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a b s t r a c t

Objectives: This study aimed to assess the interactions between physical activity (PA) and sedentary
behaviour in a large population taking account of major sociodemographic characteristics.
Study design: Cross-sectional population-based study.
Methods: Data from 28,031 individuals living in the European Union who were aged �15 years were
retrieved from a cross-sectional survey, the Eurobarometer 2017. Interactions among the four mobility
components (vigorous, moderate, walking activity and sitting time) were assessed at the individual level
across age, gender and place of residence, and at the country level by compositional data analysis, hi-
erarchical linear regressions and principal component analysis.
Results: The most frequently reported PA was walking; however, sitting time represented >95% of the
reported weekly times, whereas moderate-to-vigorous PA (MVPA) represented <1%. Women reported
less PA and sitting time, age decreased total PA and increased sitting time, and individuals living in large
urban areas reported lower PA and higher sitting times. MVPA decreased with age (b ¼ �0.047, P < 0.001)
and was lower in women (b ¼ �0.760, P < 0.001) and those living in large urban areas (b ¼ �0.581,
P < 0.001), while walking and sitting times increased with age, being higher in women and lower in
those living in rural areas. At the country level, sitting time was positively associated with moderate
activity (b ¼ 0.389, P ¼ 0.041) and marginally non-significant with MVPA (b ¼ 0.330, P ¼ 0.087).
Conclusions: Walking was the highest contributor to weekly PA, whereas sitting time was paradoxically
associated with higher MVPA. Specific measures to reduce sitting time are required to achieve an active
lifestyle.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Promoting active lifestyles in the population has important
benefits, such as improving health status and preventing prema-
ture deaths.1e4 The World Health Organisation (WHO) physical
activity (PA) guidelines, established to improve population health,
recommend 75 min of vigorous activity per week, 150 min of
moderate activity per week or any equivalent combination of both.5

However, lower volumes of PA have also been shown to increase life
expectancy and quality of life (e.g. only 92 min per week or 15 min
per day in a non-linear relationship), while increasing intensity
may result in additional benefits.6 As such, the study of PA patterns
and their dissemination into different volumes and intensities
de la Ribera, Murcia, 30720,
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(vigorous, moderate, light and very light) leads to a better under-
standing of their health-related impacts, interactions and the
conditions that promote or limit PA.

Global health programmes to promote active lifestyles should
include strategies to reduce sedentary behaviour. Many authors
have described sedentary behaviour as an independent health risk
factor.7e10 Higher total PA levels seem to slightly decrease the
detrimental effects of sitting time on health, although these are not
eliminated completely.7e9,11,12 Despite the rising role of sedentary
behaviour in public health research, the available evidence linking
sitting time with PA is scarce, and further research is required
across different population groups. Increasing PA and reducing
sedentary behaviours could play a critical role in health status by
improving physical fitness and increasing energy expenditure.13e16

Nonetheless, it remains debatable whether reducing sitting time
results in a substantive increase in health status.17 One perspective
is that decreasing sitting time may improve health status by
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replacing it for light or very-light PA, increasing overall energy
expenditure through muscle activity and energy costs.10,18

However, the interaction between PA and sedentary behaviour
has not been rigorously investigated in large populations or taking
into account sociodemographic factors, such as age, gender or place
of residence. For example, age groups may interact with each other
to modulate health-related lifestyle behaviours (e.g. parents’ PA
and sitting time could influence their children’s PA),19,20 and the
relationship between activity patterns may differ across age and
gender. Thus, this study aimed to identify the relationship between
vigorous PA, moderate PA, walking PA and sitting time to gain a
better understanding of how these behaviours are distributed and
interact.

A representative sample of the European populationwas used in
this study from the Eurobarometer 88.4, a cross-sectional survey
conducted in the 28 European Union country members in 2017.21

Reference values for total weekly energy expenditure and daily
sitting time across age and gender for the European population are
provided. A detailed analysis was subsequently performed of the
relationship of PA pattern and sitting time, using both individual-
and country-level approaches by age, gender and place of
residence.

