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Abstract

Background: Prolonged sitting is an emerging health risk. However, multi-country comparative sitting data are
sparse. This paper reports the prevalence and correlates of sitting time in 32 European countries.

Methods: Data from the Eurobarometer 64.3 study were used, which included nationally representative samples
(n = 304-1,102) from 32 European countries. Face-to-face interviews were conducted during November and
December 2005. Usual weekday sitting time was assessed using the International Physical Activity Questionnaire
(short-version). Sitting time was compared by country, age, gender, years of education, general health status, usual
activity and physical activity. Multivariable-adjusted analyses assessed the odds of belonging to the highest sitting
quartile.

Results: Data were available for 27,637 adults aged 15–98 years. Overall, mean reported weekday sitting time was
309 min/day (SD 184 min/day). There was a broad geographical pattern and some of the lowest amounts of daily
sitting were reported in southern (Malta and Portugal means 194–236 min/day) and eastern (Romania and
Hungary means 191–276 min/day) European countries; and some of the highest amounts of daily sitting were
reported in northern European countries (Germany, Benelux and Scandinavian countries; means 407–335 min/day).
Multivariable-adjusted analyses showed adults with low physical activity levels (OR = 5.10, CI95 = 4.60-5.66), those
with high sitting in their main daily activity (OR = 2.99, CI95 = 2.74-3.25), those with a bad/very bad general health
state (OR = 1.87, CI95 = 1.63-2.15) and higher education levels (OR = 1.48, CI95 = 1.38-1.59) were more likely to be
in the highest quartile of daily sitting time. Adults within Greece (OR = 2.91, CI95 = 2.51-3.36) and Netherlands
(OR = 2.56, CI95 = 2.22-2.94) were most likely to be in the highest quartile. High-sit/low-active participants comprised
10.1% of the sample. Adults self-reporting bad/very bad general health state (OR = 4.74, CI95 = 3.97-5.65), those within
high sitting in their main daily activities (OR = 2.87, CI95 = 2.52-3.26) and adults aged ≥65 years (OR = 1.53, CI95 =
1.19-1.96) and were more likely to be in the high-sit/low-active group.

Conclusions: Weekday sitting time and its demographic correlates varied considerably across European countries,
with adults in north-western European countries sitting the most. Sitting is prevalent across Europe and merits
attention by preventive interventions.
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Background
Sedentary behaviour (too much sitting as opposed to too
little exercise) has recently emerged as a candidate inde-
pendent risk factor associated with several detrimental
health outcomes [1,2]. Sedentary behaviours are defined as
any waking behaviour characterized by an energy expend-
iture ≤1.5 METs while in a sitting or reclining posture
[3,4]. High volumes of time spent sitting or engaged in se-
dentary behaviour have been associated with an increased
risk of all-cause mortality [5-7] and risk of developing type
2 diabetes [8], obesity [9-11] and cardiovascular disease
[12-15]. Importantly, in some studies these associations
with mortality and health have occurred irrespective of
whether an individual meets the core adult physical activity
recommendation of 150 minutes of at least moderate-
intensity physical activity per week [5,7,16-18]. Several
international health authorities have recently provided for-
mal recommendations citing the importance of reducing
sitting time [19-21].
Until recently, public health surveillance has prima-

rily focused on understanding the distribution of popu-
lation leisure-time physical activity (e.g. structured
moderate-to-vigorous-intensity exercise) [22,23] and
active travel (e.g. walking and cycling for transporta-
tion) [24,25]. The lack of population studies assessing
sitting time was recently highlighted by the recent Lan-
cet Series on physical activity [26]. One of the potential
reasons for the insufficient population data on sitting
time may be that it has been considered as a chronic
disease risk factor for less than a decade [27]. Moreover,
until recently, there has been a lack of consistency in
measurement instruments used to assess sitting time and
hence it is difficult to compare sitting time across coun-
tries [28]. The International Physical Activity Question-
naire (IPAQ) assesses self-reported sitting time. It has
been shown to have acceptable reliability and validity
[29,30] and is therefore applicable for use in population
studies. The IPAQ has two versions, a long and short ver-
sion, and each have recently been used in several large-
scale multi-country physical activity surveillance studies
[28,31,32].
The International Prevalence Study (IPS) of physical acti-

vity is one of the few population studies that examined the
prevalence and correlates of sitting time concurrently across
several countries [28]. In this 20 country comparison, the
mean daily weekday sitting time, assessed using the IPAQ
short version, for the overall sample (N = 49,493; age range
18–65 years) was 346 minutes/day [28]. These sitting times
differed from smaller scale single-country studies that have
used the IPAQ sitting time question. For example, in a study
of 1,200 Belgium adults (aged 20–65 years), mean sitting
time was 421 minutes/day [33]. Additionally, a study of
2,000 German adults (aged 49.3 ± 17.3 years) using the Glo-
bal Physical Activity Questionnaire identified that median
daily sitting time was 300 minutes/day [34]. Even though
the IPS used a harmonized instrument, there were consid-
erable between-country variations in sitting time [28]. For
example, adults within Japan and Saudi Arabia reported
approximately double the median daily sitting (~360 mi-
nutes per/day) than those from Portugal and Brazil
(~180 minutes/day). Furthermore, the IPS study identified
that high volumes of sitting were more prevalent among
younger adults (18–39 years) and those with greater than
13 years of education [28].
Examining how sitting time differs across levels of phys-

ical activity may also warrant attention. For example, within
populations there may be sub-groups who engage in dispar-
ate patterns of sitting and physical activity. Of particular
interest for public health surveillance may be adults classi-
fied as high-sitting/low-active, which reflects the combined
risks of sitting and inactivity. Therefore, as an alternative to
examining sitting and physical activity in isolation, it is of
interest to examine how sitting time differs according to
physical activity levels. However, at present few studies have
examined how sitting and physical activity levels differ
within populations and within different sociodemographic
groups and across countries.
There is a need to report cross-country population sit-

ting data [26]. Such research is important because this will
provide international and national public health policy
and health services with current sitting data for tracking
trends and geographical patterns of sitting time, identify-
ing ‘at risk’ populations, and informing evidence-based ap-
proaches to reducing sitting.
The primary aim of this study is to describe the preva-

lence and correlates of daily sitting time among a large rep-
resentative sample of adults from 32 European countries,
and to assess between and within country variations. A
secondary aim is to examine the prevalence and correlates
of high-sit/low-active populations within the sample.

Methods
Recruitment and participants
Data were drawn from the Eurobarometer 64.3 (EB 64.3).
The Eurobarometer survey series, running since 1970, is a
cross-national longitudinal study designed to compare and
gauge trends within Europe. The Eurobarometer survey is
typically carried out each autumn and spring [35]. The
Eurobarometer 64.3 was conducted between November-
December 2005 and assessed a number of factors, inclu-
ding health questions. Field work for the study was carried
out by a consortium of market and public opinion re-
search agencies, requested by the European Commission,
Directorate-General Press and Communication, Opinion
Polls (see http://www.icpsr.umich.edu/icpsrweb/ICPSR/
studies/4590 for further information on EB 64.3). Data
from the Eurobarometer survey series are publicly access-
ible. With the exception of using the data for commercial

http://www.icpsr.umich.edu/icpsrweb/ICPSR/studies/4590
http://www.icpsr.umich.edu/icpsrweb/ICPSR/studies/4590


Bennie et al. International Journal of Behavioral Nutrition and Physical Activity 2013, 10:107 Page 3 of 13
http://www.ijbnpa.org/content/10/1/107
purposes, the reproduction of Eurobarometer data is autho-
rized [35]. The applicable EB 64.3 survey methods are
described in at http://ec.europa.eu/public_opinion/
index_en.htm. The European Commission approved the
protocols and written informed consent from all partici-
pants was obtained [35]. Eurobarometer 64.3 utilized a
multistage random sampling design in all countries, and
all interviews were conducted face-to-face in people’s
homes, in the national language. Computer-assisted per-
sonal interview (CAPI) was used in countries where that
technique was available and, where unavailable, paper-
based surveys were conducted [35]. Sample sizes within
countries ranged from 304 (Northern Ireland) to 1,102
(France), with a total of 29,131 participants. The average
response rate across countries for the face-to-face inter-
views was 54.6% [35].

