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Introduction/Purpose: Physical activity and sedentary time may associate with physical
fitness and body composition. Yet, there exists some observational studies that have
investigated the associations of device-based measures of sedentary time and physical
activity (PA) with cardiorespiratory fitness (CRF) and body composition but associations
with muscular fitness (MF) are less studied.
Methods: Objective sedentary time and physical activity was measured by a hip
worn accelerometer from 415 young adult men (age: mean 26, standard deviation
7 years). Cardiorespiratory fitness (VO2 max) (CRF) was determined using a graded
cycle ergometer test until exhaustion. Maximal force of lower extremities was measured
isometrically and lower body power was assessed using standing long jump (MF). Body
composition was determined with bioimpedance method. Single and compositional
approach was used in regression analysis.
Results: Mean sedentary time was 707 (standard deviation 133) minutes per day (77 ±
8% of the wear time). Volumes of all PA intensities were positively associated with CRF
and associations showed linearly increasing magnitudes with higher intensities in single
regression models adjusted for age and smoking (p < 0.001). Similarly, PA intensities
were positively associated with lower body MF, however, with weaker associations (p
< 0.005). After further adjustment for resistance training, the associations remained
significant. The associations of the relative distribution of time within sedentary behavior
(SB), light intensity PA (LPA) and moderate-to-vigorous PA (MVPA) behaviors as a whole
with using compositional analysis further revealed that within the composition MVPA and
SB were positively associated with CRF and MF (p < 0.001), while LPA was not. In
addition, within the composition, accumulated PA bouts lasting more than 3 min were
consistently associated with CRF and MF, and with all body composition variables (p
< 0.001), while sedentary time was associated with body fat percentage (p < 0.001).
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Conclusion: Promoting physical activity and reducing sedentary time may have positive
influence on physical fitness and body fat content, and thereby may offer positive health
effects. Physical activity of higher intensities may offer greater benefits.
Keywords: cardiorespiratory fitness, muscular fitness, objective physical activity, sedentary time, BMI-body mass
index, waist circumference

INTRODUCTION

objectively measured sedentary time and cardiorespiratory
fitness has been shown in older individuals (Jantunen et al.,
2017). Although the relationship between physical activity and
cardiorespiratory fitness is well-evidenced, there are, however,
considerably less studies of objective physical activity and
muscular fitness components, especially in adults. Joensuu et al.
(2018) reported an inverse association between muscular fitness
and objective physical activity, but not with sedentary time in
children, and a recent review concluded positive association
of objectively measured MVPA and vigorous physical activity,
but not sedentary time, with strength and power in children
(Smith et al., 2019).
In addition to physical fitness, also body composition is related
to physical activity. Inconsistent findings of the relationships
between self-reported physical activity with adiposity have
previously been demonstrated in observational studies in adults
(Fogelholm and Kukkonen-Harjula, 2000; Wilks et al., 2011; da
Silva et al., 2019). The controversial findings may, to some extent,
exist, because of more commonly used self-report methodology
than objective measures of physical activity. Recent studies
have shown that the association between objectively measured
physical activity and adiposity markers are stronger than those
of self-report measures (Wanner et al., 2017; Guo et al., 2019).
Associations of device based measures of physical activity and
sedentary time with adiposity markers have been observed in
adults (Johansson et al., 2019, 2020; Lee et al., 2019) and in
children (Stevens et al., 2007; Sögüt et al., 2019) Therefore, there
is a need for studies assessing objective physical activity including
sedentary time and physical activity intensities and investigate
their associations with adiposity outcomes. The purpose of the
present study was to explore the associations of objectively
measured physical activity and sedentary time with physical
fitness including both cardiorespiratory and lower body muscular
fitness, and with adiposity outcomes in a population-based
sample of young Finnish adult men.

Physical fitness has been recognized as an important
determinant of health-related outcomes and can be divided
to cardiorespiratory and muscular fitness. Cardiorespiratory
fitness refers to body‘s capacity to uptake oxygen for energy
production use in cells, whereas muscular fitness refers to
capacity of a muscle or muscle group to generate force either
maximally or repeatedly within a given time. Numerous studies
have shown cardiorespiratory fitness to be a significant predictor
of health-related issues (Kodama et al., 2009; Ross et al., 2016)
and although mostly with smaller magnitude, muscular fitness
has been shown to associate with health outcomes independent
of cardiorespiratory fitness (Vaara et al., 2014; Grøntved et al.,
2015). Although, physical fitness is partly inherited capability it
is modifiable via health behavior including physical activity (PA)
and sedentary behavior (Booth et al., 2012).
Observational studies have demonstrated that self-reported
physical activity is associated with cardiorespiratory fitness (e.g.,
Emaus et al., 2010; Porter et al., 2017). Interestingly, there is
some evidence that also self-reported sedentary time could be
related to cardiorespiratory fitness. Eriksen et al. (2016) observed
that self-reported sedentary time was inversely associated with
cardiorespiratory fitness in those individuals who engaged only
little physical activity, whereas in moderately or highly physically
active individuals there was no similar association. The latter
finding may therefore, emphasize that for sedentary individuals
even replacing some of the sedentary time with physical activity
could lead to improvement of cardiorespiratory fitness and
thereby mediate health benefits, although conflicting results have
also been observed (Barlow et al., 2016; Porter et al., 2017).
Nevertheless, self-report methods are known to be concerned and
limited to bias (Hukkanen et al., 2018), such as over-reporting.
For example, a study by Tucker et al. (2011) observed that selfreported moderate physical activity was over reported by more
than 4 h and vigorous physical activity by 26 min per week in
US adults. Therefore, device-based physical activity monitoring
could offer more precise measures of volume of physical activity
within different intensity thresholds objectively and also measure
sedentary time.
Objectively measured physical activity has been observed
to associate with cardiorespiratory fitness in adults (Nokes,
2009; Cao et al., 2010a,b; Kulinski et al., 2014; Dyrstad
et al., 2016) and children (Gralla et al., 2016; Collings
et al., 2017; Joensuu et al., 2018). Kulinski et al. (2014)
reported in adults that objectively measured sedentary time was
inversely associated with cardiorespiratory fitness independent
of physical activity. Similarly, an inverse association between
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METHODS
Participants
Participants consisted of 776 young (age: mean 26, standard
deviation 7 years) adult Finnish men, who were invited in the
military refresher training. The information about the study
plan for participants were sent to the participants 5 months
before the study conduction, which were carried out in 7
different measurement sessions during 2015 (May-November).
Altogether, 1,106 men were called up to military refresher
training and 823 participated in the training lasting 3–5 days.
The most typical reasons for non-participation to the military
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TABLE 1 | Continued

TABLE 1 | Demographic and baseline characteristics in the study population (n =
415).

Characteristics
Characteristics

Mean
(standard
deviation)

95%
confidence
interval

Age in years

28.5 (7.3)

27.8–29.2

Smokers (%)

23.2

Mean
(standard
deviation)

95%
confidence
interval

41.3 (8.0)

40.6–42.1

Sit-ups (reps/min)

35 (12)

34–36

Push-ups (reps/min)

29 (14)

28–31

Standing long jump (cm)

226 (26)

224–229

Maximal isometric force of the
lower extremities (kg)

343 (90)

334–352

88 (21)

86–90

Physical fitness and Body composition
Cardiorespiratory fitness
(ml/kg/min)

Sedentary time
Total sedentary time (min)
Total sedentary time (relative to
wear time, %)

706.9 (132.6)

694.1–719.7

77.3 (8.1)

76.6–78.1

Mean daily accumulated sedentary
time (min) from bouts lasting
<3 min

215.6 (63.9)

209.4–221.7

Maximal isometric force of the
upper extremities (kg)

3–10 min

175.2 (48.3)

170.5–179.9

Waist circumference (cm)

88.3 (11.1)

87.2–89.4

11–19 min

141.3 (51.5)

136.3–146.2

Body mass index

25.5 (4.1)

25.1 ± 25.9

20–60 min

153.2 (87.7)

144.8–161.7

>60 min

21.4 (29.9)

18.5–24.3

Mean daily accumulated sedentary time
relative to wear time (%) from bouts lasting
<3 min (%)

23.8 (7.0)

23.2–24.5

3–10 min (%)

19.3 (4.9)

18.8–19.7

11–19 min (%)

15.4 (5.0)

14.9–15.9

20–60 min (%)

16.5 (8.5)

15.7–17.3

>60 min (%)

2.3 (3.1)

2.0–2.6

Light activity (1.6–3 MET) (min)

121.9 (47.3)

117.4–126.5

Moderate activity (3–6 MET) (min)

78.6 (32.5)

75.5–81.8

4.4 (6.2)

3.8–5.0

Moderate-vigorous activity (≥3
MET) (min)

83.0 (33.9)

79.8–86.3

Total activity (≥1.5 MET) (min)