Methods

The present study was conducted according to the STROBE
Statement for cross-sectional studies.22

Data

This study used data retrieved from the cross-sectional survey of
Eurobarometer 88.4.21 The survey was conducted between 2
December and 11 December 2017 and involved participants aged
�15 years from the 28 European Union Member States, with
approximately 1000 participants per country and a total sample
size of 28,031 (54.77% women). By using a multistage random
sampling method, in an iterative process, the sampling points were
systematically drawn in each country according to population size
and density by individual unit and type of area stratification, as well
as age, gender, region and size of the locality. Finally, one partici-
pant (aged �15 years) in each household was randomly selected to
complete a face-to-face survey by trained interviewers.

Physical activity and sedentary behaviour assessment

The International Physical Activity Questionnaire (IPAQ) was
employed to assess the PA level of the population.23 The IPAQ
measures PA in a typical week according to its frequency (in days)
and duration (the average minutes per day) at three different in-
tensities (vigorous, moderate and walking). The Eurobarometer
categorised the duration of PA into the following intervals: ‘Never
do any vigorous (or moderate) physical activity or never walk for
10 min at a time’; ‘30 min or less’; ‘31e60 min’; ‘61e90 min’;
‘91e120 min’; and ‘More than 120 min’. Therefore, we applied the
median values of each interval to obtain a continuous value to
compute PA weekly time (note: for participants who responded
‘Never do any physical activity or walk for 10 min’ or ‘More than
120 min’, the values of 0 and 135 min were used, respectively).

In addition, we computed weekly moderate-to-vigorous phys-
ical activity (MVPA) as the sum between vigorous and moderate
activity, excluding walking (despite that it is also considered a
moderate activity), and total health-enhancing physical activity
(HEPA, also as total PA) as the sum of the three intensities. HEPA
was also expressed in metabolic equivalent of tasks (METs) per
week as a relative measure of energy expenditure from resting
2

values for percentile quantification across age groups, as detailed in
the ‘Statistical analyses’ subsection. Each minute of vigorous,
moderate and walking activity corresponds to 8, 4, and 3.3 METs,
respectively. Further information related to METs for different ac-
tivities is provided elsewhere.24,25

Last, individuals were classified into active or inactive categories
according to the WHO PA recommendations.5 To be active, in-
dividuals must accomplish at least one of the following criteria:
150 min of moderate PA per week; 75 min of vigorous PA per week;
or any equivalent combination of vigorous and moderate PA.

Sedentary behaviour was assessed as sitting time in minutes per
day, using the IPAQ. Sitting time was categorised into intervals
ranging from ‘1 h or less’, ‘1 h and 1 min to 1 h and 30 min’, with
subsequent increments of 1 h until ‘more than 8 h and 30 min’. The
median sitting time in minutes per day was computed, using
540 min (9 h) as the upper limit.

Statistical analyses

First, descriptive statistics (mean ± standard deviation [SD])
were calculated for weekly vigorous PA, moderate PA, walking PA,
MVPA and HEPA, as well as daily sitting time across sociodemo-
graphic factors (i.e. gender, six age groups, place of residence,
compliance with PA guidelines and country). HEPA expressed in
MET-min/week were also reported by gender and age groups as
mean, SD and percentiles (5th, 10th, 25th, 50th, 75th, 90th and
95th).

Second, two different approaches were carried out at the indi-
vidual- and country-level to assess PA patterns. In the individual
approach, compositional data analysis was executed among MVPA,
walking and sitting time to analyse absolute and relative contri-
butions to weekly IPAQ-reported activity, as well as interactions
among the different and exclusive behaviours.26 We transformed
daily sitting time to weekly time to unify all variables in a weekly
scale. Thus, we computed the absolute contribution means of the
three components by using the geometric means. Subsequently, we
obtained isometric log ratios, also called pivot coordinates, which
represent the contribution of a given behaviour with respect to the
overall PA pattern. Becausemany individuals do not performMVPA,
0 values were imputed by pseudo-zeros of 0.01 min per week to
allow these calculations. Hierarchical linear regressions were then
modelled using the isometric log ratios to examine how the con-
tributions differ by age, gender and place of residence. The models
included a random intercept for the country and a random slope to
age (level 1) for countries (level 2), as individuals are nested in
countries. These models were also used to address the variability
between countries.

