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Abstract
Background: Sedentary behaviour has become a growing public health concern. Currently, it is a common belief
that screen time (SCT) is a key factor in high overall sedentary time (ST) and is often used as a primary outcome.
However, the evidence is lacking. Therefore, this study investigated the association of objectively assessed total ST
with SCT among children. Further, SCT was investigated separately for sedentary level, weight status, gender, and
migration background.
Methods: For 198 primary school children (7.1 ± 0.7 years, boys: 43.9%) ST was assessed objectively using a multisensor device (Actiheart®; CamNtech, Cambridge, UK). The sample was split into three groups (tertiles) to investigate
SCT of children with low, medium and high ST. SCT and socio-demographic parameters, such as migration
background, were assessed using a parental questionnaire; anthropometric data was collected at schools.
Results: Absolut SCT did not differ significantly among the three sedentary groups: Daily average of SCT was 83.8
± 55.0 min (27.4% of ST) for children with high ST, 82.8 ± 50.5 min (39.8% of ST) for children with medium ST, and
77.2 ± 59.4 min (71.3% of ST) for those with low ST. However, relatively the SCT percentage of total ST was
significantly higher among children with low ST (p < 0.01). Significantly higher SCT was found in children with
migration background (p < 0.01), while underweight children had significantly less SCT (p < 0.05). An association of
total SCT and overall ST was found for the whole sample (B = 17.11, [2.75; 31.48], p = 0.02), but did not remain when
analysis were separated for the groups, except for normal weight children (B = 15.97, [0.13; 31.81], p = 0.05).
Conclusions: The amount of SCT is the same among high, low and medium sedentary children, and high ST is largely
independent of SCT. Therefore, SCT cannot be the key contributor to high ST and should not solely be used for
predicting or changing children’s sedentary behaviour. Moreover, children’s weight status to classify activity levels and the
role of possible compensation mechanisms should be considered in future research and when trying to intervene on ST.
Trial registration: German Clinical Trials Register (DRKS), DRKS-ID: DRKS00000494 DATE: 25/08/2010.
Keywords: Sedentary lifestyle, Public health, Screen time, Primary school

Introduction
Sedentary behaviour has become a growing public health
concern, especially since it has been identified to be a
risk factor for health in youth [1] regardless of physical
activity patterns [2, 3]. Further, sedentary behaviour can
have impacts into adulthood including the risk of suffering from its associated negative health consequences in
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later life [4, 5]. Even though sedentary behaviour has
been suggested to be an independent health risk factor,
it is widespread. The amount of sedentary time (ST) in
zero to 12-year-old European children ranges from 3.2
to 9.2 h a day [6]. Children spend up to half of their
after-school period with sedentary behaviours (41–51%;
5–12 years), a number that increases with adolescence
(57%; 12–18 years) [7].
Most of the associated risk factors were identified
when screen media use was assessed [8]. Research shows
that elevated screen media use is a risk for health, as it
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has been associated with most of the previously investigated health aspects [1], especially with obesity [1, 8, 9].
Therefore, it has been recommended to limit screen
media use for children to a maximum of two hours daily
[10]; in Germany, however, for primary school children a
limit of one hour per day was suggested [11]. Similar to
overall sedentariness, there is a high prevalence of high
screen time (SCT) in children already [3, 6]. It has been
shown that European children spend up to 2.7 h watching TV per day [6].
There is a common belief that screen media use and
sedentariness are associated with another. However, studies suggest that neither self-reported SCT represents overall ST adequately [12–14], nor that a relation of SCT and
total ST exists [15]. Therefore, SCT should be investigated
as one part of ST. So far, only one current review reported
percentages of watching television (12.6–31.0%) or
screen-based sedentary behaviour (8.5–25.3%) of children’s ST [7]. However, these percentages refer only to the
after-school period and the result is based on different
studies using different assessments. This probably caused
the relatively wide range in percentages.
Still, SCT is used as a proxy for ST in most studies;
however, media use is not representing overall ST [12–
14] and hence might be an incorrect measure of assessment. Even if ST is assessed objectively, it is unclear
what proportion of ST is based on screen media use.
Therefore, this study aimed to investigate the proportion
of SCT on objectively assessed overall ST, as well as
their association among German primary school children with high, medium, and low levels of ST. Moreover,
the study targeted to examine the SCT proportion of ST
and the association with weight status, migration background and gender.
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Assessment of ST

ST was assessed using a validated multi-sensor device
(Actiheart®, CamNtech, Cambridge, the UK) which was
fitted to the child’s chest at school and was worn for six
consecutive days à 24 h. The recordings had to include a
minimum of 10 h per day on at least one day of the
weekend and two weekdays [18]. 15-s epochs were used
to record one-dimensional bodily acceleration in counts
per minute (cpm) and heart rate (bpm). Energy expenditure was calculated as metabolic equivalents (MET) and
total ST was defined standardly (ST ≤ 1.5 MET) [19].
Children’s ST was calculated individually without sleep
(for more details see [20]). Valid data of individual ST
was available for 231 children. To classify children into
groups of low, medium and high ST, the sample was
split into thirds with the same sample size (tertiles): 66
children = low ST (≤ 165 min), 66 children = medium ST
(> 165 min ≤ 251 min), 66 children = high ST (> 251 min).
Assessment of SCT

