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Physical Activity and Sedentary 
Behavior From 6 to 11 Years
Phillipp Schwarzfischer, MSc,​a Dariusz Gruszfeld, MD,​b Anna Stolarczyk, MSc,​c Natalia Ferre, PhD,​d  
Joaquin Escribano, MD,​d Déborah Rousseaux, MSc,​e Melissa Moretti, BSc,​e Benedetta Mariani, MSc,​f  
Elvira Verduci, PhD,​f Berthold Koletzko, MD,​a Veit Grote, MD, MSca

OBJECTIVES: Physical activity (PA) is presumed to decline during childhood and adolescence, 
but only few long-term studies about PA development during this period of life exist. 
We assessed PA and sedentary behavior (SB) over a 5-year period to gain a better 
understanding of the extent of change in activity and potential influencing factors.
METHODS: PA and SB of 600 children from the Childhood Obesity Project were objectively 
measured with the SenseWear Armband 2 at the ages of 6, 8, and 11 years, resulting in 1254 
observations. Longitudinal changes of total PA, moderate-to-vigorous physical activity 
(MVPA), light physical activity (LPA), and SB were modeled with mixed-effects models.
RESULTS: Total PA revealed a significant quadratic decline with age (P < .001), resulting in 
a change of total PA by −75.3 minutes per day from 6 to 11 years. LPA linearly declined 
(P < .001) by 44.6 minutes per day, MVPA quadratically declined (P < .001) by an overall 
30.7 minutes, whereas SB increased significantly (+107 minutes; P = .001). Boys showed a 
steeper decline in LPA (P = .003) and MVPA (P < .001) than did girls. Higher fat mass index 
and BMI z scores were associated with lower levels of total PA and MVPA and higher levels 
of SB (all P < .001).
CONCLUSIONS: We showed that PA decreased, and SB increased in earlier years than previously 
thought. MVPA remained relatively stable until 8 years, but revealed a drop-off at 11 years, 
identifying this period as a crucial time for intervention.
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WHAT’S KNOWN ON THIS SUBJECT: Physical activity 
and sedentary behavior are thought to decline with 
the start of adolescence. Decline can be influenced 
by biological or environmental factors. Low levels 
of activity during childhood can be the cause of the 
increasing inactivity in adults.

WHAT THIS STUDY ADDS: In our study, the decline of 
physical activity and increase of sedentary behavior 
started well before adolescence. The only major 
influencing factors were sex, country, and body size. 
Interventions to prevent inactivity might need to 
focus more on younger children.
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An increase of sedentary behavior 
(SB) and lack of physical activity 
(PA) is connected to a number 
of noncommunicable diseases 
worldwide.‍1,​‍2 Because of the 
continuance of PA and SB from 
childhood into adulthood,​‍3 the 
transition period from childhood to 
adolescence is the focus of many PA 
interventions.‍4,​5

A natural and biologically determined 
decline of total PA throughout 
the life span seems likely.‍6 This 
decline is also represented in 
recommendations from the World 
Health Organization (WHO): 
preschool-aged children should 
accumulate a minimum of 180 
minutes per day of total PA, children 
and adolescents (4–17 years old) at 
least 60 minutes per day, and adults 
only a minimum of 30 minutes per 
day in moderate-to-vigorous physical 
activity (MVPA).‍7 For a long time, 
the prevailing opinion about the 
development of total PA and SB in 
youth was that the steepest decline 
of total PA happens between 12 and 
18 years.‍8,​‍9 Authors of recent studies, 
however, suggest that an early 
decline of total PA already starts 
at 6 years of age.10,​‍11 Most of these 
longitudinal studies are focused on 
total PA and MVPA, excluding light 
physical activity (LPA) and SB.‍12‍‍–15 
The analysis of SB has become more 
important because of the massive 
increase in sitting activities in 
children over the last decades.‍16 The 
development of accelerometers has 
made it possible to measure SB and 
LPA as separate behaviors and has 
changed the understanding of LPA 
and its influence on health.‍17 MVPA 
is thought to have a higher impact on 
health, but far longer periods of time 
are spent on LPA. Yet reliable data 
of LPA levels and development in 
children are scarce.

To get deeper insight into the 
origins of activity and inactivity, 
prospective studies are needed 
in which authors differentiate 
between intensity levels and identify 

influencing factors.‍18 Most studies 
used to look at influencing factors 
of PA and SB are cross-sectional, 
precluding statements about 
causal relationships.‍19 Evidence 
from longitudinal studies will give 
better insight into potential causal 
relationships and will thus improve 
the target selection of interventions. 
The aim of this study, therefore, is to 
analyze the change of total PA, MVPA, 
LPA, and SB from 6 to 11 years and 
to identify factors that influence this 
development with age.

