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Abstract
Background There is a lack of longitudinal studies examining changes in device-measured physical activity and 
sedentary time from childhood to young adulthood. We aimed to assess changes in device-measured physical 
activity and sedentary time from childhood, through adolescence, into young adulthood in a Norwegian sample of 
ostensibly healthy men and women.

Methods A longitudinal cohort of 731 Norwegian boys and girls (49% girls) participated at age 9 years (2005–2006) 
and 15 years (2011–2012), and 258 of these participated again at age 24 years (2019–2021; including the COVID-19 
pandemic period). Physical activity and sedentary time were measured using ActiGraph accelerometers. Linear mixed 
models were used to analyse changes in physical activity and sedentary time and whether low levels of childhood 
physical activity track, i.e., persist into young adulthood (nchange=721; ntracking=640).

Results The most prominent change occurred between the ages of 9 to 15 years, with an increase in sedentary 
time (150 min/day) and less time spent in light (125 min/day), moderate (16 min/day), and vigorous physical activity 
(8 min/day). Only smaller changes were observed between the ages of 15 and 24 years. Changes in moderate-
to-vigorous physical activity from childhood to young adulthood differed between subgroups of sex, tertiles of 
body mass index at baseline and tertiles of peak oxygen uptake at baseline. While the tracking models indicated 
low absolute stability of physical activity from childhood to young adulthood, children in the lowest quartiles of 
moderate-to-vigorous (OR:1.88; 95%CI: 1.23, 2.86) and total physical activity (OR: 1.87; 95%CI: 1.21, 2.87) at age 9 years 
were almost 90% more likely to be in these quartiles at age 24 years compared to those belonging to the upper three 
quartiles at baseline.

Conclusions We found a substantial reduction in physical activity and increase in time spent sedentary between age 
9 and 15 years. Contrary to previous studies, using mainly self-reported physical activity, little change was observed 
between adolescence and young adulthood. The least active children were more likely to remain the least active 
adults and could be targeted for early intervention.
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Introduction
Physical activity levels decrease and sedentary time 
increase from childhood to adolescence, and a large pro-
portion of adolescents does not meet the global physical 
activity recommendations of 60  min of moderate-to-
vigorous physical activity per day [1–3]. The decline in 
physical activity appears to continue from adolescence 
into young adulthood [4], and an increase in sedentary 
behaviour may have serious consequences for population 
health if persisting into middle- and old-age [5, 6].

The transition from adolescence to young adulthood 
often involves major life changes, including relocation, 
higher education, employment, economic independence, 
relationships, and parenthood. This transitional stage 
has earlier been associated with a sharp decline in self-
reported physical activity [7–10]. Tracking of physical 
activity from childhood into adulthood, i.e., whether the 
least active children remain the least active adults, may 
also be present [11, 12]. Previous studies on tracking of 
physical activity from childhood to young adulthood have 
mainly used self-reported physical activity and shown 
large differences in terms of tracking magnitude, with 
stability coefficients ranging from − 0.07 to 0.64 [13–24].

There is a paucity of longitudinal studies utilizing 
device-based measures when examining physical activ-
ity and sedentary time during the transition from child-
hood to young adulthood, and a call has been made for 
more prospective studies– especially of older adoles-
cents and young adults to get a deeper understanding of 
physical activity behaviour through major life transitions 
[1, 4]. Therefore, we aim to describe changes in device-
measured physical activity from childhood, through ado-
lescence, into young adulthood in a Norwegian sample of 
men and women participating in the longitudinal arm of 
the Physical Activity among Norwegian Children Study 
(PANCS) [2, 25, 26].