SCT was assessed using a well-established and validated
parental questionnaire [21]. Parents were asked how
much daily time their child spends watching television
or videos (TV) and playing PC or console games (PC)
for weekdays and weekends separately. Answers were
given in categories (never, up to 0.5 h, 0.5-1 h, 1-2 h, 2-3
h, 3-4 h, > 4 h). In each category, the upper limit was
used and daily total SCT was calculated for each child as
follows: mean total SCT = [(TV + PC weekday × 5)
+ (TV + PC weekend day × 2)]/7. If children exceeded
national (SCT ≤ 1 h) [11] and international guidelines of
SCT (SCT ≤ 2 h) [10] were investigated separately. Sufficient valid data on SCT was available for 198 children.
Assessment of child-related factors

Methods
This study aimed to investigate the association of SCT and
ST among German primary school children, as well as the
SCT proportion of objectively assessed overall ST. Further,
the proportion and association were examined separately
for children with high, medium, and low levels of ST, migration background, gender and weight status.
Participants

Data of the cross-sectional ‘Baden-Württemberg Study’
was analysed (registered at the German Clinical Trials
Register [DRKS-ID DRKS00000494]) [16, 17]. Within
this study, in a sub-sample of 384 primary school children, physical activity and ST were assessed objectively.
Valid data for ST and SCT was available from 198 children. The children were 7.1 ± 0.7 years on average and
43.9% were male. All characteristics of the sample are
shown in Table 1.

Child-related factors such as gender, age, and migration
background were collected using the parental questionnaire.
For migration background, children had to have at least one
parent who was born abroad or were spoken to in a foreign
language during the first three years of their life. To calculate
children’s BMI (kg/m2), anthropometric data was assessed at
schools by trained staff. Weight was measured to the nearest
0.05 kg using weighing scales and height to the nearest 0.1
cm using a stadiometer (Seca 862 and Seca 213, respectively,
Seca Weighing and Measuring Systems Hamburg,
Germany). For children’s weight status, BMI percentiles
(BMIPCT) were calculated according to German reference
data [22]. Children were categorised into underweight (≤10
percentile), normal weight (> 10 to ≤90 percentile), and overweight and/or obese (> 90 percentile) [22].
Statistical analysis

Participants’ characteristics were investigated descriptively.
Amount of ST and SCT as well as the SCT percentage of

(2019) 19:154

Hoffmann et al. BMC Pediatrics

Page 3 of 9

Table 1 Characteristics of the sample and separated for sedentary levels
Total
n

Low ST
n
N (%)

Medium ST
n
N (%)

High ST
n
N (%)

Significance

N (%)

Boys

198

87 (43.9)

66

38 (57.6)

66

30 (45.5)

66

19 (28.8)

p = 0.00**

Age (years)

198

66

7.1 (0.7)

66

7.2 (0.7)

66

7.0 (0.6)

p = 0.20

Mean (SD)
7.1 (0.7)

Mean (SD)

Mean (SD)

Mean (SD)

Height (cm)

198

124.0 (6.0)

66

124.5 (6.3)

66

124.9 (6.6)

66

122.5 (4.8)

p = 0.05*

Weight (kg)

198

24.6 (4.9)

66

25.1 (5.7)

66

25.5 (5.1)

66

23.3 (3.1)

p = 0.02*

BMI

198

15.9 (2.2)

66

16.0 (2.3)

66

16.3 (2.6)

66

15.5 (1.5)

p = 0.13

BMIPCTa

198

46.9 (26.8)

66

46.9 (28.5)

66

50.4 (27.7)

66

43.4 (24.0)

p = 0.33

Weight statusb

N (%)

N (%)

N (%)

N (%)

Underweight

198

13 (6.6)

66

6 (9.1)

66

2 (3.0)

66

5 (7.6)

p = 0.37

Normalweight

198

168 (84.8)

66

52 (78.8)

66

58 (87.9)

66

58 (87.9)

p = 0.81

Overweight/Obese

198

17 (8.6)

66

8 (12.1)

66

6 (9.1)

66

3 (4.5)

p = 0.33

48 (24.6)

66

10 (15.2)

64

18 (28.1)

65

20 (30.8)

p = 0.09

c

Migration background

195

Screen time

Mean (SD)

Mean (SD)

Mean (SD)

Mean (SD)

Total (min/day)

198

81.3 (54.9)

66

77.2 (59.4)

66

82.8 (50.5)

66

83.8 (55.0)

p = 0.14

Weekday (min/day)

198

61.9 (51.5)

66

58.6 (54.5)

66

62.3 (47.2)

66

64.8 (53.1)

p = 0.45

Weekend (min/day)

198

129.7 (77.1)

66

123.6 (80.8)

66

134.1 (75.4)

66

131.4 (75.9)

p = 0.34

Reaching screen-media guideline

N (%)

N (%)

N (%)

N (%)

≤ 1 h/dayd

198

84 (42.4)

66

28 (42.4)

66

28 (42.4)

66

28 (42.4)

p = 1.00

≤ 2 h/daye

198

166 (83.8)

66

57 (86.4)

66

56 (84.8)

66

53 (80.3)

p = 0.62

66

39.8 (26.1)

66

27.4 (17.7)

p = 0.00**

f

Percentage of screen time of ST
Total (min/day)

Mean (SD)
198

46.2 (41.4)

Mean (SD)
66

71.3 (56.3)

Mean (SD)

Mean (SD)

Weekday (min/day)

198

39.6 (43.6)

66

64.5 (60.0)

66

31.6 (28.6)

66

22.8 (18.9)

p = 0.01*

Weekend (min/day)