METHODS

Study Subjects and Design

The underlying sample of children 
is part of the Childhood Obesity 
Project (NCT00338689). The design 
and results of this European double-
blind, randomized controlled trial are 
reported elsewhere.‍20 Briefly, 1678 
infants, who were born between 
October 2002 and July 2004, entered 
the trial during their first 8 weeks 
of life. Children were randomly 
assigned to 2 formula-fed groups, 
with either a lower or higher protein 
content for the first year of life. 
Additionally, an observational group 
of children who were exclusively 
breastfed was included. The aim was 
to test whether early protein intake 
predicts infant growth and later risk 
of childhood obesity.

Data for this analysis were collected 
during the 6- (time point 1; T1), 
8- (time point 2; T2), and 11- 
(time point 3; T3) year follow-up 
examinations. Data collection 
was performed in the following 5 
European countries: Germany, Italy, 
Belgium, Poland, and Spain. The 
sample for the following analysis 
combines intervention and control 
groups into a single longitudinal 
cohort, treating possible intervention 
effects as a covariate. The trial was 
approved by the ethics committee 
in each study center, and informed 
consent was obtained from parents 
and children. All research was 

performed in accordance with the 
Declaration of Helsinki.

Activity Assessment (Outcome 
Variable)

PA was measured with the 
SenseWear Armband 2 (BodyMedia, 
Inc, Pittsburgh, PA). The device 
is worn over the right triceps 
muscle and incorporates 5 sensors: 
2-axis accelerometer, galvanic 
skin response, skin temperature, 
near–body temperature sensor, 
and heat flux.‍21 Following the study 
protocol, children were told to wear 
the armband on 3 consecutive days 
for at least 20 hours per day. The 
data processing was done with the 
Professional InnerView Software 
6.1 (BodyMedia, Inc), already 
described elsewhere.‍22 Briefly, 
total PA was categorized into the 
following 2 groups on the basis of 
recommendations by Trost et al‍23: 
LPA (1.5–3.9 metabolic equivalents 
of task) and MVPA (≥4 metabolic 
equivalents of task). Time spent in 
activity <1.5 metabolic equivalents 
of task (minus the time lying down 
and sleeping) was considered to be 
SB. Studies have revealed that the 
SenseWear Armband is a valid tool  
to measure energy expenditure  
(EE) and PA in children and 
adolescents.‍24,​25

Time-Varying Covariates

Weight and height were measured 
during each follow-up visit at the 
study sites. Standard operating 
procedures relied on the WHO’s 
Multicentre Growth Reference 
Study.‍26 BMI (weight [kilograms] 
divided by height [meters squared]) 
was transformed into BMI z score 
(zBMI), adjusted for sex and age 
according to the WHO growth 
standards.‍26 Body fat mass and fat 
mass index (FMI) (total body fat mass 
[kilograms] divided by height [meters 
squared]) were calculated from 
bioelectrical impedance assessed in 
duplicate with the octopolar Tanita 
BC-418 (Tanita Corporation, Tokyo, 
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Japan). This has been validated for 
use in children.‍27

Time Invariant Covariates

In addition to sex and study country, 
data from parents were collected 
during the initial study visit. The 
educational status of parents 
was assessed with the help of the 
International Standard Classification 
of Education 1997 levels and defined 
as low (level 0–3), middle (level 
3–4), and high (level 5–6); it included 
the highest education level of both 
parents.‍28 Housing type was asked 
and defined as either house (free 
standing or semidetached) or flat 
(flat, maisonette, or apartment). 
Additionally, the prepregnancy BMI 
of mothers was calculated from self-
reported prepregnancy weight and 
on-site measurements of height after 
study recruitment. Family status 
(single mother or living with partner) 
and smoking during pregnancy 
were assessed at the initial study 
visit. At 11 years, puberty status 
was assessed with the “Pubertal 
Development Scale” and categorized 
as “pre-pubertal” and “pubertal.”‍29

Data Analyses

Data are reported as mean and SD 
for continuous variables and as 
number (n) and percentage (%) for 
factors. Differences in accelerometer 
measurement participation rate were 
calculated with χ2 tests and Student’s 
t tests. Observations are defined as 
1 accelerometer measurement of 
each child at 1 of the 3 time points. 
Observations at any of the 3 time 
points with just 1 day of recording 
were excluded. Observations with 
2 days of recording revealed no 
differences to observations with 3 or 
more days and were therefore kept 
for analyses.