Furthermore, at the country level, multiple linear regression
models were carried out using vigorous PA, moderate PA, walking
PA and sitting time as outcomes, using the others as predictors and
adjusting for mean age per country. MVPA was also modelled
against walking and sitting time, as well as HEPA against sitting
time. Robust linear regression was applied using an ‘M’ estimation
when any assumption was violated. Moreover, to assess multivar-
iate interactions, two principal component analyses were per-
formed scaling to unit variance: first with three weekly PA
components (vigorous, moderate and walking) and second, using
MVPA, walking and daily sitting time.

Individuals with missing data in any of IPAQ’s questions or
illogical answers were removed (n ¼ 8269; 29.50%). Illogical an-
swers included participants who selected multiple categories; for
example, participants who reported that they perform PA ‘1 or
more days perweek’ and ‘Never do physical activity’ in the intensity
component, or ‘zero days per week’ and ‘more than zerominutes’ in
the duration questions. The statistical significance level was set at
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5%, and all statistical analyseswere run employing Rstudio version
3.6.1.

Results

Population levels of physical activity and sitting time

Table 1 shows descriptive statistics of the different PA in-
tensities and daily sitting times by sociodemographic factors.

For the total study population, an increase in the frequency of
volume of PA was associated with a reduction in intensity, with an
MVPA of 247.13 ± 367.16 min/week and a HEPA of
447.40 ± 488.59 min/week, whereas sitting time was
302.74 ± 147.22 min/day.

In terms of gender, men reported more PA and sitting time
than women, excluding days of walking, which were higher in
women than men (4.44 ± 2.56 vs 4.34 ± 2.56 days).

Vigorous PA decreased as age increased. There was a small
increase in moderate activity levels and walking activity with age,
but these decreased considerably in those aged �65 years. MVPA
and HEPA also decreased with age, whereas sitting time slowly
increased from the age of 25 years (285.13 ± 151. min/day) to those
aged �65 years (321.99 ± 141.46 min/day). Further descriptive
results of physical activity and sitting time levels across age and
gender are provided in the supplementary material (Fig. S1).

Regarding the place of residence, participants living in large
urban environments showed the lowest vigorous and moderate
PA patterns but more walking frequency compared with those
living in small urban environments. Moreover, MVPA was slightly
higher in rural areas, while HEPAwas higher in small urban areas.
Sitting time was higher in large urban environments, but this
study found no differences in sitting time between rural and small
urban places.

It is interesting to note that the difference in daily sitting time
between participants with an active lifestyle and those with an
inactive lifestyle is smaller than the differences observed between
these two lifestyle groups in all other categories of physical ac-
tivity type (see Table 1).

Descriptive results of physical activity and sitting time across
the 28 European Union country members are presented in the
supplementary material (Table S1).

The asymmetric distribution of HEPA energy expenditure
percentiles showed that, regardless of age and gender, most Eu-
ropean individuals reported a low level of total PA (Fig. 1, Tables S2
and S3). With increasing age, HEPA percentiles decrease in both
genders. Furthermore, the percentiles for women in all age groups
were lower than for men; that is, women are more inactive and
perform less PA.

Interactions between physical activity, walking and sitting time

In a typical week, the absolute and relative mean contributions
to the analysed activity pattern were 4.584 min (0.25%) of MVPA,
43.276 min (2.37%) of walking and 1782.15 min (97.38%) of sitting.
Ternary plots showed a high proportion of sitting time (>90%) for
all age groups. MVPA decreases with age in men, and there is a
corresponding increase in sitting time (Fig. 2a). In contrast, MVPA
levels are low for women in all age groups. However, women re-
ported more walking activity than men. For women of all ages,
increases in sitting time were associated with reductions in levels
of walking. In terms of place of residence, rural areas showed
lower walking and higher sitting times (Fig. 2b).