205.0 (73.4)

197.9–212.1

Light activity (1.6–3 MET) (%)

13.5 (5.2)

13.0–14.0

Moderate activity (3–6 MET) (%)

8.7 (3.6)

8.4–9.1

Vigorous activity (>6 MET) (%)

0.5 (0.7)

0.4–0.5

Moderate-vigorous activity (≥3
MET) (min)

9.2 (3.8)

8.8–9.6

Total activity (≥1.5 MET) (min)

22.7 (8.1)

21.9–23.4

Mean daily accumulated physical activity (>1.5
MET) (min) from bouts lasting
<3 min

170.6 (63.7)

164.4–176.7

3–10 min

24.7 (17.3)

23.0–26.4

11–19 min

6.3 (7.4)

5.6–7.0

20–60 min

3.0 (6.5)

2.3–3.6

>60 min

0.4 (2.5)

0.2–0.7

18.9 (7.0)

18.2–19.5

3–10 min (%)

2.7 (1.9)

2.5–2.9

11–19 min (%)

0.7 (0.8)

0.6–0.8

20–60 min (%)

0.3 (0.7)

0.3–0.4

0.05 (0.30)

0.02–0.07

>60 min (%)

6.5 (1.6)

6.4–6.7

10 min

4.2 (1.1)

4.0–4.3

30 min

3.2 (0.9)

3.2–3.3
(Continued)

Frontiers in Sports and Active Living | www.frontiersin.org

80.7–83.6

Body height (cm)

179.4 (6.3)

178.8–180.0

A waist-worn triaxial accelerometer (Hookie AM 20, Traxmeet
Ltd., Espoo, Finland) was used to quantify physical activity and
sedentary time. The accelerometer was attached to the right side
of the hip with a flexible belt. Participants were given instructions
to wear the accelerometer for 7 consecutive days during wake
time. The acceleration data were collected at 100 Hz sampling
rate and the raw accelerometer data were stored on a hard disk
for further analysis. The mean amplitude deviation (MAD) values
of the resultant acceleration of the three orthogonal acceleration
components were determined in 6 s epochs. The MAD values
have been found to be a valid indicator of incident energy

METs, maximum peak MET-level of weekly
physical activity bouts lasting
1 min

17.0–18.5

82.1 (15.2)

Objectively Measured Physical Activity and
Sedentary Time

Mean daily accumulated physical activity (>1.5
MET) relative to wear time (%) from bouts lasting
<3 min (%)

17.7 (7.9)

Body mass (kg)

refresher training were related to personal reasons, such as
work, study-, or health-related issues. Out of the 823 men,
776 men volunteered to participate in the study. Of the 776
men, 519 were randomly selected to the follow-up measures of
accelerometer physical activity. The final study sample consisted
of 415 participants meeting the inclusion criteria of a minimum
of 4 days with at least 10 h accelerometer wear time per day.
The study protocol was explained in detail to the participants
before they gave their written consent. The study was approved
by the ethical committees of the University of Jyväskylä and
the Central Finland Health Care District, as well as the Defence
Command of the Finnish Defence Forces (AM5527). The whole
study sample was compared with corresponding cohorts of
20 to 30 years old Finnish men in the national register data
(Statistics Finland) from the year 2014 for education and place
of residence. Based on these analyses, in the current study sample
Northern and Southern Finland were slightly over-represented.
In addition, the proportion of those participants who had studied
13 years or more was slightly over-represented. Taken into
account previous limitations, the whole study sample can be
considered to represent young adult Finnish men.

Physical activity

Vigorous activity (>6 MET) (min)

Body fat%
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were verbally encouraged during the maximal efforts by the test
personnel. Lower body muscular fitness index was calculated
firstly converting both standing long jump and isometric force
of lower extremities to z-scores. Thereafter, these z-scores were
summed together and then standardized as a final composition
of lower body muscular fitness z-score.

consumption during locomotion (Vähä-Ypyä et al., 2015a,b) The
MAD values were converted to METs for each epoch.
Physical activity was stratified into three intensity categories
regarding METs: light physical activity (LPA) 1.5–2.9 MET;
moderate physical activity (MPA) 3.0–5.9 MET and vigorous
physical activity (VPA) >6.0 MET (Husu et al., 2016) and also
total physical activity was calculated as the combined amount
of light, moderate, and vigorous activities. Sedentary time was
defined as the time spent in the lying, sitting, and standing
positions without movement (<1.5 MET) (Vähä-Ypyä et al.,
2018). In addition, the epoch-wise MAD values were converted
to METs and 1, 10, and 30 min exponential moving average of the
MET values were calculated for each epoch. The maximum peak
MET levels of weekly exponential moving average values (e.g., 1,
10, and 20 min) were identified (Vasankari et al., 2017).
Cardiorespiratory fitness (VO2 max) was determined using an
indirect graded cycle ergometer test (Ergoline 800S, Ergoselect
100K, Ergoselect 200K, Bitz, Germany) until exhaustion. A
progressive protocol was used, which initially started at a
power output of 50 W and was increased 25 W every 2 min
until exhaustion. Heart rate (HR) was continuously recorded
during the test (Polar Vantage NV or S610, S710, or S810,
Kempele, Finland). Predicted VO2 max was estimated from
HR and maximal power (W) (Fitware, Mikkeli, Finland) with
the following equation: VO2 max (ml·kg−1 ·min−1 ) = 12.35 ×
Pmax/kg + 3.5, where Pmax is maximal power and kg is body
mass in kilograms. The intra-class correlation has been reported
to be high with this method (Santtila et al., 2013).
Muscular fitness tests consisted of push-ups, sit-ups, standing
long jump and maximal isometric force of lower and upper
extremities. In the present study, standing long jump and
maximal isometric force of lower extremities were only used for
further analysis because objectively measured physical activity
measures movement conducted by the lower limbs of the body.
Correct technique was demonstrated to participants before each
test and only the trials with adequate technique were accepted.
The warm-up prior the tests lasted 10 min and consisted of
calisthenics exercises, such as x-jumps, push-ups, sit-ups, squats,
planks, and countermovement jumps. Standing long jump test
was performed in the specifically designed gym mat (Fysioline,
Tampere, Finland). The participants were instructed of the
correct technique prior the testing, and each of them performed
several jumps after a warm-up and prior the testing. The
participants were instructed to jump (horizontally) forward
as far as possible from a standing position, using a prior
countermovement and hands freely swinging by their sides
without falling backward upon bilateral landing. The participants
completed 3 trials each interspersed by a 1-min rest period.
The performance was measured with 1 cm precision. Maximal
isometric force was measured with horizontal leg press (a test for
maximal strength) using a dynamometer. Knee angle was set to
107◦ with a goniometer, and hands were placed on a handle grip
in a leg extension test. A warm-up series of at least 2 submaximal
sets were done prior to maximal sets. Three trials were performed
using a 30-s recovery period. The best performance was included
in the analysis. Each participant was advised to produce maximal
force as fast as possible and to maintain it for 3 s. The participants
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Body Composition
Body composition and body weight was determined with
bioelectrical impedance method (Inbody 720, Biospace
Company, Seoul, Korea). Body weight was measured to the
nearest 0.1 kg and body height by a commercial scale to the
nearest 0.1 cm. Body mass index (BMI) was calculated and
waist circumference was measured at the level of iliac crest after
exhaling by a tape measure.

Demographic and Background Variables
Age and smoking habits (smoking, non-smoking, quit smoking)
were assessed with a questionnaire. Self-reported resistance
training was also assessed with a questionnaire and was used as a
covariate in the statistical analysis (resistance training 0–2 times
a week vs. > 2 times a week).

Statistics
Data was analyzed with IBM SPSS Statistics software (SPSS
for Windows 25.0.0.1) and R-software. Descriptive statistics
as means, standard deviations, and 95% confidence intervals
(CI) were calculated. A similar approach was used as by
Chastin et al. (2015), where firstly, linear regression models
and secondly, compositional analysis were used (CoDaPacksoftware, v2.03.11). This approach takes into account that time is
finite during the day and thus time spent in different behaviors
are codependent. Linear regressions were used to calculate
standardized regression coefficients (β) with 95% CIs p-level set
at <0.05 with using age and smoking as covariates. In order to
properly consider the relationship between different sedentary
and physical activity behaviors, we further used a compositional
data approach (Chastin et al., 2015). First we re-scaled the
original time variables in different behaviors up to 1 (i.e., they
varied between 0 and 1 and the sum of them was 1) and
secondly, we made an isometric log-ratio (ILR) transformation
for these proportions (Chastin et al., 2015). Finally, the new ILRtransformed variables were used as exposure variables in linear
regression models adjusted for age and smoking. Moreover,
analysis of variance was used with Tukey HSD post-hoc test for
normally distributed variables and for not normally distributed
variable Kruskall-Wallis test was used with Wilcoxon post-hoc
test. In addition, the physical fitness variables were stratified
to low (lowest 20%), moderate (20–80%), and high (highest
20%) subgroups in cardiorespiratory and lower body muscular
fitness variables. Moreover, the associations of sedentary time and
PA intensities across the subgroups were studied using analysis
of covariance with age and smoking as covariates (Table 4).
Similarly, established cut points for BMI and waist circumference
were used with analysis of covariance with age and smoking as
covariates (Table 7). To study the joint associations of low and
high moderate-to-vigorous physical activity with low and high
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sedentary time, the study sample was divided into low group
(lowest 20%) and high group (highest 20%) (Table 8). There
were no individuals with low sedentary time combined with low
MVPA and no individuals with high sedentary time combined
with high MVPA. Thus, the differences between combined low
sedentary time and high MVPA were analyzed against high
sedentary time and low MVPA group in cardiorespiratory fitness,
lower body muscular fitness, body mass index as well as waist
circumference with paired-samples t-test (Table 8).

