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Background: Many children and adolescents in Europe are insufficiently
physically active, which makes the advancement of children’s physical activity
a critical health promotion target. However, there are some environmental
factors, such as the amount of daylight, weather conditions, temperature, and
precipitation levels, which might influence physical activity behavior. The
purpose of this study was to assess accelerometer-based and self-reported
daily physical activity of children and adolescents in Luxembourg, during
autumn/winter as well as during spring/summer, and to examine if there is a
seasonal influence on the physical activity behavior.
Methods: At two measurements, one in autumn/winter and one in spring/
summer, physical activity of N= 137 (59.12% females; M= 12.37 years)
participating children and adolescents aged 10–18 years was objectively
undertaken via an accelerometer (ActiGraph) and subjectively assessed using,
among others, one item of the MoMo physical activity questionnaire.
Results: A repeated measures ANOVA revealed a significant seasonal effect
on moderate to vigorous physical activity per day [F(1.000, 135.000) = 7.69, p <
0.05, partial η² = 0.054]. More minutes of moderate to vigorous physical activity per
day were accrued in spring/summer than in autumn/winter. The mean difference
scores between the accelerometer-based and the self-reported physical activity at
the two time periods, T1 and T2, correlated significantly (r=0.31, p < 0.001).
Conclusions: According to these results, children and adolescents are less physically
active in autumn/winter than in spring/summer. However, the discrepancy between
the accelerometer-based and the self-reported physical activity remains stable over
the two measurements. Therefore, schools, sports clubs, and communities should
offer special physical activity programs for the colder season.
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Introduction

Physical activity (PA) has beneficial effects on health, such as increased physical fitness

and vitality, increased self-confidence, and a reduced risk of obesity and related diseases,

and therefore is highly recommended for children’s and adolescents’ wellbeing (1, 2).

Further health benefits for children and adolescents associated with PA include

cardiometabolic health, motor skill development, bone density, and emotional

regulation/psychological health (3, 4). Due to its great importance for development and
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health, the PA of children and adolescents has become a key issue

in research over the last decade. Nevertheless, a global school-based

survey conducted across 146 countries by Guthold et al. (5)

recently revealed that 81% of the adolescents are insufficiently

physically active, and thus, do not meet the World Health

Organization (WHO) guideline (2020) of being active on a

moderate to vigorous level for an average of 60 min per day (6).

As the promotion of children’s PA is a critical health target, it is

important to develop effective interventions to increase the PA, and

thus, it is inevitable to understand why, when, and how much PA is

performed (7). In terms of the socio-ecological model, the

promotion of health should focus on intrapersonal behavioral

factors as well as the interrelationships between individuals and

the social, physical, and policy environment that influence the

specific behavior (8). It has been suggested that a comprehensive

approach, such as the socio-ecological model, is essential for

examining the multilevel factors that may determine PA. The

model supports the identification of opportunities to promote PA

by considering the individual, behavioral, social, and physical

environmental factors that may influence a person’s ability to be

sufficiently physically active (8, 9).

In the natural environment, changes in weather were found to

have an impact on motivation for moderate to vigorous physical

activity (MVPA) (10). It has been observed that children’s PA

levels reveal a seasonal pattern (11). PA levels are generally low in

winter, when dark evenings and cool, wet weather is found to be

inhibiting PA (12). Hence, it has already been shown that MVPA

levels are higher during spring and summer (13). One study

observed a 15%–30% lower MVPA in autumn and winter than in

spring (14). Lewis et al. (15) reported that conditions for MVPA

seem to be optimal when the environmental temperature ranges

between 20°C and 25°C, and that rainfall is negatively associated

with MVPA and positively, with sedentary time [SED time; (15)].

With knowledge of seasonal fluctuations in children’s health

behavior, interventions to change behavior can be designed more

precisely. In this way, more interventions can be offered in the

periods of the year when the activity level is lowest (14).

Therefore, it is important to identify the seasons characterized by

low activity levels to design targeted public health interventions

that promote physical activity in children (16). However, the

association of season with PA and SED time is likely to be

country-specific, because weather differs greatly between

countries (17). This is one reason to conduct the analysis with

data of Luxembourg for the first time.

In general, PA can be assessed using a variety of methods

including behavioral observations, questionnaires, PA diaries,

direct/indirect calorimetry and accelerometry devices, heart rate

monitors, and pedometers (18). Hence, there are two general

approaches for measuring PA, namely, objectively and

subjectively, which are distinguished on how the data are

collected. Subjectively measured PA is mainly assessed using self-

reported data whereas objectively measured PA data are regularly

provided by devices such as accelerometers or heart rate

monitors (19, 20). When determining PA in everyday life,

accelerometers are suitable to precisely record the duration,

frequency, and intensity of the activity (19). However, when we
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need to also measure the type and context of the activity,

questionnaires can be used. Both measurement methods offer

advantages and limitations. For example, various activities cannot

be accurately recorded by the accelerometer (e.g., static activity

or cycling) and questionnaires can be influenced by memory

gaps or incorrect information owing to, e.g., social desirability

(21). As objective and subjective PA show low to moderate

correlation values (22), and there often is a discrepancy between

accelerometer-based measured and one’s self-reported PA (20), it

is of particular interest to include and compare the results from

both measurement instruments in this study.

