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Abstract

Movement and non-movement behaviors include sleep, sedentary behavior (SB) and physical 

activity (PA). While young adults are generally perceived as healthy, the level and relationship of 

SB and PA in college-age students has not been greatly explored. The purpose of this study 

was to objectively measure the levels of SB and PA in 18–20 year-old university students, 

record their self-reported extracurricular activities, and explore the relationship of all these with 

body mass index (BMI) and waist circumference (WC). Male (n = 48) and female (n = 46) 

students participated in this cross-sectional study. Hierarchical multiple regression analyses were 

used to examine time spent in SB, moderate to vigorous physical activity (MVPA), number of 

self-reported sedentary extracurricular activities, and their relation to the dependent variables of 

BMI and WC. In correlation analyses, SB (p < .001) and MVPA (p = .017) both were negatively 

associated with BMI, and “other” race or ethnicity (African American, Hispanic, mixed; p = 

.013) and number of self-reported sedentary extracurricular activities (p = .006) were positively 

associated with BMI. In the WC regression model, SB (p = .018) was negatively associated and 

number of self-reported sedentary extracurricular activities (p = .006) was positively associated 

with WC. University students may be both highly active and highly sedentary. Future researchers 

should consider targeting interventions to reduce SB in addition to improving PA.
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1 | INTRODUCTION

In research on daily activity, behaviors can be categorized in three areas: sleep, sedentary 

behavior (SB), and physical activity (PA) (see Figure 1). While there is abundant research 

on PA and sleep, the third area, SB, is a relatively new, yet rapidly expanding, area of health 

research with its own role in health. Each day it is possible to accumulate the recommended 

minimum amount of moderate-to-vigorous PA (MVPA) through daily exercise routines, 

yet still be highly sedentary, such as during long hours of school or work. According 

to the Sedentary Behavior Research Network (Tremblay et al., 2017), SB is defined as 

any non-sleep behavior that uses minimal energy expenditure (≤1.5 metabolic equivalents 

[METs]) and is done in a seated, reclined, or lying posture, a definition that is supported in 

other literature (Jago, Fox, Page, Brockman, & Thompson, 2010; Olds, Maher, Ridley, & 

Kittel, 2010; Spittaels et al., 2012).

SB is increasing across the globe. For example, Chinese youth have recently more than 

doubled the amount of time spent in SB (Zhang, Seo, Kolbe, Middlestadt, & Zhao, 2012). 

The cost of SB is substantial. The worldwide cost of health care due to effects of SB was 

estimated at $150 billion in 2013 (Ding et al., 2016). SB also has costs of early morbidity 

and death (AHA, 2011) and decreased health-related quality of life (Guallar-Castillón et al., 

2014). National and international organizations such as the American Academy of Pediatrics 

(2001), American Heart Association (2011), Centers for Disease Control and Prevention 

(2013), Institute of Medicine (2011), and World Health Organization (2010) recognize the 

deleterious effects of SB across the lifespan. In a number of studies in diverse populations, 

including young adults, researchers have identified the independent relationship of SB to 

acute and chronic problems, such as cardiovascular disease, metabolic syndrome, colorectal 

cancer, and early mortality (Ekelund et al., 2016; Gibbs, Hergenroeder, Katzmarzyk, Lee, 

& Jakicic, 2015; Owen, Healy, Matthews, & Dunstan, 2010). The global rise in SB among 

youth and young adults is associated with increases in acute and chronic morbidities. Some 

have even speculated that the current generation may have a shorter life expectancy than 

their parents (AHA, 2011; Fontaine, Redden, Wang, Westfall, & Allison, 2003) and that 

reducing SB could increase life expectancy in the US by 2 years (Katzmarzyk & Lee, 2012).

Despite these associations, little is known about SB patterns in university students. This age 

group has the largest increase in SB and the greatest decrease in MVPA over the last few 

decades, compared to all other age cohorts (Nelson, Story, Larson, Neumark-Sztainer, & 

Lytle, 2008). The purpose of this study was to objectively measure the levels of SB and PA 

in 18–20-year-old university students and to pilot an open-ended self-report measure of the 

number and type of self-reported extracurricular activities. These variables were analyzed to 

examine their relationship to body mass index (BMI) and waist circumference (WC).

2 | METHODS

2.1 | Participants

After obtaining institutional review board approval, recruitment was advertised using 

university emails, fliers, electronic newsletters, and word of mouth. Eligible participants 

for the study were English-speaking male and female university students, ages 18–20 years. 
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Age range was chosen to reflect the unique developmental stage of “emerging adulthood” 

(Nelson et al., 2008), while reducing the likelihood of alcohol consumption in those aged 21 

years and older as a confounder of caloric intake.

