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Abstract

Background

Physical activity (PA) is associated with health enhancement. The aim of this study was to
assess: 1) levels and patterns of PA in university students by using accelerometers; and 2)
the percentage of fulfilment of PA recommendations for adults, according to different public
health guidelines.

Methods

Observational cross-sectional study (Cuenca’s Adults Study) involving 296 (206 women)
healthy Spanish university students aged 18-25 years old. Participants wore the ActiGraph
GT1M accelerometer for seven consecutive days. Total PA, steps and time spent in seden-
tary time, light, moderate, vigorous, and moderate to vigorous PA (MVPA) was assessed,
and the prevalence of sufficient PA was calculated according to various public health
guidelines.

Results

No sex differences in total PA were found. University students were more sedentary during
weekend days than weekdays (p<0.05). Only 30.3% of participants accumulated 30 min/
day at least five days a week of MVPA. A total of 5.4% of students met the recommendation
of 150 min/week of MVPA or 75 min/week of vigorous PA, in PA bouts of at least 10 min.
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using the same definition, but on five or more days a week, only 0.5% students were found
to meet the recommendation. In addition, only 0.5% of students met the recommendation
of 30 min/day of MVPA, at least five days a week and in bouts of at least 10 min. Finally,
28.1% of the students met the recommendation of 10,000 steps/day.

Conclusions

Our study shows a high incidence of sedentary time in university students. The number of
students meeting PA recommendations significantly differed depending on the recommen-
dation proposed. Specific strategies to promote PA in this population are necessary as well
as an agreement as to which PA guidelines should be used.

Background

Consistent evidence shows that regular physical activity (PA) helps to maintain good health
levels and prevents diseases such as hypertension, obesity, metabolic syndrome, heart disease,
diabetes, osteoporosis and some cancers, and produces significant benefits at psychosocial level
[1,2]. However, despite its benefits, a high percentage of adults in most developed countries do
not meet the current recommendations for PA, and their PA level is very low [3- 6].

It is known that the levels of PA decrease from childhood to adolescence, as well as from
adolescence to adulthood [7,8]. Adolescence is a period in which physiological and psychologi-
cal changes take place; whereas, the transition to young adulthood implies important lifestyle
changes. Young adults spend more time in sedentary behaviours, and consume large amounts
of alcohol and tobacco during the university period [8,9], leading to an unhealthy lifestyle and
an increased cardiovascular risk [10].

Several studies have objectively measured the levels and PA patterns in young adults [4-
6,11-15]. However, college students’ PA has been measured subjectively and inconsistently,
which makes comparisons of PA patterns among different samples very difficult [16,17]. In
Spanish university students, there is a lack of data of objectively measured PA behaviours.
Since these PA habits are modifiable, and the benefits of changes in this behaviour are greater
the earlier they occur, identifying PA patterns will enable us to design programmes for PA in
order to prevent future health problems.

Several PA public health guidelines for healthy adult populations have been published over
the last years; however, they differ in the amount, intensity and frequency of PA. In 1995, the
Centers for Disease Control and Prevention (CDC) and the American College of Sports Medicine
(ACSM) [18] recommended that ‘every adult should accumulate 30 minutes or more of moder-
ate-intensity PA on most, preferably all days of the week’. In 2007, the American Heart Associa-
tion (AHA) and ACSM [19] issued a revised recommendation clarifying that ‘moderate PA had
to be done for a minimum of 30 min on five days/week and/or 20 min vigorous PA on three
days/week, allowing the combination of both, and in episodes of at least 10 min’. In 2008, the
US Department of Health and Human Services [20] and in 2010, the World Health Organiza-
tion (WHO) [21] recommended at least 150 min of moderate aerobic PA/week or 75 min of
vigorous aerobic PA/week, also allowing the combination of the two intensities, and in episodes
of at least 10 min. The British Association of Sport and Exercise Sciences (BASES) [22] added
that this aerobic PA had to be done on five or more days/week. Concurrently, PA public health
guidelines have also been launched taking into account the number of steps/day with 10,000
steps/day as a reference [23]. This disparity in the recommendations on PA implies that the
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degree of compliance increases or decreases depending on the public health guidelines taken as
a reference, and as a consequence the estimates of association with health outcomes also differ.

Several studies have reported the level of adult adherence to different PA public health
guidelines [5,12,24-27]. Some have compared the compliance to different public health guide-
lines in the same population [4,15,28-30], but to our knowledge there are no similar studies of
Spanish university students. Therefore, the aims of this study were to assess in a cross-sectional
study in Spanish university students: 1) levels and patterns of PA using an objective measure,
and 2) the percentage of fulfilment of PA recommendations for adults, according to different
public health guidelines.

Materials and Methods
Study Design and Population

The Cuenca Adults Study is a longitudinal study aimed at assessing the changes in lifestyle and
cardiovascular risk factors that occur during an individual’s time at university [31-33].

The measurements of this study were conducted in 2009-2010 in the Cuenca campus (Uni-
versity of Castilla-La Mancha, Spain). From a total of 963 students in their first year, 770 stu-
dents were invited to participate. They were all first year students of eight different degrees
(Psychology, Law, Nursing, Architecture, Engineering, Business, Fine Arts and Social Work)
and only 6 of 12 groups of first year of Education grade which were randomly invited to partici-
pate (Fig 1). Only the Nursing degree course was related to health. From the 770 invited stu-
dents, 683 (88.7%) agreed to participate (504 woman, 73.8%). This sex distribution was similar
to the whole campus student population (4,814 students, 63% women, n = 3,022), so that some
degrees such as Nursing or Social Work could be mainly preferred by women.

The investigators attended first year courses to explain the aims of the study and invite par-
ticipants; those interested signed the informed consent.

Students received a T-shirt and one European Credit Transfer System (ECTS.) for having
participated in the study.

