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Abstract
Background: The relationship between socioeconomic position (SEP) and adolescent physical activity is uncertain,
as most evidence is limited to specific settings and a restricted number of SEP indicators. This study aimed to assess
the magnitude of socioeconomic differences in adolescent vigorous physical activity (VPA) across various European
countries using a wide range of SEP indicators, including family-based (education, family affluence, perceived social
standing, parents’ employment, housing tenure) and adolescent-based (academic performance and pocket money)
ones.
Methods: We used data from a survey among 10,510 students aged 14–17 from 50 schools in six European cities:
Namur (BE), Tampere (FI), Hannover (DE), Latina (IT), Amersfoort (NL), Coimbra (PT). The questionnaire included
socio-demographic characteristics and the amount of time spent in VPA.
Results: The mean time spent practicing VPA was 60.4 min per day, with lower values for Namur (BE) and Latina
(IT), and higher values for Amersfoort (NL). In the multivariable analysis, both categories of SEP indicators (familybased and adolescent based indicators) were independently associated with VPA. For each SEP indicator, lower
levels of VPA were recorded in lower socioeconomic groups. In the total sample, each additional category of low
SEP was associated with a decrease in mean VPA of about 4 min per day.
Conclusions: This study showed that across European cities adolescent VPA is positively related to both familybased SEP and adolescents’ own SEP. When analysing socioeconomic differences in adolescent VPA, one should
consider the use of multiple indicators of SEP.
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Background
Physical activity during adolescence has important implications for the prevention of chronic diseases [1] and it
provides social and psychological benefits [2]. Physical
activity can be classified according to its intensity
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(expressed in terms of energy expenditure) in light,
moderate and vigorous [3]. In youth, vigorous physical
activity (VPA) is likely to produce better health outcomes compared to moderate physical activity [4]. The
World Health Organization (WHO) recommends that
adolescents achieve at least an average of 60 min of
moderate to vigorous physical activity each day and incorporate VPA, as well as activities that strengthen
muscle and bone such as playing games, running,

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

Falese et al. BMC Public Health

(2021) 21:866

jumping, at least three times a week [3]. However, most
European adolescents, especially those in southern Europe, do not seem to meet these recommendations [5, 6].
An important predictor of health behaviours in young
people is Socio Economic Position (SEP), which can be
measured using both family-based and adolescent-based
indicators [7]. The relationship between low SEP and
unhealthy behaviours such as tobacco and alcohol abuse
has been previously examined [8–10], but the association
between low SEP and physical activity is less clear. A previous study that used family-based indicators of SEP
showed that ownership of a house, an indicator of financial position, was positively associated with VPA [11] but
this result was not confirmed in another study [12]. Family
affluence was positively correlated with physical activity in
the 32 countries participating in the Health Behaviour in
School-aged Children survey [13], but the relationship was
not significant in a previous study [14].
During adolescence, individuals develop their own social capital and may have financial resources at their disposal [7, 15]. Therefore, adolescent own SEP, in addition
to family SEP, may have an important role in health behaviours. Some studies found higher individual disposable income to be associated with unhealthy behaviours
(e.g. alcohol and tobacco consumption) [10, 16]. However, this SEP indicator has not been studied in relationship to physical activity so far. Academic performance,
which can be considered as another indicator of adolescent individual SEP [10], was positively associated with
physical activity in previous studies [17].
Previous research on the relationship between adolescents’ physical activity and SEP mainly relied either on
one or two indicators of SEP, which may be inadequate to
reveal socioeconomic differences in adolescents’ physical
activity [18]. The observed differences in study results
may in addition derive from differences in national contexts and in the measurement of physical activity [19, 20].
Little research has been carried out so far on socio economic differences in VPA even though team sports, soccer, running and athletics (all activities which are classified
as vigorous by the WHO) are the most commonly reported physical activities among adolescents [21]. It is possible that socioeconomic differences in physical activity
mainly derive from participation in sports, which imply
greater energy expenditure than moderate-to-vigorous
physical activity [22], and may be hampered by economic
limitations and other barriers [23].
Therefore, the aim of this study was to measure the
extent of socioeconomic differences in adolescent
VPA relying on both family-based and adolescent
own indicators of SEP. A further aim of this study
was to measure if the strength of the association between SEP and adolescents’ VPA differs across several
European cities.
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Methods
Data were collected from 11,015 students in 50 schools
participating in the European SILNE study (Tackling
socio-economic inequalities in smoking: learning from
natural experiments by time trend analyses and crossnational comparisons) in 6 European cities having a
similar social structure (e.g. unemployment, income, migration) compared to their country average: Namur
(Belgium), Latina (Italy), Tampere (Finland), Hannover
(Germany), Amersfoort (Netherlands) and Coimbra
(Portugal). In each city, a sample of 6 to 8 schools was
selected, and all students from two selected grades in
secondary school were invited to complete the survey
during school hours. The participation rate was 79.4%.
By means of a self-completed questionnaire, we collected
information on gender, age, health and lifestyles, family
and individual SEP. The survey protocol and design is
described in detail in a previous paper by Lorant et al.
(2015) [9]. We included in the analysis only students
aged 14–17 (N = 10,510).
Measurement of vigorous physical activity (VPA)