During recruitment, a screening process was done to verify eligibility. Participants could 

not have any injury or condition such that the ability to walk was compromised and were 

excluded if they answered “yes“ to any of the questions from the standardized Physical 

Activity Readiness Questionnaire, which screened out participants with cardiovascular, 

neurological, orthopedic, or other conditions that are potentially worsened by exercise 

(Thomas, Reading, & Shephard, 1992).

2.2 | Power analysis

Three sources helped guide estimation of the appropriate sample size for the study: 1) 

previous similar research; 2) general statistical principles; and 3) the nQuery (Statistical 

Solutions, Ltd., Los Angeles, CA) power analysis program. Sample sizes in similar research 

ranged from 77 (Downs, Van Hoomissen, Lafrenz, & Julka, 2013) to 168 (Raynor & 

Jankowiak, 2010). General consensus on principles of statistics suggest multiple regression 

analyses should have 10–15 participants per independent variable (Harrell, 2001). The 

program nQuery estimated a minimum of 59–65 subjects was needed to achieve 80% power 

with an effect size of .25 for multiple regression. In total, 101 participants were recruited for 

the study.

2.3 | MEASURES

2.3.1 Demographics and extracurricular activities.—The demographic 

questionnaire contained five questions, on gender, age, number of semesters in school, 

ethnicity, and extracurricular activities. This last question was phrased, “What are your 

extracurricular activities? (ex: running, weight-lifting, video gaming, reading, etc.)”

2.3.2 Accelerometry and GT3X+ validity.—Accelerometers have been used to 

objectively measure activity since the 1990s. Accelerometers quantify body movement and 

direction from electric signals and store this information using a unitless measurement called 

“counts.” Several times each second, an accelerometer measures the magnitude of counts 

in the x-, y-, and z-axes of the body’s position in space. The counts are aggregated in the 

post-collection phase, such as into 1-min intervals.

Well-established standardized cutoffs determine the level of intensity of body movement. 

For example, body movement of less than 150 counts per minute is sedentary, whereas 6,000 

counts or more per minute is vigorous physical activity (Peterson, Sirard, Kulbok, DeBoer, 

& Erickson, 2015; Troiano et al., 2008). For this study, a low-frequency extension setting 

was used to ensure that the accelerometer would capture even the slightest sedentary-level 

movements without inadvertently classifying that time as the device being off.

The GT3X+ accelerometer used in this study is a small device weighing 19 g (ActiGraph, 

2015) and has been successfully used in studies with university students (de Vries, Bakker, 

Hopman-Rock, Hirasing, & van Mechelen, 2006). Participant completion and usable data 

for this device exceeds 90% in most studies of youth (Blair et al., 2007; Carr & Mahar, 
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2012; Hänggi, Phillips, & Rowlands, 2013; Metcalf et al., 2011; Steele, van Sluijs, Cassidy, 

Griffin, & Ekelund, 2009). Support for the validity of the ActiGraph GT3X+ is abundant 

(de Vries et al., 2006; Hänggi et al., 2013; Kaminsky & Ozemek, 2012; Santos-Lozano 

et al., 2012; Yang & Hsu, 2010). Missing data have been noted to range from 0–3% (de 

Vries et al., 2006). GT3X+ accuracy ranges between 80% and 100% for SB in laboratory 

conditions (Carr & Mahar, 2012; Peterson et al., 2015; Sasaki, John, & Freedson, 2011) 

and in free-living conditions (Kaminsky & Ozemek, 2012; Santos-Lozano et al., 2012). 

The device construct validity is high (r = .39 to .90; de Vries et al., 2006) with agreement 

between accelerometer-derived SB and direct observation between 80% and 98% (Carr 

& Mahar, 2012; Hänggi et al., 2013). The ActiGraph GT3X+ has a higher validity in 

comparison to other accelerometer devices (de Vries et al., 2006) and is the accelerometer of 

choice for the U.S. National Health and Nutrition Examination Survey (NHANES).

2.4 | PROCEDURES

Participants met with the researcher in a private area of an exercise physiology research 

laboratory for 15 min at the beginning of the study to complete informed consent. Once 

consented, participants were assigned a code number. They then completed a demographic 

form and listed extracurricular activities following the open-ended prompt: “What are your 

extracurricular activities? (ex. running, weight-lifting, video gaming, reading, etc.)”.