For each outcome variable, total PA, 
MVPA, LPA, and SB, mixed models 
with an individual random intercept 
and random slope for age were used. 
Age was centered to the lowest age 
of any participant (5.89 years) and 

was included in all models with 
a quadratic term to analyze the 
development of outcomes over time. 
Covariates were entered separately, 
and all models were optimized by 
maximum likelihood estimation and 
likelihood ratio tests for the best 
model fit.

Because residuals of MVPA models 
were not normally distributed, 
MVPA was log transformed for 
mixed-model analysis and later back 
transformed for interpretability. 
For the LPA model, the quadratic 
age term was removed, because 
it worsened the model fit. Each 
model 1 was calculated as the 
minimal adjusted model, with factor 
covariates sex (2 levels) and study 
country (5 levels) added as fixed 
effects. Country and sex were tested 
as random factors but revealed no 
improvement to model fit. Sex and 
age interactions were added to the 
LPA and MVPA model, because they 
revealed significant results and 
improved the overall fit. In model 2, 
additional adjustments for season 
of measurement and time invariant 
covariates (as described above) 
were tested. Variables were added 
separately to the model and were 
only kept when improving the overall 
model fit. In model 3, time-varying 
covariates in the form of zBMI (model 
3.1) or FMI (model 3.2) were added 
and tested for interaction with age. 
For visualization of effects, estimates 
of model 1 for SB, total PA, LPA, and 
MVPA in minutes per day from 6 
to 12 years (grouped by sex) were 
plotted. Models were calculated 
in R using the “lme4” package. 
Significance was assumed at an error 
probability <.05.

RESULTS

Descriptive Information

‍Figure 1 reveals the participation 
flow during the study. Overall, 725 
children between 6 and 11 years 
of age participated; 600 children 
had valid accelerometer data and 

were included in the analysis 
with a total of 1254 observations. 
The average participation rate 
for accelerometer measurements 
(over all time points) was highest 
in Poland (78.2%) and Belgium 
(71.8%) and lowest in Italy (64.5%) 
and Spain (63.8%). There were no 
differences in anthropometric data 
between children who participated 
in accelerometer measurement 
and those who did not. At T1, 
accelerometer measurement 
participation rate of children of 
parents with low education was 
significantly (P = .04) lower (50.0%) 
when compared with children of 
parents with middle (72.9%) or 
higher education (71.8%), but no 
significant differences were seen at 
T2 and T3.

Times in different activity levels 
and anthropometric data by time 
point are presented in ‍Table 1. The 
total sample had more observations 
from girls (n = 680; 54.2%) than 
boys (n = 574; 45.8%), and girls 
had a significantly (P < .001) higher 
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FIGURE 1
Flowchart of participating children and available 
data. BIA, bioelectric impedance analysis.
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FMI than boys at all 3 time points. 
In both girls and boys, mean SB 
increased by 107 minutes per day 
from T1 to T3, whereas total PA and 
LPA decreased (PA: −75 minutes 
per day; LPA: −48 minutes per day). 
MVPA development differed by sex, 
in which boys’ MVPA between T1 
(mean = 126.0 minutes per day;  
SD = 59.7 minutes per day) and T2 
(mean = 147.0 minutes per day; SD =  
75.7 minutes per day) increased  
and sharply decreased to T3 (mean =  
103.8 minutes per day; SD = 53.5 
minutes per day). Girls remained 
steady between T1 (mean = 105.6 
minutes per day; SD = 57.8) and T2 
(mean = 99.1 minutes per day; SD = 
60.6 minutes per day) followed by 
a steep drop-off by T3 (mean = 67.5 
minutes per day; SD = 47.9 minutes 
per day). Adherence rates to current 
physical activity guidelines (PAGs) 
of 60 minutes per day of MVPA were 
high at T1 (83%) and T2 (81%) and 
plummeted by almost 20% at T3.

Longitudinal Changes of PA and SB 
and Influencing Factors

With ‍Table 2, we display results 
of longitudinal data analysis using 
model 1. In summary, a significant 
decline in all PA variables was 
seen. Total PA and MVPA declined 
quadratically, whereas LPA declined 
linearly (all P < .001). SB significantly 
increased (P < .001) over the same 
period. Age-dependent sex effects 

were visible in LPA and MVPA with 
opposite directions: boys spent less 
time in LPA (P = .003) and more 
time in MVPA (P < .001) than girls 
with an increasing difference from 
6 to 11 years of age. The complete 
models with random effects are 
shown in Supplemental Table 4. All 
models revealed a negative random 
intercept-slope covariance and 
correlation, meaning children with 
higher intercepts tend to have lower 
slopes.

