'.) Check for updates

Received: 18 August 2022 Revised: 22 February 2023 Accepted: 19 May 2023

DOI:10.1111/sms.14415

ORIGINAL ARTICLE WILEY

Longitudinal physical activity patterns and the
development of cardiometabolic risk factors during
adolescence

Tuula Aira’® | Sami Petteri Kokko'® | Olli Juhani Heinonen’® |

Raija Korpelainen>**® | Jimi Kotkajuuri® | Jari Parkkari”®*® | Kai Savonen®'’
Kerttu Toivo’ | Arja Uusitalo''> | Maarit Valtonen*® | Jari Villberg' |

Onni Niemeli'* | Henri Vihi-Ypyi®® | Tommi Vasankari'>'

!Faculty of Sport and Health Sciences, Research Centre for Health Promotion, University of Jyviskyl4, Jyviskyl4, Finland
“Paavo Nurmi Centre & Unit for Health and Physical Activity, University of Turku, Turku, Finland

3Medical Research Center (MRC), University of Oulu and University Hospital of Oulu, Oulu, Finland

4Department of Sports and Exercise Medicine, Oulu Deaconess Institute Foundation sr., Oulu, Finland

SCenter for Life Course Health Research, University of Oulu, Oulu, Finland

®Department of Mathematics and Statistics, University of Jyviskyld, Jyviskyl4, Finland

"Tampere Research Center of Sports Medicine, Tampere, Finland

8Faculty of Sport and Health Sciences, University of Jyviskyli, Jyviskyld, Finland

Department of Clinical Physiology and Nuclear Medicine, Kuopio University Hospital, Kuopio, Finland

10Kuopio Research Institute of Exercise Medicine, Kuopio, Finland

U(linic for Sports and Exercise Medicine, Foundation for Sports and Exercise Medicine, Helsinki, Finland

12Department of Sports and Exercise Medicine, Clinicum, University of Helsinki, Helsinki, Finland

BResearch Institute for Olympic Sports, Jyviskyli Finland, Jyviskyli, Finland

“Medical Research Unit and Department of Laboratory Medicine, Seindjoki Central Hospital and University of Tampere, Tampere, Finland
ISUKK Institute of Health Promotion Research, Tampere, Finland

16Faculty of Medicine and Health Technology, Tampere University, Tampere, Finland

Correspondence

Tuula Aira, Faculty of Sports and Purpose: To examine the associations between longitudinal physical activity
Health Sciences, University of (PA) patterns and the development of cardiometabolic risk factors from adoles-
;ﬁiiﬁla PL 35, FI-40014 Jyviskyld cence to young adulthood.

Email: tuula.m.aira@jyu.fi Methods: This cohort study encompassed 250 participants recruited from

sports clubs and schools, and examined at mean age 15 and 19. Device-measured
Funding information

Finnish Ministry of Education and
Culture, Grant/Award Number: method, using inactivity maintainers as a reference). The outcomes were: glucose,
6/091/2011 and 28/626/2016; Finnish

Ministry of Social Affairs and Health, . .
Grant/Award Number: 152/THL/ cholesterol, HDL and LDL cholesterol, triglycerides, blood pressure, and body mass

moderate-to-vigorous PA was grouped into five patterns (via a data-driven

insulin, homeostasis model assessment for insulin resistance (HOMA-IR), total

TE/2012 index (BMI). Linear growth curve models were applied with adjustment for sex,

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided
the original work is properly cited.
© 2023 The Authors. Scandinavian Journal of Medicine & Science In Sports published by John Wiley & Sons Ltd.

Scand J Med Sci Sports. 2023;33:1807-1820. wileyonlinelibrary.com/journal/sms 1807


www.wileyonlinelibrary.com/journal/sms
mailto:
https://orcid.org/0000-0001-9770-1732
https://orcid.org/0000-0001-9436-5681
https://orcid.org/0000-0002-1722-1729
https://orcid.org/0000-0002-3627-0542
https://orcid.org/0000-0001-5211-9845
https://orcid.org/0000-0002-6871-8153
https://orcid.org/0000-0001-8883-2255
https://orcid.org/0000-0001-7537-2501
https://orcid.org/0000-0001-7209-9351
http://creativecommons.org/licenses/by/4.0/
mailto:tuula.m.aira@jyu.fi
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fsms.14415&domain=pdf&date_stamp=2023-05-30

AIRA ET AL.

1808
—LWI LEY

age, fruit/vegetable consumption, cigarette/snuff use, and change in the device
wear-time.

Results: Insulin and BMI increased among decreasers from moderate to low PA (ff
for insulin 0.23, 95% CI 0.03-0.46; f# for BMI 0.90; CI 0.02-1.78). The concentra-
tion of HDL cholesterol decreased ($ —0.18, CI —0.31 to —0.05) and that of glucose
increased (/3 0.18, CI 0.02-0.35) among decreasers from high to moderate PA. By
contrast, among increasers, blood pressure declined (systolic § —6.43, CI —12.16
to —0.70; diastolic f —6.72, CI —11.03 to —2.41).

Conclusions: Already during the transition to young adulthood, changes in PA
are associated with changes in cardiometabolic risk factors. Favorable blood pres-
sure changes were found among PA increasers. Unfavorable changes in BMI, in-
sulin, glucose, and HDL cholesterol were found in groups with decreasing PA.
The changes were dependent on the baseline PA and the magnitude of the PA

decline.

