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Abstract Sedentary behavior, as distinct from a lack of
moderate-to-vigorous physical activity, is an emerging health
risk behavior for the development of chronic diseases.
Examples of sedentary behavior include sitting, watching
television, using a computer, and driving a car. In this article,
we define sedentary behavior; outline key concepts related to
the physiology of sedentary behavior, review the recent evi-
dence on the effects of prolonged sedentary behavior (or
sitting) on the risk of cardio-metabolic disease and all cause
mortality, and discuss the implications for current clinical
practice. We found that most large scale studies on sedentary
behavior were published in the last 5 years. There is moder-
ately consistent evidence for an association between total
sitting time and all-cause mortality, even when adjusted for
or stratified by leisure time physical activity. Overall, we
identified a compelling case for sitting reduction to be includ-
ed in clinical preventive advice as a key component of ‘active
living,” where adults and children are encouraged to ‘move
more and sit less’ across different settings and locations
throughout the day.

Keywords Sedentary behavior - Cardiovascular disease -
Diabetes - Epidemiology

Introduction: Definition and Prevalence of Sedentary
Behavior

The benefits of physical activity for chronic disease preven-
tion are well established with the latest estimates that phys-
ical inactivity accounts for 9 % of premature mortality
worldwide [1¢]. Current public health guidelines recom-
mend that adults engage in at least 150 min/wk of
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moderate-to-vigorous physical activity for good health [2].
Recently, increasing attention has been given to sedentary
behavior, which appears to be associated with adverse
health outcomes independent of moderate-to-vigorous phys-
ical activity [3e, 4, 5, 6°].

Sedentary behaviors are defined as any waking behavior
characterized by an energy expenditure <1.5 METs while in
a sitting or reclining posture [7, 8¢]. Common examples of
sedentary behaviors include:, sitting at work, driving a car,
and watching television, and as such are a ubiquitous part of
modern day living.

Studies that have objectively assessed population move-
ment patterns (via accelerometry) have shown that adults in
developed countries spend typically 55 % to 70 % of their
waking time in sedentary behaviors (about 8.8—11.2 h/d as-
suming 8 h/d of sleep) [9—12]. In a multinational study, over
20 % of respondents from half of the 20 participating countries
self-reported overall sitting time of 9 or more hours per day
[13]. Population time use surveys have found that adults are
sedentary for 7.6 h/d in their nonworking time, and that the
majority of leisure time is sedentary, mostly spent in screen
time (watching TV and using computers) [14, 15]. The prev-
alence of people with sedentary occupations has also in-
creased steadily over the last 50 years [16].

The aims of this paper are first, to present the key con-
cepts related to the physiology of prolonged sitting; second,
to review the recent evidence on the effects of prolonged
sedentary behavior (or sitting) on the risk of cardio-
metabolic disease; and third, to discuss the implications for
current clinical practice.

Physiology of Sedentary Behavior : Key Concepts
Central to the current thinking on sedentary behavior phys-

iology is that chronic engagement in this behavior results in
low muscle energy turn over [17], or muscular unloading
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[18], within the large skeletal muscles groups of the legs,
back and trunk regions. The ‘switching off” of these skeletal
muscles is thought to initiate a cascade of cellular events
culminating in metabolic deregulation, hyperglycaemia, and
hyperlipidemia [18].

Recent evidence supporting the biological plausibility for
sitting and health has been generated from 2 experimental
conditions: (1) bed-rest in healthy human subjects; and (2)
hind limb suspension in rodents [17, 19]. In brief, experi-
ments have consistently shown that prolonged muscle inac-
tivity (eg, typically 1-3 weeks in bed-rest studies) initiates a
series of pathophysiological responses, including; glucose
intolerance, hyper-insulinemia, and impaired lipid metabo-
lism [17]. While the underlying physiological mechanisms
remain unclear, evidence from biochemical analysis of skel-
etal muscle samples biopsied pre- and post-exposure to
prolonged sedentary behavior suggest a downregulation of
key enzymes involved in glucose and lipid metabolism. In
particular, a reduced activity and content of the glucose
transporter 4 protein (GLUT4) [20, 21], and the lipoprotein
lipase enzyme (LPL) [22, 23] may be contributory factors.
While these experiments provide important insights into the
health consequences of muscular inactivity, there are limi-
tations for the generalizability to human physiology and
health. It is likely that the quantity of sedentary time en-
countered during bed-rest trials and animal hind limb sus-
pension experiments far exceed that of healthy free-living
ambulatory adults [17].

