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Abstract Overweight and obesity are major health hazards
in the WHO European Region. Both diet patterns and phys-
ical activity levels have been widely recognized as the main
contributors to the development of overweight/obesity. Over
the past few years evidence has been piling up that seden-
tary behavior, defined as a distinct behavior from physical
activity, is also positively associated to overweight/obesity.
This review article finds that despite the inconsistent find-
ings on the health impact of sedentary behavior and over-
weight/obesity, the current trend towards spending more time
in sedentary behaviors and the studies that show a positive
association between obesity and sedentary behavior make a
strong argument for integrating sedentary behavior guidelines
in future policy plans, recommendations and actions
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Introduction

Obesity is one of the greatest public health challenges of the
twenty-first century. Its prevalence has tripled in many
countries of the WHO European Region since the 1980s,
and the numbers of those affected continue to rise, particularly
among children [1-4]. In addition to causing various physical
disabilities and psychological problems, excess weight drasti-
cally increases a person’s risk of developing a number of

noncommunicable diseases (NCDs), including cardiovascular
disease, cancer and diabetes [1-4]. Excessive dietary energy
intake and physical inactivity are the most immediate contrib-
utors to overweight/obesity. In current obesity discussions sed-
entary behavior gets a more prominent place [1–4]. The
sedentary nature of today’s society makes many people spend
a substantial amount of time per day on sedentary behaviors. In
recent years there has been a rapid growth of evidence genera-
tion and gathering concerning the health impact of sedentary
behavior and in particular on the relationship between obesity/
overweight and sedentary behavior [5••, 6].

Widespread attention at policy level is given to the topic
of obesity and its main contributors, partly due to some high
level policy pushes of international, regional and national
authorities over the over the last decade [1, 2, 4, 7, 8].
Despite the growing confirmatory evidence on the negative
health impacts of sedentary behavior, the topic remains
under-addressed in public health strategies, plans and guide-
lines [5••, 9]. Clear global recommendations to promote phys-
ical activity have been defined: adults should accumulate at
least 30 minutes per day and children and adolescents at least
60 minutes per day of physical activity [10], but guidance on
reducing sedentary behavior has not been integrated.

The first objective of this paper is to evaluate the literature on
sedentary behavior and obesity published over the past year.
After a presentation of what sedentary behavior is, how you
measure it and what the current prevalence of sedentary behav-
ior is in the WHO European Region, this article will secondly
explore the relationship between sedentary behavior and obesity,
including a short overview of the correlates/moderators of sed-
entary behavior. Thirdly, the article also outlines how sedentary
behavior is addressed in intervention and policy programs.

In the past few years there has been a rapid growth of
scientific evidence concerning the adverse health impact of
sedentary behavior. In their efforts to monitor the levels and
impacts of sedentary behavior researchers have been chal-
lenged with the paradigm of defining sedentary behavior.
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However, patterns of sedentary behavior can be identi-
fied in a wider range of settings, including school, trans-
port, household, and leisure time. Sitting is the most
prevalent sedentary behavior. Typical examples of sed-
entary behavior include screen time, motorized trans-
port, and sitting to read, talk, do homework or listen
to music [5••, 18•].

Measurement of low energy tasks and specific sedentary
behaviors can be done either through objective measurement
methods, such as accelerometers and inclinometers, or with
subjective instruments like self-report or parental report ques-
tionnaires or time-use diaries [5••, 18•, 19]. Challenges are
experienced in collecting data on patterns and levels of sed-
entary behavior, mostly due to lack of examined validity and
reliability of the instruments and different definitions and cut-
offs used for defining sedentary behavior [5••, 18•]). In sed-
entary behavior research data on the type and amount of
sedentary behavior is examined for different age groups and
expressed either in terms of prevalence or estimates of time
spent in specific sedentary behaviors [5••]. So far, little is
known about the patterns of sedentary behavior in different
countries, mainly because it has only recently been identified
as a public health issue [5••].