Measures and data management
The IPAQ short version was used to assess usual weekday
sitting and physical activity [29,30]. For sitting time, a
question was asked as follows: During the last seven days,
how much time did you usually spend sitting on a week-
day? The weekday was chosen to reflect habitual behav-
iour for the short IPAQ instrument (www.ipaq.ki.se),
which has been identified to have acceptable reliability
and validity for assessing usual sitting time [30]. The sit-
ting data were truncated at 960 minutes/day (16 hours),
under the assumption that an otherwise healthy ambula-
tory adult would be mobile for at least 8 hrs each day (e.g.
light-intensity walking from place to place, around the
house, at work etc.). A total of 68 out of 27,637 cases
(0.2%) were truncated for reporting sitting >960 minutes/
day. As shown in Table 1, the mean, median and inter-
quartile range of daily sitting times were generally con-
cordant across categories. Therefore, to aid interpretation
of results, we report these sitting data as means of usual
weekday sitting time. The sitting data were also presented
in quartiles: 1) 0–179; 2) 180–299; 3) 300–419; and 4)
420–960 mins/day.
Physical activity was assessed using six items in the

IPAQ short version, which asked about frequency and
duration of vigorous intensity, moderate intensity and
walking physical activity. The questionnaire was scored
using established methods (www.ipaq.ki.se). We classi-
fied participants into three levels of physical activity:
high-, moderate-, and low-active groups. The activity
category ‘high’ given to participants who met either of
the following two criteria: a) vigorous-intensity activity
on at least 3 days achieving a minimum total physical
activity of at least 1500 MET-minutes/week; or b) 7 or
more days of any combination of walking, moderate-
intensity or vigorous-intensity activities achieving a
minimum total physical activity of at least 3000 MET-
minutes/week. The pattern of activity to be classified as
‘moderate’ was meeting either of the following three cri-
teria: a) 3 or more days of vigorous-intensity activity of at
least 20 minutes per day; b) 5 or more days of moderate-
intensity activity and/or walking of at least 30 minutes per
day; or c) 5 or more days of any combination of walking,
moderate-intensity or vigorous intensity activities achiev-
ing a minimum total physical activity of at least 600 MET-
minutes/week. Participants who did not meet criteria for
categories ‘moderate’ or ‘high’ were considered to have a
‘low’ physical activity level (www.ipaq.ki.se). These physical
activity and sitting time assessments have been shown to
have acceptable reliability and validity [29,30].
Usual daily sitting time was compared across the 32 par-

ticipating European Union countries. To examine whether
sitting time varied across sociodemographic factors, sitting
data were compared across the following explanatory vari-
ables: gender; age in six categories (15–24, 25–34, 35–44,
45–54, 55–64, and 65 yrs and older); years of education in
two categories (18 yrs and less, and 19 yrs and over); phys-
ical activity level in three categories, (low-, moderate-, and
high-active); self-reported general state of health in four
categories (very good, good, neither good nor bad and
bad/very bad); and main activity in three categories:1) low
sitting occupations (responsible for ordinary shopping,
unemployed, unskilled manual worker, fisherman, skilled
manual worker and farmer); 2) mixed sitting occupations
(student, retired, unable to work, supervisor); and 3) high
sitting occupations (employed position at desk, general
management, employed professional middle management,
professional employed travelling position, owner of a
shop, craftsmen and service job).
We examined the distribution of sitting time across

sociodemographic factors and countries among specific sub-
groups at the highest/lowest risk based on physical activity
and sitting time. For these analyses, we used the three phys-
ical activity categories described above: low-, moderate-, and
high-active. In parallel, the sitting data was divided into
three groups based on quartiles of sitting time: low-sit (low-
est quartile: 0–211 minutes/day); medium-sit (quartiles two
and three combined: 211–419 minutes/day); and high-sit
(highest quartile: 420–960 minutes/day). The information
from physical activity level and sitting time was used to
categorise the sample as: 1) high-sit/low-active; 2) low-sit
/high-active; and 3) neither high-sit/low-active nor low-sit
/high-active. A total of 2,779 out of 27,637 (10.1% of the
total sample) were classified as high-sit/low-active, and
3,134 (11.3%) were categorised as low-sit/high-active, lea-
ving a total of 21,742 (78.6%) participants classified as nei-
ther high-sit/low-active nor low-sit/high-active.

Statistical analysis
Data analyses were conducted using SAS software, Ver-
sion 9.3 of the SAS System for Windows. Data on sitting
were analysed using parametric analyses for normally
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Table 1 Mean, median and interquartile range for Eurobarometer 64.3 IPAQ sitting time in minutes by selected
sociodemographic characteristics and country

n Mean (SD) p-value Median (Interquartile range)

All 27 637 309 (±185) – 300 (180–420)

Gender Mean (95% CI)

Male 12 234 320 (316–323) <0.001* 300 (180–480)

Female 15 403 301 (298–304) 270 (180–420)

Age Mean (95% CI)

15 – 24 years 3 764 363 (357–369) <0.001** 360 (240–480)

25 – 34 years 4 496 306 (301–312) 270 (180–420)

35 – 44 years 4 931 293 (289–298) 240 180–420)

45 – 54 years 4 506 301(296–307) 240 180–420)

55 – 64 years 4 409 289 (284–294) 240 180–420)

65 years and older 5 531 313 (309–318) 300 (180–360)

Education Mean (95% CI)

18 yrs and Less 15 100 279 (276–282) <0.001** 240 (180–360)

19 years and over 9 277 334 (331–338) 300 (180–480)

Physical activity level Mean (95% CI)

Low-active 7 590 340 (335–345) <0.001** 300 (180–420)

Moderate 13 648 322 (319–325) 300 (180–427)

High-active 6 399 247 (244–251) 240 (120–320)

General state of health Mean (95% CI)

Very good 5 750 318 (313–322) <0.001** 300 (180–465)

Good 13 826 307 (304–310) 300 (180–420)

Neither good nor bad 5 878 298 (293–303) 270 (180–420)

Bad/very bad 2 108 336 (327–345) 300 (180–480)

Usual activitya Mean (95% CI)

Low sitting 8 104 245 (241–248) <0.001** 240 (120–300)

Mixed sitting 10 103 331 (328–335) 300 (180–480)

High sitting 9 430 342 (338–336) 300 (180–480)

Country Mean (95% CI)

The Netherlands 1 011 407 (395–420) <0.001** 360 (240–540)

Denmark 977 383 (371–395) 360 (240–480)

Czech Republic 943 375 (363–388) 345 (240–510)

Greece 996 374 (364–384) 360 (240–480)

Cyprus (Republic) 467 359 (342–377) 360 (180–480)

Belgium 992 342 (330–353) 300 (180–480)

Sweden 1 030 340 (330–351) 300 (180–480)

Cyprus (TCC) 415 338 (321–353) 300 (240–420)

Germany West 894 335 (324–347) 300 (180–450)

Finland 979 335 (332–347) 300 (180–480)

Estonia 950 334 (323–345) 300 (180–480)

Poland 964 333 (321–345) 300 (180–480)

Great Britain 900 326 (314–339) 300 (180–420)

Luxembourg 492 316 (300–333) 300 (180–420)