As recently published, the children and adolescents of

Luxembourg are insufficient physically active and only 62 of the

242 students of a study fulfill the WHO guideline (23). However,

in this study the data were not analyzed in terms of a potential

seasonal effect and, more importantly, to our best knowledge, no

studies are available, in which a seasonal comparison of both

accelerometer-based and self-reported PA data has been conducted

within one study. Nevertheless, based on questionnaires previous

studies revealed lower self-reported physical activity in winter (24),

and further studies revealed lower objective activity in the colder

season measured by accelerometers (13).

The purpose of the present study was to assess the daily PA time

of children and adolescents in Luxembourg during the autumn/

winter season as well as during the spring/summer season, and to

examine if there is a seasonal influence on PA behavior or level

measured objectively by accelerometers and subjectively by

questionnaires. Based on the results of previous studies mentioned

previously, we hypothesize that children and adolescents of

Luxembourg are less physically active in autumn/winter than in

spring/summer. Another aim was to investigate whether the

relation of accelerometer-based and self-reported levels of PA

remain stable or if any changes occur throughout the year. Due to

various studies finding self-reported or objectively measured lower

PA in winter, and the knowledge that the self-reported PA score

often shows higher values (18), we assume that there is no

seasonal effect with regard to the relationship between the

accelerometer-based and the self-reported PA.
Methods

Participants

Four primary and five secondary schools in Luxembourg took

part in this study. The schools were randomly selected from

different regions of Luxembourg to represent urban and rural

areas. Overall, 24 classes from different grades (nine classes from

Grade 4 and five classes each from Grades 7, 5, and 3)

participated in the study. Due to the longitudinal design, one

class of Grade 3 could not be included in the analyses because

no student of this class provided valid data at both measurement

times. Hence, data of 23 classes were included.

A total of N = 325 students between the ages of 10 and 18 years

participated in the first wave (T1) of this longitudinal study

including two measurement periods. At the second wave (T2),
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N = 21 (6.46%) participants dropped out (e.g., due to illness or

change of school/classes). As attrition rates from 30% to 70% are

often reported in longitudinal studies [e.g., (25)], a dropout rate

of less than 10% can be considered negligible. Of the remaining

N = 304 students, a total of N = 137 students [81 female students

(59.12%); 56 male students (40.8%)] with an average age of

M= 12.37 (SD = 2.16) years fulfilled the inclusion criteria at both

measurements (T1 and T2), and were therefore included in the

analysis. Inclusion criteria refer to, inter alia, wearing the

accelerometer at least 8 h over 4 days including one weekend day

(26) and completing the questionnaire.
Measure

Personal data were collected by asking the participants about

their gender and age personally. Height and weight were

measured by trained personnel.

Accelerometer-based PA (MVPA per day and SED time per

day) was measured using the accelerometer ActiGraph wGT3X-

BT (ActiGraph LLC, Pensacola, FL, USA), a small and easy-to-

wear device that measures the acceleration of the body in

different spatial dimensions. In recent years, the ActiGraph

accelerometer was the most frequently used in research and has

shown good validity and reliability (27).

Self-reported PA was assessed using one item of the MoMo PA

questionnaire (28). In this study, only the item for overall PA

capturing information on numbers of days (1–7) of at least 60 min

of PA during a typical week was considered [“In a typical week

how many days are you physically active for at least 60 minutes

(excluding physical education)?”]. One item with the wording

“How many minutes per day are you physically active?” was added.

Weather data (temperature and rainfall) were taken via the

weather and climate database https://meteostat.net/.
Procedure

Each respective wave of data collection lasted for almost 2

months. The first data collection took place during the first

trimester of the participants’ school year in autumn/winter (T1:

October to December 2018) and the second data collection,

consisting of the same procedure with the accelerometer and the

questionnaire, was performed six months later during the third

trimester of the participants’ school year in spring/summer (T2:

May to July 2019).

The accelerometers were distributed by trained personnel to each

individual participant during the school class. The students

individually received detailed information about the accelerometer,

and they were instructed to wear the accelerometer on the right hip

for seven consecutive days while being awake, and to remove it

only for water-based activities and while sleeping. Each

accelerometer was previously initialized at a 30 HZ frequency. In

addition, participants’ height and weight were measured and

stickers helping remember to wear the accelerometer every day

were given to the participants. They were also given a protocol that
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explained how to record the times when they did not wear the

accelerometer and their reasons, the time when they woke up, and

the time when they went to sleep. After 1 week, the accelerometers

were collected during a school lesson and potential ambiguities

were clarified.

The selected item of the MoMo PA questionnaire and the

additional item concerning the time of physical activity per day

were completed digitally using the secured platform OASYS (29)

from the University of Luxembourg. Due to the advantage of a

digital testing, no missing data needs to be reported. The

questionnaires were filled out at school during the same class

when the distribution of the accelerometer took place and were

supervised by trained personnel, who were available to answer

questions or provide assistance.