Recent data from a cross-national school-based survey
from the World Health Organization including 35 European
countries showed that 56 % of the 11 year old and 63 % of the
15 year old watch television for two or more hours on week-
days. Gender differences and differences associated with fam-
ily affluence tended to be modest. The highest prevalence was
observed in Slovakia and lowest in Switzerland [20]. Another
school based survey conducted in seven European countries
found that screen activities were high in all countries with
children spending on average more than 2 hours/day in TV
and computer activities [21]. Sedentary behavior tends to
increase from early to late adolescence and boys are more
sedentary than girls [22]. A Scottish study examined sedentary
behavior among adolescence and revealed that sedentary ac-
tivities occupied 228 min per weekday and 396 min per
weekend day for boys, and 244 min per weekday and
400 min per weekend day for girls, with TV occupying one-
third to one-half of this time [23]. Comparable levels of
sedentary behavior were found for Hungarian youth. For
sitting significantly lower levels were detected for younger
students (13-14) compared to older students (17-18) [24].

When entering into adulthood individuals tend to engage in
even more sedentary time [22, 25]. Euro barometer data
(2005) gives us insight on average sitting time in European
Member States. According to this study an average European
Union citizen spends on average just over 5 hours sitting on a
normal day, it varies from just over 3 hours in Portugal
(198.4 minutes) to more than 8 hours in the Netherlands
[26]. Hallal et al. assessed and compared time spent sitting
in 66 countries of both high and low income. They found that

overall the proportion of adults spending 4 or more hours per
day sitting is 41.5 %. A big variation in this percentage has
been found between WHO regions, with a percentage of 64.1
for Europe (Fig. 1) [18•]. As illustrated by Fig. 1 for almost all
WHO regions the frequencies of sedentary behavior exceed
the levels of inactivity. A study by Bauman and colleagues
collected sitting time data from 20 countries and found that
sitting time varied widely across countries, with a median
reported sitting time of 300 minutes per day. Longer sitting
times were found for middle-aged adults (40-65 years old)
than for young adults (18-39 years old) [27]. A National study
undertaken in The Netherlands shows that on average the
Dutch working population reported sitting for 7 hours each
day, one third of which was at work [28].

Methods

Review of the peer-reviewed literature to identify papers
published between 2009 and 2012 looking at obesity and
Sedentarism. An extensive literature search was performed
to collect studies for inclusion in this paper to increase the
likelihood that all important publications were identified. For
this review article a literature search was performed using the
WHO literature search engine (GIF), a digital database acces-
sible for WHO staff that includes relevant databases such as
MEDLINE and PUBMED. The following keywords (or com-
binations of) were used: Sedentary Behavior/Time, Sitting
Behavior/Time, Obesity/Overweight, and Health Impacts.
Additional articles were identified by a Google search and
by expert consultation.

Defining Sedentary Behavior

Over the years many have interpreted sedentary behavior
simply as a lack of physical activity or not meeting the
recommended levels of physical activity. However most of
the current sedentary behavior research efforts reject this
position and prefers to refer to this behavior as a pattern
where sitting or lying is the dominant mode of posture and
energy, usually with a metabolic energy expenditure of 1.5
MET or less [6, 11, 12]. In contrast for moderate to vigorous
physical activities (MVPAs) an energy expenditure of 3-
8 METs is required. Numerous studies suggest that
engaging in high amounts of sedentary behavior can
result in increased risk of morbidity and mortality re-
gardless of levels of MVPA [13, 14]. Furthermore there
is often little association between sedentary time and
levels of MVPA and individuals can daily have high
levels of MVPA and sedentary time [15, 16]. Initial
epidemiological studies in the field of sedentary behavior
focused on the work setting to monitor the health impacts of
sedentary behavior [17].
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Results

Sedentary Behavior and Overweigh/Obesity

Sedentary behavior is furthermore adversely associated with
clustering of and individual cardiovascular risk biomarkers
such as leptin and cholesterol [5••, 29, 30•, 31•]. The ma-
jority of studies however focus on the relationship between
obesity/ overweight and sedentary behavior [5••].

Evidence for Youth

A report done by the Sedentary Behavior and Obesity
Expert group for the British Department of Health thor-
oughly reviewed the evidence on the association be-
tween sedentary behavior and overweight/obesity [5••].
The report describes two prospective studies that report
an increasing likelihood of adult overweight with greater
TV viewing in childhood and youth [32, 33]. The
authors also explored two reviews which both found a
small but significant relationship between body fat and
TV viewing [34, 35]. The report concludes based on the
available literature that the association does not vary by
gender and age, that TV viewing is a predictor for
overweight as a young adult and that a greater risk of
obesity is expected in groups with higher levels of
sedentary behavior. Nevertheless, the review didn’t find
a clear relation with computer use and playing video
games, but for this kind of behavior fewer studies are
available [5••].