0.001) and muscular fitness (β = 0.19, p = 0.004). Accumulated
sedentary bouts showed no associations with cardiorespiratory
and muscular fitness, except that 3–10 min and >20 min bouts
were associated with muscular fitness (β = −0.53, p = 0.04; β =
−0.28, p = 0.009) (Table 3).
Moreover, higher cardiorespiratory fitness was related to
lower volume of sedentary time and higher levels of PA intensities
(p < 0.05 to p < 0.001). Similar associations were observed for
lower body muscular fitness with the exception of non-significant
association of LPA (Table 4).

RESULTS

Associations of Sedentary Time and Time
Spent in Different Physical Activity
Intensities With Body Composition

The demographic and baseline characteristics are presented in
the Table 1. Participants‘ mean sedentary time was 707 (standard
deviation (SD) 133) minutes per day, which consisted of 77% (sd
8) of their wear time. Participants spent on average 122 (sd 47)
min (13.5 ± 5.2% of the wear time) in LPA, 79 (sd 33) min (8.7 ±
3.6% of the wear time) in MPA and 4.4 (sd 6.2) min (0.5 ± 0.7%
of the wear time) in VPA.

Both sedentary time and physical activity were most consistently
related to body fat percentage, whereas BMI was only related to
VPA (Table 5). All PA intensities were related to rather similar
magnitudes with body fat percentage (β = −0.13 to −0.16)
and VPA was related to all body composition variables (p <
0.005). Similarly, there were relationships between the shorter
accumulated PA bouts (4–10 and 11–20 min) as well as maximum
peak MET-level of PA bouts and all body composition variables
(p < 0.05) (Table 5). Moreover, some of the accumulated bouts of
sedentary time were also inversely related to body fat percentage.
The associations of the relative distribution of time within
sedentary, LPA, and MVPA behaviors as a whole with body
composition using compositional variables are shown in Table 6.
Accumulated PA bouts lasting more than 3 min were consistently
associated with all body composition variables (β = −0.22 to
−0.28, p < 0.001), while sedentary time was associated with body
fat percentage (β = 0.42, p < 0.001) (Table 6). Furthermore,
higher waist circumference was related to lower volume of
sedentary time and greater levels of PA intensities (p < 0.05
to p < 0.001) showing little difference between overweight and
obese. Conversely, only vigorous PA was higher across the BMI
subgroups being highest among normal individuals with normal
weight (Table 7).

Associations of Sedentary Time and Time
Spent in Different Physical Activity
Intensities With VO2max and Muscular
Fitness
Table 2 demonstrates that both sedentary time and time spent in
all different PA intensities in relation to wear time were associated
with cardiorespiratory fitness and lower body muscular fitness.
The relationships showed linearly increasing magnitudes with
higher intensities (LPA: β = 0.17, MPA: β = 0.25, VPA: β =
0.31, MVPA: β = 0.29, total physical activity: β = 0.25, all p <
0.001). Similarly, positive relationships were observed between
PA intensities and lower body muscular fitness, however, with
weaker associations compared to VO2max (LPA: β = 0.15, MPA:
β = 0.19, VPA: β = 0.15, MVPA: β = 0.21, total physical
activity: β = 0.19, all <0.005). Further adjustment for resistance
training did not attenuate the p-values, although the relationships
slightly attenuated. The associations of the relative distribution
of time within sedentary, LPA and MVPA behaviors as a whole
with cardiorespiratory and muscular fitness using compositional
variables are shown in Table 3. For both cardiorespiratory and
muscular fitness the proportion of time spent in sedentary
and MVPA behavior were associated with cardiorespiratory and
muscular fitness (SB: β = −0.63; MVPA: β = 0.79, both p <
0.001), while LPA was not (Table 3).
In addition, relationships between accumulated PA bouts
lasting less than 10 min in relation to wear time and
cardiorespiratory fitness and lower body muscular fitness
was observed, whereas a significant relationships between
longer accumulated bout durations and only cardiorespiratory
fitness were observed (Table 2). Positive relationships between
Maximum peak MET-level of PA bouts and VO2max and lower
body muscular fitness was observed (Table 2).
The associations of the relative distribution of time within
different accumulated bouts of sedentary and PA behaviors as
a whole revealed that accumulated PA bouts lasting more than
3 min were associated with both cardiorespiratory (β = 0.38, p <

Frontiers in Sports and Active Living | www.frontiersin.org

Joint Associations of Sedentary Time and
Moderate-to-Vigorous Physical Activity
With VO2max , Muscular Fitness and Body
Composition
Individuals with high sedentary time and low MVPA had
significantly lower VO2max and lower body muscular fitness, and
higher BMI and waist circumference (p < 0.05) (Table 8). There
were no individuals with low sedentary time combined with low
MVPA and no individuals with high sedentary time combined
with high MVPA.
The composition of accumulated time of the quartiles
of PA intensities and sedentary time are shown in the
Supplementary Figure 1.

DISCUSSION
The main findings of the present study revealed that both
sedentary time and physical activity intensities were not

5

December 2020 | Volume 2 | Article 587789

Vaara et al.

Physical Activity, Sedentary Time, Fitness

TABLE 2 | Standardized regression coefficients (β) of sedentary time and physical activity (in relation to wear time) with their 95% confidence intervals (CI) for
cardiorespiratory and muscular fitness adjusted for age and smoking.
Cardiorespiratory fitness (n = 405)

Muscular fitness (n = 408)

(β) (95% CI)

p

(β) (95% CI)

p-value

−0.245 (−0.338; −0.152)

<0.001

−0.193 (−0.287; −0.099)

<0.001

Sedentary time (<1.5 MET)
Total sedentary time
Mean daily accumulated sedentary time from bouts lasting
0.110 (0.014; 0.206)

0.025

0.140 (0.045; 0.235)

0.004

3–10 min

<3 min

−0.083 (−0.180; 0.014)

0.093

−0.045 (−0.140; 0.051)

0.358

11–19 min

−0.185 (−0.280; −0.091)

<0.001

−0.102 (−0.197; −0.006)

0.036

20–60 min

−0.152 (−0.247; −0.057)

0.002

−0.167 (−0.262; −0.073)

0.001

−0.042 (−0.137; 0.054)

0.392

−0.117 (−0.213; −0.020)

0.018

0.173 (0.078; 0.269)

<0.001

0.148 (0.053; 0.244)

0.002
<0.001

>60 min
Physical activity
Light activity (1.6–3 MET)
Moderate activity (3–6 MET)

0.246 (0.153; 0.339)

<0.001

0.192 (0.098; 0.286)

Vigorous activity (>6 MET)

0.305 (0.212; 0.398)

<0.001

0.152 (0.055; 0.249)

0.002

Moderate-vigorous activity (≥3 MET)

0.289 (0.197; 0.381)

<0.001

0.212 (0.118; 0.306)

<0.001

Total activity (≥1.5 MET)

0.245 (0.152; 0.338)

<0.001

0.193 (0.099; 0.287)

<0.001

Mean daily accumulated physical activity (>1.5 MET) from bouts lasting
<3 min

0.165 (0.069; 0.260)

0.001

0.165 (0.069; 0.260)

0.001

3–10 min

0.259 (0.166; 0.352)

<0.001

0.184 (0.090; 0.278)

<0.001

11–19 min

0.220 (0.124; 0.316)

<0.001

0.049 (−0.047; 0.145)

0.315

20–60 min

0.196 (0.102; 0.291)

<0.001

0.040 (−0.056; 0.136)

0.411

>60 min

0.113 (0.019; 0.208)

0.019

−0.002 (−0.097; 0.093)

0.966

<0.001

METs. maximum peak MET-level of weekly physical activity bouts lasting
1 min

0.281 (0.187; 0.375)

<0.001

0.270 (0.175; 0.365)

10 min

0.312 (0.219; 0.405)

<0.001

0.218 (0.124; 0.313)

<0.001

30 min

0.333 (0.241; 0.425)

<0.001

0.187 (0.091; 0.282)

<0.001

Bold value indicate p < 0.05.