Slovakia 982 314 (304–325) 300 (180–420)
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Table 1 Mean, median and interquartile range for Eurobarometer 64.3 IPAQ sitting time in minutes by selected
sociodemographic characteristics and country (Continued)

Germany East 530 314 (300–327) 300 (180–420)

Slovenia 1 005 312 (301–323) 270 (180–450)

Austria 1 002 309 (299–319) 300 (180–420)

Croatia 978 308 (297–320) 270 (180–450)

Turkey 875 305 (294–316) 270 (180–360)

Northern Ireland 286 303 (283–322) 240 (180–360)

Bulgaria 925 298 (290–308) 240 (180–360)

Ireland 894 284 (274–295) 240 (180–360)

Spain 949 284 (274–294) 244 (179–366)

France 976 282 (271–293) 240 (180–360)

Latvia 1 000 272 (260–283) 240 (120–420)

Hungary 969 267 (256–277) 240 (150–360)

Italy 960 266 (256–276) 240 (120–360)

Lithuania 872 263 (251–275) 240 (120–360)

Malta 444 236 (222–251) 210 (120–360)

Portugal 1 000 194 (184–204) 180 (60–300)

Romania 980 191 (179–203) 135 (0–300)

*T-test of significance between male and female.
**ANOVA with Scheffěs post hoc tests for significance between age, occupation, physical activity level, general state of health & country.
aLow Sit usual activities = responsible for ordinary shopping, unemployed, temporarily not working, unskilled manual worker, fisherman, skilled manual worker and
farmer, Mixture = student, retired, unable to work, supervisor, High sit = employed position, at desk, general management, employed professional middle
management, professional employed travelling position, owner of a shop, craftsmen, service job.
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distributed data. Sitting data were presented as means and
medians for usual daily sitting time with 95% confidence in-
tervals (CI). Also, the interquartile range and quartiles of
sitting time were reported to reflect increasing categories of
sitting time. Independent t-tests were used to assess
whether sitting time differed by gender and by education
level. A one-way ANOVA was performed with Scheffěs
post-hoc test to examine whether sitting time differed be-
tween levels of age, occupational category, physical activity
level, general health and country. A Pearson’s chi-squared
test examined whether there were differences by country
and selected sociodemographic factors among participants
classified within the high-sit/low-active or low-sit/high-active
sub-groups. A significance level (alpha) for the one-way
ANOVA, independent t-tests and Pearson’s chi-squared test
was 0.05.
A logistic regression analysis was used to assess the odds

of belonging to the highest quartile of sitting time. Ad-
justed odds ratios, with 95% confidence intervals, were
reported for these analyses. The response variable was di-
chotomous and indicated if a participant belonged to the
highest quartile of sitting time (420–960 minutes/day) or
quartiles one to three of sitting time (0–419 (minutes/day).
The model included the explanatory variables: gender (re-
ference = “Male”); education level (reference = “18 years
and less”); age (reference = “15-24 years”); occupation ca-
tegory (reference = “low-sitting”); physical activity level
(reference = “high-active”); general state of health (refe-
rence = “very good”) and country (relative to the mean
odds for all countries analysed). In separate logistic regres-
sion models, we assessed the odds of belonging to the
“high-sit/low-active” group and the odds of belonging to
the “low-sit/high-active” group. Except for physical activity
level, the model included the same explanatory variables
used in the previous logistic regression analyses.

Results
Information on the Eurobarometer 64.3, sampling and re-
sponse rates have been described [35]. In brief, data were
available for 29,193 adults aged 15–98 years from 32
European countries. For the sitting time question, data
were missing for 1,556 participants (5.3% of total sample)
and, therefore, the analyses included 27,637 participants.
Descriptive data on usual weekday sitting time are

presented for the total sample, by country and selected
sociodemographic factors (Table 1). Significant diffe-
rences were observed within each sub-group across all
sociodemographic factors and by country. Mean week-
day sitting time for the total sample was 309 minutes/
day (SD = 185 minutes/day), equating to 5–6 hours of
sitting per day. Males reported a higher mean weekday
sitting time than females, and younger people (15–
24 years) had higher sitting times when compared to
older people (≥25 years). Participants with ≤18 years of
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education reported lower weekday sitting times than adults
with ≥19 years of education. There was an inverse relation-
ship between physical activity level and usual weekday sit-
ting time. Adults in the high-active category reported
lower weekday sitting times than those in the moderate
group, who reported less than those within the low-active
category. Adults who reported their general health to be
neither good nor bad had the lowest sitting times, whereas
adults who reported having bad/very bad general health
reported the highset mean sitting times. There were diffe-
rences in sitting time by usual activity with those within
high sitting usual activates reporting the highest sitting,
followed by mixed sitting activities. There was a large vari-
ation in mean sitting times between countries. Adults from
the Netherlands, Denmark, Czech Republic and Greece
reported the highest mean sitting times (376–407 minutes/
day), while those from Romania, Portugal, Malta and
Lithuania reported the lowest mean sitting times (191–
236 minutes/day) (Table 1).
The cross-country distributions of proportions of adults

within the highest quartile of sitting time (420–960 mi-
nutes/day) are shown in Figure 1. A geographical pattern
was observed with greater proportions of north-western
European countries having ≥30% of the sample in the
Figure 1 Proportion of people 15 years and older who sit for 7 or mo
highest quartile. In contrast, countries within south-eastern
Europe generally typically had the lowest proportions within
the highest quartile (Figure 1).
Multivariable-adjusted analyses for the odds of being in

the highest sitting quartile are shown in Table 2. Females
(OR = 0.75, CI95 = 0.71-0.80) were less likely to be in the
highest sitting quartile. Those in the low active (OR= 5.10,
CI95 = 4.60-5.66) and moderate activity group (OR= 2.78,
CI95 = 2.53-3.06) were more likely to be in the highest sitting
quartile, compared with the high active group. Compared to
adults reporting very good health, those who reported their
general health as neither good nor bad (OR= 1.28, CI95 =
1.15-1.42) and bad/very bad (OR = 1.87, CI95 = 1.63-2.15)
were more likely to be in the highest sitting quartile. Com-
pared to low sit usual activities, those in high sit (OR= 2.99,
CI95 = 2.74-3.25) and mixed sitting activities (OR= 1.36,
CI95 = 1.21-1.52) were more likely to report high levels of sit-
ting. Adults within Greece (OR= 2.91, CI 2.51-3.36) and the
Netherlands (OR = 2.56, CI95 = 2.22-2.94) had the highest
odds for reported high levels of sitting compared with the
average odds for all countries. In contrast, those within
Portugal (OR= 0.41, CI95 = 0.33-0.51) and Malta (OR= 0.46,
CI95 = 0.35-0.61) were less likely to be in the highest quartile
(Table 2).
re hours per day by country.