Various other studies show that time spent in screen-
based behaviors contributes to increased BMI [22, 36,

37]. For example, Mitchell et al. found that the odds of
obesity increased per sedentary hour among 12 year
olds, but this association was not independent of
MVPA [22].

There are however also studies that show a less clear or
no relationship between gaining weight and sedentary be-
havior. Barnett et al. examined a cohort of 744, 12-13 year
olds and found that the majority of this group has a pattern
of 25-30 hours of screen time per week. When linking this to
increased body fat, the results do not suggest a clear relation
between increase percent body fat if screen use increases
over time [38•].

Correlates of Sedentary Behavior for Youth

In order to understand and change a certain behavior key
factors that are associated with the behavior need to be
identified. Cillero et al. reviewed 44 studies on correlates
of different sedentary behaviors published between 1980-
2009. They found that older children and children from
lower socio-demographic group watched more television.
Also, higher levels of parental TV viewing were also asso-
ciated with higher levels of TV viewing among children. No
clear gender differences in TV viewing patterns were iden-
tified. For computer use they found that higher levels were
linked to boys and older children, but no gender association
was found for overall screen time. For general media-use
higher levels were found among lower socio-demographic
groups and older children [39]. Another review found that
body weight, snacking, parent viewing patterns, having a
TV in the bedroom and day of the week were all positively
associated with TV viewing time [40]. Based on these two

Fig. 1 Comparison between
physical inactivity and sedentary
behavior patterns of adults by
WHO region. Inactivity is
defined as not meeting any of the
criteria: 30 minutes of MVPA on
at least 5 days per week; 20 min
of vigorous intensity physical
activity on at least 3 days every
week; or an equivalent
combination achieving 600MET
minutes per week. Sedentary
behavior is defined as spending 4
or more hours per day sitting
[18•]
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reviews and the inclusions of a few other studies/reviews the
authors of the Department for Health report concluded that
the potential modifiable correlates of youth screen-viewing
are likely to differ by participant age and that for young
children, family TV viewing is likely to be associated with
child TV viewing; for adolescent BMI is likely to be related
to higher levels of screen viewing; and that generally for
young people, snacking, body weight, parental TV viewing
and having a TV in the bedroom are potential modifiable
correlates of screen-viewing. They also found that for young
children and adolescents, age, gender and SES are likely to
be potential moderators of screen-viewing. For adolescent
ethnicity and parental education were also identified as
possible moderators. Moderators for young people in gen-
eral are SES, living in a single parent household, ethnicity
and age. Prospective and cross sectional studies have found
that TV viewing in childhood and adolescence is associated
with greater energy intake and poorer diet [5••]. Various
studies examined the relation between sleep duration and
overweight in youth and found that short sleep duration was
associated with increased TV viewing and BMI [41–43].

Evidence for Adults

The Department of Health review found that the relationship
between the gain of bodyweight or development of obesity
and sedentary behavior is less clear. Three of the six studies
they reviewed showed a positive association, however the
effect size was small [5••, 32, 44–48].

Proper and colleagues undertook a systematic review
on the health outcomes of sedentary behavior and con-
cluded based on the inconsistent outcomes of five stud-
ies that there is so far insufficient evidence for a
longitudinal relationship between sedentary behavior
and body weight/BMI gain. Based on the inclusion of
four prospective studies they came to a similar conclu-
sion for the relation between sedentary behavior and the
risk for overweight/obesity [31•]. Conclusions from a
review by Van Uffelen et al. about occupational sitting
were in line with these findings [49]. These ambiguous
findings may be explained by difference in settings,
methodologies, and cut-offs used in the studies.

