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Purpose: To examine the associations between longitudinal physical activity 
(PA) patterns and the development of cardiometabolic risk factors from adoles-
cence to young adulthood.
Methods: This cohort study encompassed 250 participants recruited from 
sports clubs and schools, and examined at mean age 15 and 19. Device- measured 
moderate- to- vigorous PA was grouped into five patterns (via a data- driven 
method, using inactivity maintainers as a reference). The outcomes were: glucose, 
insulin, homeostasis model assessment for insulin resistance (HOMA- IR), total 
cholesterol, HDL and LDL cholesterol, triglycerides, blood pressure, and body mass 
index (BMI). Linear growth curve models were applied with adjustment for sex, 
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1  |  INTRODUCTION

Physical activity (PA) decreases the risk for chronic dis-
eases such as cardiovascular diseases and type 2 diabetes,1,2 
which are among the leading causes of death worldwide.3 
Although the full cardiometabolic benefits of PA appear 
over the course of decades, some health outcomes have 
been observed at childhood and adolescence.4– 7 However, 
the latter observations are based on a limited number of 
studies using heterogeneous methods.4,6

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.4,5,8 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.9).

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 study10).11,12 Only a few 
have gone further and focused on possible differences in 
health outcomes between groups representing different 

PA patterns.13– 18 Some of these studies have used objec-
tive methods for PA assessment15– 17 or applied data- driven 
methods (algorithm-  or model- based) to identify distinct 
PA patterns.14,15,17 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.19 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 adiposity17 
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.17 followed adolescents between the ages 
15 and 23, while the study of Kwon et al.15 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 

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 (β 
for insulin 0.23, 95% CI 0.03– 0.46; β for BMI 0.90; CI 0.02– 1.78). The concentra-
tion of HDL cholesterol decreased (β −0.18, CI −0.31 to −0.05) and that of glucose 
increased (β 0.18, CI 0.02– 0.35) among decreasers from high to moderate PA. By 
contrast, among increasers, blood pressure declined (systolic β −6.43, CI −12.16 
to −0.70; diastolic β −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.
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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– 2018.20 At baseline, the participants (mean age 
15 years) 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.20,21).

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 

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.20 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 3.8 years (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.10). 
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.), 

F I G U R E  1  Flow chart of the data collection and study sample.
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which collected and stored tri- axial data as actual g- units 
with a 100 Hz sampling frequency. The Hookie acceler-
ometer has been shown to be a valid measurement tool 
for both adolescents22 and adults.23 The data were ana-
lyzed in units of 6 s duration. Continuous quiescent time 
exceeding 30 min was taken to indicate nonwear of the 
device, as recommended also by others.24 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).23,25 
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 ≥3.0.22 For a 
valid measurement, at least 10 h 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.10 Based on two valid 
MVPA measurement periods, a k- means algorithm for 
longitudinal data (KmL)26 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 0.5 cm and 0.1 kg. BMI was cal-
culated as weight (kg)/height (m)2. The participant was 
seated, and after at least 5 min of rest, blood pressure was 
measured via a validated, cuff- style oscillometric (auto-
mated) device.27 A second measurement was taken at an 
interval of 1 min. A third measurement was obtained if 
there was more than 10 mm 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 10 h. Serum and plasma were separated 
by centrifugation (2000 g for 10 min) 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) × fasting plasma glucose 
(mmol/L))/22.5.28

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 disease29 and reflects 
healthy eating overall, a fruit and vegetable index30 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.30,31). 
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,33 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 t- 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)34 
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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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 

F I G U R E  2  Longitudinal physical activity patterns (the data are mean and standard deviation).10
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the activity maintainers and the reference group, or be-
tween the increasers and the reference group (Table 3).

3.3 | Change over time

The development over time in HOMA- IR and in insulin 
among the decreasers from moderate to low PA differed 
from the corresponding development among the inactivity 
maintainers, hence showing unchanged HOMA- IR (vs. a 
decrease among the inactivity maintainers), and increased 
insulin (vs. a decrease among the inactivity maintainers; 
see Table 3, Figure 3). BMI increased among the decreas-
ers from moderate to low PA, whereas BMI was essentially 
unchanged (stable) among the inactivity maintainers.

The decrease over time in systolic and diastolic blood 
pressure among the increasers differed from the fairly 
stable trend among the inactivity maintainers (Table  3, 
Figure 3). There was no difference in the development of 
the cardiometabolic risk factors over time between the ac-
tivity maintainers and the inactivity maintainers.

3.4 | Adjustment for BMI and the
measurement season

After adjusting the analyses for BMI, the results mainly 
remained unchanged. However, some associations no 
longer reached statistical significance, namely HOMA- IR 
and insulin at baseline among the decreasers from high 
to moderate PA, and the rate of change in insulin among 
the decreasers from moderate to low PA (see Table  S3). 
Adjustment for the measurement season did not alter the 
main results (Table S4).

4  |  DISCUSSION

This longitudinal cohort study indicated changes in car-
diometabolic risk from adolescence to young adulthood 
(from age 15 to 19) that were associated with changes in 
PA. The results also highlighted the importance of the 
baseline level and of the magnitude of the PA change. 
Unfavorable changes in insulin and BMI occurred among 
decreasers from moderate to low PA, as compared to those 
who maintained a relatively low level of PA over time. 
There were also unfavorable changes in glucose and HDL 
cholesterol among decreasers from high to moderate PA. By 
contrast, among increasers, there were favorable changes 
in systolic and diastolic blood pressure, both of which de-
creased over time.

The changes in cardiometabolic risk factors were 
relatively small, suggesting no immediate cause for 
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F I G U R E  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 × 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.35,36 During a 30- year follow- up37 
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 47 min/day at age 15), even if it was below 
the PA recommendation for children and adolescents, 
that is, at least 60 min/day of MVPA.38 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.10,39 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— level of activity from adolescence to young 
adulthood. This can be considered an important and new 
finding.

4.1 | 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 patterns15,17; however, no 
studies have so far examined the associations of PA pat-
terns with blood biomarkers. Moreover, the self- reporting 
of PA,14 or the lack of a data- driven method for grouping 
PA patterns16— or both13,18— 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 adiposity17 and obesity develop-
ment15 among groups displaying decreasing activity.

It should be noted that little attention has so far 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.13,14,17 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.40 Mention has also been 
made of the need for studies on health outcomes beyond 
adiposity (e.g. using blood biomarkers5).

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.41 
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.5,6,11), 
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,42 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.21)— 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.
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