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Tracking of Cardiorespiratory Fitness and Physical Activity from Youth to
Young Adulthood: Findings from the Prospective Special Turku Coronary

Risk Factor Intervention Project (STRIP)
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Using data from the Special Turku Coronary Risk Factor Intervention Project, cardiorespiratory fitness (rank-order
correlation coefficient = 0.60-0.62) tracked stronger than physical activity (rank-order correlation coefficient = 0.27-
0.38) between youth (age = 17 years) and young adulthood (age = 26 years). Cardiorespiratory fitness could help
identify individuals at risk of maintaining poor fitness levels or developing adverse health in adulthood. (J Pediatr
2023;9:100085).
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ow cardiorespiratory fitness and physical inactivity in
youth are 2 modifiable risk factors for a range of health
outcomes.1-3 The American Heart Association de-

scribes cardiorespiratory fitness as an important marker of
health,4 endorsing it as a clinical vital sign.5 As the health ben-
efits of cardiorespiratory fitness and physical activity begin in
youth and extend into later life,6 there are ongoing efforts to
better understand how these risk factors persist, or track,
from one life stage to another and to understand how they
are related. Quantifying how cardiorespiratory fitness and
physical activity track can inform whether strategies aimed
at increasing these factors could be implemented in youth
to help improve future health outcomes. To help increase
current understanding, this study aims to quantify the
tracking of cardiorespiratory fitness and physical activity
from youth (age = 17 years) to young adulthood
(age = 26 years) in a Finnish cohort.

Methods

This study uses data from the ongoing, prospective, random-
ized controlled Special Turku Coronary Risk Factor Inter-
vention Project (STRIP). Additional detail regarding the
study design is detailed elsewhere.7 In summary, the STRIP
began in 1990 when 1062 infants (aged 7 months) were allo-
cated randomly to the control (n = 522) or dietary interven-
tion (n = 540) group. The intervention group received
individualized dietary and other lifestyle counseling at least
biannually until the age of 20 years. The aim of these coun-
seling sessions was to replace saturated fat with unsaturated
fat and reduce cholesterol, as well as to provide guidance
on how to favor whole-grain products over more refined op-
tions, and to prefer low salt use and fruits and vegetables.7 A
STRIP Special Turku Coronary Risk Factor Intervention Project

VO2max Maximum oxygen update capacity
physically active lifestyle was encouraged, but it was not a
structured, continuous part of the intervention. Counseling
aimed at the prevention of smoking was introduced when
children were 8 years of age.7 The first postintervention
follow-up of the participants was conducted between April
2015 and January 2018 (age = 26 years). Included in this
study are those participants who provided a measure of
cardiorespiratory fitness (n = 156) or physical activity
(n = 328) when aged 17 years and 26 years. Of these,
n = 148 had their cardiorespiratory fitness and physical activ-
ity levels measured at both time-points. The study was
approved by the Joint Commission on Ethics of the Turku
University and Turku University Central Hospital (now the
Ethics Committee, Hospital District of Southwest Finland).
Written informed consent was obtained from the children
at 15, 18, and 26 years of age.

Cardiorespiratory Fitness
At both time points, the same research technician/exercise
physiologist used the same maximal cycle ergometer
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Table I. A summary of cardiorespiratory fitness and physical activity levels and how they are correlated at age 17 years
and 26 years for those included in tracking analyses

Sex

Cardiorespiratory fitness, mL/kg/min Physical activity, MET h/wk

Correlation between
cardiorespiratory fitness
and physical activity

n

Mean (SD)

n

Median (IQR)

n

rs

17 y 26 y 17 y 26 y 17 y 26 y

Sexes combined 156 41.1 (6.9) 39.1 (6.5) 328 19.6 (5.0, 52.2) 19.6 (5.0, 32.6) 148 0.41 0.55
Male 74 44.6 (6.7) 41.3 (7.2) 139 31.3 (5.0, 52.2) 31.3 (5.0, 52.2) 68 0.48 0.59
Female 82 37.9 (5.3) 37.0 (5.1) 189 19.5 (6.7, 32.6) 19.5 (5.0, 32.6) 80 0.56 0.54

MET, metabolic equivalent; rs, rank-order correlation coefficient.