Recent experimental studies investigated the health con-
sequences of sitting behaviors in settings more accurately
replicate free-living ambulatory adults [24]. Stephens and
colleagues investigated the effects of about of 1-day sitting
(~17 h/d objectively assessed) on whole-body insulin sensi-
tivity in a controlled setting, with strict dietary control [24].
Among healthy, young participants, an acute bout of
prolonged sitting resulted in a 31 % reduced insulin sensi-
tivity. This impaired insulin sensitivity was attenuated when
participants undertook a subsequent experimental condition,
in which sitting time was purposefully reduced (6 h/d vs
17 h/d), and displaced with light-intensity walking (2.2 h/d
vs 0.1 h/d) and standing (9.8 h/d vs 0.1 h/d). Despite the
small sample size and short duration, these results suggest
that displacing prolonged sitting with light-intensity walk-
ing and standing may attenuate the relationship between
sedentary behavior and cardio-metabolic risk [24].

Dunstan and colleagues [25¢] further examined the
acute cardio-metabolic effects of breaking up prolonged
sitting. In a cross-over design, 19 middle-aged healthy, but
overweight/obese adults undertook 3 experimental condi-
tions; (1) uninterrupted sitting (~7 hours), (2) sitting
interrupted with light-intensity walking (3.2 km/h) every
20 mins, and (3) sitting interrupted with moderate-intensity
walking (5.8-6.4 km/h) every 20 minutes. For all 3
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conditions, plasma glucose and serum insulin were moni-
tored after participants consumed a standardized test meal
(200 mL, 75 g carbohydrate, 50 g fat). Compared with
uninterrupted  sitting, plasma glucose was reduced by
~23 % in activity-break conditions. Notably, there were no
differences in plasma glucose concentrations between the
moderate-intensity and light-intensity walking groups.
Although this study was limited by a small sample and short
duration, these findings suggest that independent of activity
intensity, breaking up prolonged sitting blunts postprandial
plasma glucose responses. Therefore, frequent breaks may
reduce the detrimental cardio-metabolic outcomes associat-
ed with this prolonged sitting.

Overall, the available physiological and experimental
evidence suggests that the relationship between prolonged
sedentary behavior and cardio-metabolic risk is biologically
plausible.

Epidemiology of Sedentary Behavior: an Update
of Recent Evidence

In the past year, there have been a large number of published
studies expanding the evidence base on sitting and cardio-
metabolic health. We used the recent systematic review and
meta-analysis by Wilmot et al. [26] (which includes studies
published between 1980 and January 2012) as the baseline
for literature search, and additionally searched for publica-
tions up to January 2013.

Diabetes

Wilmot and colleagues reviewed 10 studies that examined
the association between sitting and diabetes, of which 5
were cross-sectional and 5 were prospective. Evidence from
these studies showed a consistent positive association be-
tween prolonged sitting and diabetes. One recent study
examined self-reported sitting and diabetes and found that
more sitting time was significantly associated with diabetes
independent of physical activity in a large population-
representative sample in Australia [27]. Using biomarkers
for insulin resistance, Yates et al. [28] found that reported
sitting time was positively associated with fasting insulin
among women but not men after adjustment for physical
activity. Among adults newly diagnosed with type 2 diabe-
tes, Cooper and colleagues [29] found that objectively mea-
sured sitting time at baseline was associated with higher
insulin at both baseline and 6 months follow-up. However,
in this study, there was no association between objectively
measured breaks in sitting time and insulin at baseline or
follow-up.
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Cardiovascular Diseases (CVD)