TABLE 3 | Linear regression models estimates with p-values of isometric log-ratio transformed sedentary time and physical activity for cardiorespiratory fitness and
muscular fitness, adjusted for age and smoking.
Cardiorespiratory fitness
(n = 405)

Muscular fitness
(n = 408)

Estimate

p

Estimate

p

Total sedentary time vs. remaining

−0.63

Light activity vs. remaining

−0.16

<0.001

−0.52

<0.001

0.372

−0.02

0.913

0.79

<0.001

0.54

0.003

0.04

0.910

0.47

0.193

3–10 min vs. remaining

−0.02

0.924

−0.53

0.040

11–20 min vs. remaining

−0.28

0.198

0.34

0.127

>20 min vs. remaining

−0.06

0.556

−0.28

0.009

Moderate-vigorous activity vs. remaining
Mean daily accumulated sedentary time from bouts lasting
<3 min vs. remaining

Mean daily accumulated physical activity (>1.5 MET) from bouts lasting
<3 min vs. remaining

−0.05

0.867

−0.19

0.526

≥3 min vs. remaining

0.38

<0.001

0.19

0.004

Remaining, remaining behaviors. Bold value indicate p < 0.05.
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TABLE 4 | The mean (standard deviation) of the sedentary and physical activity time (min) according to physical fitness categories.
Cardiorespiratory

Fitness

Low
(lowest 20 %)

Moderate
(20–80%)

High
(Highest
20%)

p-value

Muscular

Fitness

Low
(lowest 20%)

Moderate
(20–80%)

High
(Highest
20%)

p-value

Sedentary time
Total sedentary time (min)

721 (130)

716 (133)

677 (128)

0.042

725 (135)

709 (132)

688 (131)

0.199

Total sedentary time (relative to wear time, %)

79.5 (8.11)

77.8 (7.76)

73.7 (7.97)

<0.001

79.4 (7.97)

77.2 (7.72)

75.5 (8.41)

0.006
0.092

Physical activity (min)
Light activity (1.6–3 MET)

116 (52.1)

119 (45.0)

137 (47.7)

0.007

112 (47.3)

123 (46.4)

127 (46.6)

Moderate activity (3–6 MET)

66.4 (28.4)

77.8 (31.7)

94.3 (33.8)

<0.001

70.1 (30.5)

79.0 (32.5)

86.3 (32.6)

0.005

Vigorous activity (>6 MET)

2.26 (4.21)

4.06 (4.86)

7.62 (9.43)

<0.001

2.79 (6.03)

4.48 (6.20)

5.73 (5.62)

<0.001

Moderate-vigorous activity (≥3 MET)

68.7 (29.1)

81.9 (32.5)

102.0 (35.0)

<0.001

72.9 (31.0)

83.5 (33.9)

92.1 (33.3)

<0.001

Total activity (≥1.5 MET)

184 (73.4)

201 (70.5)

239 (74.1)

<0.001

185 (70.8)

207 (71.9)

219 (74.3)

0.009

Physical Activity (relative to wear time %)
Light activity (1.6–3 MET)

12.8 (5.50)

13.2 (4.97)

15.1 (5.16)

0.007

12.4 (5.13)

13.6 (5.02)

14.2 (5.26)

0.066

Moderate activity (3–6 MET)

7.44 (3.44)

8.59 (3.50)

10.40 (3.73)

<0.001

7.82 (3.55)

8.72 (3.57)

9.66 (3.72)

0.005

Vigorous activity (>6 MET)

0.25 (0.48)

0.45 (0.53)

0.85 (1.02)

<0.001

0.33 (0.74)

0.49 (0.64)

0.64 (0.64)

<0.001

Moderate-vigorous activity (≥3 MET)

7.69 (3.53)

9.04 (3.61)

11.30 (3.82)

<0.001

8.14 (3.65)

9.21 (3.71)

10.30 (3.79)

<0.001

Total activity (≥1.5 MET)

20.5 (8.11)

22.2 (7.76)

26.3 (7.97)

<0.001

20.6 (7.97)

22.8 (7.72)

24.5 (8.41)

0.006

Bold value indicate p < 0.05.

TABLE 5 | Standardized regression coefficients (β) of sedentary time and physical activity (in relation to wear time) with their 95% confidence intervals (CI) for body mass
index (BMI), waist circumference and body fat% adjusted for age and smoking.
BMI (n = 406)

Waist circumference (n = 408)

Body fat% (n = 405)

(β) (95% CI)

p

(β) (95% CI)

p

(β) (95% CI)

p

0.077 (−0.019; 0.182)

0.117

0.097 (0.003; 0.190)

0.043

0.152 (0.058; 0.247)

0.002

Sedentary time (<1.5 MET)
Total sedentary time

Mean daily accumulated sedentary time from bouts lasting
−0.002 (−0.100; 0.095)

0.961

−0.030 (−0.124; 0.064)

0.528

−0.131 (−0.227; −0.035)

0.008

3–10 min

<3 min

0.051 (−0.044; 0.146)

0.293

0.078 (−0.015; 0.170)

0.100

0.078 (−0.017; 0.173)

0.109

11–19 min

0.063 (−0.033; 0.159)

0.195

0.080 (−0.013; 0.173)

0.093

0.146 (0.051; 0.241)

0.003

20–60 min

0.013 (−0.084; 0.110)

0.796

0.022 (−0.072; 0.115)

0.649

0.108 (0.012; 0.205)

0.028

−0.013 (−0.108; 0.082)

0.790

0.006 (−0.089; 0.101)

0.901

0.033 (−0.062; 0.128)

0.492

>60 min
Physical activity
Light activity (1.6–3 MET)

−0.057 (−0.153; 0.039)

0.247

−0.087 (−0.181; 0.007)

0.068

−0.133 (−0.228; −0.037)

0.006

Moderate activity (3–6 MET)

−0.065 (−0.160; 0.031)

0.182

−0.066 (−0.160; 0.027)

0.163

−0.122 (−0.217; −0.027)

0.012

Vigorous activity (>6 MET)

−0.138 (−0.233; −0.042)

0.005

−0.139 (−0.234; −0.044)

0.004

−0.159 (−0.254; −0.063)

0.001

Moderate-vigorous activity (≥ 3 MET)

−0.086 (−0.182; 0.009)

0.076

−0.088 (−0.181; 0.006)

0.065

−0.145 (−0.240; −0.050)

0.003

Total activity (≥1.5 MET)

−0.077 (−0.172; 0.019)

0.117

−0.097 (−0.190; −0.003)

0.043

−0.152 (−0.247; −0.058)

0.002

Mean daily accumulated physical activity (>1.5 MET) from bouts lasting
−0.026 (−0.122; 0.071)

0.604

−0.057 (−0.152; 0.037)

0.233

−0.113 (−0.209; −0.017)

0.022

3–10 min

<3 min

−0.144 (−0.240; −0.049)

0.003

−0.136 (−0.229; −0.043)

0.004

−0.159 (−0.255; −0.064)

0.001

11–19 min

−0.117 (−0.213; −0.021)

0.017

−0.095 (−0.188; −0.001)

0.047

−0.108 (−0.204; −0.012)

0.027

20–60 min

−0.095 (−0.190; 0.000)

0.051

−0.060 (−0.153; 0.034)

0.211

−0.083 (−0.177; 0.012)

0.088

>60 min

−0.001 (−0.095; 0.094)

0.990

0.003 (−0.090; 0.095)

0.956

0.002 (−0.093; 0.097)

0.968

METs. maximum peak MET–level of weekly physical activity bouts lasting
1 min

−0.151 (−0.247; −0.055)

0.002

−0.156 (−0.251; −0.061)

0.001

−0.199 (−0.294; −0.104)

<0.001

10 min

−0.147 (−0.242; −0.052)

0.003

−0.132 (−0.226; −0.038)

0.006

−0.179 (−0.273; −0.084)

<0.001

30 min

−0.141 (−0.236; −0.045)

0.004

−0.124 (−0.218; −0.030)

0.010

−0.175 (−0.270; −0.080)

<0.001

Bold value indicate p < 0.05.
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TABLE 6 | Linear regression models estimates with p-values of isometric log-ratio transformed sedentary time and physical activity for body mass index (BMI), waist
circumference and body fat% adjusted for age and smoking.
BMI
(n = 406)
Estimate

Waist circumference
(n = 408)
Estimate

p

Body fat%
(n = 405)
Estimate

p

p

Total sedentary time vs. remaining

0.18

0.138

0.23

0.052

0.42

0.001

Light activity vs. remaining

0.02

0.924

−0.13

0.501

−0.15

0.429

−0.20

0.271

−0.11

0.548

−0.26

0.151

Moderate-vigorous activity vs. remaining

Mean daily accumulated sedentary time from bouts lasting
<3 min vs. remaining

−0.44

0.223

−0.43

0.225

−0.96

0.008

3–10 min vs. remaining

0.15

0.569

0.33

0.198

0.44

0.091

11–20 min vs. remaining

0.09

0.688

−0.06

0.796

−0.01

0.978

>20 min vs. remaining

0.01

0.950

0.03

0.752

0.09

0.385

Mean daily accumulated physical activity (>1.5 MET) from bouts lasting
<3 min vs. remaining

0.49

0.106

0.35

0.24

0.67

0.026

≥3 min vs. remaining

−0.28

<0.001

−0.22

0.001

−0.23

<0.001

Remaining, remaining behaviors. Bold value indicate p < 0.05.