Materials and methods
Study sample
In the first Physical Activity among Norwegian Children 
Study (PANCS1), conducted in 2005–2006, Statistics 
Norway randomly selected schools across Norway to cre-
ate a nationally representative sample of 9- and 15-year-
olds. In PANCS2 (2011–2012), all participants aged 
9 years in PANCS1 were invited to participate again as 
15-years-olds. This constituted a longitudinal cohort of 
9- and 15-year-olds distributed across 40 schools cover-
ing the different geographical regions of Norway. In 2019, 
all participants from this longitudinal cohort still liv-
ing in Norway were deemed eligible for inclusion in the 
PANCS follow-up study. The eligible participants for the 
PANCS follow-up study were sent an invitation to their 
registered postal address followed up with a telephone 
call and complimentary text message a few days later to 

make sure they had received the invitation. Additionally, 
we reached out through social media to the eligible par-
ticipants we could identify from their profiles. Due to the 
ongoing COVID-19 pandemic, we strived to be flexible in 
terms of date and time of the data collection while ensur-
ing that the strict hygiene regulations were followed. 
A hypothesis of 20% reduction in physical activity level 
from adolescence to young adulthood was formed, with 
power calculations showing that 182 and 242 partici-
pants would be needed in the PANCS follow-up study to 
achieve 80% and 90% statistical power, respectively.

Anthropometrics and demographics
Weight and height were measured to the nearest 0.1 kg 
(Seca 770 and 877, SECA GmbH, Hamburg, Germany) 
and 0.1  cm (wall-mounted measuring tape), respec-
tively. In PANCS1, participants wore underwear during 
the anthropometric measurements whereas in PANCS2 
and the PANCS follow-up, participants wore light cloth-
ing (gym shorts/pants and T-shirt). Therefore, 0.3 kg was 
subtracted from the bodyweight measures at age 15 and 
24 to account for clothing. Body mass index (BMI) was 
calculated using the standard formula (kg/m2). Waist cir-
cumference was measured with a tape measure, equally 
distanced between the edge of the hip and the lower 
rib. The measure was taken right after exhalation, and 
to the nearest 0.1 cm. Statistics Norway provided infor-
mation about parental income and country of birth in 
PANCS2 (2011–2012). Total parental income was used as 
a proxy measure for socioeconomic status (SES). Based 
on the total income of both parents, we categorised the 
participants into three SES groups: low (total parental 
income < 750 000 NOK), middle (total parental income 
750 000–1 499 999 NOK), and high (total parental 
income ≥ 1 500 000 NOK). Parents’ country of birth was 
categorised as number of parents born in Norway (none, 
one, two).

Outcome assessment
Physical activity was measured using hip-worn Acti-
Graph accelerometers (ActiGraph, Pensacola, FL, USA). 
In PANCS1, we used model CSA7164, in PANCS2 mod-
els GT1M and GT3X+, and in PANCS follow-up models 
GT3X + and GT3X + BT. Participants were instructed to 
wear the monitor during all waking hours, only remov-
ing it for sleep and water-based activities, for a full week 
in PANCS2 and PANCS follow-up, and for 4 consecutive 
days (including 2 weekend days) in PANCS1 due to lim-
ited monitor storage capacity of the CSA7164.

The accelerometer data were summarised in 10  s 
epochs, excluding non-wear periods (defined as con-
secutive spells of zero counts lasting ≥ 60 min) [27]. Data 
between 00:00 and 06:00 were excluded at age 9 and 15, 
but not at age 24 due to larger uncertainty surrounding 
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sleeping habits and known nightshift work for several of 
the participants. A valid day was defined as ≥ 480 min of 
wear time according to suggested settings for accelerom-
eter data reduction in the International Children’s Accel-
erometry Database (ICAD) [28], and participants with at 
least two valid days were included in the analyses [29]. 
Time spent in intensities ≤ 100 counts per minute (CPM) 
was classified as sedentary, 101–2295 CPM was classi-
fied as light physical activity (LPA), 2296–4011 CPM was 
classified as moderate physical activity (MPA), and ≥ 4012 
CPM was classified as vigorous physical activity (VPA) 
[30]. All pre- and post-processing of raw accelerometer 
data were done in ActiLife v6.13.4.