Table 2 Multivariable-adjusted odds ratiosa (OR) and 95%
confidence intervals (95% CI) for being in the highest
sitting quartile (420–960 min/day) by sociodemographic
factors and by country

Independent variables OR (95% CI)

Gender (ref: male)

Female 0.75 (0.71–0.80)

Age (ref: 15–24 years)

25–34 years 0.91 (0.78–1.06)

35–44 years 0.82 (0.71–0.96)

45–54 years 0.86 (0.74–1.00)

55–64 years 0.73 (0.62–0.86)

65 years and older 1.06 (0.89–1.26)

Education (ref: 18 yrs and less of education)

19 years and over of education 1.52 (1.42–1.63)

Physical activity Level (ref: high-active)

Low-active 5.10 (4.60–5.66)

Moderate 2.78 (2.53–3.06)

General state of health (ref: very good)

Good 1.08 (0.99–1.18)

Neither good nor bad 1.28 (1.15–1.42)

Bad/very bad 1.87 (1.63–2.15)

Usual activity (ref: low sitting)

Mixed sitting 1.36 (1.21–1.52)

High sitting 2.99 (2.74–3.25)

Country (ref: mean odds of all countries)

Greece 2.91 (2.51–3.36)

The Netherlands 2.56 (2.22–2.94)

Czech Republic 1.76 (1.52–2.04)

Cyprus (Republic) 1.70 (1.37–2.11)

Denmark 1.57 (1.34–1.84)

Germany West 1.36 (1.16–1.59)

Poland 1.35 (1.15–1.58)

Finland 1.25 (1.07–1.46)

Belgium 1.22 (1.05–1.42)

Germany East 1.20 (0.96–1.49)

Estonia 1.19 (1.02–1.40)

Croatia 1.17 (0.99–1.38)

Great Britain 1.11 (0.94–1.30)

Turkey 1.09 (0.90–1.32)

Slovakia 1.05 (0.90–1.23)

Slovenia 1.04 (0.88–1.23)

Austria 1.02 (0.87–1.20)

Cyprus (TCC) 1.02 (0.81–1.29)

Bulgaria 1.00 (0.85–1.19)

Sweden 0.94 (0.81–1.09)

Luxembourg 0.90 (0.71–1.13)

Table 2 Multivariable-adjusted odds ratiosa (OR) and 95%
confidence intervals (95% CI) for being in the highest
sitting quartile (420–960 min/day) by sociodemographic
factors and by country (Continued)

Northern Ireland 0.84 (0.63–1.12)

Latvia 0.82 (0.69–0.97)

Hungary 0.73 (0.61–0.87)

Lithuania 0.67 (0.56–0.81)

Ireland 0.64 (0.53–0.78)

Italy 0.63 (0.53–0.75)

Spain 0.62 (0.51–0.74)

France 0.59 (0.50–0.70)

Romania 0.55 (0.46–0.67)

Malta 0.46 (0.35–0.61)

Portugal 0.41 (0.33–0.51)
aadjusted for age, gender, education, physical activity level, general state of
health, usual activity and country.
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Table 3 shows the distributions of high-sit/low-active and
low-sit/high-active groups across socio-demographic groups
and countries. A larger proportion of the sample was classi-
fied as low-sit/high-active compared with high-sit/low-active
(10.1% vs. 11.3%). Significant differences were observed
within each sub-group across all sociodemographic factors
and by country. There greater proportions of males than fe-
males in both the high-sit/low-active group and low-sit
/high-active sub-group. Adults aged 65 years and over com-
prised the largest proportion of the high-sit/low-active sub-
group. Adults who reported their general health as bad/very
bad had the highest proportions in the high-sit/low-active
group, and the lowest proportion in the low-sit/high-active
group. A higher proportion of adults with ≥19 years of edu-
cation were in the high-sit/low-active group, whereas a
higher proportion of those with ≤18 years of education were
found to be classified as low-sit/high-active. Across coun-
tries, although in some cases the sample sizes were small,
the countries with the largest proportion of their sample
within the high-sit/low-active group were Cyprus (Republic),
Cyprus (TCC) and Croatia. Romania, Germany East and
Bulgaria had the largest proportions within the low-sit/high-
active group (Table 3).
Multivariable-adjusted analyses for the odds of being in

the high-sit/low-active or low-sit/high-active sub-groups
are shown in Table 4. Adults who reported their general
health as bad/very bad had the highest odds of being in the
high-sit/low-active (OR = 4.74, CI95 = 3.97-5.65), while
these adults were less likely to be classified as low-sit/high
active (OR = 0.43, CI95 = 0.35-0.52). Compared to adults
with 18 years or less of education, those with 19 years or
more education (OR = 1.27, CI95 = 1.15-1.41) were more
likely to be in the high-sit/low-active. Higher educated



Table 3 Percentage of sample classified as high sit/low-
activea or low-sit/high-activeb by sociodemographic
factors and by country

High-sit/
low-active

Low-sit/
high-active

% (n)c % (n)c

All (% of total sample) 10.1 (2 779) 11.3 (3 134)

Gender

Male 9.9 (1 209) 14.7 (1 799)

Female 10.2 (1 570) 8.7 (1 335)

Age

15 – 24 years 10.0 (376) 8.1 (304)

25 – 34 years 9.6 (430) 13.4 (602)

35 – 44 years 8.5 (418) 15.1 (746)

45 – 54 years 9.3 (421) 13.5 (607)

55 – 64 years 9.0 (397) 11.4 (502)

65 years and older 13.3 (737) 6.7 (373)

Education

18 yrs and less of education 8.9 (1 342) 13.5 (2 046)

19 years and over of education 11.5 (1 069) 9.9 (923)

General state of health

Very good 8.1 (465) 12.7 (731)

Good 9.0 (1 246) 11.5 (1 539)

Neither good nor bad 10.8 (635) 11.2 (660)

Bad/very bad 20.1 (423) 6.7 (142)

Usual activity

Low sitting 5.2 (424) 18.3 (1 485)

Mixed sitting 11.7 (1 179) 7.1 (720)

High sitting 12.5 (1 176) 9.9 (929)

Country

Cyprus (Republic) 21.2 (99) 9.4 (44)

Cyprus (TCC) 17.8 (74) 5.3 (22)

Croatia 14.2 (139) 15.4 (151)

Denmark 14.0 (137) 7.9 (77)

Belgium 14.0 (139) 9.3 (92)

Czech Republic 13.9 (131) 9.1 (86)

Great Britain 13.2 (119) 7.7 (69)

Northern Ireland 12.9 (37) 7.3 (21)

Luxembourg 12.4 (61) 9.6 (47)

Greece 12.3 (123) 9.3 (93)

Sweden 12.0 (124) 7.7 (79)

France 11.8 (115) 11.4 (111)

Ireland 11.2 (11.2) 8.4 (75)

Finland 11.0 (108) 9.6 (94)

Poland 10.2 (98) 12.1 (117)

Italy 10.1 (97) 10.7 (103)

Malta 9.9 (44) 3.8 (17)

Table 3 Percentage of sample classified as high sit/low-
activea or low-sit/high-activeb by sociodemographic
factors and by country (Continued)

Slovakia 9.1 (89) 15.0 (147)

Spain 8.9 (84) 7.1 (67)

Estonia 8.7 (83) 13.4 (127)

Germany West 8.6 (77) 11.3 (101)

Latvia 8.5 (85) 15.3 (153)

Austria 8.4 (84) 10.1 (101)

Turkey 7.7 (67) 5.7 (50)

Hungary 7.5 (73) 18.8 (182)

Slovenia 7.3 (73) 12.9 (130)

The Netherlands 6.9 (70) 7.6 (77)

Lithuania 6.2 (54) 16.2 (141)

Bulgaria 6.2 (57) 17.6 (163)

Romania 5.9 (58) 18.8 (184)

Germany East 5.7 (30) 19.4 (103)
aHigh-sit/low-active group calculated by being in the low active group
(assessed by IPAQ) and the highest quartile of sitting group
(420–960 mins/day).
bLow-sit/high-active calculated by being in the high active group (assessed by
IPAQ) and the lowest tertile of sitting group (0–211 mins/day).
c Percentages are given relative to the proportion of total number within each
sociodemographic factor and country.
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adults were less likely to be in the low-sit/high-active group
(OR = 0.68, CI95 = 0.61-0.74). Across countries, compared
with the average odds for the countries analysed, adults
from Cyprus (Republic) (OR = 2.68, CI95 = 2.09-3.44) and
Cyprus (TCC) (OR = 2.15, CI95 = 1.63-2.83) were more
likely to be in the high-sit/low-active group, while those
from East Germany (OR = 2.21, CI95 = 1.77-2.77) and
Hungary (OR = 2.19, CI95 = 1.84-2.60) had the highest odds
of being classified as low-sit/high-active.