When looking at further influencing 
factors in model 2, adding the 
season of measurement revealed 
a significant improvement of LPA 
and MVPA models but resulted in 
no major differences in β-estimates 
or significance (not shown). The 
addition of time-invariant covariates 
(educational status, housing, 
prepregnancy BMI, maternal age, 
family status and smoking during 
pregnancy, pubertal status at 11 
years, and intervention type) had no 
influence on any of the 4 models.

Adding a time-varying variable zBMI 
in model 3.1 (‍Table 3) revealed an 
association with SB, total PA, and 
MVPA (all P < .001). The interaction 
between zBMI and age was only 
significant in MVPA (P = .014). 
When the time-varying variable FMI 
(model 3.2) was added instead of 
zBMI, similar results were obtained 
with slightly larger effect sizes. 
Additionally, there was a negative 

association between LPA and FMI 
(P = .012). However, age and FMI 
interactions were not significant in 
all of the models.

‍Figure 2 reveals the plotted estimates 
of SB, total PA, LPA, and MVPA in 
minutes per day from 6 to 12 years, 
grouped by sex (model 1). When 
looking at MVPA and comparing it 
to current PAGs, girls fall on average 
below the 60 minutes per day of 
MVPA at the age of 10.7 years and 
boys at 13.0 years.

DISCUSSION

Principal Findings

We observed a decline in time spent 
in total PA as well as in low- and 
high-intensity levels, from 6 to 11 
years of age, even after adjustment 
for various covariates. Total PA and 
LPA gradually declined, whereas 
MVPA remained constant between 6 
and 8 years but steeply dropped off 
by 11 years of age. This effect was 
also visible in the number of children 
fulfilling current PAGs of 60 minutes 
per day in MVPA, which revealed a 
steep decline between 8 and 11 years 
(T1: 83.1%; T2: 81.4%; T3: 63.9%). 
Major influencing factors were sex 
and study country, as well as zBMI 
and FMI.

SCHWARZFISCHER et al4

TABLE 1 �Characteristics and Activity Levels of Participants

6 y, n = 417 8 y, n = 415 11 y, n = 422

Age, y, mean (SD) 6.1 (0.1) 8.1 (0.1) 11.2 (0.2)
Boy, n (%) 184 (44.1) 199 (48.0) 191 (45.3)
Anthropometry, mean (SD)
  BMI 15.9 (2.0) 16.8 (2.6) 18.7 (3.3)
  zBMI 0.3 (1.2) 0.4 (1.2) 0.4 (1.2)
  FMI 3.4 (1.1) 3.9 (1.6) 4.5 (2.0)
  FFMI 12.6 (1.1) 13.0 (1.2) 14.3 (1.6)
Activity levels in min per d, mean (SD)
  Sedentary 299.0 (79.6) 332.0 (79.9) 406.0 (96.7)
  Total PA 532.9 (82.3) 519.8 (80.4) 457.6 (100.6)
  LPA 418.3 (69.7) 397.8 (71.8) 373.7 (81.1)
  MVPA 114.6 (59.5) 122.1 (72.3) 83.9 (53.6)
Adhere to PAGs, n (%) 340 (81.5) 329 (79.3) 264 (62.6)

zBMI was calculated by WHO reference population; PAGs by WHO: children (4–17 y) should spend 60 min per d in MVPA. FFMI, fat-free mass index (fat mass [kilograms] divided by height 
[meters squared]).
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Implications and Comparison With 
Other Studies

Our study, used to cover the critical 
transition phase between childhood 
and adolescence, suggests that a 
decline of total PA beginning as early 
as 6 years of age is possible. This 
is a novel finding, because authors 
of most current literature suggest 
that total PA increases between 
the ages of 3 and 8 years‍30 with a 
steep decline during adolescence 
(12–18 years).‍8,​‍9,​‍31 As a result, most 
longitudinal studies are focused 
on PA and SB development in 
adolescence.32 Only few longitudinal 
studies start at an earlier age but 
are supportive of our observation 
of an earlier decline in total PA than 
previously thought.‍10,​‍11 The overt 
explanation for this earlier decline 
could be the increased sitting times 
due to school. However, time-specific 
analysis of PA has revealed that in 
addition to the increased SB during 
school hours, there was also a 
distinct decline on weekends, out-of-
school days, and during lunchtime.‍12,​‍33  
This emphasizes that a precise 
measurement and detailed analysis 
of intensity levels already at an early 
age can give deeper insights into PA 
development, which are needed for 
adequate public health planning. In 
our results, it is further suggested 
that future intervention programs 
should already start at earlier ages 
than school age, to convey the 
importance of PA when levels of 
activity are still high.

