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Abstract
Sedentary behavior (SED) and physical activity (PA) are distinct behavioral domains that must be considered before inter-
preting individual profiles, particularly for amateur athletes which are considered active. The aim was to describe the PA and 
SED of master amateur runners and footballers, the main individual and team sports. Sixteen male runners and 13 footballers 
(42 ± 6.9 and 43.9 ± 3.9 years) were monitored for 7 days using triaxial accelerometers (30 Hz). The median (interquartile 
range) of up to 10 min of moderate-to-vigorous PA (MVPA bouts) was similar among runners and footballers [33.3 (56.0) 
and 32.5 (47.8) min/day, respectively] and achieved the recommended activity level. Vigorous PA levels were achieved, but 
were higher for runners than footballers [9.8 (59.5) and 1.6 (3.9) min/day, respectively]. Week-day differences for runners 
and footballers were found for light [202.0 (139.1) and 261.3 (115.3) min/day, P = 0.001], moderate [47.7 (59.8) and 103.3 
(82.7) min/day, P < 0.001] and vigorous PA [9.8 (58.9) and 1.7 (3.9) min/day, P < 0.001]. Athletes present alarming time in 
bouts of 30-min of sedentary activity on weekdays [202.8 (270.9) and 254.0 (224.3) min/day, P = 0.07]. On the weekends, 
differences were found in moderate [48.3 (54.9) and 60.8 (89.9) min/day, P = 0.013], MVPA bouts [48.2 (71.4) and 11.3 
(44.8) min/day, P < 0.001), and vigorous PA [11.6 (62.4) and 1.3 (4.1) min/day, P < 0.001]. The results of the present study 
highlight the need to consider the excessive amounts of sedentary behavior in master athletes that cannot be masquerade by 
adequate PA profiles.
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Introduction

Recent research already described the enormous inequality 
in physical activity (PA) levels across the globe and dis-
cussed about its association to obesity [1], as well as cardio-
metabolic diseases [2, 3]. In the European context, south-
ern Europe countries present the highest levels of physical 
inactivity when compared to the rest of Europe. Countries 
as Cyprus (53.7%), Portugal (50.6%) and Malta (48.7%) 

showed the highest proportion of inactive individuals, when 
compared to countries as Sweden (12.4%), the Netherlands 
(14.9%) and Finland (15.9%) [4].

Participation in sports for competitive or recreational 
purposes is one of the best ways for general population to 
maintain adequate levels of PA; in addition, it is attractive 
due to the social engagement it affords [5]. The available 
literature has recently identified in master athletes a model 
to understand the successful, and probably healthy, process 
of human aging [6, 7]. Running middle and long distances, 
and association football are the most popular lifelong physi-
cal activities practiced among adults globally [8]. This is a 
reflect of the continuous increase in the number of master 
athletes (i.e., > 40 years old) in endurance and ultra-endur-
ance events over the past years [9, 10], as well as the amount 
of 500 million people practicing association football at rec-
reational and amateur levels. Both practices are effective in 
improving the cardiometabolic profile of healthy, unhealthy, 
and untrained adults [11, 12]. The differences in the physical 
demands of both sports are well-known and basically derive 
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from continuous versus intermittent aerobic stress experi-
enced in running and association football, respectively. 
However, it seems that training in both sports is efficient 
in reducing body composition parameters when the train-
ing intensity is well matched [12]. This correspondence is 
still uncertain regarding the promotion of healthy levels of 
physical activity and reduction of sedentary behavior in the 
practitioners’ or athletes’ lifestyle.