Aerobic fitness
Peak oxygen uptake (VO2peak) was assessed at age 9 years 
through a maximum exercise test on an electronically 
braked cycle ergometer (Ergomedic 839E, Monark, Var-
berg, Sweden). Oxygen uptake was measured every 10 s 
during the last minutes of the test using a portable Meta-
Max III X oxygen analyser (Cortex Biophysics, Leipzig, 
Germany), and the mean of the three highest consecu-
tive measurements was used as VO2peak. At age 24 years, 
VO2peak was measured using a modified Balke protocol 
on treadmill (Woodway, Weil am Rhein, Germany). Oxy-
gen uptake was registered continuously with 30  s sam-
pling (Oxycon Pro, Jaeger, Würtsburg, Germany), where 
the highest value was used. Details about these protocols 
have been described elsewhere [25, 31].

Other covariates
The geographical area where the participants grew up 
was categorised into four distinctive regions of Norway 
(Central Norway, East, Southwest, and North), and was 
determined from the location of the participants primary 
schools.

Pubertal status was assessed at age 9 by trained person-
nel according to the 5-point Tanner classification system 
[32]. The assessment score of genitalia and the assess-
ment score of breasts were used for boys and girls respec-
tively, while the score for pubic hair was used if one of 
the formers was missing. Due to little variation and low 
scores on the Tanner scale, the variable was reclassified 
into prepubertal (Tanner score = 1) and started puberty 
(Tanner score > 1).

Statistical analyses
All analyses were performed in R v4.2.0 [33]. A lin-
ear mixed model was used to analyse both change 
and tracking of physical activity over time. All mod-
els included a nested random intercept at an individual 
level within schools at age 9 years. If model singular-
ity became an issue, the complexity of the random fac-
tors was reduced to a random intercept at school level at 

age 9 years. Missing outcome data were handled by the 
restricted maximum likelihood estimator in the mixed 
models, which includes all available data (nchange=721; 
ntracking=640) under the missing at random assumption, 
i.e., missing data can be explained by the observed data 
[34].

The analyses of change in sedentary time and physical 
activity were modelled with time itself as the main effect 
of interest and sedentary time and the different physi-
cal activity intensities as outcomes. Adjustments were 
made for age, sex, wear time of the accelerometer, wear 
month, and a weekday/weekend wear day ratio (num-
ber of valid weekdays divided by number of valid week-
end days). Interaction terms between time and sex, time 
and VO2peak tertiles at baseline, time and BMI tertiles at 
baseline, and time and parental income were sequen-
tially added to the model to assess whether change in 
moderate-to-vigorous physical activity (MVPA) differed 
between these subgroups.

The analyses of tracking were modelled as the initial 
measurement of MVPA (minutes per day) and total phys-
ical activity (counts per minute) regressed on the subse-
quent values of the same measurement. Physical activity 
variables at each time point were standardised as z-scores 
adjusted for wear time, wear month and a weekday/week-
end ratio. All models were adjusted for sex, parental 
income, parents’ country of birth, geographical region, 
pubertal status, follow-up time and baseline values of 
age, body mass index and maximal oxygen uptake. Crude 
models, only modelling the initial physical activity mea-
surement regressed on the subsequent measures, were 
also included to display the effect of the adjustments. 
Tracking strength was evaluated with stability coeffi-
cients, which could take on values between − 1 and 1 and 
interpreted as longitudinal correlation coefficients. Sta-
bility coefficients < 0.30 were considered weak tracking, 
0.30 to 0.60 moderate tracking, and > 0.60 strong track-
ing [35]. We also assessed whether belonging to either 
the lowest or highest quartile of MVPA or total physical 
activity at age 9 years could predict belonging to the same 
quartile later in life. Consequently, MVPA and total phys-
ical activity were divided into quartiles, and odds ratios 
were calculated for participants in the lowest and highest 
quartiles (compared to participants belonging to any of 
the other three quartiles).