Hierarchical linear regression models at the individual level
(Table 2) revealed that MVPA decreased with age andwas lower in
women and individuals living in large urban areas. Walking
3



Fig. 1. Percentiles of Health-Enhancing Physical Activity (HEPA) across age groups and gender expressed as Weekly Metabolic Equivalents of Task (METs) in minutes. HEPA is the
sum of vigorous, moderate and walking activity’s METs. European Union-28, 2017.
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increased with age and was higher in women and those living in
small and large urban areas. Finally, sitting time also increased with
age and was higher in women but lower in participants living in
small urban areas.

At the country level (Table 3), the association between physical
activity type and sitting time was analysed. Vigorous PA and
moderate PA were associated, and walking was only associated
with MVPA. Daily sitting time was not associated with total PA
(HEPA) in the European population.

The principal component analysis among PA components (i.e.
vigorous, moderate and walking activity) showed that all variables
are towards the same direction (i.e. right, indicating higher activ-
ity), and moderate and vigorous PA are closely aligned (Fig. S2a).
The second principal component analysis (Fig. S2b) showed that
MVPA andwalking activity behaviour are not inversely related with
mean daily sitting time.

Discussion

We found that daily sitting time was paradoxically associated
with HEPA as there are countries with high PA and sedentary
behaviour, such as the Netherlands. In this study, sitting time is
shown to be a persistent behaviour, whereas walking is the pre-
dominant PA type at the individual level, with higher volume and
frequency compared with other types of PA. Consistent with other
studies, walking contributes significantly to HEPA level.27,28 This
study also established that, at the country level, vigorous PA and
moderate PA are strongly associated. However, the results of the
compositional analysis showed that, on average, 97.38% of the
reported weekly activity patterns were sitting time, and MVPA did
not reach 1%. The current analyses revealed that sitting time could
not be explained by changes in the amount of weekly PA pattern.
This noteworthy finding indicates that sitting time is a very
widespread behaviour and is not influenced by an increase in
weekly PA.

The unexpected lack of association between sitting time and
overall PA contradicts previous studies that have shown increased
walking and MVPA levels to be associated with reduced sitting
times.29 As such, this study has observed an activity-sedentary
paradox among European countries and populations. Further-
more, we must consider that there is little evidence of the com-
bined impact of PA and sedentary behaviour on health. Some
4

researchers have found that the harmful effects of sitting time can
be offset by a high PA level (>35.5 MET-h/week);30 although other
authors have found that it can be only partially offset.8,9,11 There-
fore, future studies of PA should also include sedentary behaviours
as an independent risk factor.

Moreover, age, gender and other sociodemographic factors
impact daily PA,31e33 but little is known about their influence on
sitting time. This study has found that all types of PA decrease with
age, whereas sitting time increases. In addition, being a woman or
living in large urban areas are associated with a lower HEPA and
higher sitting time. Rural areas also reported a higher proportion of
sitting and a lower proportion of walking, showing a gradient from
rural to large urban areas. Previous reports have described lower PA
and higher sitting time in older adults, women and rural
settings.34e39 Place of residence and environmental factors that
impact sitting time and light-intensity PA may become more rele-
vant because leisure-time PA is socially biased, and it is not the
main source of daily energy expenditure for the whole popula-
tion.40,41 Some studies have reported that changes in moderate-to-
vigorous leisure-time PA levels do not always reduce obesity nor
increase energy expenditure.42 Also, most populations describe
only modest contributions by these MVPAs to daily energy
expenditure41 and, according to the results of the current study,
increased walking could improve PA in the European population.

