glycemic control.
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Because sitting is widespread among desk-based activities,
ergonomic adaptations including sitting-standing desks while
working may be an approach that may decrease the negative
effects of sedentary activities. Although the effects of sitting and
standing on metabolism (e.g., blood pressure, glucose, and lipid
metabolism) and cardiovascular risk is almost the same, evidence
suggests that breaking up sedentary time with standing may be
sufficient to improve productivity, relieve lower back pain and
increase movement (56). In the workplace, sit-stand desks were
found to be effective in decreasing workplace sedentary behavior
in office workers with abdominal obesity, with no change in
sedentary behavior or physical activity outside of work hours;
however, these changes did not alter markers of cardiometabolic
risk in these individuals (57). Furthermore, the use of sitstand desks in sedentary office workers was also associated an
overall sense of well-being and energy, decreased fatigue, and
reduction in appetite, food intake and lower self-perceived levels
of hunger (58). Introducing sit-stand desks was also shown to
increase classroom standing time among university students who
reported improvements in engagement, participation, attention
and declines in restlessness, fatigue, boredom and cell phone
use (59).

be hunter-gatherers and now we have chosen a modality of labor
that is not optimally adapted to what we are used to. It would
be difficult to return to the way of living of our grandparents
using the “technology” of the past; however potential solutions
that consider approaches to counteracting the negative impact
of mental work may be possible with the readjustment of daily
physical activity schedules.
In the context of a school or work environment, recent data
has suggested that combining mental and physical work (e.g.,
active pauses/meetings), may be one strategy to reduce sedentary
time in a context where potential neurogenic stress may be high.
Both mental work and physical activity can influence hunger
and food intake by producing various physiological changes. For
example, an active exercise pause between a session of mental
work and a buffet meal on energy intake and energy balance was
found to represent a strategy to create a negative energy balance
via an increase in energy expenditure and maintenance of energy
intake (50). Furthermore, an acute bout of interval exercise after
mental work was shown to decrease food consumption compared
with a non-exercise condition suggesting that it may be used as
an approach to offset positive energy balance induced by mental
tasks (51). The school environment represents a good place
for children and adolescents to improve the balance between
physical activity and the cognitive demands of mental work.
Students registered in a traditional sports studies program in
ice hockey (school-related sessions in the morning and hockeyrelated activities in the afternoon) were found to experience
a decrease in their body mass indices and increase in their
aerobic and muscular fitness over the academic year without
compromising their academic success (52). A physical education
class prior to mental work was found to reduce blood pressure
suggesting that physical education should be more prominent in
schools and part of children‘s daily activities (53). Furthermore,
elementary school children were found to be more physically
active in an activity-permissive school environment up to the
conditions of summer vacation conditions compared with a
traditional school with chairs and desks and traditional school
with desks which encouraged standing (54). The possibility of
moving and even standing are good examples of modalities of
cognitive work in which there is an inclusion of movement. The
same scenario could be considered in a professional environment
where active meetings could be developed to permit individuals
to talk while walking or cycling on relevant machines.
Several years ago, our research group began active research
meetings and examined its impact on perceived stress in staff and
students at Laval University in Quebec City. A beneficial effect on
self-reported stress and performance was found among staff and
student members of the group suggesting that this may be one
way to increase physical activity participation and improve the
unfavorable effects of sedentariness on overall health. Computerrelated activities which are common in both the school and work
environment, for example, represent particular types of sedentary
activities that are stressful and biologically demanding and thus,
“re-designing” these environments may be essential to promoting
more movement (54, 55).

Frontiers in Public Health | www.frontiersin.org

CONCLUSION
Based on the available evidence, sedentary behavior may be
more than just physical inactivity. Calorie for calorie we
deal with a profile of stimulation that may not necessarily
have the same effects on appetite control, related peripheral
biomarkers, and neuro-messengers. There appears to be a
modern version of sedentary behavior that bears a potential
neurogenic component leading to hyperphagia, stress, and
unfavorable metabolic health outcomes; however, various
approaches may help to increase physical activity participation
that may possibly counteract the apparent unfavorable effects
of sedentary behaviors. In the context of an environment
where we are submitted to desk-based and computer-related
activities, we must preserve our movement for optimal health
and implement some of these strategies to increase physical
activity participation in our schools and workplaces. Thus, socioecological interventions that consider multiple components are
needed to help reduce sedentary behaviors and promote physical
activity.
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