Results
In PANCS2 (2011–2012), 731 boys and girls who had 
participated in PANCS1 as 9-year-olds (2006–2006) 
participated again as 15-year-olds (1119 eligible partici-
pants). In 2019, all 731 participants still living in Nor-
way (n = 708) were deemed eligible for inclusion in the 
PANCS follow-up study. Of these, 258 were included 
in the present follow-up. A flow chart of the inclusion 
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process is shown in Fig. 1. The main reason for non-par-
ticipation in adolescence was no response to the written 
informed consent form sent to the primary guardians, 
while a lack of interest and scepticism towards domestic 
travelling during the COVID-19 pandemic were cited as 
main reasons not to participate in the follow-up study in 
young adulthood.

Descriptive statistics at each time point can be found 
in Table 1. The mean age at the three data collections was 
9.6 years in PANCS1, 15.2 years in PANCS2, and 24.6 
years in PANCS follow-up– giving an average follow-
up length of 14.9 (SD 0.7) years. The percentage of boys 
and girls participating in PANCS1 and 2 were 51% and 
49% respectively. Slightly more young women (56%) than 
young men opted to participate in PANCS follow-up. The 
proportion of participants across socioeconomic status 
remained relatively stable over time, while the propor-
tion of participants with two parents born in Norway 
were somewhat higher in PANCS follow-up compared to 

PANCS1 and 2 (78% vs. ∼ 72%). Number of valid days of 
accelerometer-wear did not differ between age 15 and 24 
years but was lower at age 9 years due to the storage limi-
tations of the accelerometers deployed in PANCS1.

Substantial changes in physical activity and seden-
tary time were observed between age 9 years and age 24 
years (all p < 0.001; n = 721). The most prominent change 
occurred from age 9 to 15 years, with a marked increase 
in time spent sedentary (150  min/day) combined with 
less time spent in LPA (125  min/day), MPA (16  min/
day) and VPA (8 min/day). We observed smaller changes 
between 15 and 24 years of age, with an increase in daily 
time spent in LPA (11  min/day) and VPA (3  min/day)– 
and a decrease in MPA (4 min/day) and time spent sed-
entary (10 min/day). Figure 2 visualises the observed data 
of time spent sedentary and in LPA, MPA, and VPA at all 
time-points.

Time spent in MVPA decreased notably from 76.3 min/
day to 51.6  min/day (Change: −24.7  min/day; 95% CI: 

Fig. 1 Flow chart of the inclusion process in the cross-sectional and longitudinal study arms of PANCS. PA: Physical activity. *Also included in the cross-
sectional part of PANCS2. **1119 of the 1306 9-years-olds who participated in PANCS1 were identified and invited to participate again in PANCS2 as 
15-year-olds
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−29.1, − 20.4) between the ages of 9 to 15 years. Between 
the ages of 15 to 24 years, time spent in MVPA remained 
unchanged (Change: −0.5  min/day; 95% CI: −5.1, 4.3). 
Several factors modified how the daily amount of MVPA 
changed over time– such as sex, BMI tertiles at baseline 
and VO2peak tertiles at baseline (Fig. 3). For example, boys 
were more active than girls at age 9 and 15 years whereas 
this difference was eliminated at age 24 years. Further, 
those with highest BMI and lowest VO2peak were least 
active at age 9 and 15 years but equally or more active 
than other groups at age 24 years. The change in MVPA 
over time did not differ between subgroups of parental 
income. We did, however, observe a trend where partici-
pants with the highest-earning parents consistently had 
the highest amount of MVPA per day at all time-points.

The stability coefficients indicate weak tracking of 
physical activity from age 9 to age 24 (Table 2). The odds 
ratios, however, reveal that those in the lowest quartile 
of MVPA (Odds ratio: 1.88; 95% CI: 1.23, 2.86) and total 
physical activity (Odds ratio: 1.87; 95% CI: 1.21, 2.87) at 
age 9 were almost 90% more likely to be in these quar-
tiles at age 24 as compared to those belonging to any of 
the upper three quartiles at 9 years of age (p = 0.004). Fur-
thermore, the tracking of physical activity was slightly 
stronger among females than males (not shown), and 
from age 9 to 15 as compared to age 15 to 24.