The current guidelines of the World Health Organiza-
tion recommend that adults should do at least 150 min of 
moderate-intensity aerobic PA throughout the week or, at 
least, 75 min of vigorous-intensity aerobic PA throughout 
the week or an equivalent combination of moderate and 
vigorous-intensity activity [3]. These recommendations are 
important to be considered since sedentary time and total 
moderate-to-vigorous (MVPA) activities are associated 
to health risk in adults [13, 14]. Besides the lack of PA, 
the sedentary behavior (SED), characterized by an energy 
expenditure less (or equal) than 1.5 metabolic equivalents 
[15] and associated to prolonged inactivity or body positions 
(sitting, lying and standing) during waking hours, has also 
been associated to cardiovascular disease mortality [16]. The 
context involving the definition of a unique solution to this 
issue is challenging.

Surprisingly, time spent in MVPA has been shown to be 
independent of sedentary time. Indeed, adults that meet the 
PA guidelines, as well as athletes, do not present less sed-
entary time when compared to sedentary adults at risk [17, 
18]. The idea that sedentary and physically active times are 
two distinct behavioral domains indicates that both domains 
must be considered before determining and interpreting indi-
vidual activity profiles. Particularly, because of the engage-
ment in regular training and sports practice, there is little 
concern about the PA profile from recreational to amateur 
and high-level athletes, but the literature has been pointed 
out some evidences on the issue. Previous studies have 
shown that professional athletes can spend a large amount 
of time in sedentary activity [19, 20] or even fail to reach the 
recommended levels of PA [21]. In recreational level, habit-
ual runners are also reported to present the same sedentary 
time when compared to sedentary people [22], despite the 
training regime. Although assessed by questionnaires, it has 
been shown that intensity and duration of sports practice are 
inversely associated to the amount of sedentary time master 
athletes accumulate [23]. However, the impact that different 
backgrounds inherent to specific sports practice has on the 
PA and SED profiles is still unknown and would be useful 
for optimizing compliance guidelines. Thus, the aim of the 
present study is to describe and compare the PA and SED 
activity profiles of older amateur runners and footballers. It 
was hypothesized that the differences imposed by specifici-
ties of each sport would reflect in different PA and SED 
profiles.

Materials and methods

Study design

A total of 16 male runners and 13 male footballers volun-
teered to participate in this study. Short, middle and long-
distance master runners locally recruited formed the run-
ners’ group. The footballers group included local football 
association master players, which had a background of life-
long participation in football training. Criteria for inclusion 
were applied to ensure all runners compete at recreational 
level, with, at least, 2 years of competitive experience. Foot-
ballers also had to be engaged in a minimum of 3 h of foot-
ball training per week. For all subjects, exclusion criteria 
included any history of musculoskeletal, neurological or 
orthopedic injuries in a period of a year before the time the 
study was performed, or symptoms of cardiovascular and 
hypertension disease. The study protocol was conformed to 
the recommendations of the Declaration of Helsinki and was 
approved and followed the guidelines stated by the local 
Institutional Research Ethics Committee (UID/DTP/04045). 
Participants fully informed about the protocol description 
and provided written informed consent before data collec-
tion. Age, anthropometric variables and characteristics of 
participants’ training programs are described in Table 1.

The study design consisted of two laboratory visits. In 
the first visit, participants were given the Actigraph® GT9X 
Link + (Pensacola, FL, USA) to monitor PA and SED, as 
well as the instructions of how to use it. They should wear 
the monitor in their dominant wrist, for 7 days (including 
5 weekdays and 2 weekend days), completing 9–12 h/day, 
and were allowed not to use it during sleep, personal care 
and activities under water. They were asked not to wear the 
accelerometer during competition, if there were any during 
the period of assessment. Participants were also asked to 
fill a daily report, where they would inform the approximate 
periods of monitor wearing and non-wearing. The second 

Table 1   Description of the study participants and respective training 
program characteristics

Runners (n = 16) Footballers (n = 13)

Age (years) 42 ± 6.9 43.9 ± 3.9
Weight (kg) 75.6 ± 6 79.9 ± 6
Height (cm) 174.0 ± 6 171.6 ± 7
BMI 25.1 ± 2.37 27.2 ± 1.83
Training frequency (times/

week)
4 3

Session duration (min) 60 60
Type of activity Middle and 

long-distance 
running

Association football
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visit was arranged 8–9 days after the first visit, to collect the 
monitors and the daily report. The participants also filled a 
customized questionnaire to characterize their training and 
competition intensities and frequency. Runners performed 
four training sessions while footballers trained three times 
during the week of assessments, distributed depending on 
each individual.