198

67.9 (60.0)

66

98.6 (80.6)

66

65.6 (45.5)

66

39.5 (23.3)

p = 0.00**

198

212.6 (87.7)

66

116.4 (35.6)

66

212.5 (26.9)

66

309.0 (49.7)

p = 0.00**

Sedentary time
Total (min/day)

Mean (SD)

Mean (SD)

Mean (SD)

Mean (SD)

Weekday (min/day)

198

201.7 (92.8)

66

102.1 (40.5)

66

207.0 (36.3)

66

295.9 (63.2)

p = 0.00**

Weekend (min/day)

198

240.0 (105.4)

66

152.1 (65.4)

66

226.2 (68.3)

66

341.6 (78.7)

p = 0.00**

198

1424.9 (34.1)

66

1430.9 (29.7)

66

1421.7 (38.7)

66

1422.0 (32.9)

p = 0.22

Recording times (min/day)

**significant (p < 0.01); *significant (p < 0.05); aBody mass index percentiles on the basis of Kromeyer-Hausschild et al., 2001; bclassifiyed BMI percentiles (BMIPCT)
on the basis of Kromeyer-Hausschild et al., 2001; cdefined as having at least one parent who was born abroad or having a parent who spoke to their child in a
foreign language during the first three years of their life; daccording to Rütten & Pfeifer, 2016; eaccording to Tremblay et al., 2016; fcalculated screen time
percentages of total sedentary time (=ST) based on the averages of each child

ST (means, standard deviations) were calculated. Tests of
normal distribution were performed for all variables.
Screen time and SCT percent of ST weren’t distributed
normally. To achieve normal distribution these two variables were logarithmised. Differences in relation to the
main study sample as well as for the investigated groups
(ST level, weight status, migration background, gender)
were examined. For this, chi-square tests for categorial
variables, and two-sample t-tests and analysis of variance
(ANOVA) for continuous variables were performed. In
the case of significant ANOVA results, the Bonferroni test
was used to investigate pairwise group differences. Paired
sample t-tests were used to detect differences between
SCT on weekdays and at weekends. Pearson’s correlation

coefficients and a multiple linear regression model (adjusted for gender, weight, and height) were performed to
investigate associations of ST and SCT. For statistical analysis, SPSS Statistics 25 (IBM Corp. Armonk, NY, USA)
was used. The level of significance was set to p ≤ 0.05,
two-sided.

Results
The analysed sample did not differ from the main study
sample, except for gender (girls: + 8.0%; p < 0.05) and
migration background (− 8.7%; p < 0.05). On average,
children’s total ST was 212.6 ± 87.7 min per day. Screen
media was used for 81.3 ± 54.9 min daily. The average
percentage of SCT was 46.2 ± 41.4% of their total ST.
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The guideline of no more than 1 h SCT per day was
reached by 42.4% (n = 84) of children and a maximum of
2 h by 83.8% (n = 166). Compared to weekdays, at the
weekend, SCT and the SCT percentage of ST were significantly higher in the total sample as well as in all investigated groups (high, medium, and low ST level;
separated for weight status, migration background, and
gender; all p < 0.01). In the whole sample, neither a significant association of ST with SCT in total (r = 0.13; p
= 0.06) nor for the weekend (r = 0.13; p = 0.07) or weekdays (r = 0.03; p = 0.68) was found. A significant association was found with the adjusted linear regression
model for total ST with total SCT only (B = 17.11, [2.75;
31.48], p = 0.02), but not for weekday or weekend independently. When the association was assessed separately
for the investigated groups the significance did remain
among the normal weight children for total ST (B =
15.97, [0.13; 31.81], p = 0.05), and for ST on the weekend
(B = 17.94, [0.23; 35.66], p = 0.05) with SCT, but not for
weekdays ST and SCT. Among all other investigated
groups, no significant associations of SCT with ST were
found; neither in total nor separated for weekdays or
weekends.
Sedentary levels and screen time

Characteristics of children in high, medium and low ST
groups differed significantly for gender, height, and
weight (s. Table 1). The daily average of SCT for children
with high ST was 83.8 ± 55.0 min (27.4% of ST), for children in the middle tertile it was 82.8 ± 50.5 min (39.8%
of ST), and of those with low ST 77.2 ± 59.4 min (71.3%
of ST). No significant group differences were found for
SCT (total: F = 1.98, p = 0.14; week: F = 0.81, p = 0.45;
weekend: F = 1.08, p = 0.34), which is shown in Fig. 1.
Overall ST (F = 411.81, p < 0.01) and the overall SCT
percentage of ST (F = 13.44; p < 0.01), as well as the percentage on weekdays (F = 4.74, p = 0.01) and on the
weekend (F = 9.82, p < 0.01) were significantly different
among the three groups. For both media use guidelines
(SCT ≤ 1 h, SCT ≤ 2 h) no significant group differences
were found.
Weight status and screen time