Vigorous physical activity was measured using a composite question validated by Wong et al. [24] and used
in the Youth Smokey Survey of Canada questionnaire
[25]. The question was: “Mark how many minutes of
vigorous physical activity you did on each of the last 7
days. This includes physical activity during physical education class, lunch, recess, after school, evening, and
spare time”.
A definition of VPA that takes into consideration the
WHO’s definition of VPA according to the amount of
Metabolic Equivalent of task or METS performed [3],
was given in the questionnaire: “Vigorous physical activities are considered as the ones that increase heart rate
and make you breathe hard and sweat such as jogging,
cycling, team sports, fast dancing, jump-rope”.
Respondents selected the possible answers (0, 30 min,
1 h, 1 h and a half, 2 h, 2 h and a half, 3 h or more) for each
day of a typical week. For each participant, the time spent
in VPA was summed up for each day of the week, and
then divided by 7, thus obtaining the average time (minutes) engaged in VPA each day. Respondents who answered “3 hours or more” (N = 600, which is about 6% of
total participants) were assigned 3 h in the calculation.
Measurement of socioeconomic variables
Family-based indicators of SEP

Information on each parent’s educational level was provided by the question “What was the highest level of
schooling your mother/father completed?” We used data
from the parent with the highest level of education. The
educational distribution of either parent was then
grouped into 3 classes (low, middle, high). In order to
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keep in the analysis subjects with missing data for
education, an additional category (“level of education
unknown”) was created. Parent employment status was
assessed by the question “Did your father/mother work
during the last two weeks?” Possible answer were yes/
no/I don’t know. The Family Affluence Scale (FAS) was
used [13, 26, 27], which included the following items:
Does your family own a car, van or truck? (0 No, 1 Yes,
one, 2 Yes, two or more); Do you have your own bedroom for yourself? (0 No, 1 Yes); During the past 12
months, how many times did you go on holiday with
your family? (0 Not at all, 1 Once, 2 Twice, 3 More than
twice); How many computers does your family own? (0
None, 1 One, 2 Two, 3 More than two). A composite
FAS score was calculated for each student summing
these items. The two highest response categories (“2
“and “3 or more”) of the last two items (holidays and
computers) were combined, thus obtaining values of
FAS ranging from 0 to 7 [26]. After calculation of the
FAS score, city-specific tertiles were computed and three
levels of FAS were created (low, middle, high). The
MacArthur Scale assesses students’ perception of their
families’ social standing according to a rank which goes
from 0 to 10 [28]. Values were re-coded into cityspecific tertiles for the analysis. Respondents reported
whether or not their parents owned the house.
Adolescent own indicators of SEP

Disposable income was assessed by the question “How
much money do you usually get each week to spend for
yourself or to save as pocket money?” [29]. Data were divided in three categories: 0–5; 6–20; more than 20 euro
per week. Adolescent academic achievement score was
obtained from the student’s marks during the previous
school year (classified in five categories: insufficient, low,
average, good or high achievement) [10]. Data were then
recoded in three categories: low, middle and high.
Summary SEP variable

In order to evaluate whether SEP differences varied by
city, we created a summary SEP variable based on the
number of times an adolescent was in the lowest SEP
category [30]. This variable is a count of the number of
lowest SEP categories each student belongs to. A greater
number corresponds to more disadvantage: the greater
the number of low SEP categories, the lower the SEP.
Statistical analysis

A multilevel multivariable linear regression model that
used VPA as dependent variable was built, using fixed
effects for cities and random effects for schools, respectively. The analysis was performed in two steps: firstly, a
multivariable model with all SEP indicators as well as
age, sex and city dummies as covariates was built.
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Subjects with missing values in one or more covariates
(with the exception of parental education) were excluded
from this analysis: the multivariable regression model
was thus performed on 9722 adolescents. Deviationfrom-means coding was used for city dummy variables,
so each city coefficient represent the difference between
the city and the average of the six cities. Secondly, we
fitted a multivariable model with interaction terms between city dummies and SEP. This latter model included
a new indicator of SEP, that represents the number of
lowest SEP categories each student belonged to [30]. In
the regression model with interaction terms, the
country-specific regression coefficients represent departures from the “average slope”.
All statistical analyses were performed using the software package Stata 14.