Despite these inconsistencies there are a substantial
amount of studies that were able to reveal a positive
relationship between sedentary behavior and the risk of
overweight/obesity [48, 50–52]. For example Ding et al.
undertook a 4 year follow up study including habitual
active transport and TV-viewing and found that on
average participants gained 1.6 kg over four years. TV
viewing time at baseline was positively associated with
weight gain at follow-up. Each additional hour of TV
viewing was associated with 0.24–0.27 kg of extra
weight gain [52].

Correlates of Sedentary Behavior in Adults

In their review the Department of Health report found that
there is evidence that for adults sedentary behavior is associ-
ated with gender, age, socioeconomic conditions, occupation,
some characteristics of the physical environment and weight
status. Older adults are likely to spend more time sedentary
than middle-aged adults. However for none of these factors a
consistent correlation has been found. According to this review
positive association has been found between TV viewing and
an increased energy intake and consumption of energy-dense
snacks, soft drinks, and fast food [5••]. In contrast Rhodes et al.
found that total caloric intake and sedentary behavior had
limited association [53]. The review by Rhodes and colleagues
also demonstrated that those who watch a lot of TV tend to be
less educated, older, unemployed or work less hours, and have
higher BMI than those who watch less TV. The effect appears
to be relatively independent of gender. They also reported that
general sitting behavior was not associated with education,
ethnicity, or gender. An association between higher TV view-
ing and lower leisure-time physical activity was present in
most of the studies reviewed, but this association was not
found for general sitting or computer use. They conclude that
considerable evidence has been accumulated on the sociode-
mographic and behavioral correlates of sedentary behaviors,
but that the occupational variables (employment type and PA at
the job) as well as the limited research has been conducted on
the cognitive, social, or environmental categories are relatively
under researched [53]. A 4 year follow up study by Ding et al.
adds that adults with lower educational attainment, adults with
lower occupational and transport physical activity, men with
higher domestic physical activity, and nonworking adults liv-
ing in lowly walkable neighborhoods were at higher risk of
increase in TV viewing time [54].

Evidence for Elderly

For older adults, who are known to be the most sedentary
population group, many studies have investigated the im-
pact of sedentary lifestyle on health [55, 56]. Still to date not
many researchers have investigated the relationship between
sedentary behavior and overweight/obesity among elderly.

How to Reduce Sedentary Behavior?

The developing and emerging evidence on the relation between
sedentary behavior, its correlates and moderators and over-
weight/obesity calls for action at intervention and policy level.

Interventions that aim to reduce sedentary behavior can
focus on various settings, such as the clinical setting, the work,
school and transport setting, and the home environment.
Intervention strategies can for example focus on breaking up
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sitting time, limiting screen time, rewarding less sedentary
time, creating awareness and developing educational materi-
als. To date, however, the number of intervention studies and
studies about the efficacy of intervention is still quite small
and mostly focuses on youth [5••, 9].

An intervention review by O’Connell et al. assessed 16
intervention studies targeting youth of which four were clinic
based, nine community/population based and three laboratory
based. They found mixed results, but detected a trend for
reducing sedentary behavior [57]. Another review examined
intervention studies focusing on changing sedentary behavior
in youth for weight control purposes. Despite inconsistencies
in significance, all included interventions reduced sedentary
behavior and improved markers of weight status [58]. A meta-
analysis by Biddle et al. about sedentary behavior interven-
tions in young people concluded that the interventions pro-
duce a small reduction in sedentary behavior in children, with
a larger effect for community based interventions and inter-
ventions assessing sedentary behavior with both objective and
subjective methods [9]. Experimental studies by Epstein et al.
showed that obese children who were stimulated to spend less
time sedentary showed equal or better changes in weight than
those only being reinforced to be more physical active. Also
for obese children that replaced sedentary time for physical
activity time positive results in terms of weight control have
been found [59–61].

Little evidence is available about sedentary behavior inter-
vention for adults. The review by the Department of Health
found two interventions that aimed at increasing walking and
therewith decreasing sedentary time, only one of the studies
found a small decrease in sitting time [5••, 62, 63]. Another
intervention they included focused on reducing family TV
viewing time including both children and parents and found
that half of the families achieved the intervention goal [64].

Despite the growing evidence on the health impacts of
sedentary behavior and especially its relationship with over-
weight/obesity, up to now, not much of this proof has been
adopted into national and international policy measures and
recommendations on reducing sedentary behavior and par-
ticular screen time [5••, 9].