Daily ST and SCT of the three weight status groups are
shown in Fig. 1. Significant group differences were found
for SCT (total: F = 6.86, p = 0.00; week: F = 5.67, p = 0.00;
weekend: F = 4.47 p = 0.01) and for SCT percentages
(total: F = 5.91, p = 0.01; week: F = 5.21, p = 0.01; weekend: F = 4.77, p = 0.01), but not for ST.
As seen in Table 2, among obese and/or overweight
children screen media use on average covers 69.5% of
their daily overall ST (107.4 ± 58.5 min). Normal weight
children spent 45.3% of their overall ST with SCT (81.4
± 54.5 min) and underweight children accumulated
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27.5% of SCT per day (45.8 ± 34.1 min). In comparison
to their normal weight counterparts (Table 2), SCT of
obese and/or overweight children did not differ significantly. Percentage of SCT at the weekend was found to
differ significantly (p < 0.05), but not on weekdays or in
total. Both SCT guidelines were exceeded significantly
more often by obese and/or overweight children (p <
0.01). Underweight children reached both SCT recommendations significantly more often (p < 0.01) compared
to normal weight children. SCT and percentage of SCT
were significantly lower in the group of underweight
children (p < 0.05), except for the weekend (SCT: p =
0.06; PCT: p = 0.38).
Migration status and screen time

As seen in Fig. 1, total SCT and total ST were significantly higher in children with migration background,
than in children without migration background (p <
0.05). Higher SCT among children with migration background was also found at the weekend (p < 0.01) (s.
Table 2). SCT percentages of ST did not differ significantly, excepted from weekends percentage (p < 0.05).
On average, children with migration background spent
107.6 ± 57.9 min per day using screen media, which corresponds to an average of 51.0% of their daily ST. Both
guidelines for SCT were reached significantly less often
by children with migration background (p < 0.01).
Gender and screen time

Boys spent 82.5 ± 49.3 min and girls spent 80.3 ± 59.0
min per day using screen media with no significant difference of SCT (Fig. 1). Boys’ percentage of SCT of ST
was significantly higher than in girls (Table2). The national recommendation of less than 1 h SCT was
reached significantly more often by boys (p < 0.05), while
for the international ≤2 h recommendation no significant
gender difference was found. Overall ST among girls was
significantly higher (p < 0.01). Furthermore, in the adjusted regression model of the whole sample gender was
significantly associated with ST (B = 49.40 [25.86; 72.94],
p = 0.00).

Discussion
This study analysed SCT in a sample of German primary
school children among objectively assessed high,
medium and low ST levels and the association of SCT
with total ST. On average, the whole sample spent 81
min daily using screen media, which corresponds to almost half (46.2%) of their total ST. Similar, 95 min of
daily SCT among 6 to 7-year-old German children was
described previously, also using parental report [23]. In a
study by Tanaka et al. [15] 60% of children reached the
current guideline of no more than 2 h SCT per day [10].
In contrast, in this study approximately 25% more
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Fig. 1 Daily amount of SCT on ST, separated for sedentary level, weight status, migration background, and gender. ST sedentary time, UW
underweight, NW normal weight, OW overweight/obese, MB migration background, SCT screen time

children met this guideline (84%, n = 166), pointing to a
lower amount if SCT is internationally compared. However, the German recommendation for primary school
children of ≤1 h was reached by less than half of this
sample (42%, n = 84). Furthermore, the results point towards no association of ST and SCT, as none of the correlations reached significance. Even though overall ST
was found to be associated with SCT in total, neither
the separate analysis of the weekdays and the weekend,
nor of the investigated groups remained significant, except the group of normal weight children. Therefore, the
overall results of this study indicate that ST is largely independent of SCT among primary school children of
south-west Germany. This can be supported by the
study of Tanka et al. (2017), where also no association of
ST and SCT was found. Moreover, studies showed that
SCT is not a proxy for overall ST [12–14].
Sedentary levels and SCT

These results indicate that children’s large amounts of sedentary behaviour are not necessarily due to high media
use. Neither SCT nor reaching either SCT guidelines differed among children with low, medium and high ST.
Children in the highest ST group, i.e. those who spend
more than 5 h being sedentary a day, spent the same
amount of time with screen media as children with low
ST (ø ST = 2 h), and those in the middle tertile (ø ST =
3.5 h), as seen in Fig. 1. Rather, the low sedentary group
spent the largest part of their ST with SCT. Their SCT
percentage of ST is more than twice as high (71%) as
among the children with high ST (27%), in which the SCT
percentage of ST was the lowest. This indicates that SCT
forms the main part of sedentary behaviour among

children with low ST, but not among children with high
ST. So far, no previous research examined the percentage
of SCT of overall ST among different ST levels. From one
previous Japanese study [15] the percentage of SCT of ST
could be calculated and was 40%, which is similar to the
percentage of this sample (46%). However, those children
were about two years older (9.3 years). Therefore, the percentage of those Japanese children would be expected to
be higher, as screen media use increases with age [24, 25].
On the other hand, the questionnaire was completed
jointly by the children and their parents, which could explain the variance as well [6]. However, SCT might not be
the main behaviour among high sedentary children. This
can be supported by the result that neither a correlation
was found between SCT and ST in the whole sample, nor
an association for any of these three groups. Similar, no
association of subjectively assessed SCT and objectively
measured ST was reported in a study with 426 primary
school children [15].
Weight status and SCT

The three weight status groups differed in SCT and percentage, but they did not differ in overall ST. The separated comparison to normal weight children showed that
underweight children spent less than half of the time with
SCT (30 min vs. 60 min). Moreover, all underweight children had less than 2 h of SCT and more underweight children met both SCT guidelines. In contrast, SCT and
percentages of overweight and/or obese children did not
differ significantly from normal weight children, except
from the percentage on weekends. This higher percentage
of SCT of ST and reaching both SCT guidelines less often
could indicate that overweight and/or obese children