KEYWORDS

1 | INTRODUCTION

Physical activity (PA) decreases the risk for chronic dis-
eases such as cardiovascular diseases and type 2 diabetes,?
which are among the leading causes of death worldwide.’
Although the full cardiometabolic benefits of PA appear
over the course of decades, some health outcomes have
been observed at childhood and adolescence.*” However,
the latter observations are based on a limited number of
studies using heterogeneous methods.*®

The associations between PA and cardiometabolic
outcomes in prospective studies are traditionally exam-
ined either by analyzing (i) baseline PA in relation to a
follow-up cardiometabolic outcome or change in the out-
come, or (ii) the association between a change in PA and
a change in the cardiometabolic outcome.*>® However,
neither of these approaches take account of the fact that
distinct patterns of PA evolution might result in different
cardiometabolic outcomes, depending on the baseline PA
level, and also on the magnitude of the change in PA. Thus,
there is a need to analyze differences in cardiometabolic
risk between subgroups of adolescents with different PA
changes over time (also, see Ref.?).

A growing number of studies have identified distinct
longitudinal PA patterns (or trajectories) during adoles-
cence, identifying, for example, groups maintaining high
or low activity, and patterns of decreasing and increasing
activity (as we did in our previous study when we created
the PA groups used in the current study').'"'* Only a few
have gone further and focused on possible differences in
health outcomes between groups representing different

accelerometry, adolescent, blood pressure, body mass index, insulin resistance, young adults

PA patterns.”*'® Some of these studies have used objec-
tive methods for PA assessment'>” or applied data-driven
methods (algorithm- or model-based) to identify distinct
PA patterns."*'>'7 PA assessment via accelerometry is
recommended over self-reported measurements, since it
enables more reliable determination of e.g. the duration
and intensity of the PA.'® At the same time, data-driven
methods are better able to identify genuinely heteroge-
neous PA patterns than are subjective methods (such as
splitting into quartiles or using pre-determined levels of
PA). To our knowledge there are no studies on simulta-
neous cardiometabolic risk factors between various PA
patterns, with PA assessment conducted via accelerome-
try, and with patterns grouped via a data-driven method.
Existing studies fulfilling the methodological require-
ments mentioned above have examined the association
of PA patterns with the accumulation of body adiposity"’
and obesity development,15 but blood biomarkers have not
been studied in a similar manner. It should also be noted
that the follow-up periods used in previous studies have
varied: Oh et al.'’ followed adolescents between the ages
15 and 23, while the study of Kwon et al.’® set the baseline
at childhood (with follow-up from 5 to 19 years).

Our aim was to examine how longitudinal PA patterns
(based on moderate-to-vigorous PA (MVPA) and exhibited
by inactivity maintainers, activity maintainers, decreasers
from moderate to low PA, decreasers from high to moderate
PA, and increasers)10 were associated with the evolution of
cardiometabolic risk factors (blood lipids, glucose metab-
olism, blood pressure, and body mass index (BMI)), from
adolescence (mean age 15) to young adulthood (mean age
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19). The inactivity maintainers group was used as a ref-
erence. We hypothesized that decreasing PA is positively
and increasing PA inversely associated with cardiovascu-
lar risk factor development, at least in terms of some risk
factors.

2 | MATERIALS AND METHODS

2.1 | Study design and participants

This observational cohort study was part of the Health
Promoting Sports Club study, conducted in 2013-2014
and 2017-2018.%° At baseline, the participants (mean age
15years) were recruited from sports clubs and schools
in six large cities and surrounding communities, in dif-
ferent parts of Finland (Figure 1). The sports clubs rep-
resented the 10 most popular team and individual sports
disciplines: basketball, floorball, ice hockey, soccer, cross-
country skiing, gymnastics, orienteering, skating, swim-
ming, and track and field (for more details of the study
protocol see Ref.?%?).

The HPSC study was conducted in accordance with
the Declaration of Helsinki, and received ethical approval
from the Ethics Committee of the Healthcare District
of Central Finland 20.12.2012 (23 U/2012), 15.12.2016.
Written consent was required from the participants,
and also from a guardian when the participant was aged
under 18.

The participants first took part in electronic surveys on
current health behaviors and health status. On the basis of

Sports clubs invited, n=272

Refused, n=116 —

Sports clubs, n=156
Total sports club participants
invited to the pre-participation
screening, n=1123

WILEY-

power calculations, randomly selected participants were
also invited to participate in pre-participation screening
in one of the six national Centres of Excellence in Sports
and Exercise Medicine. The pre-participation screening
included screening by a physician and a fasting blood
sample.?’ Instructions were also given on a hip-worn ac-
celerometer, which the participants wore for 7 consecutive
days during waking hours, except when bathing or during
water activities. Surveys, clinical examinations and PA
measurements were all conducted during the same sea-
son of the year.

Nearly two-thirds (65% of the eligible participants) of
the baseline participants (n=583) also took part in the
study in 2017-2018 (n=371) with similar measurements
to those at baseline. The mean difference between the
baseline and follow-up measurements was 3.8years (SD
0.4, min 2.8, max. 5.1). In total, 254 participants pro-
vided valid accelerometer data and written consent for
both measurement points (for more details, see Ref.!9).
Participants who were diagnosed as patients with type
1 diabetes were excluded (n=4) as were also swimmers,
who were not able to use the accelerometer during their
swimming training (Figure 1). Out of those 250 partici-
pants, 239-250 at baseline and 242-250 at follow-up had
valid data on cardiometabolic risk outcomes.