All participants signed informed consent forms, while written

permission was additionally obtained from the legal representatives

of all participants younger than 16 years. The study was

conducted in accordance with the Declaration of Helsinki and the

European data protection directive and was approved by the

Ethics Review Panel of the University of Luxembourg.
Data processing and analyses

The accelerometer data were downloaded, processed, and

analyzed after the 7-day period using the software ActiLife

v6.13.4 (Actigraph Inc., USA). Based on the cut-off points given

by Evenson et al. (30), the average time spent in MVPA, as an

indicator of the PA behavior of children and adolescents, and

being sedentary were calculated. Time spent not wearing the

accelerometer was identified by the algorithm by Choi et al. (31).

The statistical tests were conducted using SPSS 21 (IBM, SPSS

Inc., Chicago, IL, USA). Means, standard deviations, and

frequencies were calculated to describe the data. Repeated

measures ANOVA were computed to analyze differences in PA

between T1 (autumn/winter) and T2 (spring/summer) with

season as the main factor and gender as a covariate. Dependent

variables were accelerometer-based PA (MVPA per day and SED

time per day) and self-reported PA per day.

Unpaired t-tests were computed to analyze differences in self-

reported and accelerometer-based PA, respectively, between male

and female students for each season. Paired t-tests were conducted

to analyze differences in self-reported PA between seasons. To

determine the effect size, Cohen’s d was calculated. Except for SED

time per day, the variables were not normally distributed. However,

both the repeated measures ANOVA and the t-test are considered

to be very robust against the violation of the normality assumption

and there was no further violation of the requirements (32).

Difference scores between self-reported and accelerometer-based

PA were calculated to describe their relation, whereby the self-

reported PA time, which corresponds to the accelerometer-based

PA in a range of ±5 min, was rated as correct. Spearman

correlation was calculated among all variables and specifically for

the difference scores to analyze the relation between self-reported

and accelerometer-based PA in terms of stability. The level of

significance was set at p < 0.05.
frontiersin.org

https://meteostat.net/
https://doi.org/10.3389/fspor.2023.1294927
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Eckelt et al. 10.3389/fspor.2023.1294927
Results

Participants

Participants’ age and anthropometric data are shown in Table 1. It

has to be considered that at T1 N = 242 students and at T2 N= 137

students delivered valid data. The N = 105 students giving no valid

data at T2 were significantly older than the N = 137 included in the

analysis. Nevertheless, neither MVPA per day or SED time per day

nor self-reported PA per day were significantly different at T1 between

the students giving valid data at both measurements and the students

not giving valid data at T1 and T2. Therefore, it can be assumed that

both subsamples did not differ in terms of relevant variables.
Accelerometer-based PA

On average, the daily time spent in MVPAwasM= 49.80 (SD =

21.12) min at T1 (autumn/winter) and M= 53.81 (SD = 21.37) min

at T2 (spring/summer; Table 2). At both measurements, the average

MVPA is below the WHO guideline of at least 60 min/day. A

repeated measures ANOVA revealed a significant seasonal effect

on MVPA per day [F(1, 135) = 7.69, p < 0.05, partial η² = 0.054]

and on gender [F(1, 135) = 25.10, p < 0.001, partial η² = 0.16].

A significant gender difference was found at T1 [t(135) = 4.82, p <

0.001; d = 0.77] such that male students (M = 59.50, SD = 22.33 min)

spent more time in MVPA per day than female students (M = 43.09,

SD = 17.44 min) at T1. Likewise, male students accrued significantly

[t(135) = 4.36, p < 0.001; d = 0.71] more MVPA minutes per day

(M = 62.76; SD = 23.49 min) than female students (M = 47.62; SD =

17.38 min) at T2. However, there was no significant correspondence

between season and gender [F(1, 135) = 0.204, p = 0.652].

The average SED time per day was M = 585.2 (SD = 92.95) min

at T1 and M = 593.97 (SD = 107.94) min at T2. No significant
TABLE 1 Anthropometric data.

Sample Age
(years)

Height (cm) Weight
(kg)

M SD M SD M SD
Overall (N = 137) 12.78 2.22 159.03 12.79 53.58 18.29

Female students (n = 81) 13.09 2.34 160.28 10.67 56.25 18.61

Male students (n = 56) 12.34 1.97 157.47 14.94 49.71 17.26

Age at T1; height and weight as the average from T1 and T2.

TABLE 2 MVPA, self-reported PA, and SED time at T1 and T2.

Measurement period Variable Overa
(N = 13

M
T1 (autumn/winter) MVPA/day (min) 49.80

SED time/day (min) 585.02

Self-reported PA/day (min) 74.61

T2 (spring/summer) MVPA/day (min) 53.81

SED time/day (min) 593.97

Self-reported PA/day (min) 77.55
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seasonal effect [F(1, 135) = 0.91, p = 0.340] could be revealed.

However, a significant effect for gender could be found

[F(1, 135) = 4.79, p < 0.05, partial η² = 0.03].

A significant gender difference was found only at T2 [t(135) =

−2.01, p < 0.05; d = 0.34], showing that female students accrued

more SED time (M= 609.24, SD= 103.53 min) than male students

(M= 571.88, SD = 111.26 min). There was no significant difference

[t(135) =−1.79, p = 0.075] between the SED time of the male

students (M= 568.02, SD= 113.61 min) and the female students

(M= 596.78, SD = 73.96 min) at T1. No correspondence between

season and gender could be revealed [F(1, 135) = 0.25, p = 0.614].
Self-reported physical activity

Overall, 27 (19.7%) students reported to be typically active on

two days per week at T1 and T2. A total of 24 (17.5%) students

reported being active on three days per week at T1, and 29

(21.2%) at T2. Five students (3.6%) reported to be never active at

T1 and at T2 at all, and 18 (13.1%) reported to be active every

day at T1 and 13 (9.5%), at T2. The exact distribution of the

specified days with PA is shown in Figure 1. A paired t-test

revealed no difference between T1 (M= 3.49, SD = 2.02 days) and

T2 [M= 3.45, SD = 1.89 days; t(136) = .288, p = .773].