Participants’ weight, height, and WC were taken in duplicate and averaged. Weight 

was assessed to the nearest 0.1 pound using a digital scale (Seca Scale Robusta 813, 

Birmingham, UK). Height was recorded to the nearest 0.1 cm using a stadiometer (Shorr 

Height Measuring Board, Olney, MD). WC was measured using a measuring tape (Lifetime 

Measuring Tape, Prym-Dritz Corp, Spartanburg, SC) placed directly onto the skin at the 

level of the iliac crest, just below the umbilicus, and recorded to the nearest 0.5 cm.

The participants were then fitted with an ActiGraph GT3X+ accelerometer placed around 

the waist at the right hip with an elastic band and buckle. They received instructions about 

wearing the device for 1 week and removing it for sleep and when the device might get 

wet, such as showering and swimming. During recruitment, and again when meeting with 

the researcher, participants were specifically asked to maintain their daily routine and to not 

change their PA or SB habits.

They then returned for 15 min again exactly 1 week later to return the device. Incentive 

for participation in the study included a $20 gift card for those with at least 10 hr of valid 

accelerometry data on at least 3 weekday days and at least 1 weekend day (40-hr minimum 

total).

2.5 | Data analysis

Responses to the extracurricular activities question were designated as either SB or PA 

according to the Compendium of Physical Activities and scored in METs, according to the 

threshold of ≤1.5 METs for SB and all else as PA (Ainsworth et al., 2011).

Accelerometry data were collected at 30 Hz (30 data points gathered per second) and then 

aggregated during the post-collection processing stage in 1-min intervals. Periods of >60 
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min of accelerometer count values of 0 were considered time when the GT3X+ was not 

worn (non-wear time) or sleep (Troiano et al., 2008). After removal of these data points, 

days with at least 10 hr of valid accelerometer data were retained for further processing 

(Matthews et al., 2008).

Count values obtained from the device were categorized by intensity level by applying 

the thresholds used for the NHANES accelerometer data with adjustment of the sedentary 

level to fit recent evidence specific for the device (sedentary <150 counts/min; light, 150–

2,019 counts/min; moderate, 2,020–5,998 counts/min; vigorous, >5,999 counts/min; Kozey-

Keadle, Libertine, Lyden, Staudenmayer, & Freedson, 2011; Peterson et al., 2015; Troiano et 

al., 2008).

BMI was calculated from height and weight data. The International Obesity Task Force 

(IOTF) has identified the standard of BMI ≥25 as overweight and ≥30 as obese at age 

18.0 years based on data from nationally representative samples in six countries (Cole & 

Lobstein, 2012). Although the Centers for Disease Control and Prevention and the World 

Health Organization have created BMI percentiles for age and gender up to age 19.9 years, 

the IOTF standard was followed to use adult classifications of BMI because all participants 

were at least 18 years old and to enable meaningful comparisons with the 20 year-old 

participants. Although BMI uses both overweight and obese cutoffs, WC commonly uses 

only a cutoff for obesity. Waist circumference threshold values for obesity were ≥102 cm for 

males and ≥88 cm for females (World Health Organization, 2008).

Data were managed and statistical analyses performed using SPSS 22.0 (IBM Corp., 

Chicago, IL). Descriptive statistics were used to summarize demographic and accelerometry 

data. When computing the hierarchical multiple regression models, all statistical 

assumptions were met. Race was categorized in three groups: Caucasian, Asian, and 

Other (African American, Hispanic, and mixed). Caucasians were the referent group in the 

multiple regression analyses. Asians constituted a separate group because they were present 

in sufficient numbers. Hierarchical multiple regression was completed using demographic 

variables, the number of self-reported sedentary extracurricular activities reported on the 

questionnaire, and objectively measured activity level as independent variables to predict 

BMI and WC. Statistical analyses used two-tailed testing of p-values with an alpha of .05.

3 | RESULTS

Of the 101 participants who consented to participate in the study, 94 (93.1%) had enough 

valid accelerometer data to be used for analysis. Of the seven participants who had 

insufficient data, four lacked at least one valid weekend day of 10 hr or more, two lacked 

both weekday and weekend days of valid data, and one became ill and could not complete 

the study.

Demographic characteristics of the 94 participants appear in Table 1. The sample of 46 

females and 48 males was nearly evenly divided between 18, 19, and 20 year-old students in 

their first 3 years of college and were mainly in Caucasian and Asian racial categories. The 
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number of students who were overweight or obese according to BMI and WC using standard 

adult cutoffs is shown in Table 2.