Results
Table 1 shows participants’ characteristics and average
daily VPA for each category of the independent variables. In the whole sample, the average time spent in
VPA was 60.4 min per day; higher mean values were
found in Amersfoort (NL) with an average of 80.7 min
per day followed by Tampere (FI), whereas Latina (IT)
and Namur (BE) had the lowest mean values. The percentage of missing data was very small for all variables,
with the exception of parental education (12.5% missing). Table 1 shows also crude and adjusted differences
in VPA for each indicator of SEP, with 95% Confidence
Intervals. For all SEP indicators, differences in VPA were
smaller in the multivariable analysis than at the univariable analysis, but all remained significant at the 0.05
level, except parental occupation. Both categories of SEP
indicators (family-based and adolescent own indicators)
were independently associated with VPA in the multivariable analysis: the higher the SEP, the greater the time
spent in VPA. Furthermore, all indicators of SEP measured on an ordinal scale (parental education, family affluence, perceived social standing, personal income and
academic achievement) showed a dose-response relationship with VPA. When the analysis was stratified by city,
the indicators of SEP played a different role according to
the city considered, but the presence of socioeconomic inequalities in VPA emerged in all cities (Appendix 1).
Finally, a summary SEP variable, which represents the
number of lowest SEP categories each student belonged
to, was factored in solely and interacted with city. The
frequency distribution of this summary SEP variable is
shown in the Appendix 2 for each city.
Table 2 shows the mean values of VPA for each value
of the summary SEP variable, as well as the regression
coefficients of the linear regression model of VPA on
SEP. The average slope of the regression line was − 4.1
(95% CI -4.7, − 3.5), which implies that each additional
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Table 1 Characteristics of the sample and results of the multilevel multivariable linear regression model for Vigorous Physical
Activity (minutes per day)
N
Sex

Age (years)

Parental
education

Family
Affluence Scale

Mean Vigorous Physical Activity
(minutes per day)

Crude
difference

Adjusted
differencea

Female

5476 52.9

Ref.

Ref.

Male

5001 68.7

15.8

14.6

Not available

33

14-15

6833 62.6

Ref.

Ref.

16-17

3677 56.3

-6.3

-1.6

Not available

0

95% Confidence Interval for the
adjusted difference
(13.2, 16.0)

(-3.2, -0.0)

Low

1269 53.5

Ref.

Ref.

Middle

3706 57.8

4.3

2.0

(-0.4, 4.3)

High

4226 64.8

11.3

2.7

(0.3, 5.1)

Not available

1309

I tertile

3350 55.6

Ref.

Ref.

II tertile

3060 60.2

4.6

1.2

(-0.6, 3.0)

III tertile

4100 64.5

8.9

4.7

(2.8, 6.6)

Not available

0

MacArthur Scale I tertile

3085 54.3

Ref.

Ref.

II tertile

3925 59.7

5.4

1.3

(-0.4, 3.1)

III tertile

3215 67.3

13.0

4.4

(2.5, 6.3)

Not available

308

One or both
employed

9875 61.0

Ref.

Ref.

Both not in
employment

635

-10.1

-2.5

Not available

0

No

1875 54.7

Ref.

Ref.

Yes

8480 61.7

7.0

2.8

Not available

155
Ref.

Ref.

Parental
employment

Housing tenure

50.9

(0.9, 4.7)

Weekly personal 0-5 euro
income
6-20 euro

4907 59.9

6.3

2.0

(0.2, 3.7)

>20 euro

2996 67.3

13.7

4.7

(2.7, 6.8)

Not available

198

Low

1935 57.4

Ref.

Ref.

Middle

4430 61.2

3.8

2.3

(0.3, 4.3)

High

4298 61.2

3.8

4.5

(2.5, 6.6)

-9.6

-11.5

(-14.6, -8.4)

Academic
achievement

Cityb

a

2409 53.6

(-5.6, 0.6)

Not available

281

Namur (BE)

2002 50.8

Tampere (FI)

1492 66.8

6.4

6.1

(3.0, 9.2)

Hannover (GE)

1348 61.9

1.5

2.2

(-0.7, 5.1)

Latina (IT)

2045 50.8

-9.6

-8.6

(-11.7, -5.6)

Amersfoort (NL)

1870 80.7

20.3

17.7

(14.7, 20.8)

Coimbra (PT)

1753 54.1

-6.3

-5.9

(-9.3, -2.5)

Coefficient of the multilevel multivariable linear regression model (minutes per day)
b
Deviation from means coding was used in the regression model, thus the reference group is the mean of all cities
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Table 2 Mean values of Vigorous Physical Activity (VPA) by number of categories of low Socio Economic Position (SEP) and city and
results of the linear regression model for VPA with interactions between low SEP and city
Mean VPA (minutes per day) by number of low SEP categories