2.2 | Physical activity

Physical activity was measured via a Hookie accelerom-
eter (AM20 Activity meter, Hookie Technologies Ltd.),

Schools invited, n=159

—— Refused, n=59

Schools, n=100
Total non-SC participants
invited to the pre-participation
screening, n=512

Refused or could not fllsc p;rtiTizantz
be contacted, n=699 romschool-base
sample

8 non-SC participants
from SC-based sample
(withdrawn from SC)

Refused or could not be
contacted, n=353

Sports club participants who
underwent pre-participation
screening, n=424

Baseline
mean age 15

Non-SC participants who
underwent pre-participation
screening, n=159

n=583 in total

Died, n=-3m

Follow-up

N L
mean age 19 0 permission to

recontact, n=2

578 young adults invited
to pre-participation
screening

Valid accelerometer data (at least
4 days, 10h/day, written consent)

Refused or could not
be contacted, n=207

from both measurements n=276

371 young adults who
underwent pre-
participation screening

After excluding swimmers (n=22)
and type | diabetics (n=4) n=250

FIGURE 1 Flow chart of the data collection and study sample.

(39% sports club participants)
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which collected and stored tri-axial data as actual g-units
with a 100Hz sampling frequency. The Hookie acceler-
ometer has been shown to be a valid measurement tool
for both adolescents® and adults.”* The data were ana-
lyzed in units of 6s duration. Continuous quiescent time
exceeding 30min was taken to indicate nonwear of the
device, as recommended also by others.** The PA analysis
was based on mean amplitude deviation analyses (MAD),
calculated from a resultant tri-axial raw acceleration sig-
nal, and converted to metabolic equivalents (METs).***
The epoch-wise MET values were further smoothed by
calculating the 1 min exponential moving average MET
value for each epoch time point. Moderate-to-vigorous
PA (MVPA) was defined as an MET value of >3.0.2? For a
valid measurement, at least 10h per day and at least 4 days
per week were required, as was also informed consent for
the measurement.

The formulation of the longitudinal PA patterns has
previously been described in detail.'® Based on two valid
MVPA measurement periods, a k-means algorithm for
longitudinal data (KmL)*® was applied to identify homog-
enous subgroups, that is, clusters that were as heteroge-
neous as possible in comparison with each other. The PA
patterns were: inactivity maintainers, activity maintainers,
decreasers from moderate (to low) PA, decreasers from high
(to moderate) PA, increasers (Figure 2).

2.3 | Clinical examination

In the pre-participation screening, trained personnel
(with a specialization in healthcare) measured the height
and weight (wearing light clothes without shoes) of the
participants to the nearest 0.5cm and 0.1 kg. BMI was cal-
culated as weight (kg)/height (m)* The participant was
seated, and after at least 5min of rest, blood pressure was
measured via a validated, cuff-style oscillometric (auto-
mated) device.”” A second measurement was taken at an
interval of 1min. A third measurement was obtained if
there was more than 10mm Hg difference in systolic or
diastolic pressure between the first and second measure-
ment. The average of two (or three) measurements was
used in the analyses.

2.4 | Laboratory analyses

Venous blood samples were taken after participants had
fasted for at least 10h. Serum and plasma were separated
by centrifugation (2000g for 10min) and stored at —75°C
prior to analysis. Concentrations of fasting plasma glu-
cose, serum total cholesterol, high- and low-density cho-
lesterol (HDL, LDL), and triglyceride were analyzed using

standard enzymatic methods on a Cobas c702 clinical
chemistry analyzer (Roche Diagnostics). Serum insulin
concentrations were determined using electrochemilu-
minescence technology on Cobas e801, according to the
instructions of the manufacturer (Roche Diagnostics).
All measurements were carried out in an SFS-EN ISO
15189:2013 accredited laboratory.

The homeostasis model assessment for insulin resis-
tance (HOMA-IR) was assessed via the formula: (fast-
ing serum insulin (mU/L)xfasting plasma glucose
(mmol/L))/22.5.%

2.5 | Other variables

Participants reported their smoking, alcohol consump-
tion, snuff use, and eating behavior in the electronic
survey. Combined information covering at least weekly
cigarette and/or snuff use was applied in the analysis (yes/
no). Because fruit and vegetable intake is associated with
a reduced risk for cardiovascular disease’ and reflects
healthy eating overall, a fruit and vegetable index*® was
applied in the analyses. The index ranged from 0 to 14,
where value 0 represented no fruit and vegetable con-
sumption and value 14 consumption of both fruit and veg-
etables at least once a day (for more details, see Ref.3%3h).
The assessment of family affluence was based on a previ-
ously validated Family Affluence Scale score, which was
calculated from participants’ answers to questions on four
common consumption indicators of material deprivation
(cars, bedrooms, computers, Vacations).32

2.6 | Statistical analyses

To characterize the PA patterns cross-sectionally,* the
Kruskal-Wallis test (with post hoc Dunn's test, adjusted by
the Bonferroni correction for multiple tests) and the Chi-
square test were used to reveal the differences in mean
values and in frequencies. The significance of the change
over time was calculated by the Wilcoxon signed rank test.
The independent samples ¢-test and Mann Whitney U test
were performed in the loss-to-follow up analysis. All the
descriptive data analyses were conducted using SPSS ver-
sion 26.