On average,M= 74.61 (SD = 56.78) min of PA per day for T1 and

M= 77.55 (SD = 54.04) min for T2were reported (Table 2). A repeated

measures ANOVA revealed no seasonal effect on self-reported PA per

day [F(1, 135) = 0.21, p = .646]. Female students reported being active

M= 69.27 (SD = 58.73) min at T1 and M= 74.16 (SD = 54.95) min

at T2, whereas male students indicated higher values with M= 82.32

(SD = 53.42) min at T1 and M= 82.45 (SD = 52.80) min at T2.

However, no significant gender differences were found, neither for

T1 [t(135) = 1.326, p = .187], nor for T2 [t(135) = .882, p = .380].

Likewise, no correspondence effect between season and gender could

be determined [F(1, 135) = 0.19, p = .662].
Relation between accelerometer-based and
self-reported physical activity

In terms of the relation between accelerometer-based and

self-reported daily PA time, at T1 11.7% of the students reported a

daily PA time that complies within the ±5 min range with the

accelerometer-based MVPA. Compared with the accelerometer-
ll
7)

Female students
(n = 81)

Male students
(n = 56)

SD M SD M SD
21.12 43.09 17.44 59.50 22.33

92.95 596.78 73.96 568.02 113.61

56.78 69.27 58.73 82.32 53.42

21.37 47.62 17.38 62.76 23.49

107.94 609.24 103.53 571.88 111.26

54.04 74.16 54.95 82.45 52.80
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FIGURE 1

Self-reported days with at least 60 min PA at T1 and T2 during a
typical week.
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basedMVPA, 60.6% reportedmore PA and 27.7% reported less PA. At

T2, the values changed slightly to 15.3% showing compliance, 55.5%

reporting more PA, and 29.2% reporting less PA. The majority of

62.7%, who reported more PA than the accelerometer-based PA at

T1 maintained their higher self-reported PA levels at T2. However,

15.7% of this group reported a PA time that corresponds to their

accelerometer-based PA and 21.7% even reported less PA at T2.

The mean difference scores between the accelerometer-based and

the self-reported PA at T1 (M= 24.81, SD = 54.09 min) and T2 (M=

23.74, SD = 53.00 min) were significantly correlated (r = .31, p < .001)

indicating a relatively stable relationship between both PA measures

over time. However, this correlation is mainly due to the female

students. Their mean difference scores at T1 (M= 26.18, SD =

56.75 min) and T2 (M= 26.54, SD = 52.33 min) were strongly

correlated (r = .51, p < .001), while the difference scores of the male

students at T1 (M= 22.82, SD = 50.46 min) and T2 (M= 19.69, SD

= 54.17 min) show no correlation (r = .02, p = .891).

The correlation coefficients among all measures are presented

in Table 3.
Weather

At T1, the average temperature was 7.8° Celsius (SD = 5.2°

Celsius) with an absolute minimum at −3.5° Celsius and an
TABLE 3 Intercorrelations of the study variables.

1 2 3
1. MVPA/day (T1) —

2. SED time/day (T1) −0.53 —

3. Self-reported PA/day (T1) 0.31 −0.14 —

4. Self-reported days with PA (T1) 0.34 −0.30 0.3

5. MVPA/day (T2) 0.72 −0.48 0.2

6. SED time/day (T2) −0.37 0.64 −0.0
7. Self-reported PA/day (T2) 0.22 −0.21 0.3

8. Self-reported days with PA (T2) 0.38 −0.27 0.3

9. Difference between MVPA and self-report (T1) −0.16 0.06 0.8

10. Difference between MVPA and self-report (T2) −0.14 0.01 0.2

Bold values indicate statistically significant value (p < 0.05).
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absolute maximum at 24.5° Celsius. The total amount of

precipitation was 177.6 mm with an average of 2.3 mm (SD =

6.17 mm). At T2, the average temperature was higher (MW=

15.3°C, SD = 5.6°C) with an absolute minimum at 0.1°C and an

absolute maximum at 34.7°C. The total amount of precipitation

was lower (143.2 mm) with an average of 1.9 mm (SD = 4.43 mm).
Discussion

The purpose of this study was to assess the daily PA of children

and adolescents in Luxembourg during the autumn/winter and the

spring/summer seasons and to examine if there is a seasonal

influence on the PA behavior. A seasonal comparison of PA in

Luxembourg has never been conducted before, and thus, it was

important to collect accelerometer-based data of both autumn/

winter and spring/summer, for the first time. Moreover, and to

our best knowledge, there are no studies available in which a

seasonal comparison of both the accelerometer-based and the

self-reported PA has been conducted.