The university population included students older than 17 years old. Most of them lived in
rented flats (40%) or in campus hostels (30%) close to the campus, so they are not far away
from the lecturing places. In comparison to the other Castilla-La Mancha campuses, the cam-
pus of Cuenca is not very crowded and is located about a mile and a half away from the town
centre. A sports service that organizes competitions and other recreational activities is situated
in the campus. However, the student participation is quite poor. Only 3% of university women
and 51% of men were engaged in competition activities and 19% of women and 23% of men in
leisure activities.

The study protocol was approved by the Clinical Research Ethics Committee of Virgen de la
Luz Hospital in Cuenca, and all subjects signed informed consent forms prior to their partici-
pation in the study.

Anthropometry

The measurements were made in the University by trained investigators to minimize inter-
observer variability. Body mass and height were measured following standardized recommen-
dations with an electronic scale (SECA Model 861; Vogel & Halke, Hamburg, Germany,
precision = 100 g, range = 0-150 kg), and a stadiometer (Type Seca 222, precision = 0.1 cm,
range = 6-230 cm). The average of two measurements was taken. Body mass index (BMI) was
calculated as body mass (in kilograms) divided by height2 (in metres).
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Fig 1. Flowchart showing the progress of students through the study.
doi:10.1371/journal.pone.0141977.g001
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Assessment of physical activity

Participants wore an accelerometer (model MTI/CSA 7164, Actigraph, Shalimar, FL, USA) for
seven consecutive days. A minimum of four days with valid data (minimum 600 registered
min/day and including at least one weekend day) were set as inclusion criteria [33,34]. The
device was worn on the right hip of the participants, attached with an elastic band. Because the
accelerometers were not water-resistant, the subjects were asked to remove them before show-
ering or entering a pool. In this study, the interval of recorded time (epoch) was set at 60 sec-
onds, shown as valid for measuring PA in adults [35], and any 10-min intervals of continuous
‘zero’ activity were excluded from the analysis. Data were collected throughout the school year
(September to July). Considering the students” answers in the PA log (mean bedtime and wake
up) it was considered ‘Awake time’ from 8.00 to 0.00 h. Accelerometer data were processed
(Kinesoft v3.3.55) to provide values for each hour between 8.00 and 0.00 h for total daily and
hourly counts per minute (cpm), sedentary time, light PA, moderate PA, vigorous PA, moder-
ate-vigorous PA (MVPA), steps and non-wear time for weekdays and weekend. The intensity
of weekly PA was assessed as average cpm. The cut-off values used to define the intensity of PA
and, therefore, quantify the mean time in each intensity were the following: sedentary time =
<100 cpm, light PA = 100-1951 cpm, moderate PA = 1952-5724, vigorous PA = >5725, and
MVPA was calculated as the sum of moderate and vigorous PA [36].

Finally, the student percentage that had met different PA recommendations for adults was
quantified and assessed. According to different public health guidelines, the sum of the min/
day of moderate and vigorous PA and number of steps/day were processed. This was struc-
tured from low to high demand criteria of the guidelines [18-23] and by calculating the MVPA
and vigorous PA in bouts of at least 10 minutes (allowing a minute or two below level
marking):

- Recommendation 1 (R1): >30 min of MVPA for most of the week (5 days) [18].

- Recommendation 2 (R2): >150 min/week MVPA (R2A) and/or >75 min/week vigorous
PA in bouts of at least 10 min (R2B) [20,21].

- Recommendation 3 (R3): >150 min/week MVPA (R3A) and/or >75 min/week vigorous
PA (R3B) in bouts of at least 10 min in 5 or more days/week [22].

- Recommendation 4 (R4): >30 min/day MVPA x 5 days/week (R4A) and/or >20 min/day
vigorous PA x 3 days/week (R4B) in bouts of at least 10 min [19].

- Recommendation 5 (R5): 10,000 steps/day [23].

The students who had less than five valid days were excluded from the analysis of recom-
mendations R3A, R3B and R4A.

Calculation of sample size

The sample size (n = 451) was calculated by means of the software StatsDirect estimating a
prevalence of overweight/obesity of 25%, a confidence level of 95% and a precision of 4%. Esti-
mating a rate of not response of 10%, the total size of the sample was 496 students.

Statistical Analyses

The variables were checked for normal distribution both through graphical procedures and by
the Kolmogorov-Smirnov test. Descriptive data were assessed by the t-test for normally distrib-
uted variables and Mann-Whitney’s U for non-normally distributed variables.
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As none of the PA-related variables had a normal distribution, the Wilcoxon test was used
to compare PA intensities on weekdays and weekends. Since an interaction between sex and
the studied variables was not observed (all p>0.05), all analyses were performed for men and
women together.

All statistical analyses were performed with the statistical software IBM™ SPSS™ Statistics
19, and the level of significance was set at p<0.05.

Results

Fig 1 shows the progress of students through the study. From the 683 students who agreed to
participate, a randomly selected subsample of 353 participants (51.7%, 253 women), aged 18-
25 years old, was selected to wear the accelerometer. The final sample included 296 (83.8%, 206
women) first year university students with four days of valid accelerometry data (minimum
600 registered min/day and including at least one weekend day).

Anthropometric and PA characteristics are displayed in Table 1. There were no significant
differences (p< 0.05) between men and women in PA-related variables. Overall, university stu-
dents were more active on weekdays than weekend days, except for light PA and number of
steps in males.

Fig 2 shows hourly sedentary time, light PA, moderate PA, vigorous PA, MVPA and hourly
distribution of overall PA level (cpm). The university students spent more time being sedentary
and in light PA during the weekend than they did in the evening. In addition, students spent
more time in MVPA and average PA intensity was higher on weekdays. Time spent on MVPA
and the average PA intensity was consistently higher from 9.00 to 10.00, 14.00 to 15.00 and
19.00 to 21.00 on weekdays and from 12.00 to 14.00 at the weekend. In addition, throughout
the week, MVPA and cpm levels were higher in the afternoon and evening than during the
morning.

S1 Fig shows hourly average non-wear time. The average non-wear time was 20.2 minutes
on weekdays and 20.3 minutes on weekend days, and the university students were wearing the
accelerometer for more time in the evening than during the morning and in the afternoon.