The mean accelerometer wear time per day was 14.5 (SD = 1.3) hr. As measured objectively 

by the ActiGraph GT3X+, average time per day spent in SB was 10.0 (SD = 1.2) hr, light 

PA 3.35 (SD = 0.7) hr, and MVPA 1.1 (SD = 0.5) hr. Average daily percentage of time 

spent in SB, light PA, and MVPA was 68.9 (SD = 5.0), 23.2 (SD = 4.4), and 7.9 (SD = 3.1) 

percent, respectively. Participants self-reported an average of 4.2 (SD = 1.6) extracurricular 

activities. Of these activities, an average of 1.7 (SD = 1.0) were sedentary and 2.5 (SD = 1.4) 

were active. The most common SBs were screen time behaviors (video gaming, television, 

computers, movies), reading, and writing. The most common active behaviors were sports, 

student clubs, and volunteering.

The overall hierarchical multiple regression model was statistically significant and explained 

32.6% of the variance in BMI (see Table 3). In the final block of the regression model, when 

gender, age, race, and average daily percent of time spent in MVPA were controlled, average 

daily percentage of time spent in SB and number of self-reported sedentary extracurricular 

activities were added to the model and uniquely explained 18.8% of the variance in BMI, 

which was statistically significant.

When all variables were included in the model with BMI as the dependent variable, the 

following were individually significant: 1) race comparison of Other to Caucasian; 2) 

average daily percentage of time spent in MVPA; 3) average daily percentage of time 

spent in SB; and 4) number of self-reported sedentary extracurricular activities. Gender, 

age, and the race comparison of Asian to Caucasian were non-significant. When participants 

were Other race, BMI increased by 2.321 points. As self-reported sedentary extracurricular 

activities increased by 1, BMI increased by .930 points. As average daily percentage of 

time spent in MVPA increased by 1%, BMI decreased by .308 points. When average daily 

percentage of time spent in SB increased by 1%, BMI decreased by .289 points.

Using WC as the dependent variable, the overall model with all variables was statistically 

significant and explained 17.5% of the variance (see Table 4). In the final model controlling 

for gender, age, race, and average daily percentage of time spent in MVPA, the average 

daily percentage of time spent in SB and number of self-reported sedentary extracurricular 

activities uniquely explained 8.9% of the variance in WC, which was statistically significant. 

When all variables were included in the model for WC, average daily percentage of time 

spent in SB was the only individually statistically significant variable. With all other 

variables controlled, as average daily percentage of time spent in SB increased by 1%, 

WC decreased by 0.479 cm.

4 | DISCUSSION

The relationship between SB, PA, and BMI and WC is multi-faceted. This study contributes 

another dimension of understanding of SB in young adult university students, an under-

explored population. Although there are few recent studies objectively measuring SB habits 

among this emerging adulthood group, the results that university students are both highly 
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active and highly sedentary are in line with findings from another study (Fountaine, Liguori, 

Mozumdar, & Schuna, 2011).

Perhaps the most interesting finding was the lack of evidence to support a relationship 

between higher amounts of sedentary time and increased BMI or WC. In fact, an inverse 

relationship between average daily percentage of time spent in SB and both BMI and 

WC was the only statistically significant factor common to both regression models. These 

findings, however, should not be taken to mean that SB does not negatively affect the 

university student. Several reasons may account for this seemingly paradoxical result. This 

may be related to the fact that the participants also had high amounts of MVPA, which 

has been shown to attenuate some of the effects of SB time (Ekelund et al., 2016). In 

some populations, individuals who are highly active and participate in sports also have 

more sedentary time (Jago, Anderson, Baranowski, & Watson, 2005). Additionally, there is 

evidence to suggest that most individuals fall into one of only a few dominant behavior and 

activity level categories. For example, in one study, most participants fit into one of three 

groups: high SB with high PA, low SB with high PA, and moderate SB with low PA (Jago 

et al., 2010). In another similar study including both children and adults, more than one-third 

of the adolescent and adult participants were categorized with disproportionately highly SB 

and yet still met recommended daily PA guidelines (Spittaels et al., 2012).

These results reinforce the concept that within certain populations, individuals with high 

amounts of PA may also demonstrate excessive SB. The participants in this research 

averaged a high amount (1.1 hr) of MVPA every day. This is similar to findings by Raynor 

and Jankowiak (2010) though three times as much as Downs et al. (2013). Neither of these 

groups explored SB. In the present study, participants also averaged a high amount (10 hr) 

of sedentary time per day, putting them in a high PA/high SB group (Jago et al., 2010). 