Wilmot et al’s systematic review and meta-analysis [26]
included 3 studies on CVD and 8 studies on cardiovascular
mortality. All 3 studies found positive and significant asso-
ciations between sedentary behavior and CVD. Seven of the
8 studies found significant associations between sedentary
behavior and cardiovascular mortality. In addition, Ford and
Caspersen [30] published a review of sedentary behavior
and CVD. In this review, the authors examined 4
population-based cohort studies on sitting time and CVD
events and death; each study found an increased risk for
incident or fatal CVD among those who spent more time
sitting. Ford and Caspersen also reviewed 6 prospective
studies on television viewing time and CVD events and
cardiovascular mortality, of which only 3 studies noted
significant positive associations.

In addition to the 2 reviews, we identified several studies
on sedentary behavior and cardiovascular biomarkers from
2012. For example, in a British cross-sectional study, Pinto
and colleagues [31] identified significant cross-sectional
associations between specific sitting behavior and CVD
biomarkers (HDL, LDL, triglycerides, and blood pressure).
The relationships were stronger for television viewing, but
weaker associations were observed for occupational sitting
and CVD biomarkers. Based on a Danish sample,
Frydenlund and colleagues [32] found significant and pos-
itive cross-sectional associations between leisure-time sit-
ting and CVD biomarkers, including non-HDL cholesterol,
triglycerides waist circumference, and waist-hip ratio.

Obesity and Weight Gain

Conceptually, prolonged sedentary time should be related to
reduced total energy expenditure, and hence might contrib-
ute to obesity. Two large cohort studies have shown signif-
icant increases in weight among those at the highest levels
of sitting, independent of leisure time physical activity par-
ticipation [33, 34]. More recent longitudinal studies have
shown a mixed pattern, with a recent British paper
suggesting that obesity was associated with subsequent sed-
entary behavior (TV watching), but that sitting did not show
a prospective association with weight gain [35].
Nonetheless, many cross-sectional studies still show associ-
ations between sedentary behaviors and obesity in low in-
come US adults [36] and in a sample of older Spanish adults
[37]. A Mexican study [38] showed that sitting was associ-
ated with obesity, which in turn was associated with diabetes
and hypertension; this study considered obesity as a medi-
ator of the relationship between sitting and cardio-metabolic
health, but was limited by the cross-sectional design. Sitting
at work was associated with obesity among Australian
adults [39]. In a large sample of 70,000 Thai adults,

sedentary behaviors, especially screen time, was associated
with obesity, more strongly among males [40].

All-Cause Mortality

Wilmot’s review and meta-analyses included 8 studies on
all-cause mortality, all of which were prospective studies.
All these studies reported positive associations between
sitting time and all-cause mortality. We have identified a
few more recent studies that examined sedentary behavior
and all-cause mortality.

Evidence from recent prospective cohort studies suggest
that higher amounts of sitting are associated with greater risk
of all-cause mortality after adjusting for physical activity. In
an American cohort of adults aged 50-71 years followed for
8.5 years, those who reported daily sitting time of 9 or more
h/d had 1.19 times greater risk of all-cause mortality than
those who sat less than 3 h/d; adults who reported TV-
viewing of 3—4, 5-6, and 7 or more h/d had 1.14, 1.31, and
1.61 times higher risk of dying, respectively, than those who
watched less than 1 h/d of TV [41]. Pavey et al. [42] followed
an Australian cohort of women for 9 years and found that
women who sat for 8—11 h/d had 1.45 times higher risk of
death compared with those who sat less than 4 h/d; those who
sat more than 11 h/d had a 1.65 times higher risk of death.
Using objective assessment of sedentary time with accelerom-
eters in the US National Health and Nutrition Examination
Survey (NHANES) 2003-2004 cohort, adults in the highest
and second highest quartile of sedentary time, had 2.74 and
3.26 times, respectively, increased risk of death compared
with those in the lowest quartile, after 2.8 years of follow-up
[43]. Campbell and colleagues [44] studied survival among
adult participants who were diagnosed with invasive,
nonmetastatic colorectal cancer. They found that cancer pa-
tients who spent 6 hours or more a day in leisure sitting were
more likely to die than those with 3 hours or less of leisure
sitting (HR: 1.27-1.36). Based on the NHANES data,
American adults could gain 2 years of life by reducing their
daily sitting time to less than 3 hours and could gain 1.4 years
of life by reducing their daily television viewing time to less
than 2 hours [6¢]. Using data from the Australian 45 years and
up cohort, van der Ploeg and colleagues [45] estimated that
daily sitting time independently accounted for 7 % of mortal-
ity from all causes.