TABLE 7 | The distributions (%) and mean (standard deviation) of sedentary and physical activity time according to body composition categories.
Body mass
index
Normal weight
18.5–24.99

Overweight
25–29.99

Waist
circumference
Obese
≥30

p-value

Normal weight
<94 cm

Overweight
94–102 cm

Obese
>102 cm

p-value

Sedentary time
Total sedentary time (min)

695 (128)

713 (134)

726 (126)

0.210

703 (136)

721 (120)

717 (131)

0.499

Total sedentary time (relative
to wear time, %)

76.5 (8.39)

77.5 (7.72)

79.0 (7.29)

0.100

76.5 (8.38)

78.9 (6.33)

79.2 (7.49)

0.016

0.133

Physical activity (min)
Light activity (1.6–3 MET)

125 (48.5)

120 (44.6)

118 (50.0)

0.496

125 (48.4)

117 (40.4)

112 (49.5)

Moderate activity (3–6 MET)

80.8 (34.6)

79.1 (30.7)

71.1 (28.4)

0.162

82.0 (34.3)

70.0 (23.6)

72.4 (30.1)

0.006

Vigorous activity (>6 MET)

5.08 (7.01)

4.17 (5.34)

2.34 (4.58)

<0.001

4.83 (6.37)

3.96 (5.76)

2.02 (3.99)

<0.001

Moderate-vigorous activity
(≥3 MET)

85.9 (36.2)

83.3 (31.6)

73.5 (29.1)

0.063

86.8 (35.5)

74.0 (24.9)

74.4 (30.8)

0.002

Total Activity (≥1.5 MET)

211 (76.5)

204 (69.7)

191 (69.7)

0.205

212 (76.1)

191 (59.1)

187 (70.5)

0.016

Physical Activity (relative to wear time %)
Light activity (1.6–3 MET)

13.9 (5.36)

13.3 (4.92)

12.8 (4.95)

0.271

13.9 (5.36)

13.3 (4.92)

12.8 (4.95)

0.117

Moderate activity (3–6 MET)

9.02 (3.86)

8.73 (3.43)

7.86 (3.33)

0.128

9.02 (3.86)

8.73 (3.43)

7.86 (3.33)

0.007

Vigorous activity (>6 MET)

0.57 (0.76)

0.46 (0.57)

0.27 (0.55)

<0.001

0.57 (0.76)

0.46 (0.57)

0.27 (0.55)

<0.001

Moderate-vigorous activity
(≥3 MET)

9.58 (4.01)

9.19 (3.55)

8.13 (3.45)

0.048

9.58 (4.01)

9.19 (3.55)

8.13 (3.45)

0.003

Total activity (≥1.5 MET)

23.5 (8.39)

22.5 (7.72)

21.0 (7.29)

0.100

23.5 (8.39)

22.5 (7.72)

21.0 (7.29)

0.016

Bold value indicate p < 0.05.

only associated with cardiorespiratory fitness but also with
lower body muscular fitness. Compositional analysis showed
that the distribution of time spent in sedentary and MVPA
behaviors, but not time spent in LPA behavior, were associated
with both cardiorespiratory and lower body muscular fitness.
Moreover, accumulated bout duration of physical activity
lasting ≥3 min was consistently associated with cardiorespiratory
fitness and lower body muscular fitness as well as all body
composition indices. In compositional analysis, sedentary

Frontiers in Sports and Active Living | www.frontiersin.org

time but not LPA or MVPA were associated with body
fat percentage.

Cardiorespiratory Fitness
Objectively measured physical activity was positively associated
with cardiorespiratory fitness in the present study similar to
previous studies (Nokes, 2009; Cao et al., 2010a,b; Kulinski et al.,
2014; Dyrstad et al., 2016; Gralla et al., 2016; Collings et al., 2017;
Joensuu et al., 2018). It was observed that the higher the intensity
of physical activity the stronger the associations between physical
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to suggest that light-intensity PA may improve selected health
risk factors in adults (Chastin et al., 2019) but to the best
of our knowledge, the association between light intensity
physical activity and physical fitness has rarely been studied
in adults. Collectively, moderate and vigorous physical activity
are positively associated with cardiorespiratory fitness, whereas
there are conflicting results regarding light intensity physical
activity. Therefore, future studies are especially warranted to
investigate the relationship of light intensity physical activity with
cardiorespiratory fitness.
In the present study, we observed that also most of the
accumulated physical activity bouts, whether shorter or longer,
were associated with cardiorespiratory fitness. Nevertheless, the
compositional analysis did not show as consistent findings
as single linear regression models. PA bouts lasting more
than 3 min were associated with cardiorespiratory fitness in
compositional analysis. A recent review concluded that there
are no differences between accumulated and continuous exercise
for cardiorespiratory fitness from exercise intervention studies
(Murphy et al., 2019). In addition, McGuire and Ross (2011)
reported that device based measure of incidental physical activity
was associated with cardiorespiratory fitness in abdominally
obese men and women. The associations were stronger for
intensity than the duration of incidental physical activity.
These findings highlight that not only longer but also shorter
bouts of physical activity may induce positive adaptations in
cardiorespiratory fitness. Based on the present study findings,
the higher the intensity the stronger the relationship between
physical activity and cardiorespiratory fitness.
Interestingly, besides MVPA, sedentary time was also
inversely associated with cardiorespiratory fitness in
compositional analysis. The total time being sedentary was
on average almost 12 h per day totalling of 77% of the wear
time, which is very consistent with a previous Finnish study with
older adult population than in the present study (Husu et al.,
2016). Inconsistent findings from previous studies regarding
the association between sedentary time and cardiorespiratory
fitness has, however, been observed. Objectively measured
sedentary time was inversely associated with cardiorespiratory
fitness in adults (Kulinski et al., 2014) and in old aged
individuals (Jantunen et al., 2017), whereas in children no
associations between objectively measured sedentary time and
cardiorespiratory fitness have been reported (Collings et al.,
2017; Joensuu et al., 2018). The present study findings suggests
that sedentary time is inversely associated with cardiorespiratory
fitness however, the strength of that association was weaker than
that of MVPA.

TABLE 8 | The joint association of either low (lowest 20%) and high (highest 20%)
sedentary groups combined with either low (lowest 20%) and high (highest 20%)
moderate-vigorous physical activity (MVPA) groups with physical fitness and body
composition (mean±standard deviation) 6= .
Low Sedentary
time
+ High MVPA

High Sedentary
time
+ low MVPA

p-value

Cardiorespiratory
fitness (ml/kg/min)

45.4 ± 7.5

37.6 ± 8.1

<0.001

Muscular fitness
(z-score)

0.25 ± 0.75

−0.19 ± 0.85

0.004

Body mass index

24.3 ± 3.0

26.0 ± 5.9

0.050

Waist circumference
(cm)

84.7 ± 9.8

89.8 ± 14.5

0.029

6= , There were no individuals with low sedentary time combined with low MVPA and no
individuals with high sedentary time combined with high MVPA. Bold value indicate p <
0.05.