Discussion
There was a substantial reduction in physical activity 
from age 9 to 15 years, and an increase in sedentary time. 
From the age of 15 to 24 years, these variables remained 
relatively stable. The change in MVPA over time differed 
between subgroups of sex, BMI tertiles at baseline and 
VO2peak tertiles at baseline. The tracking models indi-
cated low absolute stability in MVPA and total physical 
activity from childhood to young adulthood. However, 
those in the lowest quartile of total physical activity and 
MVPA at age 9 years were more likely to be in the low-
est quartile at age 24 years compared with those who 
belonged to any of the upper three quartiles at 9 years.

Our study is unique in terms of study design, methods, 
and length of follow-up. The most comparable study was 
carried out by Ortega et al. [3], who investigated change 
in objectively measured physical activity in two different 
cohorts covering age groups from childhood to adoles-
cence and from adolescence to young adulthood. They 
found an average decline in MVPA from childhood to 
adolescence of ∼ 30  min/day, and a further decline in 
MVPA from adolescence to early adulthood of ∼ 13 min/
day. Additionally, an average increase of 2 h and 45 min 
of sedentary time per day from childhood to adolescence 
was reported. While these results are comparable to 
ours in terms of change from childhood to adolescence, 
we did not find an overall change from adolescence to 

Table 1 Descriptive statistics at 9, 15 and 24 years of age
Variable Missing PANCS1

n = 635a
PANCS2
n = 647a

PANCS 
follow-up
n = 242a

Age (yrs) 21% 9.6 (0.4) 15.2 (0.6) 24.6 (0.8)
Height (cm) 25% 139.0 

(6.5)
169.7 
(8.4)

174.5 
(10.0)

Weight (kg) 25% 33.5 (6.5) 59.8 
(10.7)

73.1 
(14.3)

Waist Circumference 
(cm)

27% 61.9 (7.2) 70.9 (7.5) 80.1 
(10.4)

BMI (kg/m2) 25% 17.2 (2.5) 20.7 (3.0) 23.9 (4.0)
VO2peak (ml/kg/min) 56% 46.4 (7.4) NA 48.5 (9.9)
Sex 0%
 Female 309 (49%) 318 (49%) 136 (56%)
 Male 326 (51%) 329 (51%) 106 (44%)
Pubertal status 
(2005–2006)

1.4%

 Pre-pubertal 545 (86%) 543 (85%) 210 (87%)
 Started puberty 86 (14%) 95 (15%) 32 (13%)
Region (2005–2006) 16%
 Central Norway 24 (5%) 24 (4%) 7 (3%)
 East 282 (53%) 286 (52%) 126 (61%)
 North 42 (8%) 53 (10%) 21 (10%)
 Southwest 179 (34%) 183 (34%) 53 (26%)
Parental Income 
(2011–2012)

0.1%

 Low 131 (21%) 134 (21%) 40 (17%)
 Middle 370 (58%) 378 (58%) 146 (60%)
 High 133 (21%) 135 (21%) 56 (23%)
Parents born in Norway 0%
 None 57 (9%) 64 (10%) 14 (6%)
 One 119 (19%) 122 (19%) 39 (16%)
 Two 459 (72%) 461 (71%) 189 (78%)
Accelerometry
Valid Days 30% 3.7 (0.6) 6.4 (1.9) 7.0 (1.2)
 Weekday 30% 1.9 (0.3) 4.8 (1.4) 5.1 (0.9)
 Weekend 30% 1.8 (0.5) 1.6 (0.9) 1.9 (0.7)
Wear time (hrs/day) 30% 13.2 (1.1) 13.5 (1.4) 13.8 (1.5)
Sedentary (min/day) 30% 435.3 