These PA levels and differences among population groups may
correspond to individual particularities, such as lack of motivation,
lack of time, or work and family barriers and their characteristics
(e.g. time of the day, venue, the social condition of the activity,
among others).43 However, social determinants and better living
conditions (e.g. educational level, social class, income or gender
equality), in particular, may help achieve the goal of increasing
walking by means of daily commuting and other non-leisure
PA.27,44e49 Light PA may also contribute significantly to total daily
PA because, at these intensities, the population can maintain large
volumes of PA and, more importantly, can replace sitting time.
Several experimental studies indicate that under prolonged and
continuous sitting time, brief breaks to a standing position may
counter adverse effects to the metabolism and breaks, including
light PA, could even improve health status.16,50,51

Future research should analyse the combination of sedentary
behaviour with PA using both experimental and epidemiological
approaches. Current experimental research conducted on breaks



Fig. 2. Ternary plots of weekly compositional data analysis among moderate-to-vigorous physical activity (MVPA), walking and sitting total time in minutes across (a) age groups
and gender, and (b) different places of residence. The residence place was classified according to European Commission. Points represent the centre using geometric means from
each pattern component. European Union-28, 2017.

Table 2
Contributions to weekly activity and sociodemographic factors by age-adjusted hierarchical linear regression’s unstandardised beta coefficients in the European Union-28,
2017.

Sociodemographic factora MVPA Walking Sitting

b (95% CI) P-Value b (95% CI) P-Value b (95% CI) P-Value

Age �0.047 (�0.053, �0.042) <0.001 0.007 (0.003, 0.011) 0.002 0.041 (0.036, 0.045) <0.001
Gender
Women �0.760 (�0.861, �0.658) <0.001 0.431 (0.353, 0.508) <0.001 0.329 (0.255, 0.404) <0.001

Place of residenceb

Small urban �0.089 (�0.223, 0.045) 0.192 0.291 (0.189, 0.393) <0.001 �0.204 (�0.302, �0.106) <0.001
Large urban �0.581 (�0.711, �0.452) <0.001 0.673 (0.574, 0.771) <0.001 �0.094 (�0.189, 0.001) 0.053

CI, confidence interval; MVPA, moderate-to-vigorous physical activity.
a Reference groups were men and rural residence place.
b Residence place was classified according to European Commission.
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during the sitting time are providing evidence about those
‘sedentary’ physiological pathways that can have harmful effects on
health.7,16,52 In addition, new epidemiological studies are showing
how and why PA and sedentary behaviours are formed, their fac-
tors, determinants and correlates.53
5

The current study has some limitations. First, the cross-sectional
study design excludes cause-effect implications. Second, the use of
the IPAQ implies a subjective assessment based on memory and
recall. The IPAQ was validated to evaluate PA in large samples, but
its application tends to overestimate PA and underestimate sitting
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time.23 Additionally, self-reported PA assessments may undervalue
the actual amount of activity energy expenditure on ill and old-
aged populations, leading to profile misclassification (active/inac-
tive).54 The IPAQ’s estimations also vary between countries55 ac-
cording to residence location, with lower validity results in rural
populations.56 Third, light PA (<3 METs) could not be measured by
the IPAQ; hence, we used walking activity as a proxy. Therefore,
compositional analysis of mobility patterns consisted of an
incomplete spectrum of total weekly activity data, in addition to
previous biases, such as duration interval. Last, other social de-
terminants may alter activity and sedentary patterns as active
prevalence and total PA. Education attainment, occupational social
class, subjective social class and household incomes are strong
social determinants, showing a descending social gradient of health
and PA from high to low social status.33,47,57,58 Nonetheless, the
objective of this study was to provide an initial overview of PA
patterns in Europe.

In summary, higher daily PA is not necessarily associated with
lower sitting time. In fact, countries could present both high PA and
sitting time. Sitting time appears to be a consistent behaviour
across sociodemographic characteristics in European countries. The
relationship between MVPA and sitting time differs across socio-
demographic characteristics, such as age, gender and place of
residence. Moreover, walking behaviour was the highest contrib-
utor to weekly PA, showing narrower sociodemographic differ-
ences among population groups. Public health policies should
consider not only promoting PA, but also reducing sitting time
because sitting time could not be explained by changes in PA
patterns.
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