In our study, SB and LPA were the 
main components of children’s 
activity during hours awake. LPA 
decreased from 6 to 11 years of age 
accompanied by a steady increase of 
time spent in SB. Other studies have 
revealed that the trend of increased 
inactivity is likely to be continued 
during adolescence‍33‍–‍35 and is 
followed into adulthood.‍3,​36 In light 
of this observation, it may be more 
feasible for interventions to replace 
SB with LPA, to prevent the negative 
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effects of too much inactivity on 
health, as suggested by Healy et al.‍37

Sex differences were not visible  
in total PA and SB but in intensity 
levels of total PA (LPA and MVPA). 
Girls seem to be more active in  
light-intensity activities and boys 
more in high-intensity activities. 
Similar effects were also seen in a 
study by Nader et al,​‍13 yet it remains 
unclear whether this has an effect  
on health outcomes in girls later in 
life. Differences in total PA and SB 
between sexes are present in many 
studies, mostly with girls being  
less active than boys.‍12,​‍13,​‍32  
An explanation might be the 
earlier onset of puberty and sexual 
maturation in girls38; however, sex 
differences were already present 
at the 6-year-old mark in our 
study (well before puberty). This 
information can be useful when 
planning activity programs, tailoring 
suggested activities’ intensity and 
duration.

Higher zBMI and FMI values resulted 
in a significantly lower volume of 
total PA and a higher volume of SB at 
baseline but revealed no effect on the 
development over time. PA is thought 
to be a major influencing factor in 
the prevention and management of 
overweight and obesity in youth. In 
the literature, there is no certainty 
about the direction and magnitude 
of influence. The inverse causality 
hypothesis assumes that overweight 
and obesity are not the result but the 
cause of reduced activity,​‍39‍–‍41 which 
might explain our findings. In light 
of these results, an indirect effect of 
the original nutritional intervention 
cannot be ruled out, as Weber et al‍42 
have shown that intake of a higher-
protein formula during the first year 
of life resulted in a higher risk of 
obesity at 6 years.

Strengths and Limitations

One strength of our study is the 
longitudinal design. The study can 
be used to give an insight into the 
activity development during the 

critical period between childhood 
and adolescence. The results are 
generalizable for Europe because 
they were based on a birth cohort 
conducted in 5 countries. However, 
the population might not be fully 
representative because children 
were mainly from metropolitan areas 
and some were taking part in the 
intervention during the first year of 
life. Additionally, results are limited 
because of the relatively small sample 
size, the fact that not all children 
participated in every measurement, 
and the lack of more measurement 
points during adolescence. This 
makes stratification for certain 
subgroups difficult and challenging 
and limits the certainty about the 
continuous PA decrease during 
puberty.

Furthermore, a lack of common 
standard cutoffs for intensity 
levels, either for total PA‍17 or SB,​‍43 
results in different databases. This 
limits the possibility of comparing 
accelerometer-based studies. We 
chose cutoffs for LPA and MVPA 
on the basis of the fact that other 
studies consistently reveal an EE 
of 4 metabolic equivalents of task 
in children and adolescence from 
brisk walking (a common moderate 
activity).‍23,​‍44 Additionally, the use 
of different epoch lengths should be 
treated with caution when comparing 
PA and SB studies.45 For our study, 
the epoch length was chosen on 
the basis of the storage and energy 
restrictions of the device used and 
was similar to many accelerometer-
based studies.‍46‍–‍48 Another limitation 
of most accelerometers is the 
inability to measure water-based 
activities, like swimming, because 
most devices cannot be worn in 
water. The SenseWear Armband 
tries to take this into account by 
calculating off-body estimates of 
EE during nonwear time, but this 
can never fully represent true 
measurements.
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CONCLUSIONS

In this study, total PA activity 
decreased, and SB increased between 
the ages of 6 and 11 years. When 
looking at intensity levels of total PA, 
MVPA revealed a steep decline after 
8 years, indicating a possible need for 
intervention. Sex effects on activity 
development were seen, which need 

to be taken in account when planning 
interventions and future studies.
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ABBREVIATIONS

EE: �energy expenditure
FMI: �fat mass index
LPA: �light physical activity
MVPA: �moderate-to-vigorous 

physical activity
PA: �physical activity
PAG: �physical activity guideline
SB: �sedentary behavior
T1: �time point 1
T2: �time point 2
T3: �time point 3
WHO: �World Health  

Organization
zBMI: �BMI z score
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