Discussion
This paper examined the prevalence and correlates of
weekday sitting time among a large sample of European
adults of the 32 Eurobarometer-participating countries.
Population-based multi-country studies of sitting preva-
lence that use standardised instruments are scarce. Our
study is the first, to our knowledge, to provide a com-
prehensive comparison of sitting prevalence across a
large cross-section of European countries.
The key finding of our analysis of the Eurobarometer

64.3 was that IPAQ assessed usual weekday sitting time
was geographically distributed, with countries within
north-western Europe generally reporting higher sitting
times than countries situated within south-eastern Europe
(Figure 1). Within the scope of the present study it is pos-
sible only to speculate on the causes of this geographical
pattern. However, an explanatory factor may be the un-
equal distribution of wealth between the more affluent



Table 4 Adjusted odds ratiosa (OR) and 95% confidence
intervals (95% CI) of belonging to high sit/low-activeb or
low-sit/high-activec by sociodemographic factors and by
country

Independent variables High-sit/
low-active

Low-sit/
high active

OR (95% CI) OR (95% CI)

Gender (ref: male)

Female 0.99 (0.91–1.08) 0.50 (0.46–0.55)

Age (ref: 15–24 years)

25 – 34 years 1.02 (0.81–1.27) 1.16 (0.97–1.39)

35 – 44 years 0.86 (0.69–1.08) 1.35 (1.13–1.61)

45 – 54 years 0.92 (0.73–1.15) 1.15 (0.96–1.38)

55 – 64 years 0.93 (0.74–1.18) 1.04 (0.86–1.26)

65 years and older 1.53 (1.19–1.96) 0.65 (0.52–0.81)

Education
(ref: 18 yrs and less of education)

19 years and over of education 1.27 (1.15–1.41) 0.68 (0.61–0.74)

General state of health
(ref: very good)

Good 1.44 (1.26–1.64) 0.78 (0.70–0.86)

Neither good nor bad 2.13 (1.83–2.48) 0.68 (0.60–0.78)

Bad/very bad 4.74 (3.97–5.65) 0.43 (0.35–0.52)

Usual activity
(ref: low sitting)

Mixed sitting 1.59 (1.35–1.86) 0.52 (0.45–0.60)

High sitting 2.87 (2.52–3.26) 0.48 (0.44–0.53)

Country
(ref: mean odds of all countries)

Cyprus (Republic) 2.68 (2.09–3.44) 0.85 (0.62–1.16)

Cyprus (TCC) 2.15 (1.63–2.83) 0.42 (0.27–0.65)

Belgium 1.65 (1.36–2.00) 0.89 (0.71–1.11)

Greece 1.60 (1.30–1.96) 0.78 (0.62–0.97)

Northern Ireland 1.57 (1.11–2.22) 0.59 (0.38–0.92)

Great Britain 1.56 (1.27–1.90) 0.66 (0.51–0.85)

Ireland 1.50 (1.19–1.89) 0.57 (0.45–0.74)

Denmark 1.49 (1.21–1.85) 0.80 (0.62–1.04)

Luxembourg 1.48 (1.11–1.98) 0.90 (0.66–1.23)

Croatia 1.42 (1.16–1.75) 1.65 (1.37–1.99)

Czech Republic 1.40 (1.15–1.70) 0.88 (0.70–1.11)

France 1.19 (0.97–1.47) 1.13 (0.92–1.39)

Sweden 1.19 (0.97–1.45) 0.79 (0.62–1.00)

Malta 1.17 (0.83–1.63) 0.28 (0.17–0.46)

Turkey 1.09 (0.81–1.45) 0.36 (0.27–0.49)

Italy 1.05 (0.83–1.32) 0.98 (0.79–1.22)

Finland 1.03 (0.83–1.28) 1.18 (0.94–1.48)

Poland 1.00 (0.80–1.25) 1.28 (1.04–1.58)

Spain 0.95 (0.74–1.23) 0.62 (0.48–0.80)

Table 4 Adjusted odds ratiosa (OR) and 95% confidence
intervals (95% CI) of belonging to high sit/low-activeb or
low-sit/high-activec by sociodemographic factors and by
country (Continued)

Austria 0.86 (0.67–1.09) 0.85 (0.68–1.05)

Germany West 0.82 (0.64–1.05) 1.09 (0.88–1.35)

Slovakia 0.77 (0.61–0.98) 1.66 (1.38–1.99)

Hungary 0.68 (0.53–0.87) 2.19 (1.84–2.60)

The Netherlands 0.65 (0.50–0.84) 0.74 (0.59–0.95)

Latvia 0.64 (0.50–0.82) 2.01 (1.67–2.42)

Estonia 0.63 (0.49–0.80) 1.85 (1.51–2.25)

Romania 0.60 (0.46–0.79) 1.91 (1.60–2.28)

Slovenia 0.59 (0.45–0.78) 1.60 (1.32–1.95)

Germany East 0.56 (0.38–0.82) 2.21 (1.77–2.77)

Bulgaria 0.54 (0.41–0.72) 1.85 (1.54–2.22)

Lithuania 0.47 (0.35–0.62) 2.06 (1.69–2.50)

Portugal 0.46 (0.33–0.64) 0.87 (0.70–1.09)

Cyprus (Republic) 2.68 (2.09–3.44) 0.85 (0.62–1.16)
aadjusted for age, gender, education, usual activity, general state of health
and country.
bhigh-sit/low-active group calculated by being in the low-active group
(assessed by IPAQ) and the highest quartile of sitting group
(420–960 mins/day).
clow-sit/high-active calculated by being in the high-active group (assessed by
IPAQ) and the lowest tertile of sitting group (0–211 mins/day).

Bennie et al. International Journal of Behavioral Nutrition and Physical Activity 2013, 10:107 Page 9 of 13
http://www.ijbnpa.org/content/10/1/107
north-western countries, when compared to less wealthy
south-eastern Europe countries. Wealth inequalities could
theoretically influence sitting time across all sitting domains
(e.g. occupation, transport, leisure-time and household).
Within the occupational setting, it is likely north-western
countries have greater proportions of adults in white collar,
office-based occupations (which require greater volumes of
sitting), and greater exposure to technology at work (e.g.
computers and other labour saving devices). Moreover, un-
equal wealth disruptions across Europe may result in
greater proportions of passive transport (car use). For ex-
ample, when compared to south-eastern Europe countries,
north-western countries may be more likely to have build-
ing and transportation practices that require car use for
most trips, [36]. Within the household domain, it is also
possible that those within north-western countries have
greater access to labour-saving devices and technology
(e.g. internet, electronic entrainment) [36]. Although these
data were collected in a similar time-frame (November-
December 2005), it is possible that climatic factors may
partially explain differences in sitting times across coun-
tries. For example, northern European countries tend to
be in the highest quartile of sitting time, where the climate
is colder than in southern European countries where
fewer people belonged to the highest quartile. Further-
more, cultural differences in interpreting sitting questions
and reporting biases may have contributed to some of the
differences in sitting time between countries [37].