Hoffmann et al. BMC Pediatrics

(2019) 19:154

Page 6 of 9

Table 2 Daily ST, SCT and SCT percentages in total, on weekdays and at the weekend separated for weight status, migration
background, and gender
Weight status1

Normal weight2

Overweight/Obese3

n

Mean (SD)

% of ST

n

Mean (SD)

% of ST

Mean

% of ST

Total ST

168

214.6 (86.3)

–

17

197.5 (88.4)

–

p = 1.00

–

Total SCT

168

81.4 (54.5)

45.3

17

107.4 (58.5)

69.5

p = 0.19

p = 0.11

Weekday SCT

168

61.9 (50.7)

39.3

17

86.1 (57.5)

57.4

p = 0.48

p = 0.46

Significance

Weekend SCT

168

130.0 (77.8)

64.1

17

160.6 (72.7)

115.3

p = 0.32

p = 0.04*

SCT <1hb

70

–

41.7

5

–

29.4

–

p = 0.00**

SCT < 2hc

142

–

84.5

11

–

64.7

–

p = 0.00**

Weight status1

Normal weight2
n

Mean (SD)

% of ST

n

Mean (SD)

% of ST

Mean

% of ST

Total ST

168

214.6 (86.3)

–

13

206.1 (108.5)

–

p = 1.00

–

Total SCT

168

81.4 (54.5)

45.3

13

45.8 (34.1)

27.5

p = 0.01*

p = 0.04*

Weekday SCT

168

61.9 (50.7)

39.3

13

30.0 (36.7)

19.6

p = 0.01*

p = 0.02*

a

Underweight4

Significance

a

Weekend SCT

168

130.0 (77.8)

64.1

13

85.4 (53.2)

54.3

p = 0.06

p = 0.38

SCT <1hb

70

–

41.7

9

–

69.2

–

p = 0.00**

SCT < 2hc

142

–

84.5

13

–

100

–

p = 0.00**

Migration background

Migration background5
n

Mean (SD)

% of ST

n

Mean (SD)

% of ST

Mean

% of ST

Total ST

48

238.1 (79.3)

–

147

203.3 (88.3)

–

p = 0.02*

–

Total SCT

48

107.6 (57.9)

51.0

147

72.7 (51.7)

44.9

p = 0.00**

p = 0.06

Weekday SCT

48

82.8 (57.3)

43.8

147

55.3 (48.2)

38.6

p = 0.08

p = 0.25

No migration background

Significance

Weekend SCT

48

169.4 (75.6)

69.2

147

116.3 (73.9)

67.1

p = 0.00**

p = 0.02*

SCT <1hb

12

–

25.0

71

–

48.3

–

p = 0.00**

SCT < 2hc

31

–

64.6

132

–

89.9

–

p = 0.00**

Gender

Boys

a

Girls

Significance

n

Mean (SD)

% of ST

n

Mean (SD)

% of ST

Mean

% of ST

Total ST

87

184.8 (78.4)

–

111

234.4 (88.7)

–

p = 0.00**

–

Total SCT

87

82.5 (49.3)

53.2

111

80.3 (59.0)

40.7

p = 0.57

p = 0.02*

Weekday SCT

87

63.7 (45.8)

45.4

111

60.5 (55.7)

35.1

p = 0.27

p = 0.06

Weekend SCT

87

129.3 (73.5)

78.3

111

130.0 (80.1)

59.7

p = 0.73

p = 0.07

SCT <1hb

31

–

35.6

53

–

47.7

–

p = 0.02*

SCT < 2hc

74

–

85.1

92

–

82.9

–

p = 0.16

a

**significant (p < 0.01); *significant (p < 0.05); asignificantly more SCT at the weekend (p < 0.01); baccording to to Rütten & Pfeifer, 2016; caccording to Tremblay et
al., 2016; 1Body mass index percentiles by Kromeyer-Hausschild et al., 2001; 2 > 10 ≤ 90 body mass index percentiles on the basis of Kromeyer-Hausschild et al.,
2001; 3 > 90 body mass index percentiles on the basis of Kromeyer-Hausschild et al., 2001; 4 ≤ 10 body mass index percentiles on the basis of Kromeyer-Hausschild
et al., 2001; 5defined as having at least one parent who was born abroad or having a parent who spoke to their child in a foreign language during the first three
years of their life

might have higher amounts of SCT than normal weight
children. But the percentage of SCT of ST at weekends
was found to be more than 100%, which shows that the
SCT at weekends of obese and/or overweight children
might have been overestimated by their parents. However,
because this was found only among overweight and obese
children, the calculation of energy expenditure in metabolic equivalents could be a more likely reason. As children with higher fat mass have to carry more weight at
the same work-load, they can be misclassified as more

active [26]. These findings suggest that further research
investigating SCT and ST especially among overweight
and obese children is necessary. But it can be followed,
that in this study only underweight children had lower
amounts of SCT, while media use of obese and/or overweight children did not differ significantly in comparison
to normal weight children. Only due to the explained
aspects, the results can be interpreted as a possibility
of higher SCT among obese and/or overweight
children.

Hoffmann et al. BMC Pediatrics

(2019) 19:154

Page 7 of 9

Migration status and SCT

Strengths and limitations

Confirming previous findings [27, 28], in this study, children with migration background spent more time using
screen media than children without migration background. Especially on the weekend, almost one more
hour SCT was observed and both guidelines of SCT
were exceeded more often among children with migration background. Consequently, higher amounts of ST
are very likely to be influenced by higher media use
among children with migration background. However,
this could not be supported by the regression models
within this study. Therefore, the association needs to be
analysed further, probably with larger sample sizes.