THE JOURNAL OF PEDIATRICS: X Volume 9 � 2023
(Ergoselect 100 K; Ergoline) exercise test to estimate
maximum oxygen update capacity (VO2max, mL/kg/min), a
measure of cardiorespiratory fitness. The test began with a
workload of 50 W, which increased by 30 W (boys) and
25 W (girls) every 2 minutes until exhaustion.8,9 During
the last 4 minutes of the test, the mean workload was calcu-
lated and VO2max was estimated according to the American
College of Sports Medicine.10
Physical Activity
A self-administered questionnaire was used to assess leisure
time physical activity, in which 3 separate multichoice ques-
tions inquired about the frequency (7 response options, cor-
responding to none, less than once amonth, once amonth, 2-
3 times a month, once a week, 2-6 times a week, and once a
day), intensity (3 response options, corresponding to light,
moderate, and vigorous physical activity), and duration (4
response options, corresponding to <20, 20-<40, 40-60,
and >60 minutes) of leisure time physical activity.11 Leisure
time physical activity was estimated by multiplying fre-
quency, mean duration, and mean intensity (multiple of
the resting metabolic rate, metabolic equivalent) of weekly
leisure time physical activity and expressed as metabolic
equivalent, h/wk.8,9,11 The questionnaire correlates moder-
ately well with accelerometer (r = 0.26-0.40) and pedometer
(r = 0.30-0.39) data.12
Statistical Analysis
All statistical analyses were performed using Stata (version
17.0; StataCorp). Cardiorespiratory fitness and physical ac-
tivity levels were summarized as mean (SD) or median
(IQR), and rank-order correlations between both factors
were estimated at 17 years and 26 years. The 9-year tracking
of cardiorespiratory fitness and physical activity between the
ages of 17 years and 26 years was quantified by rank-order
correlations. Multiple linear regression models were used to
estimate the proportion of variation in cardiorespiratory
fitness levels at age 26 years explained by cardiorespiratory
fitness at age 17 years and by physical activity levels across
the 9-year period.
2

Results

Table I summarizes the cardiorespiratory fitness and physical
activity levels of participants and highlights the correlations
between these factors at both time points. The rank-order
correlation for the tracking of cardiorespiratory fitness and
physical activity between the ages of 17 years and 26 years
is presented in Table II. Both cardiorespiratory fitness and
physical activity tracked across the 9-year period, with
coefficients stronger for cardiorespiratory fitness than
physical activity. The tracking for both cardiorespiratory
fitness and physical activity was consistent for both sexes.
There was no statistically significant difference in tracking
between the intervention and control groups (data not
shown). The amount of variability in cardiorespiratory
fitness levels measured at age 26 years explained by
cardiorespiratory fitness levels measured at 17 years was
47.3%, with physical activity levels at both time points
explaining an additional 14.5%.

Discussion

Using data from the Finnish-based STRIP study, cardiorespi-
ratory fitness and leisure time physical activity were shown to
track from youth to young adulthood across a period of
9 years for both sexes. Our findings align with previous
studies,13 where cardiorespiratory fitness, operationalized
as VO2max, and physical activity have been shown to track
across a similar period using data from the Danish Youth
and Sports Study14,15 and the AmsterdamGrowth andHealth
Longitudinal Study.16,17 Collectively, these findings highlight
cardiorespiratory fitness and physical activity levels in youth
as potential targets to help improve one’s ability to maintain
favorable levels into later life, and in turn, potentially
improve future health outcomes.
When comparing our results for cardiorespiratory fitness

and physical activity, we found cardiorespiratory fitness to
track better across this 9-year period. A similar trend was
observed in the Danish Youth and Sports Study (mean age
at baseline = 17.1 years) across a period of 8 years (VO2max