Bennie et al. International Journal of Behavioral Nutrition and Physical Activity 2013, 10:107 Page 10 of 13
http://www.ijbnpa.org/content/10/1/107
The present study showed that usual weekday sitting time
among 32 European countries was 309 minutes/day. This
daily sitting time was slightly lower than what was observed
by the IPS which reported a mean sitting time of 346 mi-
nutes/day [28]. When compared to population studies
using objective assessment instruments, sitting time may be
underestimated by self-report measurements [38,39]. For
example, sitting data from the IPS and Eurobarometer 64.3
indicated that adults self-reported 5–6 hrs of sitting per
day. However, accelerometer data from several national
population representative samples has shown daily seden-
tary time to be 8.8-11.2 h/day [13,40-42]. Despite the dis-
parity between objective and subjective tools, it is not clear
whether the prevalence of sitting observed in this study are
harmful to health because at present there is no consensus
among researchers surrounding the dose–response rela-
tionship between sitting and detrimental health outcomes
[43,44]. In parallel with the wide variations in physiological
adaptations to exercise training [45], it is likely that the dose
and volume of sitting and associated health consequences
differs from individual to individual [45,46]. Moreover, the
way sitting time is accrued within the context of a whole
day may be important [47]. Recently, controlled laboratory
studies further examined the acute cardiometabolic effects
of breaking up prolonged sedentary time [47,48]. In these
experiments, when prolonged sitting was displaced with
light- or moderate-intensity walking, there was a significant
lowering of postprandial glucose and insulin levels [47], and
improved whole-body insulin sensitivity [48].
The adjusted analyses identified that being low-active,

being in poor health and having high sitting usual activ-
ities were among the strongest correlates of reporting high
sitting time. These findings are somewhat similar to other
studies [28,33,34]. For education, our results and those
from the IPS [28], suggest that high levels of education are
associated with higher levels of sitting. This result may be
explained by the fact that those with higher education
levels may have occupations that require higher volumes
of sitting. Although we assessed sitting time in a some-
what younger population than the IPS study (EB 64.3:
≥15 years vs. IPS: ≥18 years), both studies show a trend
for younger people to report higher sitting times. Potential
explanations may be that in contrast to older adults, a
greater proportion of younger adults may be students,
which may require high sitting volumes [28,49,50]. More-
over, despite younger adults having a greater amount of
leisure time, time use studies have shown that 85-90% of
their leisure time is spent sedentary [49,50]. Last, younger
adults may be less likely to household activities (which are
often not sedentary) [50]. These self-report data on sitting
time and its relationship to age are to some extent incon-
sistent with studies using objective physical activity assess-
ment tools. For example, in the U.S. population NHANES
2003–2004 study, accelerometer-defined sedentary time
showed a linear trend, with sitting times increasing with in-
creasing age [13]. However, a potential explanation of these
inconsistent findings may be the age differences of the par-
ticipants assessed in the EB 64.3 (15-18 years) and NHANES
2003–2004 participants (>20 years). A recent review of
population studies assessing accelerometer-defined seden-
tary time of Belgian adults and children (n = 2,083) showed
that those aged between15-18 years had the highest levels of
sedentary time when compared to other age groups [51].
These conflicting findings highlight the need for further re-
search that objectively assesses cross-country sedentary time
within population-representative samples and among a wide
variety of age groups.
The findings around sitting time and physical activity

levels are consistent with previous research, with the IPS
study showing a similar inverse relationship between sitting
time and levels of physical activity [28]. This finding differs
from some small-scale research using objective assessments
of physical activity and sedentary behaviour patterns. For ex-
ample, when accelerometer-assessed physical activity and
sedentary time were examined among participants in short-
term exercise studies, those engaging in high levels of
moderate-to-vigorous exercise may compensate for high ac-
tivity levels by being more sedentary during non-exercise pe-
riods [52,53], resulting in no net gain in energy expenditure
[54]. While the present study does not support this hypoth-
esis, it may be possible that adults reporting high physical
activity levels may under report their sitting time. The pos-
sible compensation for increased sitting time among adults
with high levels of physical activity warrants further investi-
gation in population-representative samples. Furthermore,
objective assessments tools, such as accelerometers and in-
clinometers, should be used to examine relationships be-
tween sitting and physical activity behaviour patterns.
However, population studies that implement objective phys-
ical activity assessment tools have significant cost and logis-
tical issues [13].
A novel aspect of this study was the description of the

high-sit/low-active and low-sit/high-active specific sub-
groups within the Eurobarometer 64.3 sample, which
reflects the combined risks of sitting and levels of physical
activity. The cross-country distributions of these sub-
groups suggested another potential geographical pattern.
There was a greater tendency for adults from north-
western European countries to be classified as high-sit/low-
active. In contrast, those within south-eastern countries
were more likely to be classified as low-sit/high-active.
While this trend requires replication, this geographical pat-
tern suggests that adults within north-western European
countries may be at risk of health consequences associated
with a combination of high volumes of sitting and low
levels of physical activity. Another observation was that
some countries that scored high on sitting prevalence
(Netherlands, Denmark, West-Germany), scored relatively
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low in the high-sit/low-active category. This seems to indi-
cate higher levels of physical activity in these countries,
which might be partly due to the good active transportation
infrastructure in these countries. In contrast, Great Britain
which has poorer active transportation infrastructure scored
much higher on the high-sit/low-active category. More edu-
cated adults were classified more frequently as high-sit/low-
active, and less frequently as low-sit/high-active. These
findings differ from previous research examining physical
activity levels without relation to sitting time. Research has
consistently shown a positive association between increased
education levels and high physical activity levels [23,55]. Al-
though the analyses adjusted for usual activities, this finding
may be explained by higher educated adults employed in
occupations that require higher volumes of sitting. Future
studies should continue to assess sitting and physical acti-
vity patterns concurrently. Research examining the preva-
lence and correlates of high-sit/low-active individuals may
be used to target at risk populations in intervention studies.
Strengths of this study include the recruitment of a large

sample of adults across a large number of European coun-
tries. This resulted in a reasonably heterogonous sample,
making it possible to compare sitting data across various
sociodemographic factors. A further strength was the use
of a standardised sitting time assessment instrument, which
makes it possible to compare the findings of the present
study to future research. Limitations include the cross-
sectional design, which makes it difficult to infer causality
from the study findings. Moreover, given that the modest
response rate of 54.6%, there may be limitations around the
generalisability of these results. Further limitations included
the use of self-report measures of sitting and physical activ-
ity, which may result in social desirability and recall biases
[56]. Furthermore, it is also possible that those who partici-
pated in the study may have different sitting patterns than
non-participants. Therefore, these factors might have
resulted in the under-reporting of sitting time, which may
suggest our estimates of sitting time in Europe are on the
conservative side. However, given the large sample size
across a wide-variety of countries, objective sitting and phys-
ical activity assessments (e.g. accelerometers and inclinome-
ters) were too difficult to implement due to high cost,
logistical issues and participant burden. Furthermore, des-
pite limitations around the validity of self-reported methods,
among large samples, standardised self-report tools have a
use for ranking individuals sitting time and physical activity
levels [57].

Conclusion
With emerging evidence suggesting that high volumes of
sitting may be an independent health risk factor, there is a
need to describe the prevalence of population levels of sit-
ting. However, large-scale multi-country sitting surveil-
lance studies are scarce. The Eurobarometer 64.3 survey
provided a unique opportunity to examine the prevalence
of sitting time among a population sample of adults from
32 European countries. This paper identified a large vari-
ation in sitting time across European countries, with indi-
cations that populations in north-western Europe sit the
most. Moreover, high sitting volumes were more prevalent
among males, younger age groups, low-active adults, and
those with higher education levels. Given the recent trend
for technological and societal advancements across deve-
loped and developing countries, sitting is, and will become
increasingly entrenched in many modern lifestyles. Regu-
lar public health surveillance studies using consistent
methods and survey instruments on population sitting
levels should be a priority for national and international
health departments.

Consent
The European Commission approved study protocols and
written informed consent was obtained from the partici-
pants for the publication of this report [35].

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
JB designed the study, developed the research plan and conducted the
preliminary data reduction/analysis and wrote the manuscript. AB and JC
provided guidance on the analysis and interpretation of data. AD and JB
conducted the logistic regression analysis. MS and HvdP critically reviewed
the manuscript and interpretation of the results. All authors read and
approved the final version of the manuscript for publication.