This is the first study investigating the proportion of subjectively assessed SCT of objectively assessed total ST and
its contribution to high ST behaviour among a large cohort of primary school children of south-west Germany.
The objective and individual assessment of children’s ST
and anthropometric data are the main strengths of this
study. However, some limitations need to be considered
when interpreting these findings. The comparison of differently assessed data could have caused variations in the
results, but an objective assessment of SCT was not feasible. Moreover, both SCT and ST might be over- or underestimated due to social desirability. Also proxy and recall
probably cause variations in subjective assessed data. Even
though ST was objectively assessed, it is not known what
kind of sedentary activities the children really carried out
during their sedentary periods. As SCT is only a small part
of this “black box” a deeper insight into other sedentary
activities other than SCT is necessary [34]. Therefore, the
proportion of further sedentary activities of overall ST
needs to be examined, especially among children with
high ST. Nevertheless, this study analysed the objective
data of ST in a large sample size.

Gender and SCT

As boys prefer playing computer or game console more
often than girls during leisure time [23], it would have
been expected that boys spent more time with screen
media. Supporting this, fewer boys exceeded the guideline
of no more than one hour SCT daily. However, there was
no difference in SCT between boys and girls. On the other
hand, gender was the only significant factor for ST in the
regression model of this study and fewer boys were in the
high sedentary group compared to the low sedentary
group. Previous studies also reported an association between gender and ST [20, 24, 25]. That findings indicate
that gender plays a greater role in children’s ST than in
SCT. Consequently, the higher SCT percentage is likely a
result of higher amounts of ST in girls and not due to
higher media use of boys.
Implications

Since ST in this sample is largely independent of SCT it is
unlikely that common interventions decrease ST using a
reduction of screen media use. This has been shown previously as interventions often only reach small effect sizes
and that the mechanism of reducing ST still remain [29].
Many interventions aiming to reduce ST focus on behavioural change by increasing physical activity – often by
adding sports [30]. However, it has been shown that children (and other populations, such as elite athletes) who
are active are also more sedentary [31, 32]; i.e. they compensate LPA with ST [15]. This may be attributable to either behavioural aspects, such as preferences for sedentary
activities, or the need for a physical rest after high intensity or long lasting activities. This needs to be considered
when trying to reduce ST. Therefore, it might be more effective to change surroundings, offer attractive leisure
time alternatives and increase day to day habitual (low intensity) physical activity instead of vigorous intensity exercise or sports to reduce ST. Some interventions have
already adopted this approach [16, 33], however, further
research is still necessary.

Conclusion
The main finding of this study indicates that SCT does
not predict high ST in primary school children. Rather,
high ST is largely independent of SCT. Even though SCT
covers up to 71% of ST, children with high sedentary levels
did not have higher SCT than those with low sedentary
levels, except for children with migration background.
Therefore, SCT does not seem to be the key contributor for high ST in children and cannot solely be used for
predicting or changing children’s overall sedentary behaviour. The results of this study indicate, that health interventions targeting to reduce ST may improve it, if the
focus would not only be SCT or media use. To confirm
this assumption, further and deeper research is necessary.
Sedentary behaviour should be investigated separately for
the evaluated groups, as they seem to have different reasons for high ST. ST was only found to be related with
SCT in children with migration background. Among overweight or obese children this study only found a tendency
that ST is linked to SCT. Further studies need to clarify
the potential reasons for overestimation of SCT by parents
and misclassification of activity level among overweight
and obese children. Finally, as girls spend more time being
sedentary than boys but had the same duration of SCT,
other activities also need to be considered especially
among this group. Consequently, future studies should
also investigate which activities children conduct during
their sedentary time. Moreover, the role of possible compensation mechanisms should be considered in future research and when trying to intervene on ST.

Hoffmann et al. BMC Pediatrics

(2019) 19:154

Abbreviations
Kg: Kilogram; LPA: Light physical activity; m2: Square meter; MB: Migration
background; MVPA: Moderate to vigorous physical activity; NW: Normal
weight; OW: Overweight/obese; PCT: Percentage of screen time on
sedentary time; SCT: Screen time; ST: Sedentary time; UW: Underweight

Page 8 of 9

3.

4.

Acknowledgements
The authors acknowledge and thank all members of the “Healthy Boat”
intervention team including participating schools, teachers, parents and
children. Members of the “Healthy Boat” study group include Ileana Briegel,
Eva-Maria Hochhaus, Eleana Georgiou, Ekaterina Goosmann, Lina Hermeling,
Anne Kelso, Christine Lämmle, Romy Lauer, Rainer Muche, Olga Pollatos,
Luise Steeb, Meike Traub, Tamara Wirt.

5.

Funding
The main study (Baden-Württemberg Study [17]) was supported by the
Baden-Württemberg foundation, Stuttgart, Germany [grant number
BWS_1.479.00_2009]. The Baden-Württemberg foundation had no influence
on the content of this manuscript.

7.

Availability of data and materials
All data generated or analysed during this reported study are included in
this published article. More detailed data of objectively measured sedentary
time in this sample is available in a previous publication [20]. Data for the
main study (Baden-Württemberg Study) is also available in a previous
publication of the Research Group “Join the Healthy Boat” [17].
Authors’ contributions
JS is the leader of the project join the healthy boat. SKo, SKe, JD, and OW
assessed, verified and pre-analysed the data of PA levels. BH analysed the
Data of ST and screen media and wrote the manuscript. BH and SKo were
major contributor in writing the manuscript. All authors read and approved
the final manuscript.