There were no age, sex or anthropometric differences between students who had five or
more valid days and those who did not. The percentage of students meeting the different PA
recommendations according to different public health guidelines is presented in Fig 3. R1 was
met by 89/294 participants (30.3%), the highest compliance rate of all recommendations. Only
16/296 students (5.4%) met the recommendation of 150 min MVPA/week accumulated in 10
min bouts (R2A) and none of the participants of the total (0/296) accumulated 75 min vigorous
PA a week (R2B). When the PA was performed on at least five days, only one person (0.5%) of
212 carried out MVPA (R3A) and, again, none of the 212 fulfilled the recommendations of vig-
orous PA (R3B). Only one participant (0.5%) of 212 accumulated 30 min of MVPA on at least
five days of the week in bouts of at least 10 min (R4A) and none of the 296 fulfilled the recom-
mendations of vigorous PA (R4B). Finally, 55/196 students (28.1%) achieved 10,000 steps/day
on average (R5).

Discussion

There is a lack of studies examining the objectively measured PA patterns in Spanish university
students, probably because of the difficulties in getting access to this population; they are a very
specific and busy population during the weekdays due to a stable timetable and during periods
of exams students spend most of their time studying. Moreover, few studies assess compliance
with the recommendations for PA included in the different public health guidelines for adults
[4,12,15,28]. Our data reveal that the amount of PA that Spanish university students perform is
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Table 1. Descriptive characteristics of the studied participants.

Age (years)®

Height (m)

Weight (Kg)

BMI (Kg/m?)

Total activity (cpm)
Registered time (min/d)
Valid days (no.)

Non- wear time (min/d)
Weekday PA
Sedentary time (min/day)
Light PA (min/day)
Moderate PA (min/day)
Vigorous PA (min/day)
MVPA

Steps®

Weekend PA
Sedentary time (min/day)
Light PA (min/day)
Moderate PA (min/day)
Vigorous PA (min/day)
MVPA (min/day)
Steps®

Overall
(n = 296)
19.3+1.76
1.65(1.59-1.72)
60.6(52.9-69.2)
21.8(19.9-24.1)
294.2(227.7-357.9)
822 + 111.41
5.26 £+ 0.97
618 £ 111.37

595.2(540.1-647.2)*
253.3(217.5-287.2)*
36.1(22.4-53.8)*
0.33(0-1.57)*
39.4(23.2-55)*
9081(7128-10861)*

618(542.5-689.7)
256.3(221.4-300.2)
22.3(10.5-40.5)
0(0-0)
22.5(10.5-41.4)
7971(5763-10430)

Men
(n =90)

19.7241.79
1.74(1.70-1.80)
71.1(62.9-79.9)
23.1(21.1-25.2)

281.3(224-360.2)

820.9 + 104.62

5.27 £ 0.92

619 + 104.61

601.3(547.1-664)*
256.3(223.35-284.26)
32.2(23-50.1)*
0.33(0-2.05)*
34.4(23.2-53.2)*
8994(7706-10949)

622.8(541.4-695.4)
251.65(220.4-300.4)
22.3(11.4-34.6)
0(0-0)
22.8(11.4-37.1)
8439(6740-10516)

Women
(n =206)
19.16+1.73
1.63(1.58-1.67)
56.5(50.9-64)
21.3(19.7-23.4)
297.6(231.4-357.3)
822.4 + 114.46
5.26 + 0.99
6175+ 1144

593.4(534.6-641.8)*
250.9(216-289.2)*
38.1(22-54.3)*
0.25(0-1.5)*
40.6(22.9-55.6)*
9132(6976-10811)*

617.8(549.6-688.5)
259.1(221.8-300.6)
22.3(9.9-43.1)
0(0-0)
22.5(10.4-43.5)
7656(5406—10399)

P value

0.011
< 0.001
< 0.001
< 0.001

0.565

0.918

0.929

0.918

0.213
0.757
0.430
0.318
0.491
0.445

0.485
0.890
0.876
0.903
0.858
0.120

8Age is shown as mean (standard deviation) and descriptive anthropometric characteristics, physical activity (PA) characteristics and steps are shown as

medians and interquartile range.

Abbreviations: PA, physical activity; BMI, body mass index; cpm, counts per minute; MVPA, moderate-to-vigorous physical activity.
*Significant differences between weekdays and weekend.
®Overall (n = 197), men (n = 62), women (n = 135).

doi:10.1371/journal.pone.0141977.t001

low, and that the compliance with recommendations for PA depends on the requirements of
each of the public health guidelines.

Physical activity levels and patterns

Overall physical activity. To our knowledge, few studies have quantified the levels and
patterns of PA in this population in Spain [37-40] and none have measured it objectively. The
average of steps/day (12,219) and daily cpm in our study (390) are similar to that reported in
other studies, although participants in those studies were older [3,6,41,42]. It is plausible to
think that these low values may be due to greater academic demands. During their college
years, many students become independent of their families and as a consequence they might
spend more time doing chores that involve more housework. And from our point of view, they
could cease their physical activity habits. In contrast to what happens in similar studies, where
males are more physically active than females [13,43], in our study the levels of PA and steps
were similar in men and women. This may be because our sample included university students
who have a stable timetable set by their academic classes that cause PA patterns to be similar
during this period. In line with our results, Hagstromer et al.[3] did not find sex differences in
the Swedish population aged 18 to 39 years, the age range that included our subjects. This
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Fig 2. Time spent hourly in sedentary time, light activity, moderate activity, vigorous activity and MVPA and overall PA level (cpm) in Spanish
university students on weekdays and weekends.

doi:10.1371/journal.pone.0141977.9002
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R5:10,000 steps/day average.

Fig 3. Prevalence (%) of compliance of physical activity recommendations according to the different guidelines.

doi:10.1371/journal.pone.0141977.g003

study also measured PA objectively and inclusion criteria were similar to ours [3]. Similarly, in
the Behrens study there were no significant differences in steps during the seven-day period by
gender [44].