To further study the differences between PA patterns
with regard to cardiometabolic risk factors, linear growth
curve analyses (nlme package in R Studio; version 4.0.3)**
were conducted. The baseline level and the slope (rate
of change over time) of each cardiometabolic risk factor
were explained by (in addition to the PA pattern) sex, age,
fruit and vegetable consumption, snuff and/or cigarette
use, plus the change in the device wear-time between the
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FIGURE 2 Longitudinal physical activity patterns (the data are mean and standard deviation)."

baseline and follow-up measurements (to eliminate the ef-
fect on the results of differences in device usage time). The
change in cardiometabolic risk factors over time by PA
pattern was also examined (i.e., with time nested within
participant as a random effect). The growth curve analysis
accommodates missing data by creating estimates based
on all available data for each participant. Moreover, the
baseline values of the outcome are reflected in the inter-
cept of the model, ensuring correction of any possible re-
gression to the mean.

The outcome variables triglyceride, HOMA-IR, and
insulin were log-transformed using log(x+ 1) transfor-
mation to improve the normal distribution of the resid-
uals. A multiple of the identity positive-definite matrix
(PdIdent) was set as a correlation structure in all the
models for the same reason. Age was centred at 15, with
age 15 corresponding to time=0. Additional analyses
were performed by adjusting the cardiometabolic risk
factors also for BMI (centred) and for the season of the
year when measured, in order to assess whether the as-
sociations were independent of BMI and seasonal vari-
ation. The significance level was set at p <0.05 in all the
statistical tests.

3 | RESULTS

The study sample was 60% female and at baseline two
thirds (68%) of the participants lived in families with
high affluence (Table 1). At follow-up, 64% of the young
adults were studying (39% in a general upper secondary
school, 9% in a vocational school, and 16% in a university
or university of applied sciences), while 20% had entered
working life. Table 1 illustrates more characteristics of the

participants by PA patterns, including health behaviors,
and the amount of MVPA.

The study participants and those lost to follow-up at
the second measurement did not differ in any of the stud-
ied baseline cardiometabolic risk factors, or in terms of
MVPA or family affluence (see Table S1). However, males,
and those who reported lower school achievement, were
more likely not to participate in the post-measurement
(see Table S1). Table 2 presents the differences in car-
diometabolic risk factors between PA patterns at baseline,
at follow-up, and in development over time.

3.1 | Growth curve analyses

To further study the differences in cardiometabolic risk
factors between PA patterns, growth curve analyses were
conducted with adjustment for sex, age, fruit and veg-
etable consumption, snuff and/or cigarette use, plus the
change in the device wear-time (see Table 3, Table S2 with
confidence intervals).

3.2 | Baseline

The decreasers from moderate to low PA had lower base-
line values in insulin, HOMA-IR and BMI as compared to
the inactivity maintainers (the reference group) (Table 3,
Figure 3). The decreasers from high to moderate PA had
lower glucose, insulin and HOMA-IR levels, and higher
HDL cholesterol at baseline as compared to the corre-
sponding levels among the inactivity maintainers. There
was no significant difference in the baseline levels of any
of the studied cardiometabolic risk parameters between
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relatively small, suggesting no immediate cause for
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FIGURE 3 Development over time of cardiometabolic risk factors across longitudinal physical activity patterns. Development over

time of cardiometabolic risk factors across longitudinal physical activity patterns among non-smoking/non-snuff-using men with no fruit/

vegetable consumption. Estimated using the parameters of the linear growth curve models after adjusting for the change in the device wear-

time. The symbol * represents a statistically significant difference in the baseline level (intercept). The symbol X represents a statistically

significant change over time (slope) as compared to the reference (inactivity maintainers). HDL, high-density lipoprotein; HOMA-IR,

homeostasis model assessment for insulin resistance; PA, physical activity.
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cardiometabolic health concerns in the population exhib-
iting a decreasing PA. This was expected given that the
study sample consisted for the most part of relatively ac-
tive young people. The results do, however, demonstrate
PA effects on cardiometabolic health from adolescence
to early adulthood (findings that are independent of sex,
fruit and vegetable consumption, or cigarette/snuff use).
One should also take into account the baseline level of
the outcome. For example, among decreasers from high to
moderate PA the levels of HDL cholesterol, and glucose
were more favorable at baseline than those of the refer-
ence group. Hence, the unfavorable changes in these risk
factors did not result in particularly poor follow-up results.

The transition to young adulthood is one of the most
fundamental periods of life in terms of PA-related behav-
ior, given that PA may be influenced by e.g. moving out of
the childhood family, cohabiting, starting further studies
or entering working life.*>*® During a 30-year follow-up®’
it was found that a low level of MVPA among young adults
was associated with increased odds of diabetes, a higher
level of triglycerides, and a lower level of HDL cholesterol
in later life. The present study adds to this, indicating that
the risk for cardiometabolic diseases is not just something
that will occur far in the future, insofar as changes in PA
were associated with changes in cardiometabolic risk al-
ready at adolescence.

An increase in BMI is generally a sign of increased
cardiometabolic risk; however, during adolescence the
increase is not necessarily an unfavorable result, since it
may arise from an increase in lean body mass. Moreover,
during adolescence, the increase in BMI might also be a
result of normal body development and maturation. This
might be the case among decreasers from moderate to low
PA, bearing in mind that the BMI was lower at baseline
as compared to the inactivity maintainers. On the other
hand, no statistical difference was found between the
participants according to the stage of puberty they had
reached (Table 1).

The decrease in blood pressure among increasers—
who were physically active already at baseline—is logical.
However, due to the small number of persons exhibiting
this PA pattern, the finding needs confirmation from fur-
ther studies with a larger study sample. The small number
of increasers may also be one explanation for the lack of
other significant differences in cardiometabolic risk fac-
tors at baseline or over time in this PA pattern.