Measures

As a reliable way of analyzing PA and SED in free-living 
environment [24], the triaxial acceleration was recorded by 
the monitoring device at 30 Hz of sampling frequency. Raw 
acceleration data were processed in R using the R-package 
GGIR (http://cran.r-proje​ct.org/), which is designed for pro-
cessing multiday raw accelerometer data [25, 26]. GGIR 
consists of processing an epoch-specific acceleration sum-
mary variable, called Euclidian Norm Minus One, which is 
calculated by subtracting the gravitational force from the 
vector magnitude of the three axes. Based on these data, 
the intensity-specific cut-points for sedentary, light, moder-
ate, vigorous, and time in MVPA bouts were calculated as 
min/day, guided by Hildebrand and colleagues [27]. Time 
in MVPA bouts describe the total time in bouts of MVPA 
lasting up to 10 min. Individual days were excluded from 
the analysis if wear time was less than 10 h, following the 
procedures of vanHees et al. [28]. The average of valid hours 
obtained for the calculation of the energy expenditure vari-
ables was 9.5 h/day.

Statistics

The mean PA and SED profiles of runners and football-
ers were compared as function of the groups and week 
days, using Mann–Whitney test for non-parametric data 
(P < 0.05), after testing the normality of the dataset with the 
Lilliefors test (P < 0.05). Thresholds for effect size statistics 

interpretation will follow Cohen’s guidelines for r, where 
< 0.3, small; < 0.5, medium; > 0.5, large [29].

Results

The 7-day PA and SED profiles of runners and footballers 
are presented in Table 2. Footballers present significantly 
higher time of total light and moderate physical activity 
(P < 0.001), with small and medium effect sizes, respec-
tively. Runners, on the other hand, spend higher amount of 
time in vigorous physical activity when compared to the 
footballers (P < 0.001, with medium effect size).

When weekdays (Fig. 1) and weekends (Fig. 2) pro-
files were analyzed separately, it was found that footballers 
on week days spend higher amount of time (min/day) in 
light [median (interquartile range) = 261.3 (115.3); mean 
rank = 94.7] and moderate PA [103.3 (82.7); 110.4] than 
runners [202.0 (139.1); 75.6 and 47.7 (59.8); 59.0]. Run-
ners, on the other hand, showed higher amount of vigor-
ous PA [9.8 (58.9); 100.4] than footballers [1.7 (3.9); 57.3]. 
The Mann–Whitney U value was found to be statistically 
significant for week days moderate (U = 1181 (Z = − 6.9), 
P < 0.001) and vigorous PA (U = 1513 (Z = − 5.8), 
P < 0.001), with medium effect sizes (r = 0.5 for moderate 
and vigorous PA); and for week days light PA (U = 2292 
(Z = − 3,2), P = 0.001) with small effect size (r = 0.2). 
Time spent in at least 30 min bouts of sedentary activity 
for footballers [254.0 (224.3); 89.1] presented a tendency to 
be higher than for runners [202.8 (270.9); 75.6], although 
not statistically significant [U = 2694 (Z = − 1.8), P = 0.07, 
r = − 0.1].