[mL/min/kg]: r = 0.35 [male], r = 0.48 [female]; VO2max

[mL/min]: r = 0.51 [male], r = 0.72 [female]; physical activ-
ity: r = 0.19-31 [male], r = 0.18-0.20 [female]).14,15 The
Fraser et al



Table II. Rank-order correlation coefficients for the
tracking of cardiorespiratory fitness and physical
activity between the ages of 17 and 26 years

Sex

Cardiorespiratory fitness Physical activity

n rs (95% CI) n rs (95% CI)

Sexes combined 156 0.60 (0.50-0.71) 328 0.33 (0.23-0.43)
Male 74 0.61 (0.46-0.77) 139 0.38 (0.24-0.53)
Female 82 0.62 (0.49-0.75) 189 0.27 (0.13-0.40)
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difference between cardiorespiratory fitness and physical ac-
tivity could be partially explained by cardiorespiratory fitness
being an objective measure, compared with physical activity
which was self-reported. Furthermore, in contrast to physical
activity, which is a behavior, cardiorespiratory fitness is a
phenotype made up of both behavioral and genetic compo-
nents. Both components could help explain how cardiorespi-
ratory fitness tracks and why it does so more than physical
activity. We were unable to test the effect that genetics was
having on the ability of cardiorespiratory fitness to track.
However, given physical activity also tracked across the
same period, it is likely that the tracking of cardiorespiratory
fitness is not explained entirely by genetics but is likely driven
by the stability in physical activity levels. This is an important
note to highlight, as targeting the modifiable component of
physical activity is key to improving cardiorespiratory fitness
levels. Our findings showed that the proportion of variation
in cardiorespiratory fitness levels in young adulthood ex-
plained by leisure time physical activity in youth and young
adulthood was 14.5%. This provides a unique opportunity
when considering implementing strategies aimed at targeting
and improving cardiorespiratory fitness levels, as physical ac-
tivity, unlike genetics, is amenable to change. Promoting a
physically active lifestyle with an emphasis on educating
youth of the importance of meeting physical activity guide-
lines18 and arming them with age-appropriate activity rec-
ommendations could have beneficial effects on both their
current and long-term cardiorespiratory fitness levels.

Limitations of this study include loss to follow-up. To ac-
count for missingness and to reduce the likelihood of bias,
we repeated our analyses using a similar approach to that pro-
posed by Seaman et al.19 This approach includes multiple
imputation to complete missing data on variables measured
at age 13months that were informative of drop out (sex, inter-
vention status, body mass index, total cholesterol, energy-
adjusted fiber and saturated fatty acid intake, and parental ed-
ucation and occupation status), and then used inverse prob-
ability weighting with weights based on the probability of
participating in follow-up using these baseline variables.
The results of these sensitivity analyses were not markedly
different to those presented in our primary analyses. We
were unable to quantify the tracking of maintaining high
(or low) levels over time, as this analysis is not recommended
when universal cut-points are lacking, as is the case for cardio-
respiratory fitness among youth.20 A strength of this studywas
the consistent measurement of cardiorespiratory fitness and
Tracking of Cardiorespiratory Fitness and Physical Activity from Y
Prospective Special Turku Coronary Risk Factor Intervention Pro
physical activity, with cardiorespiratory fitness levels being as-
sessed using a reliable test by the same person using the same
adequate equipment at both time-points.
In conclusion, in this Finnish cohort, cardiorespiratory

fitness tracked stronger than leisure time physical activity
over a period of 9 years from youth to young adulthood.
These findings highlight cardiorespiratory fitness as a poten-
tial early-life factor that could help identify individuals at
greatest risk of maintaining poor fitness levels or developing
adverse health outcomes in later life. n

The STRIP study children and their parents and grandparents have
made the study possible—the authors thank them for their time,
continued efforts, and commitment to the STRIP throughout the years.
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