(70.8)
590.6 
(73.3)

596.9 
(85.7)

LPA (min/day) 30% 280.9 
(47.4)

161.2 
(39.6)

178.4 
(53.1)

MPA (min/day) 30% 44.9 
(14.1)

31.3 
(11.5)

27.2 
(12.7)

VPA (min/day) 30% 30.6 
(16.0)

24.8 
(14.8)

26.5 
(17.3)

MVPA (min/day) 30% 76 (27) 56 (23) 54 (23)
Total PA (counts/min) 30% 719.5 

(251.9)
444.2 
(159.3)

435.5 
(150.4)

NA: Not available; BMI: Body mass index; VO2peak: Peak oxygen uptake; LPA: 
Light physical activity; MPA: Moderate physical activity; VPA: Vigorous physical 
activity
a Mean (SD); n (%); Number of participants defined by valid accelerometer data 
at each time point
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early adulthood of the same magnitude. Ortega et al. [3] 
do, however, emphasise the fact that the study describes 
changes in two separate age cohorts– one from child-
hood to adolescence, and one from adolescence to young 
adulthood. Thus, the results cannot be interpreted as lon-
gitudinal changes from childhood to young adulthood. 
Earlier studies using accelerometer data have shown 
large discrepancies in change in MVPA from childhood 
to adolescence, such as a mean decline of ∼ 140 min per 
day from age 9 to 15 years in a sample of American youth 
[36] compared to a mean decline of 8.4 min per day over 
the same time-span in a harmonised review of European 
studies [37]. The large difference in results may in part be 
due to differences in methods such as choice of acceler-
ometer cut-points [38], and perhaps also geographical, 
cultural and temporal differences. Studies on change in 
device-measured physical activity from adolescence to 
young adulthood have been scarce, but a recent review 

found nine studies using accelerometer data that showed 
a mean decline of 7.4 min of daily MVPA between ado-
lescence and adulthood [4]. When restricting the age in 
adolescence to ≤ 15 years and age in adulthood to ≥ 18 
years, only two studies using accelerometers were iden-
tified [4]– highlighting the need for longitudinal studies 
from adolescence to adulthood using device-measured 
physical activity.

Several studies have investigated the potential tracking 
of physical activity from childhood to adulthood, most 
commonly using self-reported physical activity and rarely 
adjusting for potential confounding variables– making 
any direct comparison with our study difficult [13–24]. 
In these studies, most stability coefficients range between 
0.2 and 0.5. The corresponding stability coefficients in our 
study places in the lower end of that range, indicating low 
stability of physical activity over time in our Norwegian 
sample. The predictability of physical activity in young 

Fig. 2 Violin plot of average daily time spent sedentary and in different physical activity intensities from 9 to 24 years of age. Values are adjusted for sex, 
wear time, weekday to weekend wear ratio, and wear month of the accelerometer. Wider parts of the figures indicate more observations, and narrower 
parts indicate fewer observations. Quartiles are described by the solid, horizontal lines. LPA: Light physical activity; MPA: Moderate physical activity; VPA: 
Vigorous physical activity
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adulthood from early measurements did show potential 
on a group level, however, as the participants belonging 
to the lowest quartile of MVPA and total physical activity 
at age 9 years were substantially more likely to be in that 
quartile at age 24 years as compared to those belonging 
to any of the upper three quartiles at 9 years. Not shown 
in the results, a machine learning algorithm (eXtreme 
Gradient Boosting) was applied to analyse whether all 
collected variables at age 9 and 15 years could predict 
whether a participant belonged to the upper or lower half 
of total physical activity at age 24 years (Supplementary 
Material 4, page 1). The algorithm correctly classified a 
participant’s physical activity level in young adulthood 
(high/low) 53% of the time (i.e., close to a random guess). 
This corroborates our somewhat unexpected finding in 
Fig. 3, where subgroups with the lowest amount of daily 
MVPA at age 9 years ended up with the highest amount 
at age 24 years, i.e., girls, the lowest tertile of baseline 
VO2peak, and the highest tertile of baseline BMI. These 
findings may suggest that the transitional phase between 
adolescence and adulthood could be formative of physi-
cal activity behaviour in young adulthood.