activity and cardiorespiratory fitness. Importantly, compositional
analysis revealed that sedentary time and MVPA, but not light
intensity physical activity were related to cardiorespiratory fitness
showing stronger association for MVPA than sedentary time.
Similarly, previous cross-sectional studies have observed that
objectively measured physical activity is positively associated
with cardiorespiratory fitness in adults (Kulinski et al., 2014) and
children (Collings et al., 2017; Joensuu et al., 2018). Previous
studies have shown that especially vigorous physical activity
leads to higher maximal oxygen uptake (Weston et al., 2014).
It is, however, noteworthy, that the time spent in moderate
and especially vigorous physical activity in the present study
were rather small, 9 % (79 min) and <1% (4 min) of the
wear time, respectively. Interestingly, the amount of light,
moderate and vigorous physical activity in the present study
are comparable to another Finnish study in adult population
aged 18–85 years (Husu et al., 2016). The small amount of
particularly vigorous physical activity observed in the current
study may therefore highlight its effectiveness as a time efficient
strategy to increase cardiorespiratory fitness, as previously has
been suggested (Gillen and Gibala, 2014). Recently, instead
of planned and structured high intensity exercise training,
incidental physical activity with high intensity has been suggested
as a one mean to improve fitness and health (Stamatakis et al.,
2019). This could be taken place during an individual‘s daily
routine during active commuting or even household work
(Stamatakis et al., 2019).
Interestingly, compositional analysis showed that relative time
spent in light intensity physical activity was not associated with
cardiorespiratory fitness within the composition of sedentary
and MVPA behaviors. This finding is in line with a study
in children, where light intensity PA was not associated with
cardiorespiratory fitness, while MVPA and VPA were (Collings
et al., 2017) Nevertheless, opposite findings have also been
observed as findings from an isotemporal substitution study in
adults suggest that replacing sedentary time with light intensity
physical activity is associated with higher cardiorespiratory
fitness (Van Der Velde et al., 2017). There is some evidence
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Muscular Fitness
Objectively measured MVPA and sedentary time were not only
associated with cardiorespiratory fitness but also with lower body
muscular fitness in the present study. The associations, however,
were weaker compared to those of cardiorespiratory fitness but
remained significant after adjustment for resistance training.
Objectively measured physical activity consists of mainly aerobic
activities such as walking and running and therefore these results
may partly come as a surprise. However, there are evidence that

9

December 2020 | Volume 2 | Article 587789

Vaara et al.

Physical Activity, Sedentary Time, Fitness

longitudinal studies. Further, intervention studies show mostly
no prediction of baseline physical activity level to future change
in adiposity and no effect of physical activity interventions on
adiposity (Wilks et al., 2011). A recent meta-analysis concluded
that high-intensity interval training reduce total, abdominal and
visceral fat in individuals with overweight or obesity, however,
there was no effect in normal weight. Although, high-intensity
exercise has been shown to decrease total, abdominal and
visceral fat, the evidence is mainly observed in overweight and
obese individuals (Maillard et al., 2018) and to a less extent
in normal weight individuals, such as the majority of the
present study sample. Nevertheless, in the present study single
regression models indicated that vigorous physical activity was
associated with all of the body composition variables and the
contrasting results in a review by Maillard may be explained
by a very low number of studies in normal weight subjects
in their review. In addition, although physical activity may
be related to body composition, other obvious factors, such
as nutrition intake, exist, which altogether makes the issue
more complex.
Sedentary time was positively associated with body fat
percentage both in single and compositional regression models.
Nevertheless, similar to what has been concluded about
prospective associations between physical activity and body
weight, also prospective evidence of the association between
sedentary behavior and body weight show inconsistent and
mostly non-significant results (Campbell et al., 2018). It may
appear that low physical activity and high sedentary behavior
may predispose for increase in body fat content as a drivers
of lower energy expenditure. In addition, sedentary behavior
may be linked with increased food intake, in such sedentary
behavior as watching tv. BMI on the other hand, may be less
affected because it consists also of muscle mass, which can
be affected by physical activity and sedentary behavior to a
lesser extent. The compositional analysis showed that in the
present study, accumulation of less than 3 min of sedentary
time and PA bouts lasting more than 3 min were associated
with body fat percentage. A recent systematic review concluded
that physical activity of any bout duration are associated with
health outcomes, including body composition variables (Jakicic
et al., 2019). Although, controversial findings from crosssectional studies have been observed, there are studies suggesting
that there are no differences in association with BMI when
comparing accumulation of <10 min bouts and >10 min bouts
(Jakicic et al., 2019). Moreover, most of the review studies
reported no difference in adiposity outcomes, such as visceral
fat, when comparing accumulation of <10 min bouts and >10
min bouts.

even aerobic activities and aerobic exercise can lead to increase
in skeletal muscle hypertrophy (Konopka and Harber, 2014).
These increases observed in the previous literature are most
prominent in sedentary, inactive individuals as well as older
individuals, however, similar adaptations have also been observed
in young healthy adults (Konopka and Harber, 2014), such as
in the present study. Furthermore, a recent systematic review
(Smith et al., 2019) concluded that there was a consistent positive
association of objectively measured MVPA and vigorous physical
activity with strength and power in children and adolescents.
Conversely, no associations of moderate or light intensity
physical activity with strength and power were observed, which
is in line with the present study where light intensity physical
activity was not associated with lower body muscular fitness.
Similarly, objectively measured vigorous physical activity, but
not light or moderate physical activity, was positively associated
with muscular endurance (Smith et al., 2019). Although strength
training is well-elucidated to be the most effective mean to
improve muscle mass and strength, it may however be speculated
in light of these findings, that even aerobic physical activity
may be preservative of muscular strength capabilities to some
extent already in young adults, at least for when comparing to
sedentary individuals. Contrary to the present study findings,
Smith et al. (2019) concluded no evidence of an association
between objectively measured sedentary time and strength and
power, as well as inconsistent findings between sedentary time
and muscular endurance.
Interestingly, the shortest analyzed physical activity bouts
lasting either less than 3 or 4–10 min bouts were associated
with lower body muscular fitness, whereas longer duration bouts
(>10 min) were not in single regression models. In compositional
analysis, PA bouts lasting more than 3 min only were associated
with muscular fitness. Speculatively, it may appear that with
more physical activity bouts there are more transitions from
sedentary behavior to standing position and moving, which could
possibly in the long term induce higher number of muscle
contractions to lower extremity muscles thereby improving
strength. However, evidence for this speculation should be
addressed in future studies.

Body Composition
Inverse associations were found between different physical
activity intensities as well as total physical activity time and
body fat percentage in single regression models, whereas the
associations with BMI and waist circumference were not as
consistently associated in the present study. Compositional
analysis indicated that among PA variables, PA bouts lasting
more than 3 min were only associated with body fat percentage.
Previously, an association between anthropometric variables and
objectively measured physical activity have been reported in
cross-sectional studies (Besson et al., 2009; Wientzek et al., 2014;
da Silva et al., 2019). However, systematic reviews conclude
that in longitudinal studies there are inconsistent findings
between physical activity and changes in weight and adiposity
(Fogelholm and Kukkonen-Harjula, 2000; Wilks et al., 2011),
although Jakicic et al. (2019) stated that there appears evidence
for an inverse association between PA and weight gain from
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Strengths and Limitations
The strengths of the present study include not only objective
measures of physical fitness and body composition but also
objective measure of physical activity. The study consists of
young adult men, who often are hard-to-reach focus group.
Nevertheless, the present study has some limitations. Due to
the cross-sectional study design, causality cannot be established,
and caution should be applied when interpreting the results.

10

December 2020 | Volume 2 | Article 587789

Vaara et al.

Physical Activity, Sedentary Time, Fitness

ETHICS STATEMENT

As within all cross-sectional studies, a reverse causation may
exist, so that for example individuals with higher body fat
percentage are less likely to engage in physical activity than
vice versa. The assessment of body composition was based on
bioimpedance method, known to be biased to some limitations.
The equation used assumes that total body water is a constant
fraction of fat free mass but many conditions can affect this
within a group and individual level. Although, our procedures
were standardized before the measurements this limitation
has to be taken into account. Secondly, although a relatively
good agreement between single and multi-frequency methods
has been reported against total body water by dilution, a
variance of error is large and can be over 2 l (∼5%) for
total body water producing high inter-individual variation.
Bioimpedance method has therefore been reported to give
systematically lower body fat and higher body lean mass values
(Sillanpää et al., 2014).

The studies involving human participants were reviewed and
approved by ethical committees of the University of Jyväskylä
and the Central Finland Health Care District, as well as the
Defence Command of the Finnish Defence Forces (AM5527).
The patients/participants provided their written informed
consent to participate in this study.

AUTHOR CONTRIBUTIONS
JV participated in the design of the study, contributed to
data collection and data analysis and interpretation of results.
TV participated in the design of the study, contributed to
data analysis and interpretation of results. TW, KP, and TO
participated in the design of the study and contributed to
interpretation of results. JR and HV-Y contributed to data
analysis and interpretation of results. HK participated in
the design of the study, contributed to data collection and
interpretation of results. All authors have read and approved
the final version of the manuscript, and agree with the order of
presentation of the authors.

CONCLUSIONS
In conclusion, the present study revealed that both sedentary
time and moderate-to-vigorous physical activity were associated
with cardiorespiratory fitness and also with lower body muscular
fitness in young healthy adult men. Moreover, accumulated bout
duration of physical activity lasting ≥3 min was consistently
associated with cardiorespiratory fitness and lower body
muscular fitness as well as all body composition indices. The
present findings emphasize the importance of avoiding sedentary
time and adopting physical activity at moderate-to-vigorous
intensity levels, which may further have beneficial associations on
physical fitness and body composition and mediate health effects.