It is somewhat surprising that there was no statistically
significant difference in any of the studied cardiometa-
bolic risk factors between the activity maintainers and
the inactivity maintainers, although the baseline values
of insulin and HOMA-IR were very close to significance
(Table S2). One could have expected that the baseline or
follow-up levels of the risk factors would show a benefit

from the maintenance of relatively high PA, but this was
not indicated in the study. One explanation might be that
the reference group was not extremely inactive (with
mean MVPA 47min/day at age 15), even if it was below
the PA recommendation for children and adolescents,
that is, at least 60min/day of MVPA.* The population
in the present study represented young people who were
more active than the average in Finland, with the mean
daily MVPA being 8 min more than that found in a previ-
ous population-based study.'®** Furthermore, 39% of the
participants in the present study were still participating
in sports club as young adults. The result demonstrates
that the consequences of both decreased and increased
PA can be seen even when the reference group is that of
young people who maintain a relatively low—but not ex-
tremely low—Ilevel of activity from adolescence to young
adulthood. This can be considered an important and new
finding.

41 | Comparisons with other studies and
perspectives for future research

A few previous studies on objectively measured PA during
youth have examined cardiometabolic health outcomes
between distinct data-based PA patternsls’”; however, no
studies have so far examined the associations of PA pat-
terns with blood biomarkers. Moreover, the self-reporting
of PA,' or the lack of a data-driven method for grouping
PA patterns'®—or both'**®*—have lessened comparability
to the present study. Nevertheless, our finding indicating
an increase in BMI among decreasers from moderate to low
PA is consistent with previous studies showing increased
accumulation of body adiposity’’ and obesity develop-
ment'® among groups displaying decreasing activity.

Itshould be noted thatlittle attention hassofar been paid
to changes in health indicators. Overall, it has been more
common to examine the level of the health outcome at fol-
low-up, for example in young adults.'*'*'7 Undoubtedly,
comparisons at follow-up are useful; however, going be-
yond these, examination of the change in health indica-
tors over time—via a valid methodology for prospective
research—can broaden knowledge of the phenomena in
question. Growth curve modeling (growth mixture mod-
eling), latent profile analysis, and related approaches (as
used in this article) have been recommended also by other
researchers in efforts to gain a better understanding of the
nuances in young people’s health.*” Mention has also been
made of the need for studies on health outcomes beyond
adiposity (e.g. using blood biomarkers).

An interesting perspective for future research would be
analysis of the healthy thresholds of PA, that is, how much
PA is needed to maintain cardiometabolic health benefits
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during the transition to young adulthood. In one study,
88 min of daily MVPA was concluded to be necessary to pre-
vent clustering of risk factors in 15-year-old adolescents.*!
A further research gap has been mentioned regarding PA
guidelines, which have been criticized changing too rapidly
as adolescents turn into 18-year—olds.6 In fact, the same PA
guidelines are still issued for young adults and for older
people approaching retirement age, in the absence of any
proper research evidence from young adults. Another un-
solved question is how much of a change in PA is needed to
modify the cardiometabolic status of growing adolescents.

4.2 | Strengths and limitations

The main strengths of this study are the use of prospec-
tive and diverse data on cardiometabolic risk factors
from a less-studied period of life (see also Ref.>®'!),
data-driven determination of longitudinal PA patterns
measured via accelerometry, and the research method-
ology that enabled analysis of changes in cardiometa-
bolic outcomes over time. Furthermore, adjustment
by other health behaviors increased the quality of this
study.

However, the results of this study should be interpreted
with caution for several reasons. Females and adolescents
with higher school achievement were over-represented in
the study sample, and it encompassed only two measure-
ment points. The number of persons in some of the PA
patterns was small, which decreased the statistical power.
On the other hand, the recruitment of participants from
six different regions of Finland (from 100 schools and
156 sports clubs) increased the quality of this study, even
if the results are not directly generalizable to the entire
Finnish age cohort in question. The study sample was
also somewhat more active than would be found among
Finnish young people on average — although this was also
a strength, insofar as the data also allowed analysis of PA
changes from high baseline levels. While accelerometry is
the state-of-the-art method to assess PA via a device,* one
should bear in mind the related challenges; for example,
the 7-day measurement period might not be representative
of the habitual behavior of every participant. Moreover,
use of the device tends to underestimate the vigorous
PA occurring in certain types of PA, such as skating and
weight training (see also Ref.*)—even though moderate
and vigorous PA were combined in our analyses.

5 | PERSPECTIVES

The study provided new evidence on how different lon-
gitudinal PA patterns are associated with changes in

cardiometabolic risk factors already during adolescence
and young adulthood (between ages 15 and 19). A favora-
ble (decreasing) trend emerged in the systolic and diastolic
blood pressure of adolescents whose PA increased over
time, as compared to those who maintained a relatively
low level of PA. Correspondingly, unfavorable changes in
insulin and BMI occurred among decreasers from moder-
ate to low PA, and in glucose and HDL cholesterol among
decreasers from high to moderate PA. Hence, it seems that
different changes in cardiometabolic risk factors may be
expected in relation to differing baseline PA levels and
the magnitude of the change in PA. Cardiometabolic risk
factors are known to change during adolescence and suf-
ficiency of MVPA may influence the changes in these risk
factors. One can therefore suggest that the promotion of PA
may be highly beneficial to individuals in this age-bracket,
especially for those with greater cardiometabolic risk.