Physical activity was measured using three generations 
of the Actigraph accelerometer. An earlier comparison of 
these generations showed that the piezoelectric acceler-
ometer inside the Actigraph model CSA7164 records less 
sedentary time and higher total activity than the newer 
models GT1M and GT3X+, used at age 15 and 24 years, 
based on a Micro-Electro-Mechanical System [39]. When 
analysing raw data from the Actigraph GT3X+, a low fre-
quency extension filter is available shown to almost com-
pletely attenuate the inter-model differences in sedentary 
time [40]. However, differences may, to a lesser extent, 
increase at the higher intensities when enabling this filter 
[40]. As a focus in our study was on how physical activity 
changed over time, we did not enable this filter. Changes 
in physical activity– and especially sedentary time– 
should therefore be interpreted somewhat cautiously. 
Nevertheless, the beforementioned inter-model differ-
ences are relatively small in magnitude and much smaller 
than the changes we observed between 9 and 15 years. 
Thus, we do not suspect that measuring physical activity 
with the same device across all time points would have 
altered our conclusions.

The strengths of this study include repeated measure-
ments of physical activity using accelerometers in a sam-
ple of Norwegian men and women covering all regions 
of Norway, and the novelty of describing longitudinal 
changes in device-measured physical activity from child-
hood to young adulthood– which to our knowledge has 
not been previously described. While Statistics Norway 
randomly selected schools for participation in childhood 
to create a nationally representative sample, no steps 
were taken at age 24 years to ensure that the sample was 
representative of young Norwegian adults. However, the 
follow-up cohort at age 24 years was comparable to other 
Norwegian studies of young adults in several aspects, 
such as BMI, maximal oxygen uptake, and total physical 
activity level [31, 41, 42]. There are some limitations to 
the current study. The accelerometer data were aggre-
gated in 10 s epochs at age 9 and 15 years, and the raw 
accelerometer files were not available to change epoch 
length. Therefore, 10  s epochs were also used at age 24 
years to be consisted with previous data. This may have 
led to an underestimation of physical activity at age 9 
years due to children’s tendency of being active intermit-
tently in short bursts [43, 44]. Another weakness is the 
loss to follow-up from age 15 to 24 years, where 258 out 
of a potential 708 participants (∼ 36%) partook in the 
study. There is, however, no established cut-off as to how 
much missing data is too much. The observations lost to 
follow-up are often categorised as either missing com-
pletely at random (MCAR), missing at random (MAR) or 
missing not at random (MNAR) [34]. A simulation study 
by Kristman et al. [45] found no important bias for the 
MCAR or the MAR mechanism on any level of missing 

Table 2 Tracking of device-measured physical activity from 9 to 
24 years of age

Crude models Adjusted models
Tracking age MVPA Total PA MVPA Total PA
9–24 (n = 640) Estimate 

(95% CI)
Estimate 
(95% CI)

Estimate 
(95% CI)

Estimate 
(95% CI)

Stability 
Coefficient*

0.22 (0.14, 
0.29)

0.22 (0.14, 
0.29)

0.18 (0.09, 
0.26)

0.16 (0.08, 
0.24)

Odds Ratio
 Lowest Quartile 1.92 (1.33, 

2.76)
2.10 (1.46, 
3.01)

1.88 (1.23, 
2.86)

1.87 (1.21, 
2.87)

 Highest Quartile 1.44 (0.99, 
2.08)

1.38 (0.97, 
1.97)

1.07 (0.69, 
1.66)

1.15 (0.75, 
1.76)