6.

8.

9.

10.

11.

12.
Ethics approval and consent to participate
Ethic Committee of Ulm University gave approval and consent on
09.06.2010. The study was registered at the German Clinical Trials Register
(DRKS) with the following Number DRKS-ID: DRKS00000494 on 25/08/2010.
To participate school’s leadership and teachers had to provide written, informed consent. For data collection of data, parents provided written, informed consent and children their assent.

13.

14.
Consent for publication
Not applicable.
15.
Competing interests
The authors declare that they have no competing interests.
16.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
17.
Author details
1
Division of Sports- and Rehabilitation Medicine, Center of Medicine, Ulm
University Hospital, Leimgrubenweg 14, 89075 Ulm, Germany. 2Institute of
Epidemiology and Medical Biometry, Ulm University, Schwabstraße 13, 89075
Ulm, Germany.

18.

Received: 26 January 2019 Accepted: 25 April 2019
19.
References
1. Carson V, Hunter S, Kuzik N, Gray CE, Poitras VJ, Chaput JP, et al. Systematic
review of sedentary behaviour and health indicators in school-aged
children and youth: an update. Appl Physiol Nutr Metab. 2016. https://doi.
org/10.1139/apnm-2015-0630.
2. Mitchell JA, Byun W. Sedentary behavior and health outcomes in children
and adolescents. Am J Lifestyle Med. 2014. https://doi.org/10.1177/
1559827613498700.

20.

21.

Salmon J, Tremblay MS, Marshall SJ, Hume C. Health risks, correlates, and
interventions to reduce sedentary behavior in young people. Am J Prev
Med. 2011. https://doi.org/10.1016/j.amepre.2011.05.001.
Owen N, Sugiyama T, Eakin EE, Gardiner PA, Tremblay MS, Sallis JF. Adults’
sedentary behavior. determinants and interventions Am J Prev Med. 2011.
https://doi.org/10.1016/j.amepre.2011.05.013.
Hirvensalo M, Lintunen T. Life-course perspective for physical activity and
sports participation. Eur Rev Aging Phys Act. 2011. https://doi.org/10.1007/
s11556-010-0076-3.
Verloigne M, Loyen A, Van Hecke L, Lakerveld J, Hendriksen I, De
Bourdheaudhuij I, et al. Variation in population levels of sedentary time in
European children and adolescents according to cross-European studies: a
systematic literature review within DEDIPAC. Int J Behav Nutr Phys Act.
2016. https://doi.org/10.1186/s12966-016-0395-5.
Arundell L, Fletcher E, Salmon J, Veitch J, Hinkley T. A systematic review of
the prevalence of sedentary behavior during the after-school period among
children aged 5-18 years. Int J Behav Nutr Phys Act. 2016a. https://doi.org/
10.1186/s12966-016-0419-1.
Tremblay MS, LeBlanc AG, Kho ME, Saunders TJ, Larouche R, Colley RC, et al.
Systematic review of sedentary behaviour and health indicators in schoolaged children and youth. Int J Behav Nutr Phys Act. 2011. https://doi.org/10.
1186/1479-5868-8-98.
Singh GK, Kogan MD, Van Dyck PC, Siahpush M. Racial/ethnic,
socioeconomic, and behavioral determinants of childhood and adolescent
obesity in the United States: analyzing independent and joint associations.
Ann Epidemiol. 2008. https://doi.org/10.1016/j.annepidem.2008.05.001.
Tremblay MS, Carson V, Chaput J-P, Gorber SC, Dinh T, Duggan M, et al.
Canadian 24-hour movement guidelines for children and youth: an
integration of physical activity, sedentary behaviour, and sleep. Appl Physiol
Nutr Metab. 2016. https://doi.org/10.1139/apnm-2016-0151.
Rütten A, Pfeifer K. Nationale Empfehlungen für Bewegung und
Bewegungsförderung (national recommendations of physical activity and
activity promotion). Gesundheitswesen. 2016. https://doi.org/10.1055/s0042-123346.
Engelen L, Bundy AC, Bauman A, Naughton G, Wyver S, Baur L. Young
children's after-school activities - there's more to it than screen time: a
cross-sectional study of young primary school children. J Phys Act Health.
2015. https://doi.org/10.1123/jpah.2013-0075.
Verloigne M, Van LW, Maes L, Yildirim M, Chinapaw M, Manios Y, et al. Selfreported TV and computer time do not represent accelerometer-derived
total sedentary time in 10 to 12-year-olds. Eur J Pub Health. 2012. https://
doi.org/10.1093/eurpub/cks047.
Biddle SJH, Gorely T, Marshall SJ. Is television viewing a suitable marker of
sedentary behavior in young people? Ann Behav Med. 2009. https://doi.org/
10.1007/s12160-009-9136-1.
Tanaka C, Tanaka M, Okuda M, Inoue S, Aoyama T, Tanaka S. Association
between objectively evaluated physical activity and sedentary behavior and
screen time in primary school children. BMC Res Notes. 2017. https://doi.
org/10.1186/s13104-017-2495-y.
Kobel S, Wirt T, Schreiber A, Kesztyüs D, Kettner S, Erkelenz N, et al.
Intervention effects of a school-based health promotion Programme on
obesity related Behavioural outcomes. J Obes. 2014. https://doi.org/10.1155/
2014/476230.
Dreyhaupt J, Koch B, Wirt T, Schreiber A, Brandstetter S, Kesztyüs D, et al.
Evaluation of a health promotion program in children: study protocol and
Design of the Cluster-Randomized Baden-Württemberg Primary School
Study [DRKS-ID: DRKS00000494]. BMC Public Health. 2013. https://doi.org/10.
1186/1471-2458-12-157.
Addy CL, Trilk JL, Marsha D, Won B, Pate RR. Assessing preschool children's
physical activity: how many days of accelerometry measurement. Pediatr
Exerc Sci. 2014. https://doi.org/10.1123/pes.2013-0021.
Network SBR. Standardized use of the terms “sedentary” and “sedentary
behaviours”. Appl Physiol Nutr Metab. 2012;37:540–2.
Hoffmann B, Kettner S, Wirt T, Wartha O, Hermeling L, Steinacker JM, Kobel
S. Sedentary time among primary school children in south-West Germany:
amounts and correlates. Archives of Public Health. 2017. https://doi.org/10.
1186/s13690-017-0230-8.
Kurth BM. Der Kinder- und Jugendgesundheitssurvey (KiGGS). Ein Überblick
über Planung, Durchführung und Ergebnisse unter Berücksichtigung von
Aspekten eines Qualitätsmanagements (Healthsurvey of children and
adolescents: overview of planning, implementation, and results considering