Time in intensity categories. The mean time spent in sedentary time on weekdays was
594 min/day and at weekends was 618 min/day. These values are higher than those found in
the literature [5,6,8,42]. A possible explanation for this is the fact that university students
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spend many hours sitting in class or studying. Light PA (median 253 min/weekday and 256
min/weekend day) in this study was similar to other studies [4,42], however, in a study of the
Portuguese population [5]the number of min/day is lower for those aged between 18 and 29
years, even considering that the cut-offs to calculate this intensity are broader (100-2019 cpm)
than those used in our study (100-1951 cpm). Moderate PA was lower (~29 min/day) in our
study compared with others [5,6,8,15,42,44] and an alarming result was the number of minutes
spent in vigorous PA that was almost nil. These data are truly worrying as consistent evidence
argues that the practice of vigorous PA is associated with low cardiovascular and metabolic risk
and high aerobic capacity in young adults [33]. Finally, the performed steps number was simi-
lar to other studies. [15,28].

Physical activity on weekdays vs. weekend days. University students were more active on
weekdays than weekends, which is consistent with other similar studies [41,44]. They spent
more time on MVPA and walked a higher number of steps on weekdays than on weekends
(39.4 vs 22.5 min/day, 9081 vs 7971 steps/day median) and spent less time being sedentary on
weekdays than weekends (595.2 vs 618 min/day).

In the current study, on one hand, we found that the participants spent more time being
sedentary in the evenings on both weekdays and weekends. On the other, the major peaks of
MVPA during weekdays were found to be in the early and late morning and evening. This was
probably caused by the activity that happened from home to university, usually done by active
commuting, as well as performing sports and leisure activities in the evenings. These data are
similar to the data found in a study of objectively measured PA in Hong Kong adults [41]
where cpm increased on weekdays during 08.00-08.59, 13.00-13.59 and 18.00-18.59. Probably,
the fact that these peaks in PA intensity occur an hour ahead of us, may be due to time differ-
ences in each country or culture.

Throughout the weekdays, MVPA and cpm levels were higher in the afternoon and the
evening. This differs from the results found in the literature [45], where higher levels of MVPA
are in the morning. In addition, it is difficult to compare the samples, because the age group
splits our population into two separate populations, those aged 15 to 19 years and adults aged
from 20 to 79 years.

Compliance with different physical activity recommendations

Our results showed, in keeping with other similar studies [3,4,13,46], that young adults do not
meet the official PA recommendations for health. In addition, when PA guidelines include
more flexible criteria [18], the compliance increases markedly [15]. Previous studies have also
shown that low levels of PA are especially evident when bouts of 10 min are considered [28]. If
we compare R1 with R4A, we observe these have the same criteria, but without the bouts
requirement, and compliance decreases from 30.3% to 0.5%. This indicates that university stu-
dents accumulate PA during periods of very short duration and/or with frequent interruptions.
A study of the Portuguese population [5] also showed that when blocks of 10 min of continu-
ous activity of moderate or vigorous intensity were considered, the prevalence of the active
population dramatically decreased, varying from ~70% of people aged 18-29 to ~5% accumu-
lating at least 30 min of PA a day. However, this decrease was much lower in persons between
40 and 64 years as they showed a greater predominance of more continuous activities in leisure
time as opposed to intermittent activities, probably more dominant in younger ages. Although
there are limited epidemiologic studies that have examined the association with health out-
comes between accumulation of PA in 10-minute bouts and without bouts, this encouraging
evidence indicates that short bouts of exercise can increase cardiorespiratory fitness, promote
weight loss, and improve various biologic health outcomes [47,48]. However, a study of 3,250
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adults aged 18 years or older [49]affirmed that bouts of PA lasting > or = 10 min may be a
more time-efficient strategy to decrease BMI and waist circumference.

The same thing occurred when we considered activity on less than five days/week, where
university students performed 150 minutes of MVPA in bouts of 10 min. The compliance
decreased from 5.4% (R2A) to 0.5% (R3A). Scheers et al. [15]showed that 94.2% of men and
86.5% women accumulated >150 min MVPA per week, but only 73.8% and 55.7% did so in
five or more sessions of >30 min/day. Although prevalence in compliance with the recommen-
dations is much higher than in our study, this reflects that removing the frequency and dura-
tion requirements resulted in a considerable increase in the prevalence of sufficient MVPA.
This fact deserves reflection, for that reason, we know that for a habit to occur, the behaviour
needs to be repeated regularly, so strategies must be created for university students not only to
increase their PA duration, but also the number of days a week when it is performed.

The percentage of adults who achieved at least 60 or 75 min of vigorous PA per week was
zero, with or without the bouts criteria, showing that university students do not perform vigor-
ous PA. Studies in healthy people and in individuals with coronary artery disease suggest that
vigorous PA, measured subjectively, provides greater benefits than moderate PA [50,51], so it
would be necessary to establish strategies to increase the practice of vigorous PA during this
stage. A relevant strategy would be to alert university students that the time taken to implement
the recommendations of vigorous-intensity PA is lower than with moderate intensity, so they
would not need to spend much time weekly. These results should be taken with caution as PA
recommendations are based on epidemiological data that is collected using self-report mea-
sures [18] and cannot be directly translated to data using objective methods.

The compliance to get the daily average 10,000 steps was 28.1% (R5). Our results were
much lower than a study in South Africa [53], which showed that 77.9% men and 59.4%
women met the guidelines. Moreover, the degree of compliance with PA guidelines in uni-
versity students was also very low, as was that in other studies conducted in Spanish adults
[24,26], although these studies used questionnaires to gather their data.