Summary and Implications for Clinical Practice

The evidence base for sitting and health is at an early stage,
as most large scale studies in this area were published in the
past 5 years. The evidence is moderately consistent for total
sitting time and all-cause mortality, even when adjusted for
or stratified by leisure time physical activity. This adds to
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previous research that identified screen-time as the sitting
domain leading to increased mortality risk, and suggests
conceptually that prolonged sitting in workplaces, in cars
and in other aspects of daily life may pose similar risks.

The physiological evidence for diabetes prevention and
for associations with biomarker risks is also becoming more
consistent, but the evidence is not yet clear whether reduc-
ing total sitting time, or just interrupting sitting regularly
confers the most benefit. Larger laboratory and clinical
studies are needed in this area, before definitive public
health recommendations are possible.

For obesity prevention, the theoretical impact of
prolonged sitting on lower levels of total energy expended
is compelling. However, more longitudinal data in diverse
populations are required to support a stronger causal asser-
tion that “not sitting” prevents weight gain.

For clinical practice, the evidence is not yet specific
enough for guidelines, although Canadian national recom-
mendations for children and adolescents do suggest limiting
screen time to under 2 h/d [46]. Recent physical activity

Fig. 1 Theoretical model
linking much sedentary
behavior and health risks, even
in the presence of sufficient
physical activity
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guidelines from the UK [47] and US [48] have specifically
states that adults should reduce the amount of time they
spend sitting, even if they are already physically active.

A conceptual summary of the effects of prolonged sitting,
compared to reduced or interrupted sitting time is shown in
Fig. 1. Not all the physiological pathways are fully under-
stood, and the net energy balance relationship is still theo-
retical, but is likely to contribute independently to weight
gain. Further, the biological mechanisms for (the observed
epidemiological observations of) reductions in all cause
mortality are only partly understood, but require further
research. Nonetheless, Fig. 1 shows the potential for reduc-
ing sitting to improve health, even in a person who meets the
physical activity recommendations [Fig. 1].

Thus, for clinical recommendations, should ‘reduced sit-
ting” be part of routine preventive advice? The case is
increasingly compelling, but as part of an ‘active living’
approach to recommending that all adults and children
‘move more and sit less’, across the different settings and
locations throughout the day. As generic recommendations,

Assume this person is ‘physically active’ - leisure time or active
travel related physical activity: 30 minutes moderate-intensity
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there is sufficient evidence for action, and given the ‘primum
non nocere’ principle, reduced sitting is unlikely to have
adverse effects. For this reason, as well as for the likely
cardio-metabolic benefits, it is prudent to recommend redu-
cing sitting time. The potential opportunities for reducing
daily sitting time are abundant, and may include; reducing
sitting at work, screen time at home, and possibly sitting in
transport (through increased active travel). This recommended
reduction of sitting may also lead to more total daily physical
activity, providing increased benefits from that health-
enhancing behavior as well [49]. Advice to reduce sitting
can be universal, as it will likely benefit those with and
without current chronic health problems. The only sub-
groups for whom this advice is not recommended are those
with serious comorbidity or physical disabilities, for whom
standing or moving may be difficult or not possible. For all
others, it is adding the ‘sit less’ to the ‘move more’ advice in
clinical encounters that may lead to further health benefits.
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