FUNDING
The present study was funded by National Defence Foundation,
Finland; Support Foundation of the Finnish Defence Forces; The
Scientific Advisory Board for Defence, Finland.

SUPPLEMENTARY MATERIAL

DATA AVAILABILITY STATEMENT

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fspor.
2020.587789/full#supplementary-material

Data are available on reasonable request. The Finnish Defence
Forces own and manage the data, which are available for
researchers who meet the criteria for access to confidential data.

Supplementary Figure 1 | Compositional analysis of the relative importance of
the group mean time spent in sedentary, LPA and MVPA in regards to the overall
mean time composition by groups of fitness and body composition outcomes.

REFERENCES

Cao, Z. B., Miyatake, N., Higuchi, M., Miyachi, M., and Tabata, I. (2010b).
Predicting VO(2max) with an objectively measured physical activity in
Japanese men. Eur. J. Appl. Physiol. 3, 465–472. doi: 10.1007/s00421-010-1376-z
Chastin, S. F. M., De Craemer, M., De Cocker, K., Powell, L., Van Cauwenberg,
J., Dall, P., et al. (2019). How does light-intensity physical activity associate
with adult cardiometabolic health and mortality? Systematic review with metaanalysis of experimental and observational studies. Br. J. Sports Med. 53,
370–376. doi: 10.1136/bjsports-2017-097563
Chastin, S. F. M., Palarea-Albaladejo, J., Dontje, M. L., and Skelton, D. A.
(2015). Combined effects of time spent in physical activity, aedentary
behaviors and sleep on obesity and cardio-metabolic health markers:
A novel compositional data analysis approach. PLoS One. 10:e0139984.
doi: 10.1371/journal.pone.0139984
Collings, P. J., Westgate, K., Väistö, J., Wijndaele, K., Atkin, A. J., Haapala, E.
A., et al. (2017). Cross-sectional associations of objectively-measured physical
activity and sedentary time with body composition and cardiorespiratory
fitness in mid-childhood: the PANIC study. Sports Med. 47, 769–780.
doi: 10.1007/s40279-016-0606-x
da Silva, B. G. C. D., Silva, I. C. M. D., Ekelund, U., Brage, S., Ong, K. K., De
Lucia Rolfe, E., et al. (2019). Associations of physical activity and sedentary

Barlow, C. E., Shuval, K., Balasubramanian, B. A., Kendzor, D. E., and Pettee
Gabriel, K. (2016). Sitting time, physical activity, and cardiorespiratory fitness:
cooper center longitudinal study cohort. J. Phys. Act Health 13, 17–23.
doi: 10.1123/jpah.2014-0430
Besson, H., Ekelund, U., Luan, J., May, A. M., Sharp, S., Travier, N., et al.
(2009). A cross-sectional analysis of physical activity and obesity indicators in
European participants of the EPIC-PANACEA study. Int. J. Obes. 33, 497–506.
doi: 10.1038/ijo.2009.25
Booth, F., Roberts, C. K., and Laye, M. J. (2012). Lack of exercise is a major cause
of chronic diseases. Compr. Physiol. 2, 1143–1211. doi: 10.1002/cphy.c110025
Campbell, S. D. I., Brosnan, B. J., Chu, A. K. Y., Skeaff, C. M., Rehrer, N. J., Perry, T.
L., et al. (2018). Sedentary behavior and body weight and composition in adults:
a systematic review and meta-analysis of prospective studies. Sports Med. 48,
585–595. doi: 10.1007/s40279-017-0828-6
Cao, Z. B., Miyatake, N., Higuchi, M., Miyachi, M., Ishikawa-Takata, K.,
and Tabata, I. (2010a). Predicting VO2max with an objectively measured
physical activity in Japanese women. Med. Sci. Sports Exerc. 1, 179–186.
doi: 10.1249/MSS.0b013e3181af238d

Frontiers in Sports and Active Living | www.frontiersin.org

11

December 2020 | Volume 2 | Article 587789

Vaara et al.

Physical Activity, Sedentary Time, Fitness

Konopka, A. R., and Harber, M. P. (2014). Skeletal muscle hypertrophy
after aerobic exercise training. Exerc. Sport Sci. Rev. 42, 53–61.
doi: 10.1249/JES.0000000000000007
Kulinski, J. P., Khera, A., Ayers, C. R., Das, S. R., de Lemos, J. A., Blair, S. N.,
et al. (2014). Association between cardiorespiratory fitness and accelerometerderived physical activity and sedentary time in the general population. Mayo
Clin. Proc. 89, 1063–1071. doi: 10.1016/j.mayocp.2014.04.019
Lee, Y. Y., Kamarudin, K. S., and Wan Muda, W. A. M. (2019). Associations
between self-reported and objectively measured physical activity and
overweight/obesity among adults in Kota Bharu and Penang, Malaysia. BMC
Public Health 1:621. doi: 10.1186/s12889-019-6971-2
Maillard, F., Pereira, B., and Boisseau, N. (2018). Effect of high-intensity interval
training on total, abdominal and visceral fat mass: a meta-analysis. Sports Med.
48, 269–288. doi: 10.1007/s40279-017-0807-y
McGuire, K. A., and Ross, R. (2011). Incidental physical activity is positively
associated with cardiorespiratory fitness. Med. Sci. Sports Exerc. 43, 2189–2194.
doi: 10.1249/MSS.0b013e31821e4ff2
Murphy, M. H., Lahart, I., Carlin, A., and Murtagh, E. (2019). The effects of
continuous compared to accumulated exercise on health: a meta-analytic
review. Sports Med 49, 1585–1607. doi: 10.1007/s40279-019-01145-2
Nokes, N. (2009). Relationship between physical activity and aerobic fitness. J.
Sports. Med. Phys. Fitness. 49, 136–41.
Porter, A. K., Matthews, K. J., Salvo, D., and Kohl, H. W. III. (2017). Associations
of physical activity, sedentary time, and screen time with cardiovascular fitness
in United States adolescents: results from the NHANES National Youth Fitness
Survey. J. Phys. Act. Health 14, 506–512. doi: 10.1123/jpah.2016-0165
Ross, R., Blair, S. N., Arena, R., Church, T. S., Després, J. P., Franklin,
B. A., et al. (2016). Importance of assessing cardiorespiratory fitness in
clinical practice: a case for fitness as a clinical vital sign: a scientific
statement from the American Heart Association. Circulation 134, e653–e699.
doi: 10.1161/CIR.0000000000000461
Santtila, M. A., Häkkinen, K., Pihlainen, K., and Kyröläinen, H.
(2013). Comparison between direct and predicted maximal oxygen
uptake measurement during cycling. Mil. Med. 178, 234–238.
doi: 10.7205/MILMED-D-12-00276
Sillanpää, E., Cheng, S., Häkkinen, K., Finni, T., Walker, S., Pesola, A., et al. (2014).
Body composition in 18- to 88-year-old adults–comparison of multifrequency
bioimpedance and dual-energy X-ray absorptiometry. Obesity 1, 101–109.
doi: 10.1002/oby.20583
Smith, J. J., Eather, N., Weaver, R. G., Riley, N., Beets, M. W., and Lubans, D. R.
(2019). Behavioral correlates of muscular fitness in children and adolescents:
a systematic review. Sports Med. 49, 887–904. doi: 10.1007/s40279-01901089-7
Sögüt, M., Clemente, F. M., Clark, C. C. T., Nikolaidis, P. T., Rosemann, T., and
Knechtle, B. (2019). Variations in central adiposity, cardiovascular fitness, and
objectively measured physical activity according to weight status in children
(9-11 years). Front. Physiol. 10:936. doi: 10.3389/fphys.2019.00936
Stamatakis, E., Johnson, N. A., Powell, L., Hamer, M., Rangul, V., and Holtermann,
A. (2019). Short and sporadic bouts in the 2018 US physical activity guidelines:
is high-intensity incidental physical activity the new HIIT? Br. J. Sports Med.
53, 1137–1139. doi: 10.1136/bjsports-2018-100397
Stevens, J., Murray, D. M., Baggett, C. D., Elder, J. P., Lohman, T. G., Lytle, L.
A., et al. (2007). Objectively assessed associations between physical activity and
body composition in middle-school girls: the Trial of Activity for Adolescent
Girls. Am. J. Epidemiol. 11, 1298–1305. doi: 10.1093/aje/kwm202
Tucker, J. M., Welk, G. J., and Beyler, N. K. (2011). Physical activity in U.S.: adults
compliance with the Physical Activity Guidelines for Americans. Am. J. Prev.
Med. 4, 454–461. doi: 10.1016/j.amepre.2010.12.016
Vaara, J. P., Fogelholm, M., Vasankari, T., Santtila, M., Häkkinen, K., and
Kyröläinen, H. (2014). Associations of maximal strength and muscular
endurance with cardiovascular risk factors. Int. J. Sports Med. 35, 356–360.
doi: 10.1055/s-0033-1349092
Vähä-Ypyä, H., Husu, P., Suni, J., Vasankari, T., and Sievänen, H. (2018). Reliable
recognition of lying, sitting, and standing with a hip-worn accelerometer.
Scand. J. Med. Sci. Sports 28, 1092–1102. doi: 10.1111/sms.13017
Vähä-Ypyä, H., Vasankari, T., Husu, P., Mänttäri, A., Vuorimaa, T., Suni, J.,
et al. (2015a). Validation of cut-points for evaluating the intensity of physical