Limitations

Some limitations should be recognized. First of all, it is possible that accelerometers may pro-
duce some reactivity by the participants (Hawthorne effect) in wearing the device; however,
unlike self-reports, accelerometer estimates do not suffer from bias due to social desirability
and recall problems. In addition, we reduced this effect since the data recorded on the first day
of data collection was not considered. Secondly, PA levels and the degree of compliance with
the recommendations may be influenced by uncontrolled factors in our study, such as socio-
economic level or weight status. Thirdly, we do not have any reliability data for the people con-
ducting the measures. Fourthly, we are aware that the definition of accelerometer non-wear
time could change average wearing time, average accelerometer counts and also might underes-
timate sedentary time [52]. Thus, our results might have been different if we had used a differ-
ent definition of accelerometer non-wear time, because when we increase the time period of
consecutive zero for exclusion (from 20 to 40 to 60 minutes) total wearing time increases. Note
that probably excluding 10 minutes of consecutive zero values as non-wear time might have
reduced the estimates of valid wear time for each measurement day, and as consequence would
have reduced the number of days that meet the criterion of five or more valid days, underesti-
mating the overall sample size. However, there were no age, sex or anthropometric variable dif-
ferences between students who had five or more valid days and those who did not, so we think
that the representativeness of the sample was guaranteed. Fifth, the lack of agreement between
statements for minimum data of accelerometer recordings and recommendations for PA in

PLOS ONE | DOI:10.1371/journal.pone.0141977 November 4, 2015 11/15



@’PLOS ‘ ONE

Physical Activity in University Students: Compliance with Public Health Guidelines

most guidelines could affect our results, since while it is usually accepted that 4 days of acceler-
ometer data recording is enough to measure PA behaviour [34], accumulating at least 150
minutes of moderate-to-vigorous PA in five or more days a week is recommended in most
international guidelines. In order to overcome these limitations, a recent publication stressed
the need for technological advances in devices. These advances will allow the accelerometer to
be worn on the wrist to increase adherence, to be programmed in the 5 hertz (Hz) to 100 Hz
range to better record all kinds of movements and with an interval of recorded time (epochs)
of 1 second, so that the activity time will grow exponentially [53]. Finally, accelerometers that
had been combined with other sensors (measuring physiological responses) would have
guaranteed a more accurate PA measurement.

Conclusions

Our study shows very low PA levels in both young men and women. The time spent being
physically sedentary was higher than others have found in the literature and the number of
minutes spent on vigorous PA was almost nil. Total PA levels were significantly higher during
the weekdays than the weekend. University students in the province of Cuenca do not comply
with international PA recommendations for this population at present, but we note that if
using flexible criteria, the compliance with more demanding recommendations increases
significantly.

Since this population group is starting adulthood they may not yet have firmly defined their
lifestyles. Therefore, strategies that promote an active lifestyle are the key to improve health
outcomes and reduce the risk of future disease.

Supporting Information

S1 Fig. Hourly average non-wear time.
(TIFF)

Acknowledgments

We thank the university students for their participation and interest in the study.

Conflict of Interest: All authors have completed the ICMJE uniform disclosure form at
www.icmje.org/coi_disclosure.pdf and declare: no support from any organization for the sub-
mitted work; no financial relationships with any organizations that might have an interest in
the work submitted in previous years; no other relationships or activities that could appear to
have influenced the submitted work.

Guarantor: Dr Martinez-Vizcaino is the guarantor of this work and, as such, had full access
to all the data in the study and takes responsibility for the integrity of the data and the accuracy
of the data analysis.

Author Contributions

Conceived and designed the experiments: NAP MSL MSM LGM VMV. Performed the experi-
ments: NAP MSL JCG-P. Analyzed the data: NAP MSL MSM LGM. Contributed reagents/
materials/analysis tools: NAP MSM PS. Wrote the paper: NAP MSL MSM LGM PS VMV.

References

1. Warburton DE, Nicol CW, Bredin SS. Health benefits of physical activity: the evidence. CMAJ. 2006
Mar 14; 174(6):801-9. PMID: 16534088

PLOS ONE | DOI:10.1371/journal.pone.0141977 November 4, 2015 12/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0141977.s001
http://www.icmje.org/coi_disclosure.pdf
http://www.ncbi.nlm.nih.gov/pubmed/16534088

@’PLOS ‘ ONE

Physical Activity in University Students: Compliance with Public Health Guidelines

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Gracia-Marco L, Moreno LA, Ortega FB, Leon F, Sioen |, Kafatos A, et al. Levels of physical activity that
predict optimal bone mass in adolescents: the HELENA study. Am J Prev Med. 2011 Jun; 40(6):599—
607. doi: 10.1016/j.amepre.2011.03.001 PMID: 21565650

Hagstromer M, Troiano RP, Sjostrom M, Berrigan D. Levels and patterns of objectively assessed physi-
cal activity—a comparison between Sweden and the United States. Am J Epidemiol. 2010 May 15; 171
(10):1055-64. doi: 10.1093/aje/kwq069 PMID: 20406758

Colley RC, Garriguet D, Janssen |, Craig CL, Clarke J, Tremblay MS. Physical activity of Canadian
adults: accelerometer results from the 2007 to 2009 Canadian Health Measures Survey. Health Rep.
2011 Mar; 22(1):7-14. PMID: 21510585

Baptista F, Santos DA, Silva AM, Mota J, Santos R, Vale S, et al. Prevalence of the Portuguese popula-
tion attaining sufficient physical activity. Med Sci Sports Exerc. 2012 Mar; 44(3):466—73. doi: 10.1249/
MSS.0b013e318230e441 PMID: 21844823

Dyck DV, Cerin E, De Bourdeaudhuij I, Hinckson E, Reis RS, Davey R, et al. International study of
objectively measured physical activity and sedentary time with body mass index and obesity: IPEN
adult study. Int J Obes (Lond). 2014 Jul 2.