Acknowledgements
This study was supported by NHMRC Program Grant 569940. We wish to
thank Mr Andrew Wilson from the Archaeological Computing Laboratory,
The University of Sydney, for technical assistance when producing Figure 1.
Thanks to the Eurobarometer 64.3 survey participants for the donation of
their generous time.

Author details
1Prevention Research Collaboration, Sydney School of Public Health, The
University of Sydney, 92-94 Parramatta Road, Camperdown, NSW 2050,
Australia. 2Department of Public and Occupational Health, EMGO Institute for
Health and Care Research, VU University Medical Centre, Van der
Boechorststraat 7, Amsterdam, Netherlands. 3Physical Activity Research Group
(UCL-PARG), Division of Population Health, Department of Epidemiology and
Public Health, University College London, 4th Floor, Holborn Union Building
Archway (Whittington) Campus, Highgate Hill, London N19 5LW, UK. 4Centre
for Epidemiology and Evidence, New South Wales Ministry of Health, Locked
Mail Bag 961, North Sydney, NSW 2059, Australia.

Received: 15 April 2013 Accepted: 4 September 2013
Published: 11 September 2013

References
1. Thorp AA, Owen N, Neuhaus M, Dunstan DW: Sedentary behaviors and

subsequent health outcomes in adults a systematic review of
longitudinal studies, 1996–2011. Am J Prev Med 2011, 41:207–215.

2. Proper KI, Singh AS, van Mechelen W, Chinapaw MJ: Sedentary behaviors
and health outcomes among adults: a systematic review of prospective
studies. Am J Prev Med 2011, 40:174–182.

3. Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, Strath SJ, O’Brien
WL, Bassett DR Jr, Schmitz KH, Emplaincourt PO, et al: Compendium of
physical activities: an update of activity codes and MET intensities.
Med Sci Sports Exerc 2000, 32:S498–S504.



Bennie et al. International Journal of Behavioral Nutrition and Physical Activity 2013, 10:107 Page 12 of 13
http://www.ijbnpa.org/content/10/1/107
4. SBRN: Standardized use of the terms “sedentary” and “sedentary
behaviours. Physiologie appliquee, nutrition et metabolisme 2012, 37:540–542.

5. van der Ploeg HP, Chey T, Korda R, et al: Sitting time and all-cause mortality
risk in 222,497 Australian adults. Arch Intern Med 2012, 172(6):494–500.

6. Pavey TG, Peeters GG, Brown WJ: Sitting-time and 9-year all-cause mortality
in older women. Br J Sports Med 2012. 10.1136/bjsports-2012-091676.

7. Matthews CE, George SM, Moore SC, Bowles HR, Blair A, Park Y, Troiano RP,
Hollenbeck A, Schatzkin A: Amount of time spent in sedentary behaviors
and cause-specific mortality in US adults. Am J Clin Nutr 2012, 95:437–445.

8. Thorp AA, Healy GN, Owen N, Salmon J, Ball K, Shaw JE, Zimmet PZ,
Dunstan DW: Deleterious associations of sitting time and television
viewing time with cardiometabolic risk biomarkers: Australian diabetes,
obesity and lifestyle (AusDiab) study 2004–2005. Diabetes Care 2010,
33:327–334.

9. Brown WJ, Williams L, Ford JH, Ball K, Dobson AJ: Identifying the energy
gap: magnitude and determinants of 5-year weight gain in midage
women. Obes Res 2005, 13:1431–1441.

10. Ekelund U, Brage S, Besson H, Sharp S, Wareham NJ: Time spent being
sedentary and weight gain in healthy adults: reverse or bidirectional
causality? Am J Clin Nutr 2008, 88:612–617.

11. Mummery WK, Schofield GM, Steele R, Eakin EG, Brown WJ: Occupational
sitting time and overweight and obesity in Australian workers. Am J Prev
Med 2005, 29:91–97.

12. Pinto Pereira SM, Ki M, Power C: Sedentary behaviour and biomarkers for
cardiovascular disease and diabetes in mid-life: the role of television-
viewing and sitting at work. PLoS One 2012, 7:e31132.

13. Matthews CE, Chen KY, Freedson PS, Buchowski MS, Beech BM, Pate RR,
Troiano RP: Amount of time spent in sedentary behaviors in the United
States, 2003–2004. Am J Epidemiol 2008, 167:875–881.

14. Frydenlund G, Jorgensen T, Toft U, Pisinger C, Aadahl M: Sedentary leisure
time behavior, snacking habits and cardiovascular biomarkers: the
Inter99 Study. Eur J Prev Cardiol 2012, 19:1111–1119.

15. Ford ES, Caspersen CJ: Sedentary behaviour and cardiovascular disease:
a review of prospective studies. Int J Epidemiol 2012, 41:1338–1353.

16. Koster A, Caserotti P, Patel KV, Matthews CE, Berrigan D, Van Domelen DR,
Brychta RJ, Chen KY, Harris TB: Association of sedentary time with
mortality independent of moderate to vigorous physical activity. PLoS
One 2012, 7:e37696.

17. Katzmarzyk PT, Lee IM: Sedentary behaviour and life expectancy in the
USA: a cause-deleted life table analysis. BMJ Open 2012, 2:e000828.

18. Katzmarzyk PT, Church TS, Craig CL, Bouchard C: Sitting time and mortality
from all causes, cardiovascular disease, and cancer. Med Sci Sports Exerc
2009, 41:998–1005.

19. Tremblay MS, Leblanc AG, Janssen I, Kho ME, Hicks A, Murumets K, Colley RC,
Duggan M: Canadian sedentary behaviour guidelines for children and
youth. Physiologie appliquee, nutrition et metabolisme 2011, 36:59–64. 65–71.

20. Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ, Lee IM,
Nieman DC, Swain DP: American College of Sports Medicine position
stand. quantity and quality of exercise for developing and maintaining
cardiorespiratory, musculoskeletal, and neuromotor fitness in apparently
healthy adults: guidance for prescribing exercise. Med Sci Sports Exerc
2011, 43:1334–1359.

21. Davis S, Burns H, Jewell T, McBride M: Start active, stay active - a report on
physical activity for health from the four home countries’ Chief Medical
Oficers. In Book Start Active, Stay Active - A report on physical activity for
health from the four home countries’ Chief Medical Oficers. City: Health
Improvement and Protection; 2011.

22. Dishman RK, Washburn RA, Heath GW: Physical Activity Epidemiology.
Champaign IL: Human Kinetics; 2004.

23. Trost SG, Owen N, Bauman AE, Sallis JF, Brown W: Correlates of adults’
participation in physical activity: review and update. Med Sci Sports Exerc
2002, 34:1996–2001.

24. Saelens BE, Sallis JF, Frank LD: Environmental correlates of walking and
cycling: findings from the transportation, urban design, and planning
literatures. Ann Behav Med 2003, 25:80–91.

25. Giles-Corti B, Donovan RJ: Relative influences of individual, social
environmental, and physical environmental correlates of walking.
Rev Panam Salud Publica 2003, 93:1583–1589.

26. Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U:
Global physical activity levels: surveillance progress, pitfalls, and
prospects. Lancet 2012, 380:247–257.
27. Owen N, Bauman A, Brown W: Too much sitting: a novel and important
predictor of chronic disease risk? Br J Sports Med 2009, 43:81–83.

28. Bauman A, Ainsworth BE, Sallis JF, Hagstromer M, Craig CL, Bull FC, Pratt M,
Venugopal K, Chau J, Sjostrom M: The descriptive epidemiology of sitting.
A 20-country comparison using the international physical activity
questionnaire (IPAQ). Am J Prev Med 2011, 41:228–235.

29. Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE,
Pratt M, Ekelund U, Yngve A, Sallis JF, Oja P: International physical activity
questionnaire: 12-country reliability and validity. Med Sci Sports Exerc
2003, 35:1381–1395.

30. Rosenberg DE, Bull FC, Marshall AL, Sallis JF, Bauman AE: Assessment of
sedentary behavior with the International Physical Activity
Questionnaire. J Phys Act Health 2008, 5(Suppl 1):S30–S44.

31. Guthold R, Ono T, Strong KL, Chatterji S, Morabia A: Worldwide
variability in physical inactivity a 51-country survey. Am J Prev Med
2008, 34:486–494.

32. Sallis JF, Bowles HR, Bauman A, Ainsworth BE, Bull F, Craig CL, Sjostrom M,
De Bourdeaudhij I, Lefevre J, Matsudo V, et al: Neighborhood
environments and physical activity among adults in 11 countries. Am J
Prev Med 2009, 36:484–490.

33. Van Dyck D, Cardon G, Deforche B, Owen N, Sallis JF, De Bourdeaudhuij I:
Neighborhood walkability and sedentary time in Belgian adults. Am J
Prev Med 2010, 39:25–32.

34. Wallman-Sperlich B, Buksch J, Hansen S, Schantz P, Froboese I: Sitting Time
in Germany: An Analysis of Socio-demographic and Environmental
Correlates. BMC public health 2013, 13:196.

35. Papacostas A: Eurobarometer 64.3: foreign languages, biotechnology,
organized crime, and health items. In Book Eurobarometer 64.3: foreign
languages, biotechnology, organized crime, and health items, Volume ICPSR
4590. City: Inter-University Consortium for Political & Social Research; 2005.

36. Sallis JF, Glanz K: Physical activity and food environments: solutions to
the obesity epidemic. Milbank Q 2009, 87:123–154.

37. Bauman A, Ainsworth BE, Bull F, Craig CL, Hagstromer M, Sallis JF, Pratt M,
Sjostrom M: Progress and pitfalls in the use of the international physical
activity questionnaire (IPAQ) for adult physical activity surveillance.
J Phys Act Health 2009, 6(Suppl 1):S5–S8.

38. Owen N, Healy GN, Matthews CE, Dunstan DW: Too much sitting: the
population health science of sedentary behavior. Exerc Sport Sci Rev 2010,
38:105–113.

39. Healy GN, Clark BK, Winkler EA, Gardiner PA, Brown WJ, Matthews CE:
Measurement of adults’ sedentary time in population-based studies.
Am J Prev Med 2011, 41:216–227.

40. Aresu M, Bécares L, Brage S, et al: Health survey for England. In Physical
activity and fitness, Volume 1. Edited by Craig R, Mindell J, Hirani V. London,
UK: The Health and Social Care Information Centre; 2009.

41. Colley R, Garriguet D, Janssen I, Craig C, Clarke J, Tremblay M: Physical
activity of Canadian adults: accelerometer results from the 2007 to 2009
Canadian Health Measures Survey. In Book Physical activity of Canadian
adults: Accelerometer results from the 2007 to 2009 Canadian Health Measures
Survey. City: Health Reports, Statistics Canada; 2011.

42. Hagstromer M, Ainsworth BE, Oja P, Sjostrom M: Comparison of a
subjective and an objective measure of physical activity in a population
sample. J Phys Act Health 2010, 7:541–550.

43. Wilmot EG, Edwardson CL, Achana FA, Davies MJ, Gorely T, Gray LJ, Khunti
K, Yates T, Biddle SJ: Sedentary time in adults and the association with
diabetes, cardiovascular disease and death: systematic review and
meta-analysis. Diabetologia 2012, 55:2895–2905.

44. Owen N, Sugiyama T, Eakin EE, Gardiner PA, Tremblay MS, Sallis JF: Adults’
sedentary behavior determinants and interventions. Am J Prev Med 2011,
41:189–196.

45. Booth FW, Chakravarthy MV, Spangenburg EE: Exercise and gene
expression: physiological regulation of the human genome through
physical activity. J Physiol 2002, 543:399–411.

46. Keller P, Vollaard NB, Gustafsson T, Gallagher IJ, Sundberg CJ, Rankinen T,
Britton SL, Bouchard C, Koch LG, Timmons JA: A transcriptional map of the
impact of endurance exercise training on skeletal muscle phenotype.
J Appl Physiol 2011, 110:46–59.

47. Dunstan DW, Kingwell BA, Larsen R, Healy GN, Cerin E, Hamilton MT, Shaw
JE, Bertovic DA, Zimmet PZ, Salmon J, Owen N: Breaking up prolonged
sitting reduces postprandial glucose and insulin responses. Diabetes Care
2012, 35:976–983.



Bennie et al. International Journal of Behavioral Nutrition and Physical Activity 2013, 10:107 Page 13 of 13
http://www.ijbnpa.org/content/10/1/107
48. Stephens BR, Granados K, Zderic TW, Hamilton MT, Braun B: Effects of 1 day
of inactivity on insulin action in healthy men and women: interaction
with energy intake. Metabolism 2011, 60:941–949.

49. Chau JY, Merom D, Grunseit A, Rissel C, Bauman AE, van der Ploeg HP:
Temporal trends in non-occupational sedentary behaviours from
Australian time use surveys 1992, 1997 and 2006. Int J Behav Nutr Phys
Act 2012, 9:76.

50. van der Ploeg H, Venugopal K, Chau J, van Poppel M, Breedveld K, Merom
D, Bauman A: Non-occupational sedentary behaviors: population
changes in the Netherlands, 1975–2005. Am J Prev Med 2013, 44:382–387.

51. Spittaels H, Van Cauwenberghe E, Verbestel V, De Meester F, Van Dyck D,
Verloigne M, Haerens L, Deforche B, Cardon G, De Bourdeaudhuij I:
Objectively measured sedentary time and physical activity time across
the lifespan: a cross-sectional study in four age groups. Int J Behav Nutr
Physical Act 2012, 9:149.

52. Meijer GA, Janssen GM, Westerterp KR, Verhoeven F, Saris WH, ten Hoor F:
The effect of a 5-month endurance-training programme on physical
activity: evidence for a sex-difference in the metabolic response to
exercise. Eur J Appl Physiol Occup Physiol 1991, 62:11–17.

53. Finni T, Haakana P, Pesola AJ, Pullinen T: Exercise for fitness does not
decrease the muscular inactivity time during normal daily life. Scand J
Med Sci Sports 2012. doi: 10.1111/j.1600-0838.2012.01456.x. [Epub ahead
of print].

54. Garland T Jr, Schutz H, Chappell MA, Keeney BK, Meek TH, Copes LE, Acosta
W, Drenowatz C, Maciel RC, van Dijk G, et al: The biological control of
voluntary exercise, spontaneous physical activity and daily energy
expenditure in relation to obesity: human and rodent perspectives. J Exp
Biol 2011, 214:206–229.

55. Bauman AE, Reis RS, Sallis JF, Wells JC, Loos RJ, Martin BW: Correlates of
physical activity: why are some people physically active and others not?
Lancet 2012, 380:258–271.

56. Shephard RJ: Limits to the measurement of habitual physical activity by
questionnaires. Br J Sports Med 2003, 37:197–206. discussion 206.

57. Westerterp KR: Assessment of physical activity: a critical appraisal. Eur J
Appl Physiol 2009, 105:823–828.

doi:10.1186/1479-5868-10-107
Cite this article as: Bennie et al.: The prevalence and correlates of sitting
in European adults - a comparison of 32 Eurobarometer-participating
countries. International Journal of Behavioral Nutrition and Physical Activity
2013 10:107.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Recruitment and participants
	Measures and data management
	Statistical analysis

	Results
	Discussion
	Conclusion
	Consent
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