9–15 (n = 458)
Stability 
Coefficient*

0.29 (0.21, 
0.37)

0.28 (0.20, 
0.36)

0.24 (0.15, 
0.33)

0.23 (0.13, 
0.32)

Odds Ratio
 Lowest Quartile 2.23 (1.47, 

3.39)
2.65 (1.75, 
4.03)

2.18 (1.34, 
3.55)

2.41 (1.47, 
3.96)

 Highest Quartile 1.83 (1.17, 
2.85)

1.67 (1.10, 
2.55)

1.23 (0.73, 
2.08)

1.40 (0.85, 
2.30)

15–24 (n = 163)
Stability 
Coefficient*

0.00 (− 0.15, 
0.15)

0.06 (− 0.09, 
0.21)

−0.05 
(− 0.22, 
0.12)

0.04 
(− 0.14, 
0.21)

Odds Ratio
 Lowest Quartile 1.54 (0.74, 

3.22)
1.72 (0.86, 
3.47)

1.78 (0.68, 
4.68)

1.92 (0.79, 
4.69)

 Highest Quartile 0.80 (0.39, 
1.67)

1.75 (0.90, 
3.41)

0.86 (0.34, 
2.16)

1.74 (0.74, 
4.08)

MVPA: Moderate and vigorous physical activity; PA: Physical activity

*Weak tracking: <0.30, moderate tracking: 0.30–0.60, strong tracking: >0.60
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data (up to 60%), implying that loss to follow-up char-
acterised by these types of missing data can be handled 
properly in the analysis– such as the restricted maximum 
likelihood estimator applied in the mixed model. Miss-
ing data through the MNAR mechanism showed a dif-
ferent pattern, with serious biased estimates already at 
a missingness of 20% [45]. A comparison of participants 
completing all three studies with those who dropped 
out can be found in Supplementary Material 4 (page 2), 
revealing some differences in waist circumference, sex, 
geographical region, socioeconomic status, number of 
Norwegian parents, and accelerometer wear. The large 
number of variables in our dataset is supportive of the 
MAR assumption, and we are confident most of the miss-
ing data are explained by the observed data. It should also 
be noted that most of the data collection in the PANCS 
follow-up study was carried out during the ongoing 
COVID-19 pandemic. Many of the invited declined to 
participate due to restrictions, a high local infection rate 
in Oslo, and a general recommendation throughout the 
pandemic to avoid any unnecessary domestic travels. 
Thus, the participation rate may have been higher if the 
study had been carried out under normal circumstances.

Future prospective studies using device-measured 
physical activity are encouraged to cover the transitional 
phase from adolescence to adulthood, as this may be a 
critical period in shaping physical activity habits and 
behaviour in young adulthood. Additionally, the least 

active children were at higher odds ending up as the least 
active adults than their more active peers and could be 
targeted for early intervention.

Conclusions
Physical activity declined, and time spent sedentary 
increased from childhood to adolescence. From adoles-
cence to young adulthood, these variables remained rela-
tively stable. Tracking of physical activity from childhood 
to young adulthood was weak in terms of stability coeffi-
cients, but those in the lowest quartile of MVPA and total 
physical activity at age 9 years were almost 90% more 
likely to be in that quartile at age 24 years as compared 
to those belonging to any of the three upper quartiles at 
baseline.

Abbreviations
PANCS  Physical Activity among Norwegian Children Study
BMI  Body Mass Index
SES  Socioeconomic Status
CPM  Counts pr minute
LPA  Light physical activity
MPA  Moderate physical activity
VPA  Vigorous physical activity
VO2peak  Peak oxygen uptake
MVPA  Moderate-to-vigorous physical activity
MCAR  Missing completely at random
MAR  Missing at random
MNAR  Missing not at random

Fig. 3 Changes in daily moderate-to-vigorous physical activity (MVPA) from 9 to 24 years of age, by subgroups of sex, VO2peak at baseline, body mass 
index at baseline, and parental income
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