Telama R, Yang X. Decline of physical activity from youth to young adulthood in Finland. Med Sci
Sports Exerc. 2000 Sep; 32(9):1617-22. PMID: 10994914

Ortega FB, Konstabel K, Pasquali E, Ruiz JR, Hurtig-Wennlof A, Maestu J, et al. Objectively measured
physical activity and sedentary time during childhood, adolescence and young adulthood: a cohort
study. PLoS One. 2013; 8(4):e60871. doi: 10.1371/journal.pone.0060871 PMID: 23637772

Kwan MY, Cairney J, Faulkner GE, Pullenayegum EE. Physical activity and other health-risk behaviors
during the transition into early adulthood: a longitudinal cohort study. Am J Prev Med. 2012 Jan; 42
(1):14-20. doi: 10.1016/j.amepre.2011.08.026 PMID: 22176841

Spring B, Moller AC, Colangelo LA, Siddique J, Roehrig M, Daviglus ML, et al. Healthy lifestyle change
and subclinical atherosclerosis in young adults: Coronary Artery Risk Development in Young Adults
(CARDIA) study. Circulation. 2014 Jul 1; 130(1):10-7. doi: 10.1161/CIRCULATIONAHA.113.005445
PMID: 24982115

Gordon-Larsen P, Nelson MC, Popkin BM. Longitudinal physical activity and sedentary behavior
trends: adolescence to adulthood. Am J Prev Med. 2004 Nov; 27(4):277—-83. PMID: 15488356

Hagstromer M, Oja P, Sjostrom M. Physical activity and inactivity in an adult population assessed by
accelerometry. Med Sci Sports Exerc. 2007 Sep; 39(9):1502-8. PMID: 17805081

Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M. Physical activity in the United
States measured by accelerometer. Med Sci Sports Exerc. 2008 Jan; 40(1):181-8. PMID: 18091006

Anderssen N, Jacobs DR Jr, Sidney S, Bild DE, Sternfeld B, Slattery ML, et al. Change and secular
trends in physical activity patterns in young adults: a seven-year longitudinal follow-up in the Coronary
Artery Risk Development in Young Adults Study (CARDIA). Am J Epidemiol. 1996 Feb 15; 143(4):351—
62. PMID: 8633619

Scheers T, Philippaerts R, Lefevre J. Compliance with different physical activity recommendations and
its association with socio-demographic characteristics using an objective measure. BMC Public Health.
2013; 13:136. doi: 10.1186/1471-2458-13-136 PMID: 23409982

Irwin JD. Prevalence of university students' sufficient physical activity: a systematic review. Percept
Mot Skills. 2004 Jun; 98(3 Pt 1):927—43. PMID: 15209309

Keating XD, Guan J, Pinero JC, Bridges DM. A meta-analysis of college students' physical activity
behaviors. J Am Coll Health. 2005 Sep-Oct; 54(2):116—25. PMID: 16255324

Pate RR, Pratt M, Blair SN, Haskell WL, Macera CA, Bouchard C, et al. Physical activity and public
health. A recommendation from the Centers for Disease Control and Prevention and the American Col-
lege of Sports Medicine. JAMA. 1995 Feb 1; 273(5):402—7. PMID: 7823386

Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin BA, et al. Physical activity and public
health: updated recommendation for adults from the American College of Sports Medicine and the
American Heart Association. Med Sci Sports Exerc. 2007 Aug; 39(8):1423-34. PMID: 17762377

Congress GuS-t. Physical Activity Guidelines for Americans Act of 2008, GovTrack.us (database of fed-
eral legislation). 2008.

WHO. Global Recommendations on Physical Activity for Health. WHO Press: Geneva, Switzerland.
2010.

O'Donovan G, Blazevich AJ, Boreham C, Cooper AR, Crank H, Ekelund U, et al. The ABC of Physical
Activity for Health: a consensus statement from the British Association of Sport and Exercise Sciences.
J Sports Sci. 2010 Apr; 28(6):573-91. doi: 10.1080/02640411003671212 PMID: 20401789

PLOS ONE | DOI:10.1371/journal.pone.0141977 November 4, 2015 13/15


http://dx.doi.org/10.1016/j.amepre.2011.03.001
http://www.ncbi.nlm.nih.gov/pubmed/21565650
http://dx.doi.org/10.1093/aje/kwq069
http://www.ncbi.nlm.nih.gov/pubmed/20406758
http://www.ncbi.nlm.nih.gov/pubmed/21510585
http://dx.doi.org/10.1249/MSS.0b013e318230e441
http://dx.doi.org/10.1249/MSS.0b013e318230e441
http://www.ncbi.nlm.nih.gov/pubmed/21844823
http://www.ncbi.nlm.nih.gov/pubmed/10994914
http://dx.doi.org/10.1371/journal.pone.0060871
http://www.ncbi.nlm.nih.gov/pubmed/23637772
http://dx.doi.org/10.1016/j.amepre.2011.08.026
http://www.ncbi.nlm.nih.gov/pubmed/22176841
http://dx.doi.org/10.1161/CIRCULATIONAHA.113.005445
http://www.ncbi.nlm.nih.gov/pubmed/24982115
http://www.ncbi.nlm.nih.gov/pubmed/15488356
http://www.ncbi.nlm.nih.gov/pubmed/17805081
http://www.ncbi.nlm.nih.gov/pubmed/18091006
http://www.ncbi.nlm.nih.gov/pubmed/8633619
http://dx.doi.org/10.1186/1471-2458-13-136
http://www.ncbi.nlm.nih.gov/pubmed/23409982
http://www.ncbi.nlm.nih.gov/pubmed/15209309
http://www.ncbi.nlm.nih.gov/pubmed/16255324
http://www.ncbi.nlm.nih.gov/pubmed/7823386
http://www.ncbi.nlm.nih.gov/pubmed/17762377
http://dx.doi.org/10.1080/02640411003671212
http://www.ncbi.nlm.nih.gov/pubmed/20401789

@’PLOS ‘ ONE

Physical Activity in University Students: Compliance with Public Health Guidelines

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4.

42.