Coefficients of the linear regression of low SEP on VPAa

0

1

2

≥3

Intercept (95% CI)

Namur (BE)

55.2

53.4

49.2

41.7

−11.9

(−15.5, −8.3)

0.7

(−0.6, 2.0)

Tampere (FI)

76.6

66.5

63.2

54.1

9.8

(6.2, 13.5)

−3.3

(−4.8, −1.9)

Hannover (GE)

69.6

63.6

55.0

57.1

2.1

(−1.6, 5.7)

−0.6

(−2.1, 1.0)

Latina (IT)

55.9

51.6

50.6

42.4

−10.2

(− 13.7, −6.6)

1.0

(−0.3, 2.3)

Slope (95% CI)

Amersfoort (NL) 83.0

81.2

80.4

70.4

17.4

(13.9, 20.8)

0.7

(−0.7, 2.2)

Coimbra (PT)

58.1

56.1

51.2

50.5

−7.2

(−11.1, −3.3)

1.4

(0.1, 2.8)

Total

67.3

61.8

57.0

50.5

59.3

(57.5, 61.1)

−4.1

(−4.7, −3.5)

VPA Vigorous Physical Activity, SEP Socio Economic Position
a
Deviation from means coding was used in the regression model, thus the reference group is the mean of all cities

category of low SEP is associated with a decrease in
mean VPA of about 4 min per day. The slope of the regression line was negative in all 6 European cities under
investigation, being less marked in Coimbra (PT) and
more marked in Tampere (FI).

Discussion
This study showed that VPA is less prevalent in lower
socioeconomic groups. In the multivariable analysis,
both family-based SEP indicators and adolescent own
SEP indicators were independently associated with VPA.
Furthermore, socioeconomic differences in VPA were
found in all 6 European cities under investigation, and
they were more evident in Tampere (FI) and less marked
in Coimbra (PT).
Socioeconomic differences in VPA can emerge through
multiple causal pathways [31]. Parental education indicates the level of knowledge of the parents, which can include knowledge of the health benefits provided by the
regular practice of physical activity [32]. Higher educated
parents can thus be more inclined to support their children’s engagement in physical activity or choose schools
that promote physical activity [32]. On the other hand,
families with lower financial resources may find it difficult
to access sport infrastructures, pay for club membership
fees, or practice sports that require expensive equipment
[32, 33]. Currently, an important share of youth physical
activity takes place in organised settings [5, 34], which can
enhance socioeconomic differences in physical activity. A
further explanation of the observed SEP differences in
VPA relates to psychological mechanisms, which are especially important during the critical developmental period
of adolescence [35]: living in disadvantaged socioeconomic
positions may be linked to greater stress, anxiety and
depression, which in turn can discourage adolescents to
engage in physical activity [36–38].
In this study, personal SEP was significantly associated
with VPA even after adjustment for family SEP: adolescents with a greater availability of pocket money and

better academic performance were more physically active than those with little or no pocket money. In previous studies, success in school was found to be associated
with higher self-esteem and psychological adjustment,
which in turn show positive association with physical activity [39, 40]. Adolescent physical activity can therefore
be considered a “normal good”, whose consumption increases with income, likewise unhealthy behaviours such
as eating chips [41].
This study has some strength and a few limitations. The
main strengths are the cross-comparative nature of the survey based on a large sample size and the possibility to apply
the same research methods across 6 different European cities. Other strengths include the high participation rate
(79%) and the analysis of many different indicators for SEP,
including indicators based on family characteristics as well
as indicators of adolescent attributes.
An important limitation of this study relates to the
convenience sample: as described in the Methods
section, data were collected in those schools that agreed
to participated in a European study on smoking involving only one city for each of 6 countries. The choice of
the sample was influenced by both statistical and opportunity reasons: as a consequence, study results can neither be considered representative of the 6 countries, nor
of the 6 cities examined. Nonetheless, we found consistent associations between VPA and SEP throughout the 6
cities. A second limitation of the study relates to the validity of self-reported data. In particular, self-reports of
physical activity intensity could produce either overestimation or underestimation [42]. It is possible that the
concept of VPA itself was misinterpreted, even though
the questionnaire included the definition of VPA. A previous study on European adolescents reported significantly lower mean values of VPA, when objectively
assessed by means of an accelerometer, compared to the
current study [43]. Participants may thus have included
time spent in moderate physical activity, and not only
VPA as requested. It was also found that higher SEP
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adolescents may be more inclined to report intense
physical activity than lower SEP adolescents due to social desirability bias [22]. However, it is unlikely that
these social desirability bias accounts for the observed
differences across all the SEP indicators examined.
In conclusion, the results of this study contribute to a
better mapping of socioeconomic differences in adolescent VPA. We recommend that future studies use multiple indicators of SEP and consider the use of
adolescent own indicators of SEP.
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