According to previous investigations in Luxembourg (5, 23, 33),

the PA of children and adolescents is not sufficient when compared

with the WHO recommendation. As we found that the average time

spent in MVPA was M= 49.80 (SD = 21.12) min/day in autumn/

winter and M= 53.81 (SD = 21.37) min in spring/summer, the

previous results could be confirmed for both seasons. We detected

a significant difference in MVPA between autumn/winter and

spring/summer, which discloses a decreased PA of the children

and adolescents of Luxembourg in autumn/winter. This result is

similar to previous studies revealing a seasonal difference in PA

with lower PA in winter or colder seasons (34–36). Since previous

studies revealed that periods of infrequent participation in PA are

linked to becoming physical inactive (37), this is a crucial finding

when it comes to maintaining or promoting PA among children

and adolescents, especially when considering the already

insufficient level of PA.

In contrast to MVPA, we found no seasonal variation in SED

time. On average, the children and adolescents of Luxembourg

spent M= 585.02 (SD = 92.95) min in autumn/winter and M=

593.97 (SD = 107.94) min in spring/summer being sedentary,

which is contrary to other studies revealing a higher SED time in

winter [e.g., (34)]. Our results with no change in SED time per
4 5 6 7 8 9 10

7 —

7 0.38 —

7 −0.30 −0.38 —

9 0.25 0.25 −0.11 —

6 0.61 0.42 −0.24 0.41 —

5 0.19 −0.07 0.08 0.27 0.14 —

6 0.07 −0.23 0.08 0.85 0.16 0.31 ‒
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day indicate that there is probably no change in overall behavior

but rather sport or PA on the MVPA level varies seasonally. One

reason for this could be that Luxembourg has a milder climate in

autumn/winter than, for example, in other countries such as

Denmark with an increased SED time in winter (34). Hence, it

has to be taken into account, that the association between season

and PA and SED time is likely to be country-specific, because

the weather varies widely between countries (17, 38).

Regarding the weather, there are a few studies in which

participants mentioned that bad weather was a barrier to PA,

and in some studies, only a few individuals have indicated that

weather impedes PA (38). However, further investigations should

focus on the detailed reasons for less PA in autumn/winter.

Another aim was to evaluate the self-reported PA behavior in

autumn/winter and spring/summer and examine whether the

relation of the accelerometer-based and the self-reported PA

remains stable over seasons. In contrast to other studies [e.g.,

Bélanger et al. (24)], we found no significant difference in self-

reported PA between seasons. In this study, neither the self-

reported PA per day nor the reported days with physical activity

showed significant differences in this study.

In autumn/winter, only 11.7% of the children and adolescents

reported a daily PA that complies with the accelerometer-based PA

and in spring/summer, 15.3% stated a PA that corresponds to their

accelerometer-based PA. This is in line with studies showing that

most people tend to report more PA than their accelerometer-

based PA reveals (18). In this analysis, the mean difference

scores between the accelerometer-based and the self-reported PA

in autumn/winter (M= 24.81, SD = 54.09 min) and in spring/

summer (M= 23.74, SD = 53.00 min) correlated between the

seasons. Thus, these results show that the discrepancy between

the accelerometer-based and the self-reported PA is a relatively

time-stable phenomenon. Although the difference remains

relatively stable throughout the analyzed seasons, it is interesting

that the children and adolescents do not perceive their PA as less

in the colder season as in the warmer season. This result appears

to be crucial information for future interventions, because

children and adolescents are apparently not aware of the

objectively measured lower level of PA in the colder season and

they should be enlightened first.

However, it must be considered, that 60.6% (T1) and 55.5%

(T2) of the children and adolescents reported more PA than the

accelerometer-based PA and this shows that throughout the

whole year self-reported PA is higher than the accelerometer-

based PA. The tendency toward reporting more PA than

the accelerometer-based PA score has already been shown in

other studies (18, 21).

One limitation of this study is that some sports (e.g., swimming)

could not be involved in the analyses because the accelerometer

could not be worn during this kind of exercise. Furthermore,

although ActiGraph accelerometers have been shown to validly

measure the PA of children and adolescents (39), there are some

activities that are not well detected (e.g., static exercises), and

hence, the children’s actual PA levels could be underestimated.

However, this would affect autumn/winter and spring/summer

equally, and therefore, can be neglected for the seasonal analyses
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of the accelerometer-based PA. Another aspect to be considered is

the impact of seasons and explicit weather conditions. No exact

metrological data were recorded and directly included in the

analysis. As T1 took place from October to December, it is neither

clearly autumn nor clearly winter and the same applies to T2,

which is unclear whether it is spring or summer. Nevertheless,

previous research shows that PA is lower in autumn and winter

than in spring and summer (14). Hence, this first study of

seasonal PA data in Luxembourg enables an analysis between

colder and warmer seasons. It also has to be considered that there

might be differences in seasonal variations of PA between urban

and rural children and adolescents (40). However, as schools were

randomly selected from five regions of Luxembourg, the

participants should represent the students of Luxembourg from

urban and rural areas equally.
Conclusion

With this first seasonal comparison of PA in Luxembourg, we

detected that children and adolescents are less physically active in

autumn/winter than in spring/summer. Therefore, schools, sports

clubs, and communities should offer special PA programs for this

season, which are independent from climatic conditions and equally

suitable for females and males. Providing indoor opportunities

during the colder season, for example, may foster regular PA.