Tudor-Locke C, Hatano Y, Pangrazi RP, Kang M. Revisiting "how many steps are enough?" Med Sci
Sports Exerc. 2008 Jul; 40(7 Suppl):S537—43. doi: 10.1249/MSS.0b013e31817¢7133 PMID:
18562971

Meseguer CM, Galan |, Herruzo R, Zorrilla B, Rodriguez-Artalejo F. Leisure-time physical activity in a
southern European mediterranean country: adherence to recommendations and determining factors.
Rev Esp Cardiol. 2009 Oct; 62(10):1125-33. PMID: 19793518

Bertrais S, Preziosi P, Mennen L, Galan P, Hercberg S, Oppert JM. Sociodemographic and geographic
correlates of meeting current recommendations for physical activity in middle-aged French adults: the
Supplementation en Vitamines et Mineraux Antioxydants (SUVIMAX) Study. Am J Public Health. 2004
Sep; 94(9):1560-6. PMID: 15333315

Serrano-Sanchez JA, Lera-Navarro A, Dorado-Garcia C, Gonzalez-Henriquez JJ, Sanchis-Moysi J.
Contribution of individual and environmental factors to physical activity level among Spanish adults.
PLoS One. 2012; 7(6):e38693. doi: 10.1371/journal.pone.0038693 PMID: 22685598

Luke A, Bovet P, Plange-Rhule J, Forrester TE, Lambert EV, Schoeller DA, et al. A mixed ecologic-
cohort comparison of physical activity & weight among young adults from five populations of African ori-
gin. BMC Public Health. 2014; 14:397. doi: 10.1186/1471-2458-14-397 PMID: 24758286

Chastin SF, Dall PM, Tigbe WW, Grant MP, Ryan CG, Rafferty D, et al. Compliance with physical activ-
ity guidelines in a group of UK-based postal workers using an objective monitoring technique. Eur J
Appl Physiol. 2009 Aug; 106(6):893-9. doi: 10.1007/s00421-009-1090-x PMID: 19488779

Carlson SA, Fulton JE, Schoenborn CA, Loustalot F. Trend and prevalence estimates based on the
2008 Physical Activity Guidelines for Americans. Am J Prev Med. 2010 Oct; 39(4):305—13. doi: 10.
1016/j.amepre.2010.06.006 PMID: 20837280

Thompson D, Batterham AM, Markovitch D, Dixon NC, Lund AJ, Walhin JP. Confusion and conflict in
assessing the physical activity status of middle-aged men. PLoS One. 2009; 4(2):e4337. doi: 10.1371/
journal.pone.0004337 PMID: 19183812

Ortiz-Galeano |, Franquelo-Morales P, Notario-Pacheco B, Nieto Rodriguez JA, Ungria Canete MV,
Martinez-Vizcaino V. Arterial pre-hypertension in young adults. Rev Clin Esp. 2012 Jun; 212(6):287—
91. PMID: 22554867

Ortiz-Galeano |, Sanchez-Lopez M, Notario-Pacheco B, Miota Ibarra J, Fuentes Chacon R, Martinez-
Vizcaino V. Relationship between weight status, physical fitness levels and blood pressure compo-
nents in young women. Rev Esp Salud Publica. 2012 Oct; 86(5):523-31. PMID: 23223764

Lopez-Martinez S, Sanchez-Lopez M, Solera-Martinez M, Arias-Palencia N, Fuentes-Chacon RM, Mar-
tinez-Vizcaino V. Physical activity, fitness, and metabolic syndrome in young adults. Int J Sport Nutr
Exerc Metab. 2013 Aug; 23(4):312-21. PMID: 23239681

Trost SG, Mclver KL, Pate RR. Conducting accelerometer-based activity assessments in field-based
research. Med Sci Sports Exerc. 2005 Nov; 37(11 Suppl):S531-43. PMID: 16294116

Matthews CE, Hagstromer M, Pober DM, Bowles HR. Best practices for using physical activity monitors
in population-based research. Med Sci Sports Exerc. 2012 Jan; 44(1 Suppl 1):S68-76. doi: 10.1249/
MSS.0b013e3182399e5b PMID: 22157777

Freedson PS, Melanson E, Sirard J. Calibration of the Computer Science and Applications, Inc. accel-
erometer. Med Sci Sports Exerc. 1998 May; 30(5):777-81. PMID: 9588623

Molina-Garcia J, Castillo |, Queralt A. Leisure-time physical activity and psychological well-being in uni-
versity students. Psychol Rep. 2011 Oct; 109(2):453-60. PMID: 22238852

Rodriguez-Romo G, Cordente CA, Mayorga JI, Garrido-Munoz M, Macias R, Lucia A, et al. Influence of
socio-demographic correlates on the adherence to physical activity recommendations in adults aged
from 15-to 74 years. Rev Esp Salud Publica. 2011 Aug; 85(4):351-62. doi: 10.1590/S1135-
57272011000400004 PMID: 22392466

Romaguera D, Tauler P, Bennasar M, Pericas J, Moreno C, Martinez S, et al. Determinants and pat-
terns of physical activity practice among Spanish university students. J Sports Sci. 2011 Jun; 29
(9):989-97. doi: 10.1080/02640414.2011.578149 PMID: 21590579

Varela-Mato V, Cancela JM, Ayan C, Martin V, Molina A. Lifestyle and health among Spanish university
students: differences by gender and academic discipline. Int J Environ Res Public Health. 2012 Aug; 9
(8):2728-41. doi: 10.3390/ijerph9082728 PMID: 23066393

Lee PH, Yu YY, McDowell I, Leung GM, Lam TH. A cluster analysis of patterns of objectively measured
physical activity in Hong Kong. Public Health Nutr. 2012 Aug; 16(8):1436—44. doi: 10.1017/
S$1368980012003631 PMID: 22894896

Peters TM, Moore SC, Xiang YB, Yang G, Shu XO, Ekelund U, et al. Accelerometer-measured physical
activity in Chinese adults. Am J Prev Med. 2010 Jun; 38(6):583-91. doi: 10.1016/j.amepre.2010.02.
012 PMID: 20494234