ACKNOWLEDGEMENTS

The authors thank all the sports clubs, schools, and young
people who participated in the Health Promoting Sports
clubs (HPSC) study, and all individuals in the six national
Sports and Exercise Medicine Centres of Excellence, and
also the UKK institute and University of Jyviskyld, which
contributed to the data collection in the HPSC study.

FUNDING INFORMATION

This work was supported by the Ministry of Education and
Culture (major, grant numbers: 6/091/2011, 28/626/2016),
and the Ministry of Social Affairs and Health (minor, grant
number: 152/THL/TE/2012), encompassing all parts of
the study. The funders had no role in the study design,
data collection, statistical analysis or preparation of this
manuscript.

CONFLICT OF INTEREST STATEMENT
The authors declare that they have no competing interests.

DATA AVAILABILITY STATEMENT

The datasets generated and/or analyzed during the cur-
rent study are not publicly available, since they contain
confidential personal details and health information;
however, they are available from the corresponding au-
thor on reasonable request.

ORCID
Tuula Aira © https://orcid.org/0000-0001-9770-1732
Sami Petteri Kokko (@ https://orcid.

0rg/0000-0001-9436-5681

Olli Juhani Heinonen © https://orcid.
org/0000-0002-1722-1729

Raija Korpelainen © https://orcid.
org/0000-0002-3627-0542

85UB01 SUOWILLOD 8A1TER1D) 8|qeot [dde auy Aq peuseob afe S9pie YO ‘8sn JO S9N 10} ARIqIT8UIIUQ AB|IM UO (SUOTHPUOD-PUB-SWBH 00" A8 | M ARe.q 18U [U0//SANY) SUORIPUOD pue SWis | 8U18es *[£202/80/ST] Uo ARiqiTauliuo A[IM M1 Jo AiseAIun Aq STyyT SWS/TTTT 0T/I0p/W00 A8 M Ake.d1puluo//sdny wouy pspeojumod ‘6 ‘€202 ‘8E80009T


https://orcid.org/0000-0001-9770-1732
https://orcid.org/0000-0001-9770-1732
https://orcid.org/0000-0001-9436-5681
https://orcid.org/0000-0001-9436-5681
https://orcid.org/0000-0001-9436-5681
https://orcid.org/0000-0002-1722-1729
https://orcid.org/0000-0002-1722-1729
https://orcid.org/0000-0002-1722-1729
https://orcid.org/0000-0002-3627-0542
https://orcid.org/0000-0002-3627-0542
https://orcid.org/0000-0002-3627-0542

AIRA ET AL.

Jari Parkkari
Kai Savonen
Maarit Valtonen

https://orcid.org/0000-0001-5211-9845
https://orcid.org/0000-0002-6871-8153
https://orcid.

org/0000-0001-8883-2255

Henri Vihd-Ypyd

https://orcid.

org/0000-0001-7537-2501

Tommi Vasankari

https://orcid.

org/0000-0001-7209-9351

REFERENCES

1.

10.

11.

Katzmarzyk PT, Friedenreich C, Shiroma EJ, Lee I-M. Physical
inactivity and non-communicable disease burden in low-
income, middle-income and high-income countries. Br J Sports
Med. 2022;56:101-106.

Kyu HH, Bachman VF, Alexander LT, et al. Physical activity
and risk of breast cancer, colon cancer, diabetes, ischemic heart
disease, and ischemic stroke events: systematic review and
dose-response meta-analysis for the Global Burden of Disease
Study 2013. BMJ. 2016;354:13857.

Global health estimates 2019 [Internet]. Global health esti-
mates: life expectancy and leading causes of death and disabil-
ity. Geneva: World Health Organization; 2020. Accessed March
10, 2022. https://www.who.int/data/gho/data/themes/morta
lity-and-global-health-estimates

Garcia-Hermoso A, Ezzatvar Y, Ramirez-Vélez R, Olloquequi
J, Izquierdo M. Is device-measured vigorous-intensity physical
activity associated with health-related outcomes in children
and adolescents? A systematic review and meta-analysis. J
Sport Health Sci. 2021;10:296-307.

Skrede T, Steene-Johannessen J, Anderssen SA, Reseland GK,
Ekelund U. The prospective association between objectively
measured sedentary time, moderate-to-vigorous physical ac-
tivity and cardiometabolic risk factors in youth: a systematic
review and meta-analysis. Obes Rev. 2019;20:55-74.

van Sluijs EMF, Ekelund U, Crochemore-Silva I, et al. Physical
activity behaviours in adolescence: current evidence and oppor-
tunities for intervention. Lancet. 2021;398:429-442.

Viisto J, Haapala EA, Viitasalo A, et al. Longitudinal asso-
ciations of physical activity and sedentary time with car-
diometabolic risk factors in children. Scand J Med Sci Sports.
2019;29:113-123.

Tarp J, Brond JC, Andersen LB, Meller NC, Froberg K, Grontved
A. Physical activity, sedentary behaviour, and long-term cardio-
vascular risk in young people: a review and discussion of meth-
odology in prospective studies. J Sport Health Sci. 2016;5:145-150.
Moholdt T, Skarpsno ES, Moe B, Lund Nilsen TI. It is never
too late to start: adherence to physical activity recommen-
dations for 11-22years and risk of all-cause and cardiovas-
cular disease mortality. The HUNT Study. Br J Sports Med.
2021;55:743-750.

Aira T, Vasankari T, Heinonen OJ, et al. Physical activity from
adolescence to young adulthood: patterns of change, and their
associations with activity domains and sedentary time. Int J
Behav Nutr Phys Act. 2021;18(1):85.