Therefore, municipalities could provide sports halls for free use for

children and adolescents or gyms could offer special rates for the

colder season.

Measuring PA throughout the year enables monitoring the

activity behavior more accurately and may help further

developing such programs. The phenomenon of the discrepancy

between the accelerometer-based and the self-reported PA being

relatively time-stable is a crucial aspect in the practice of PA and

health promotion and rehabilitation.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The studies involving humans were approved by the University

of Luxembourg Ethics Review Panel (ERP). The studies were

conducted in accordance with the local legislation and institutional

requirements. Written informed consent for participation in this

study was provided by the participants’ legal guardians/next of kin.
Author contributions

ME: Conceptualization, Data curation, Formal analysis,

Investigation, Writing – original draft. DH: Conceptualization,
frontiersin.org

https://doi.org/10.3389/fspor.2023.1294927
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Eckelt et al. 10.3389/fspor.2023.1294927
Data curation, Investigation, Writing – review & editing. GS:

Conceptualization, Funding acquisition, Supervision, Writing –

review & editing. AB: Conceptualization, Funding acquisition,

Supervision, Writing – review & editing.
Funding

The authors declare financial support was received for the

research, authorship, and/or publication of this article.

The study was funded by the University of Luxembourg

[Internal Research Projects] under the grant “Physical Activity

Behavior of Children and Youth in Luxembourg: The Role of

Physical Education” (IRP17-PALUX).
Acknowledgments

We thank all the schools, teachers, and children who participated
in the study. We also thank SCRIPT (Service de Coordination de la
Frontiers in Sports and Active Living 07
Recherche et de l’Innovation pédagogiques et technologiques) and
APEP (Association des Professeurs d’Éducation Physique a.s.b.l.)
for assistance in organizing this project.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
References
1. Bouchard C, Blair SN, Haskell WL. Physical activity and health. 2nd ed.
Champaign, IL: Human Kinetics (2012).

2. Poitras VJ, Gray CE, Borghese MM, Carson V, Chaput JP, Janssen I, et al.
Systematic review of the relationships between objectively measured physical activity
and health indicators in school-aged children and youth. Appl Physiol Nutr Metab.
(2016) 41(6):197–239. doi: 10.1139/apnm-2015-0663

3. Janssen I, LeBlanc AG. Systematic review of the health benefits of physical activity
and fitness in school-aged children and youth. Int J Behav Nutr Phys Act. (2010) 7
(1):1–16. doi: 10.1186/1479-5868-7-40

4. Saunders TJ, Gray CE, Poitras VJ, Chaput JP, Janssen I, Katzmarzyk PT, et al.
Combinations of physical activity, sedentary behaviour and sleep: relationships with
health indicators in school-aged children and youth. Appl Physiol Nutr Metab.
(2016) 41(6):283–93. doi: 10.1139/apnm-2015-0626

5. Guthold R, Stevens GA, Riley LM, Bull FC. Global trends in insufficient physical
activity among adolescents: a pooled analysis of 298 population-based surveys with 1.6
million participants. Lancet Child Adolesc Health. (2020) 4(1):23–35. doi: 10.1016/
S2352-4642(19)30323-2

6. Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, et al.
World Health Organization 2020 guidelines on physical activity and sedentary
behaviour. Br J Sports Med. (2020) 54(24):1451–62. doi: 10.1136/bjsports-2020-
102955

7. Remmers T, Thijs C, Timperio A, Salmon JO, Veitch J, Kremers SPJ, et al. Daily
weather and children’s physical activity patterns. Med Sci Sports Exercise. (2017) 49
(5):922–9. doi: 10.1249/MSS.0000000000001181

8. Mehtälä MAK, Sääkslahti AK, Inkinen ME, Poskiparta MEH. A socio-ecological
approach to physical activity interventions in childcare: a systematic review. Int
J Behav Nutr Phys Act. (2014) 11(1):1–12. doi: 10.1186/1479-5868-11-22

9. Richard L, Potvin L, Kishchuk N, Prlic H, Green LW. Assessment of the
integration of the ecological approach in health promotion programs. Am J Health
Promot. (1996) 10(4):318–28. doi: 10.4278/0890-1171-10.4.3

10. Van Kasteren YF, Lewis LK, Maeder A. Office-based physical activity: mapping a
social ecological model approach against COM-B. BMC Public Health. (2020) 20
(1):1–10. doi: 10.1186/s12889-020-8280-1

11. Harrison F, Goodman A, van Sluijs EMF, Andersen LB, Cardon G, Davey R,
et al. Weather and children’s physical activity; how and why do relationships vary
between countries? Int J Behav Nutr Phys Act. (2017) 14(1):74. doi: 10.1186/s12966-
017-0526-7

12. Chan CB, Ryan DA. Assessing the effects of weather conditions on physical
activity participation using objective measures. Int J Environ Res Public Health.
(2009) 6(10):2639–54. doi: 10.3390/ijerph6102639

13. Nilsen AKO, Anderssen SA, Ylvisaaker E, Johannessen K, Aadland E. Physical
activity among Norwegian preschoolers varies by sex, age, and season. Scand J Med
Sci Sports. (2019) 29(6):862–73. doi: 10.1111/sms.13405
14. Atkin AJ, Sharp SJ, Harrison F, Brage S, van Sluijs EMF. Seasonal variation in
children’s physical activity and sedentary time. Med Sci Sports Exerc. (2016) 48
(3):449–56. doi: 10.1249/MSS.0000000000000786