PLOS ONE | DOI:10.1371/journal.pone.0141977 November 4, 2015 14/15


http://dx.doi.org/10.1249/MSS.0b013e31817c7133
http://www.ncbi.nlm.nih.gov/pubmed/18562971
http://www.ncbi.nlm.nih.gov/pubmed/19793518
http://www.ncbi.nlm.nih.gov/pubmed/15333315
http://dx.doi.org/10.1371/journal.pone.0038693
http://www.ncbi.nlm.nih.gov/pubmed/22685598
http://dx.doi.org/10.1186/1471-2458-14-397
http://www.ncbi.nlm.nih.gov/pubmed/24758286
http://dx.doi.org/10.1007/s00421-009-1090-x
http://www.ncbi.nlm.nih.gov/pubmed/19488779
http://dx.doi.org/10.1016/j.amepre.2010.06.006
http://dx.doi.org/10.1016/j.amepre.2010.06.006
http://www.ncbi.nlm.nih.gov/pubmed/20837280
http://dx.doi.org/10.1371/journal.pone.0004337
http://dx.doi.org/10.1371/journal.pone.0004337
http://www.ncbi.nlm.nih.gov/pubmed/19183812
http://www.ncbi.nlm.nih.gov/pubmed/22554867
http://www.ncbi.nlm.nih.gov/pubmed/23223764
http://www.ncbi.nlm.nih.gov/pubmed/23239681
http://www.ncbi.nlm.nih.gov/pubmed/16294116
http://dx.doi.org/10.1249/MSS.0b013e3182399e5b
http://dx.doi.org/10.1249/MSS.0b013e3182399e5b
http://www.ncbi.nlm.nih.gov/pubmed/22157777
http://www.ncbi.nlm.nih.gov/pubmed/9588623
http://www.ncbi.nlm.nih.gov/pubmed/22238852
http://dx.doi.org/10.1590/S1135-57272011000400004
http://dx.doi.org/10.1590/S1135-57272011000400004
http://www.ncbi.nlm.nih.gov/pubmed/22392466
http://dx.doi.org/10.1080/02640414.2011.578149
http://www.ncbi.nlm.nih.gov/pubmed/21590579
http://dx.doi.org/10.3390/ijerph9082728
http://www.ncbi.nlm.nih.gov/pubmed/23066393
http://dx.doi.org/10.1017/S1368980012003631
http://dx.doi.org/10.1017/S1368980012003631
http://www.ncbi.nlm.nih.gov/pubmed/22894896
http://dx.doi.org/10.1016/j.amepre.2010.02.012
http://dx.doi.org/10.1016/j.amepre.2010.02.012
http://www.ncbi.nlm.nih.gov/pubmed/20494234

el e
@ ' PLOS ‘ ONE Physical Activity in University Students: Compliance with Public Health Guidelines

43. Sisson SB, Katzmarzyk PT. International prevalence of physical activity in youth and adults. Obes Rev.
2008 Nov; 9(6):606—14. doi: 10.1111/j.1467-789X.2008.00506.x PMID: 18647243

44. Behrens TK, Dinger MK. A preliminary investigation of college students’ physical activity patterns. Am J
Health Stud. 2003; 18(2-3).

45. Garriguet D, Colley RC. Daily patterns of physical activity among Canadians. Health Rep. 2012 Jun; 23
(2):27-32. PMID: 22866537

46. Rissel C, Mulley C, Ding D. Travel mode and physical activity at Sydney University. Int J Environ Res
Public Health. 2013 Aug; 10(8):3563-77. doi: 10.3390/ijerph10083563 PMID: 23939390

47. Jakicic JM, Wing RR, Butler BA, Robertson RJ. Prescribing exercise in multiple short bouts versus one
continuous bout: effects on adherence, cardiorespiratory fithess, and weight loss in overweight women.
Int J Obes Relat Metab Disord. 1995 Dec; 19(12):893-901. PMID: 8963358

48. Loprinzi PD, Cardinal BJ. Association between biologic outcomes and objectively measured physical
activity accumulated in >/ = 10-minute bouts and <10-minute bouts. Am J Health Promot. 2013 Jan-
Feb; 27(3):143-51. doi: 10.4278/ajhp.110916-QUAN-348 PMID: 23286590

49. Strath SJ, Holleman RG, Ronis DL, Swartz AM, Richardson CR. Objective physical activity accumula-
tion in bouts and nonbouts and relation to markers of obesity in US adults. Prev Chronic Dis. 2008 Oct;
5(4):A131. PMID: 18793519

50. Hu G, Jousilahti P, Antikainen R, Katzmarzyk PT, Tuomilehto J. Joint effects of physical activity, body
mass index, waist circumference, and waist-to-hip ratio on the risk of heart failure. Circulation. 2010
Jan 19; 121(2):237-44. doi: 10.1161/CIRCULATIONAHA.109.887893 PMID: 20048205

51. Lakka TA, Laaksonen DE. Physical activity in prevention and treatment of the metabolic syndrome.
Appl Physiol Nutr Metab. 2007 Feb; 32(1):76-88. PMID: 17332786

52. EvensonKR, Terry JW Jr. Assessment of differing definitions of accelerometer nonwear time. Res Q
Exerc Sport. 2009 Jun; 80(2):355-62. PMID: 19650401

53. Troiano RP, McClain JJ, Brychta RJ, Chen KY. Evolution of accelerometer methods for physical activity
research. Br J Sports Med. 2014 Jul; 48(13):1019-23. doi: 10.1136/bjsports-2014-093546 PMID:
24782483

PLOS ONE | DOI:10.1371/journal.pone.0141977 November 4, 2015 15/15


http://dx.doi.org/10.1111/j.1467-789X.2008.00506.x
http://www.ncbi.nlm.nih.gov/pubmed/18647243
http://www.ncbi.nlm.nih.gov/pubmed/22866537
http://dx.doi.org/10.3390/ijerph10083563
http://www.ncbi.nlm.nih.gov/pubmed/23939390
http://www.ncbi.nlm.nih.gov/pubmed/8963358
http://dx.doi.org/10.4278/ajhp.110916-QUAN-348
http://www.ncbi.nlm.nih.gov/pubmed/23286590
http://www.ncbi.nlm.nih.gov/pubmed/18793519
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.887893
http://www.ncbi.nlm.nih.gov/pubmed/20048205
http://www.ncbi.nlm.nih.gov/pubmed/17332786
http://www.ncbi.nlm.nih.gov/pubmed/19650401
http://dx.doi.org/10.1136/bjsports-2014-093546
http://www.ncbi.nlm.nih.gov/pubmed/24782483