Lounassalo I, Salin K, Kankaanpdi A, et al. Distinct trajectories
of physical activity and related factors during the life course
in the general population: a systematic review. BMC Public
Health. 2019;19:1-12.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

WILEY- 2

Young DR, Cohen D, Koebnick C, et al. Longitudinal associa-
tions of physical activity among females from adolescence to
young adulthood. J Adolesc Health. 2018;63:466-473.

Rangul V, Bauman A, Holmen TL, Midthjell K. Is physical ac-
tivity maintenance from adolescence to young adulthood asso-
ciated with reduced CVD risk factors, improved mental health
and satisfaction with life: the HUNT Study, Norway. Int J Behav
Nutr Phys Act. 2012;9:144.

Howie EK, McVeigh JA, Smith AJ, et al. Physical activity trajec-
tories from childhood to late adolescence and their implications
for health in young adulthood. Prev Med. 2020;139:106224.
Kwon S, Janz KF, Letuchy EM, Burns TL, Levy SM. Active life-
style in childhood and adolescence prevents obesity develop-
ment in young adulthood. Obesity. 2015;23:2462-2469.

Judice PB, Hetherington-Rauth M, Northstone K, et al.
Changes in physical activity and sedentary patterns on car-
diometabolic outcomes in the transition to adolescence: in-
ternational children's accelerometry database 2.0. J Pediatr.
2020;225:166-173.

Oh M, Zhang D, Whitaker K, Letuchy E, Janz K, Levy SM.
Moderate-to-vigorous intensity physical activity trajectories
during adolescence and young adulthood predict adiposity in
young adulthood: the Iowa Bone Development Study 2020. J
Behav Med. 2021;44:231-240.

Kallio P, Pahkala K, Heinonen O, et al. Physical inactivity from
youth to adulthood and adult cardiometabolic risk profile. Prev
Med. 2021;145:106433.

Vasankari V, Husu P, Vdhd-Ypyd H, et al. Association of ob-
jectively measured sedentary behaviour and physical ac-
tivity with cardiovascular disease risk. Eur J Prev Cardiol.
2017;24:1311-1318.

Kokko S, Seldinne H, Alanko L, et al. Health promotion ac-
tivities of sports clubs and coaches, and health and health
behaviours in youth participating in sports clubs: the Health
Promoting Sports Club study. BMJ Open Sport Exerc Med.
2015;1:e000034.

Toivo K, Vdhd-Ypyd H, Kannus P, et al. Physical activity mea-
sured by accelerometry among adolescents participating in
sports clubs and non-participating peers. Eur J Sport Sci.
2022;1-9. doi:10.1080/17461391.2022.2103740

Aittasalo M, Vdhid-Ypyd H, Vasankari T, Husu P, Jussila AM,
Sievinen H. Mean amplitude deviation calculated from raw
acceleration data: a novel method for classifying the intensity
of adolescents’ physical activity irrespective of accelerometer
brand. BMC Sports Sci Med Rehabil. 2015;7:18. doi:10.1186/
$13102-015-0010-0

Vihd-Ypyd H, Husu P, Suni J, Vasankari T, Sievinen H. Reliable
recognition of lying, sitting, and standing with a hip-worn ac-
celerometer. Scand J Med Sci Sports. 2018;28:1092-1102.
Vanhelst J, Vidal F, Drumez E, et al. Comparison and vali-
dation of accelerometer wear time and non-wear time algo-
rithms for assessing physical activity levels in children and
adolescents. BMC Med Res Methodol. 2019;19:72. doi:10.1186/
$12874-019-0712-1

Vdhi-Ypyd H, Vasankari T, Husu P, et al. Validation of cut-
points for evaluating the intensity of physical activity with
accelerometry-based mean amplitude deviation (MAD). PLoS
One. 2015;10:e0134813.

Genolini C, Falissard B. KmL: k-means for longitudinal data.
Comput Methods Programs Biomed. 2010;25:317-328.

85UB01 SUOWILLOD 8A1TER1D) 8|qeot [dde auy Aq peuseob afe S9pie YO ‘8sn JO S9N 10} ARIqIT8UIIUQ AB|IM UO (SUOTHPUOD-PUB-SWBH 00" A8 | M ARe.q 18U [U0//SANY) SUORIPUOD pue SWis | 8U18es *[£202/80/ST] Uo ARiqiTauliuo A[IM M1 Jo AiseAIun Aq STyyT SWS/TTTT 0T/I0p/W00 A8 M Ake.d1puluo//sdny wouy pspeojumod ‘6 ‘€202 ‘8E80009T


https://orcid.org/0000-0001-5211-9845
https://orcid.org/0000-0001-5211-9845
https://orcid.org/0000-0002-6871-8153
https://orcid.org/0000-0002-6871-8153
https://orcid.org/0000-0001-8883-2255
https://orcid.org/0000-0001-8883-2255
https://orcid.org/0000-0001-8883-2255
https://orcid.org/0000-0001-7537-2501
https://orcid.org/0000-0001-7537-2501
https://orcid.org/0000-0001-7537-2501
https://orcid.org/0000-0001-7209-9351
https://orcid.org/0000-0001-7209-9351
https://orcid.org/0000-0001-7209-9351
https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates
https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates
https://doi.org//10.1080/17461391.2022.2103740
https://doi.org//10.1186/s13102-015-0010-0
https://doi.org//10.1186/s13102-015-0010-0
https://doi.org//10.1186/s12874-019-0712-1
https://doi.org//10.1186/s12874-019-0712-1

1820
—LWI LEY

217.