15. Lewis LK, Maher C, Belanger K, Tremblay M, Chaput JP, Olds T. At the mercy
of the gods: associations between weather, physical activity, and sedentary time in
children. Pediatr Exerc Sci. (2016) 28(1):152–63. doi: 10.1123/pes.2015-0076

16. Fisher A, Reilly JJ, Montgomery C, Kelly LA, Williamson A, Jackson DM, et al.
Seasonality in physical activity and sedentary behavior in young children. Pediatr
Exerc Sci. (2005) 17(1):31–40. doi: 10.1123/pes.17.1.31

17. Gracia-Marco L, Ortega FB, Ruiz JR, Williams CA, Hagströmer M, Manios K,
et al. Seasonal variation in physical activity and sedentary time in different
European regions. The HELENA study. J Sports Sci. (2013) 31(16):1831–40. doi: 10.
1080/02640414.2013.803595

18. Skender S, Ose J, Chang-Claude J, Paskow M, Brühmann B, Siegel EM, et al.
Accelerometry and physical activity questionnaires-a systematic review. BMC Public
Health. (2016) 16(1):515. doi: 10.1186/s12889-016-3172-0

19. Müller C, Winter C, Rosenbaum D. Aktuelle objektive messverfahren zur
erfassung körperlicher aktivität im vergleich zu subjektiven erhebungsmethoden.
Deutsche Zeitschrift für Sportmedizin. (2010) 61(1):11. doi: 10.37307/j.1868-7806.
2009.04.11

20. Yu CA, Rouse PC, Van Zanten JJV, Ntoumanis N, Kitas GD, Duda JL, et al.
Subjective and objective levels of physical activity and their association with
cardiorespiratory fitness in rheumatoid arthritis patients. Arthritis Res Ther. (2015)
17(1):1–7. doi: 10.1186/s13075-015-0584-7

21. Arvidsson D, Fridolfsson J, Börjesson M. Measurement of physical activity in
clinical practice using accelerometers. J Intern Med. (2019) 286(2):137–53. doi: 10.
1111/joim.12908

22. 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(4):541–50. doi: 10.1123/jpah.7.4.541

23. Eckelt M, Hutmacher D, Steffgen G, Bund A. Physical activity behavior of
children and adolescents in Luxembourg—an accelerometer-based study. J Phys Act
Res. (2020) 5(1):23–8. doi: 10.12691/jpar-5-1-5

24. Bélanger M, Gray-Donald K, O’loughlin J, Paradis G, Hanley J. Influence of
weather conditions and season on physical activity in adolescents. Ann Epidemiol.
(2009) 19(3):180–6. doi: 10.1016/j.annepidem.2008.12.008

25. Gustavson K, von Soest T, Karevold E, Røysamb E. Attrition and generalizability
in longitudinal studies: findings from a 15-year population-based study and a Monte
Carlo simulation study. BMC Public Health. (2012) 12(1):1–11. doi: 10.1186/1471-
2458-12-918

26. Donaldson SC, Montoye AH, Imboden MT, Kaminsky LA. Variability of
objectively measured sedentary behavior. Med Sci Sports Exercise. (2016) 48
(4):755–61. doi: 10.1249/MSS.0000000000000828
frontiersin.org

https://doi.org/10.1139/apnm-2015-0663
https://doi.org/10.1186/1479-5868-7-40
https://doi.org/10.1139/apnm-2015-0626
https://doi.org/10.1016/S2352-4642(19)30323-2
https://doi.org/10.1016/S2352-4642(19)30323-2
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1249/MSS.0000000000001181
https://doi.org/10.1186/1479-5868-11-22
https://doi.org/10.4278/0890-1171-10.4.3
https://doi.org/10.1186/s12889-020-8280-1
https://doi.org/10.1186/s12966-017-0526-7
https://doi.org/10.1186/s12966-017-0526-7
https://doi.org/10.3390/ijerph6102639
https://doi.org/10.1111/sms.13405
https://doi.org/10.1249/MSS.0000000000000786
https://doi.org/10.1123/pes.2015-0076
https://doi.org/10.1123/pes.17.1.31
https://doi.org/10.1080/02640414.2013.803595
https://doi.org/10.1080/02640414.2013.803595
https://doi.org/10.1186/s12889-016-3172-0
https://doi.org/10.37307/j.1868-7806.2009.04.11
https://doi.org/10.37307/j.1868-7806.2009.04.11
https://doi.org/10.1186/s13075-015-0584-7
https://doi.org/10.1111/joim.12908
https://doi.org/10.1111/joim.12908
https://doi.org/10.1123/jpah.7.4.541
https://doi.org/10.12691/jpar-5-1-5
https://doi.org/10.1016/j.annepidem.2008.12.008
https://doi.org/10.1186/1471-2458-12-918
https://doi.org/10.1186/1471-2458-12-918
https://doi.org/10.1249/MSS.0000000000000828
https://doi.org/10.3389/fspor.2023.1294927
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Eckelt et al. 10.3389/fspor.2023.1294927
27. Wijndaele K, Westgate K, Stephens SK, Blair SN, Bull FC, Chastin SF, et al.
Utilization and harmonization of adult accelerometry data: review and expert
consensus. Med Sci Sports Exercise. (2015) 47(10):2129. doi: 10.1249/MSS.
0000000000000661