time with body composition in Brazilian young adult. Sci. Rep. 1:5444.
doi: 10.1038/s41598-019-41935-2
Dyrstad, S. M., Anderssen, S. A., Edvardsen, E., and Hansen, B. H. (2016).
Cardiorespiratory fitness in groups with different physical activity levels. Scand.
J. Med. Sci. Sports 3, 291–298. doi: 10.1111/sms.12425
Emaus, A., Degerstrøm, J., Wilsgaard, T., Hansen, B. H., Dieli-Conwright, C. M.,
Furberg, A. S., et al. (2010). Does a variation in self-reported physical activity
reflect variation in objectively measured physical activity, resting heart rate,
and physical fitness? Results from the Tromso study. Scand. J. Public Health
38, 105–118. doi: 10.1177/1403494810378919
Eriksen, L., Grønbaek, M., Helge, J. W., and Tolstrup, J. S. (2016).
Cardiorespiratory fitness in 16 025 adults aged 18-91 years and associations
with physical activity and sitting time. Scand. J. Med. Sci. Sports 26, 1435–1443.
doi: 10.1111/sms.12608
Fogelholm, M., and Kukkonen-Harjula, K. (2000). Does physical activity
prevent weight gain -a systematic review. Obes. Rev. 1, 95–111.
doi: 10.1046/j.1467-789x.2000.00016.x
Gillen, J. B., and Gibala, M. J. (2014). Is high-intensity interval training a timeefficient exercise strategy to improve health and fitness? Appl. Physiol. Nutr.
Metab. 39, 409–412. doi: 10.1139/apnm-2013-0187
Gralla, M. H., McDonald, S. M., Breneman, C., Beets, M. W., and Moore, J. B.
(2016). Associations of objectively measured vigorous physical activity with
body composition, cardiorespiratory fitness, and cardiometabolic health in
youth: a review. Am. J. Lifestyle Med. 1, 61–97. doi: 10.1177/1559827615624417
Grøntved, A., Ried-Larsen, M., Møller, N. C., Kristensen, P. L., Froberg, K., Brage,
S., et al. (2015). Muscle strength in youth and cardiovascular risk in young
adulthood (the European Youth Heart Study). Br. J. Sports Med. 49, 90–94.
doi: 10.1136/bjsports-2012-091907
Guo, W., Key, T. J., and Reeves, G. K. (2019). Accelerometer compared with
questionnaire measures of physical activity in relation to body size and
composition: a large cross-sectional analysis of UK Biobank. BMJ Open
29:e024206. doi: 10.1136/bmjopen-2018-024206
Hukkanen, H., Husu, P., Sievänen, H., Tokola, K., Vähä-Ypyä, H., Valkeinen,
H., et al. (2018). Aerobic physical activity assessed with accelerometer, diary,
questionnaire, and interview in a Finnish population sample. Scand. J. Med.
Sci. Sports 28, 2196–2206. doi: 10.1111/sms.13244
Husu, P., Suni, J., Vähä-Ypyä, H., Sievänen, H., Tokola, K., Valkeinen, H., et al.
(2016). Objectively measured sedentary behavior and physical activity in a
sample of Finnish adults: a cross-sectional study BMC Public Health 16:920.
doi: 10.1186/s12889-016-3591-y
Jakicic, J. M., Powell, K. E., Campbell, W. W., Dipietro, L., Pate, R. R.,
Pescatello, L. S., et al. (2019). Physical activity and the prevention of weight
gain in adults: a systematic review. Med. Sci. Sports Exerc. 51, 1262–1269.
doi: 10.1249/MSS.0000000000001938
Jantunen, H., Wasenius, N., Salonen, M. K., Perälä, M. M., Osmond,
C., Kautiainen, H., et al. (2017). Objectively measured physical
activity and physical performance in old age. Age Ageing 46, 232–237.
doi: 10.1093/ageing/afw194
Joensuu, L., Syväoja, H., Kallio, J., Kulmala, J., Kujala, U. M., and Tammelin, T. H.
(2018). Objectively measured physical activity, body composition and physical
fitness: cross-sectional associations in 9- to 15-year-old children. Eur. J. Sport
Sci. 18, 882–892. doi: 10.1080/17461391.2018.1457081
Johansson, M. S., Korshøj, M., Schnohr, P., Marott, J. L., Prescott, E. I. B.,
Søgaard, K., et al. (2019). Time spent cycling, walking, running, standing
and sedentary: a cross-sectional analysis of accelerometer-data from 1670
adults in the Copenhagen City Heart Study: Physical behaviours among 1670
Copenhageners. BMC Public Health 1:1370. doi: 10.1186/s12889-019-7679-z
Johansson, M. S., Søgaard, K., Prescott, E., Marott, J. L., Schnohr, P., Holtermann,
A., et al. (2020). Can we walk away from cardiovascular disease risk or do
we have to ’huff and puff ’? A cross-sectional compositional accelerometer
data analysis among adults and older adults in the Copenhagen City
Heart Study. Int. J. Behav. Nutr. Phys. Act 1:84. doi: 10.1186/s12966-02000985-w
Kodama, S., Saito, K., Tanaka, S., Maki, M., Yachi, Y., Asumi, M., et al. (2009).
Cardiorespiratory fitness as a quantitative predictor of all-cause mortality and
cardiovascular events in healthy men and women: a meta-analysis. JAMA 301,
2024–2035. doi: 10.1001/jama.2009.681

Frontiers in Sports and Active Living | www.frontiersin.org

12

December 2020 | Volume 2 | Article 587789

Vaara et al.

Physical Activity, Sedentary Time, Fitness

Wientzek, A., Tormo Díaz, M. J., Castaño, J. M., Amiano, P., Arriola, L.,
Overvad, K., et al. (2014). Cross-sectional associations of objectively
measured physical activity, cardiorespiratory fitness and anthropometry
in European adults. Obesity 22, E127–E134. doi: 10.1002/oby.
20530
Wilks, D. C., Besson, H., Lindroos, A. K., and Ekelund, U. (2011).
Objectively measured physical activity and obesity prevention in
children, adolescents and adults: a systematic review of prospective
studies. Obes. Rev. 12, e119–e129. doi: 10.1111/j.1467-789X.2010.
00775.x

activity with accelerometry-based Mean Amplitude Deviation (MAD). PLoS
ONE 10:e0134813. doi: 10.1371/journal.pone.0134813
Vähä-Ypyä, H., Vasankari, T., Husu, P., Suni, J., and Sievänen, H. (2015b). A
universal, accurate intensity-based classification of different physical activities
using raw data of accelerometer. Clin. Physiol. Funct. Imaging 35, 64–70.
doi: 10.1111/cpf.12127
Van Der Velde, J. H. P. M., Koster, A., Van Der Berg, J. D., Sep, S. J. S., Van
Der Kallen, C. J. H., Dagnelie, P. C., et al. (2017). Sedentary behavior, physical
activity, and fitness-the maastricht study. Med. Sci. Sports Exerc. 49, 1583–1591.
doi: 10.1249/MSS.0000000000001262
Vasankari, V., Husu, P., Vähä-Ypyä, H., Suni, J., Tokola, K., Halonen, J., et al.
(2017). Association of objectively measured sedentary behaviour and physical
activity with cardiovascular disease risk. Eur. J. Prev. Cardiol. 24, 1311–1318.
doi: 10.1177/2047487317711048
Wanner, M., Richard, A., Martin, B., Faeh, D., and Rohrmann, S. (2017).
Associations between self-reported and objectively measured physical activity,
sedentary behavior and overweight/obesity in NHANES 2003-2006. Int. J. Obes
41, 186–193. doi: 10.1038/ijo.2016.168
Weston, M., Taylor, K. L., Batterham, A. M., and Hopkins, W. G. (2014). Effects of
low-volume high-intensity interval training (HIT) on fitness in adults: a metaanalysis of controlled and non-controlled trials. Sports Med. 44, 1005–1017.
doi: 10.1007/s40279-014-0180-z

Frontiers in Sports and Active Living | www.frontiersin.org

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.
Copyright © 2020 Vaara, Vasankari, Wyss, Pihlainen, Ojanen, Raitanen, VähäYpyä and Kyröläinen. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

13

December 2020 | Volume 2 | Article 587789