On the weekends, footballers and runners show a different 
PA and SED behavior. Runners show higher amount of vig-
orous activity [11.6 (62.4); 44.3] and time in MVPA bouts 
[48.2 (71.4); 41.9] than footballers [1.3 (4.8); 22.0 min and 
11.3 (44.8); 24.8, respectively]. Footballers perform more 
moderate PA [60.8 (89.9); 40.34] on the weekends than 

Table 2   Physical activity and sedentary behavior profile of master runners and footballers in typical 7-day period

PA physical activity; time in MVPA bouts = time in bouts up to 10 min of moderate-to-vigorous physical activity
*Significantly different between groups (P < 0.05)

Runners Footballers Mann–Whitney

Median (IQR) Mean rank Median (IQR) Mean rank U (Z) P r

Time spent in at least 30 min bouts in 
sedentary activity (min/day)

218.6 (309.6) 109.80 256.8 (290.6) 121.48 5817 (− 1.3) 0.18 − 0.1

Total sedentary activity (min/day) 528.4 (202.3) 110.33 540.9 (195.2) 120.81 5884 (− 1.2) 0.23 − 0.1
Total of light activity (min/day) 177.6 (129.3) 102.50 239.9 (133.6) 130.56 4890 (− 3.2) 0.001* − 0.2
Total of moderate activity (min/day) 47.7 (59.3) 86.80 89.5 (84.0) 150.12 2895 (− 7.2) < 0.001* − 0.5
Total of vigorous activity (min/day) 9.8 (59.5) 144.17 1.6 (3.9) 78.68 2773 (− 7.4) < 0.001* − 0.5
Time in MVPA bouts (min/day) 33.3 (56.0) 119.31 32.5 (47.8) 109.63 5929 (− 1.1) 0.27 − 0.1

http://cran.r-project.org/
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runners [48.3 (54.9); 28.5]. Mann–Whitney U value was 
found to be statistically significant for weekends vigorous 
[U = 185.5 (Z = − 4.7), P < 0.001] and MVPA [U = 273.5 
(Z = − 3.6), P < 0.001], with medium and large effect sizes 
(r = 0.4 and 0.6, respectively); and moderate PA [U = 361.5 
(Z = − 2.5), P = 0.013] with medium effect size (r = 0.3).

Sedentary behavior does not seem to be different between 
runners and footballers, even when the week periods are 
analyzed separately.

Discussion

The aim of the present study was to describe and compare 
the activity profile of master amateur runners and football-
ers, relating their PA and SED profiles. The main finding 
of the present study is that different sports influence on dif-
ferent distributions of PA levels in adults. Amateur runners 
tend to maintain higher amounts of vigorous PA, while foot-
ballers perform higher amounts of light and moderate PA. 
In terms of SED, no significant difference was found in the 
time both groups spent sedentary.

During the week, the distribution of time in MVPA bouts 
among different sports is not the same: on the week days, 
master runners and footballers present the similar time in 
MVPA bouts spent daily. On the weekends, runners present 
higher MVPA bouts than footballers. The WHO recommen-
dations indicate that adults should accumulate 150 min of 
moderate or MVPA activities per week [3]. Yet, overall, both 
groups seem to accumulate the recommended levels of PA in 
a typical 7-day period, considering the results for moderate 
and time in MVPA bouts, which the latter represents a meas-
ure of sustained PA. As health can be considered the state 
in which the level of PA undertaken is sufficient to maintain 
the physiological function without the effects of sedentarism 
[7], MVPA participation has the effect of enhancing the car-
diorespiratory fitness, which is a predictor of longevity [30]. 
Especially sustained time in MVPA of, at least, 10 min, has 
been related to decreased cardiometabolic risk [31]. WHO 
also established a recommendation alternative of 75 min of 
vigorous activity per week. Running and football training are 
effective ways of enhancing fitness parameters as body com-
position [12], maximal aerobic power and flexibility [32] in 
untrained adults, when training intensities match. Yet, in the 
present study, we found that runners present significantly 

Fig. 1   Week days PA and SED profiles of master runners and footballers. *Significant difference between groups (P < 0.05)

Fig. 2   Weekends PA and SED profiles of master runners and footballers. *Significant difference between groups (P < 0.05)
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higher daily vigorous activity time on the week and week-
ends, and overcome the WHO recommendations, which is 
not the case for footballers. It seems that, in master level, 
the high physical activity intensities of football practice may 
not reach what is recommended for maintaining or improv-
ing health status, which should be observed with caution, 
especially if sustained time in MVPA levels is not achieved.