28. Jekauc D, Wagner MO, Kahlert D, Woll A. Reliability and validity of MoMo-
physical-activity-questionnaire for adolescents (MoMo-AFB). Diagnostica. (2013)
59:100–11. doi: 10.1026/0012-1924/a000083

29. LUCET. Online assessment system OASYS (version 2). Esch-sur-Alzette:
University of Luxembourg (2019).

30. Evenson KR, Catellier DJ, Gill K, Ondrak KS, McMurray RG. Calibration of two
objective measures of physical activity for children. J Sports Sci. (2008) 26
(14):1557–65. doi: 10.1080/02640410802334196

31. Choi L, Liu Z, Matthews CE, Buchowski MS. Validation of accelerometer wear
and nonwear time classification algorithm. Med Sci Sports Exercise. (2011) 43
(2):357–64. doi: 10.1249/MSS.0b013e3181ed61a3

32. Berkovits I, Hancock GR, Nevitt J. Bootstrap resampling approaches for
repeated measure designs: relative robustness to sphericity and normality
violations. Educ Psychol Meas. (2000) 60(6):877–92. doi: https:// doi.org/10.1177/
00131640021970961

33. Bös K, Brochmann C, Eschette H, Lämmle L, Lanners M, Oberger J, et al.
Gesundheit, motorische leistungsfähigkeit und körperlich-sportliche aktivität von
kindern und jugendlichen in luxemburg-eine untersuchung für die altersgruppen 9,
14 und 18 jahre. Abschlussbericht zum forschungsprojekt. Luxembourg: SCRIPT
(2006).
Frontiers in Sports and Active Living 08
34. Hjorth MF, Chaput J-P, Michaelsen K, Astrup A, Tetens I, Sjödin A. Seasonal
variation in objectively measured physical activity, sedentary time, cardio-
respiratory fitness and sleep duration among 8-11 year-old Danish children: a
repeated-measures study. BMC Public Health. (2013) 13(1):1–10. doi: 10.1186/1471-
2458-13-808

35. Kolle E, Steene-Johannessen J, Andersen LB, Anderssen SA. Seasonal variation in
objectively assessed physical activity among children and adolescents in Norway: a cross-
sectional study. Int J Behav Nutr Phys Act. (2009) 6:36. doi: 10.1186/1479-5868-6-36

36. Pereira S, Borges A, Gomes TN, Santos D, Souza M, Dos Santos FK, et al.
Correlates of children’s compliance with moderate-to-vigorous physical activity
recommendations: a multilevel analysis. Scand J Med Sci Sports. (2017) 27
(8):842–51. doi: 10.1111/sms.12671

37. Gordon-Larsen P, Nelson MC, Popkin BM. Longitudinal physical activity and
sedentary behavior trends: adolescence to adulthood. Am J Prev Med. (2004) 27
(4):277–83. doi: 10.1016/j.amepre.2004.07.006

38. Wagner AL, Keusch F, Yan T, Clarke PJ. The impact of weather on summer and
winter exercise behaviors. J Sport Health Sci. (2019) 8(1):39–45. doi: 10.1016/j.jshs.
2016.07.007

39. Trost SG. State of the art reviews: measurement of physical activity in children
and adolescents. Am J Lifestyle Med. (2007) 1(4):299–314. doi: 10.1177/
155982760730168

40. Rich C, Griffiths LJ, Dezateux C. Seasonal variation in accelerometer-determined
sedentary behaviour and physical activity in children: a review. Int J Behav Nutr Phys
Act. (2012) 9(1):1–8. doi: 10.1186/1479-5868-9-49
frontiersin.org

https://doi.org/10.1249/MSS.0000000000000661
https://doi.org/10.1249/MSS.0000000000000661
https://doi.org/10.1026/0012-1924/a000083
https://doi.org/10.1080/02640410802334196
https://doi.org/10.1249/MSS.0b013e3181ed61a3
https://doi.org/https:// doi.org/10.1177/00131640021970961
https://doi.org/https:// doi.org/10.1177/00131640021970961
https://doi.org/10.1186/1471-2458-13-808
https://doi.org/10.1186/1471-2458-13-808
https://doi.org/10.1186/1479-5868-6-36
https://doi.org/10.1111/sms.12671
https://doi.org/10.1016/j.amepre.2004.07.006
https://doi.org/10.1016/j.jshs.2016.07.007
https://doi.org/10.1016/j.jshs.2016.07.007
https://doi.org/10.1177/155982760730168
https://doi.org/10.1177/155982760730168
https://doi.org/10.1186/1479-5868-9-49
https://doi.org/10.3389/fspor.2023.1294927
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

	Accelerometer-based and self-reported physical activity of children and adolescents from a seasonal perspective
	Introduction
	Methods
	Participants
	Measure
	Procedure
	Data processing and analyses

	Results
	Participants
	Accelerometer-based PA
	Self-reported physical activity
	Relation between accelerometer-based and self-reported physical activity
	Weather

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