The few countries that did integrate specific recommen-
dations on reducing sedentary behavior in their public
health, obesity or physical activity programs have mostly
defined guidance for young people. The Physical Activity
Guide from the Australian Government (2005) for examples
specifies that children should not spend more than 2 hours a
day using electronic media entertainment, particularly dur-
ing daylight hours [65–67]. A similar recommendation is
given in Canadian guidelines for the early years, children
and youth including guidance on limiting sedentary trans-
port [68–71]. Additionally, the Public Health Agency of
Canada includes tips on reducing screen time in their phys-
ical activity recommendation for all age groups [72]. The

French National Nutrition and Health Programme 2011-
2015 does not state a specific time limit on sedentary activ-
ity for young people, but recommends limiting the time
spent in sedentary occupations, especially for children [73].

International organizations like the World Health
Organization and the European Union have developed obesity
action plans, NCD action plans and recommendations on phys-
ical activity but have not yet integrated specific guidelines on
sedentary behavior [1, 2, 4, 7, 8, 10]. The absence of sedentary
time recommendations is mostly due to the scarcity of concrete
evidence to support clearly defined guidance on a maximum
amount of daily sedentary time. For future public health ini-
tiatives it is crucial that the growing base of confirmatory
evidence gets translated into policy development and action.

Discussion and Conclusion

Many studies point out the various health hazards associated
with sedentary behavior. Evidence is accumulating that sed-
entary behavior forms a distinct risk factor for various
adverse health outcomes. Consistent relationships have been
found for the relationship between sedentary behavior and
premature mortality, specifically all-cause and CVD related
mortality. Extensive research also shows a consistent rela-
tionship between sedentary time and incidence of cancer,
cardiovascular diseases and diabetes.

Over the last decade many studies have investigated the
impact of sedentary behavior on overweight/obesity. For youth
inconsistent findings are found, with some studies finding
strong positive associations and others finding no association.
Based on the small tomoderate significant relationship between
TV viewing in childhood and adult obesity it is possible to
plead for a recommendation on reducing screen time, but not
enough evidence has been found to quantify it in terms of time.
In relation to adults the association between the gain of body-
weight or development of obesity and sedentary behavior is not
clear. Again the available data does not give sufficient evidence
yet to define a quantitative recommendation on daily sedentary
time for preventing obesity and maintain weight. Furthermore,
for both youth and adults much research has been done
concerning the correlates of sedentary behavior. Various corre-
lates have been identified, however more research is needed to
identify key factors that should be targeted in strategies.

Interventions targeting obesity prevention by reducing sed-
entary behavior in youth show promise, but for adults currently
there is a lack of evidence concerning interventions targeting
sedentary behavior. For future development of successful be-
havior change interventions more evidence on the drivers and
the factors that facilitate, motivate or reinforce sedentary be-
havior is needed. In order to reveal whether the impacts of
sedentary behavior interventions on health outcomes remain
over time it is also advisable to invest in longitudinal studies.
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Despite the inconsistent findings on the impact of seden-
tary behavior and overweight/obesity, the current trend of
spending increased time in sedentary behaviors and the
studies that did conclude on a positive association make a
strong argument for integrating sedentary behavior guide-
lines in future policy plans, recommendations and actions.
As mentioned before at present it is not possible to quantify
reducing sedentary time, nonetheless recommendations
could spearhead bringing down the total amount spend in
sedentary time, breaking up sitting time and promoting
alternatives for sedentary behaviors.

Sedentary behavior research has so far mainly focused on
screen time. In future research the study of sedentary behavior
should go beyond traditional media based behavior and also
take modern media (gaming, computer use), sitting for other
purposes (reading, homework), and motorized transport more
into account. Future research and intervention development
has to anticipate the multifaceted character of sedentary be-
havior and take the age and gender differences into account.

The available data is limited by the fact that in most of
the studies sedentary behavior was mainly assessed with
various forms of self-report. In case of objective measure-
ment, the use of different cut-offs complicates data compa-
rability. Furthermore for the available data inconsistencies
are identified for the approaches used to account for con-
founding variables [5••]. Given the limited evidence this
paper was not able to present data on the relationship be-
tween sedentary behavior and older adults.
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