Moreover, the approach on the PA and SED profiles has 
been changing in the last years. Sedentary behavior was 
recently argued to be independent of the physical activity 
levels [17, 33]. Runners’ and footballers’ SED were assessed 
in this study through the time spent in 30-min bouts in sed-
entary activity and total sedentary activity. There is a trend 
of higher prolonged sedentary time for footballers, as shown 
by the time spent in 30-min bouts of sedentary activity. Pro-
longed sedentary time is positively associated to overweight 
[34], arterial stiffness, and other cardiometabolic risk factors 
[35], although the underlying physiological mechanisms are 
not well defined. Both groups’ total time in sedentary activ-
ity is also worrying. The literature have already reported that 
9 h of daily exposure to sedentary behavior has been associ-
ated to all-cause mortality [36]. Thus, achieving considerate 
sustained time in MVPA levels and a fair amount of vigor-
ous activity due to training and competitions does not avoid 
harmful SED in amateur athletes. It has been suggested that 
breaking sedentary time or even replacing sedentary time 
with MVPA [37, 38] can improve metabolic health markers 
[39], although it is not enough to eliminate health risk [40].

The present study shows evidence that monitoring sed-
entary time and behavior modes is the key to track whether 
health and performance measures are outlined to yield the 
best outcomes. A model has been proposed to describe 
the integration of aging, exercise and health in high-level 
master athletes as a successful way to explain the trajectory 
of human physiology aging process unaffected by the con-
founding effects of inactivity [7, 41, 42].

Running and association football are the most practiced 
sports worldwide [8]. Running is a popular alternative form 
of exercise by the independency on factors such as age, part-
ners, income, and sportive structure. Association football is 
the most practiced of team sports, highly motivating for its 
social aspects [43], and also requires easy-access equipment 
for practice. Master athletes are encouraged to engage in 
the sport practice and caring about structuring and organ-
izing specific training. We believe that these characteristics 
related to such level of competitions explain the variation in 
all the PA and SED levels among the different days of the 
week and differs from the results reported in the literature 
for habitual runners [22] and professional footballers dur-
ing off-training time [19]. Therefore, performance issues 
have also to be considered in the discussion and demand 
criteria, thus it can be properly aligned to the health-related 
interpretation of the results. The balance between training 

and proper management of recovery is necessary to decrease 
injury risk and improve performance in athletes [19]: PA and 
SED profiles have to meet healthy levels but not compromise 
performance.

Even though the sample size of the present study seems 
small, the data obtained come from adults engaged in organ-
ized and amateur training and sports practice level, which 
is highlighting. Thus, the results support evidence to the 
benefits of sports practice and training by approaching these 
athletes to the model of successful aging discussed above. 
Although they are not professionals, we found that run-
ners and footballers might stand above the set point, where 
they achieve more than sufficient physical activity levels 
to enhance physiological function, stimulated by the sport 
component of aiming to improve overall performance. This 
will lead to an approximation to the curve that represents 
the biological aging, towards the decline of performance 
as a natural process and without the effects of sedentarism. 
Nevertheless, adult master athletes also present risk factors 
as increased prolonged sedentary time, thus joining PA and 
SED is encouraged to allow a correct interpretation of their 
energy expenditure profiles. This is relevant in the public 
health level once, by enhancing the knowledge of the effects 
of regular and organized sports practice on adults’ lifestyle, 
it may help guiding policies to prevent diseases and improve 
health.

Conclusion

The present study measured and compared the PA and SED 
of master runners and footballers. Both groups presented 
enough levels of sustained MVPA and vigorous activ-
ity regarding what is recommended by the World Health 
Organization, however, they also presented risky prolonged 
sedentary time. Thus, there is a need to bring attention to 
how to manage PA and SED of adults engaged in sports 
for middle-age people, thus health recommendations and 
performance demands are well balanced.
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