28.

29.

30.

31.

32.

33.

34.

35.

AIRA ET AL.

Pickering TG, Hall JE, Appel LJ, et al. Recommendations for
blood pressure measurement in humans and experimental an-
imals: part 1: blood pressure measurement in humans: a state-
ment for professionals from the Subcommittee of Professional
and Public Education of the American Heart Association
Council on High Blood Pressure Research. Hypertension.
2005;45(1):142-161.

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher
DF, Turner RC. Homeostasis model assessment: insulin resis-
tance and fl-cell function from fasting plasma glucose and insu-
lin concentrations in man. Diabetologia. 1985;28:412-419.
Aune D, Giovannucci E, Boffetta P, et al. Fruit and vege-
table intake and the risk of cardiovascular disease, total
cancer and all-cause mortality - a systematic review and dose-
response meta-analysis of prospective studies. Int J Epidemiol.
2017;46:1029-1056.

Vereecken CA, Rossi S, Giacchi MV, Maes L. Comparison of
a short food-frequency questionnaire and derived indices with
a seven-day diet record in Belgian and Italian children. Int J
Public Health. 2008;53:297-305.

Heikkild L, Korpelainen R, Aira T, et al. The associations be-
tween adolescents’ sports club participation and dietary habits.
Transl Sports Med. 2021;4:617-626.

Currie C, Nic Gabhainn S, Godeau E, et al., eds. Inequalities
in young people's health. HBSC international report from the
2005/2006 survey. Health policy for children and adolescents,
no 5. WHO Regional Office for Europe; 2008:13-15.

Boyce W, Torsheim T, Currie C, Zambon A. The family afflu-
ence scale as a measure of national wealth: validation of an ad-
olescent self-report measure. Soc Indic Res. 2006;78:473-487.
Pinheiro J, Bates D, DebRoy S, et al. nlme: Linear and nonlinear
mixed effects models. R package version 3.1-151 [Internet]. R
Foundation; 2020. Accessed March 2, 2022. https://CRAN.R-
project.org/package=nlme

Winnipenny EM, Smith M, Penney T, et al. Changes in physical
activity, diet, and body weight across the education and em-
ployment transitions of early adulthood: a systematic review
and meta-analysis. Obes Rev. 2020;21:€12962.

36.

37.

38.

39.

40.

41.

42.

Gropper H, John JM, Sudeck G, Thiel A. The impact of life
events and transitions on physical activity: a scoping review.
PLoS One. 2020;15:€0234794.

Nagata JM, Vittinghoff E, Pettee Gabriel K, et al. Moderate-to-
vigorous intensity physical activity from young adulthood to
middle age and metabolic disease: a 30- year population-based
cohort study. BrJ Sports Med. 2021;56:847-853.

Bull FC, Al-Ansari SS, Biddle S, et al. World Health Organization
2020 guidelines on physical activity and sedentary behaviour.
BrJ Sports Med. 2020;54:1451-1462.

Jussila A-M, Husu P, Vdhd-Ypyd H, et al. Accelerometer-
measured physical activity levels and patterns vary in an
age- and sex-dependent fashion among Finnish children and
adolescents. Int J Environ Res Public Health. 2022;19:6950.
Hansel DJ. Using latent profile analysis and related approaches
in adolescent health research. JAdolesc Health. 2020;67:153-154.
Andersen LB, Harro M, Sardinha LB, Froberg K, Ekelund U,
Brage S. Physical activity and clustered cardiovascular risk in
children: a cross-sectional study (The European Youth Heart
Study). Lancet. 2006;368:299-304.

Burchartz A, Anedda B, Auerswald T, et al. Assessing physical
behavior through accelerometry - state of the science, best prac-
tices and future directions. Psychol Sport Exerc. 2020;49:101703.

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Aira T, Kokko SP,
Heinonen OJ, et al. Longitudinal physical activity
patterns and the development of cardiometabolic
risk factors during adolescence. Scand J Med Sci
Sports. 2023;33:1807-1820. doi:10.1111/sms.14415

85UB01 SUOWILLOD 8A1TER1D) 8|qeot [dde auy Aq peuseob afe S9pie YO ‘8sn JO S9N 10} ARIqIT8UIIUQ AB|IM UO (SUOTHPUOD-PUB-SWBH 00" A8 | M ARe.q 18U [U0//SANY) SUORIPUOD pue SWis | 8U18es *[£202/80/ST] Uo ARiqiTauliuo A[IM M1 Jo AiseAIun Aq STyyT SWS/TTTT 0T/I0p/W00 A8 M Ake.d1puluo//sdny wouy pspeojumod ‘6 ‘€202 ‘8E80009T


https://cran.r-project.org/package=nlme
https://cran.r-project.org/package=nlme
https://doi.org/10.1111/sms.14415

	Longitudinal physical activity patterns and the development of cardiometabolic risk factors during adolescence
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Study design and participants
	2.2|Physical activity
	2.3|Clinical examination
	2.4|Laboratory analyses
	2.5|Other variables
	2.6|Statistical analyses

	3|RESULTS
	3.1|Growth curve analyses
	3.2|Baseline
	3.3|Change over time
	3.4|Adjustment for BMI and the measurement season

	4|DISCUSSION
	4.1|Comparisons with other studies and perspectives for future research
	4.2|Strengths and limitations

	5|PERSPECTIVES
	ACKNO​WLE​DGE​MENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