Hoffmann et al. BMC Pediatrics

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

(2019) 19:154

quality management). Bundesgesundheitsbl. 2007. https://doi.org/10.1007/
s00103-007-0214-x.
Kromeyer-Hauschild K, Wabitsch M, Kunze D, Geller F, Geiß HC, Hesse V, et
al. Percentiles of body mass index in children and adolescents evaluated
from different regional German studies. Monatsschr Kinderheilkd. 2001;149:
807–18.
Feierabend S, Plankenhorn T, Rathgeb T. KIM-Studie 2016 Kindheit, Internet,
Medien. Basisuntersuchung zum Medienumgang 6- bis 13-Jähriger in
Deutschland (KIM-Study 2016 childhood, internet, media. Basic survey of
media use among 6 to 13 year olds in Germany). Stuttgart:
Medienpädagogischer Forschungsverbund Südwest (mpfs); 2017.
Arundell L, Fletcher L, Salmon J, Veitch J, Hinkley T. The correlates of
afterschool sedentary behavior among children aged 5–18 years: a
systematic review. BMC Public Health. 2016b. https://doi.org/10.1186/
s12889-015-2659-4.
Stierlin AS, De Lepeleere S, Cardon G, Dargent-Molina P, Hoffmann B,
Murphy MH, et al. A systematic review of determinants of sedentary
behaviour in youth: a DEDIPAC-study. Int J Behav Nutr Phys Act. 2015.
https://doi.org/10.1186/s12966-015-0291-4.
Tompuri TT. Metabolic equivalents of task are confounded by adiposity,
which disturbs objective measurement of physical activity. Front Physiol.
2015. https://doi.org/10.3389/fphys.2015.00226.
Labree W, Lotters F, van de Mheen D, Rutten F, Chavarria AR, Neve M, et al.
Physical activity differences between children from migrant and native
origin. BMC Public Health. 2014. https://doi.org/10.1186/1471-2458-14-819.
Schenk L, Neuhauser H, Ellert U, Poethko-Müller C, Kleiser C, Mesnik G.
Kinder- und Jugendgesundheitssurvey (KiGGS) 2003–2006: kinder und
Jugendliche mit Migrationshintergrund in Deutschland (Healthsurvey of
children and adolescents 2003–2006: children and adolescents with
migration background in Germany). Berlin: Robert Koch Institution (RKI);
2008.
Biddle SJH, Petrolini I, Pearson N. Interventions designed to reduce
sedentary behaviours in young people: a review of reviews. Br J Sports Med.
2014. https://doi.org/10.1136/bjsports-2013-093078.
Alfes J, Bucksch J, Aue K, Demetriou Y. Reduzierung von Sitzzeiten bei
Kindern – ein systematisches review (reduction of sedentary behaviour
among children - a systematic review). Bundesgesundheitsbl. 2016. https://
doi.org/10.1007/s00103-016-2452-2.
Sperlich B, Becker M, Hotho A, Wallmann-Sperlich B, Sareban M, Winkert K,
et al. Sedentary behavior among National Elite Rowers during off-training a pilot study. Front Physiol. 2017. https://doi.org/10.3389/fphys.2017.00655.
Janssen X, Basterfield L, Parkinson KN, Pearce M, Reilly JK, Adamson AJ, et al.
Determinants of changes in sedentary time and breaks in sedentary time
among 9 and 12 year old children. Prev Med Rep. 2015. https://doi.org/10.
1016/j.pmedr.2015.10.007.
Möhrle B, Steinacker JM, Szagun B, Kobel S. Bewegungsförderung an
Grundschulen - Pausenhof und körperliche Aktivität von Kindern (activity
promotion in primary schools – schoolyard and physical activity in
children). Dtsch Z Sportmed. 2015. https://doi.org/10.5960/dzsm.2015.186.
Lou D. Sedentary Behaviors and Youth: Current Trends and the Impact on
Health. San Diego: Active living research,.Table 1: characteristics of the
whole sample and separated for sedentary levels. 2014.

Page 9 of 9