Although Ekelund et al. (2016) found that sufficient levels of MVPA can reduce all-cause 

mortality associated with SB, further exploration is needed on other factors such as disease 

morbidity and health-related quality of life.

Clearly, many other factors play important roles in BMI and WC. Dietary intake cannot be 

ruled out as a factor influencing the results of this study. Evidence in young adults indicates 

that excessive time spent in watching television and videos is associated with poor dietary 

choices, while more time completing homework and reading is associated with more healthy 

eating behaviors (Utter, Neumark-Sztainer, Jeffery, & Story, 2003). Because this sample was 

from a university community with the reputation for competitive academics, perhaps these 

students represented those who make healthy food choices and maintain a healthy weight. 

Or, to the contrary, perhaps some of the students had insufficient caloric intake, resulting in 

lower BMI and WC. Because the focus of this research was to analyze measures of SB and 

PA, nutrition was not a component in this study, and therefore, the nutritional status of these 

participants is not known. However, given the balance between energy in (diet) and energy 

out (behavior and activity level), nutrition always has some role in BMI and WC.

An interesting finding in this study was the significance of the open-ended question that was 

piloted regarding the number self-reported extracurricular activities. The higher the number 

of self-reported sedentary habits, the higher was the BMI. This self-report therefore may 
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potentially be an indicator of current or future negative health outcomes as measured by 

BMI and WC. Similar results have been found in other studies using diaries. For example, 

in one study of university students, individuals who had stronger sedentary habits reported 

being more sedentary via diaries compared to their peers (Conroy, Maher, Elavsky, Hyde, 

& Doerksen, 2013). In a study of Australian adults, self-report of television viewing was 

linked to undiagnosed glucose dysregulation and metabolic syndrome (Owens et al., 2010). 

Although cell phone usage was not directly mentioned as an extracurricular activity in this 

study, increased phone usage in college students has indicated a pattern of making more 

SB choices and was inversely related to cardiorespiratory fitness (Lepp, Barkley, Sanders, 

Rebold, & Gates, 2013).

Despite the fact that there are good physical objective measures of SB such as 

accelerometry, self-report of sedentary extracurricular activities may have a place for 

identifying relationships between behaviors, activity level, and BMI and WC. Because this 

open-ended question was a statistically significant predictor in this study, it was an important 

and successful first step in identifying another measure of behavior that is rapid and simple. 

Additional research is needed to determine whether the number and type of responses 

to, “What are your extracurricular activities?” are valid and reliable when considering the 

impact of SB and PA.

Based on results from this study, efforts that focus solely on increasing PA habits in 

university students might not be successful because this group already meets national PA 

guideline standards. Furthermore, additional research indicates that efforts to specifically 

reduce SB, such as targeted reduction in screen time such as television-viewing, may have 

a greater impact on increasing PA than targeting PA alone (Epstein et al., 2006; Robinson, 

1999). In fact, interventions that only focus on reducing SB are as effective at improving 

BMI as combined SB, PA, and diet interventions (Liao, Liao, Durand, & Dunton, 2014).

Maintaining healthy habits, including reducing SB and improving PA, is essential, even in 

the otherwise fit person. For example, in one recent study, even persons who were normally 

physically active begin to have impaired glucose management within a matter of days of 

adopting a sedentary lifestyle (Mikus et al., 2012). In recognition of these findings, the US 

National Heart, Lung, and Blood Institute and National Institute on Aging noted that SB is 

distinct from PA and encouraged SB-specific interventions (Manini et al., 2015).

5 | LIMITATIONS

Although this study supports and adds to the current body of SB literature, there were 

some limitations. The convenience sampling and self-selection process of the participants 

inherently brings issues of sampling bias. Students who are sedentary might not be 

interested in participating in a “daily activity of college students study,” as it might be 

perceived that their sedentary lifestyle is less desirable for research. Also, during the 

recruitment process, females, first-year university students, and Asians were strong referrers 

to friends and colleagues. Recruitment of the other groups had to be escalated to try to 

boost participant numbers and diversity. Because social networking and friendship groups 

play an important role in an individual’s choice to be active or sedentary, the referrals from 
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the participants themselves may have influenced the sample in the direction of those who 

were already highly active and highly sedentary while maintaining a lower BMI and WC 

(Macdonald-Wallis, Jago, & Sterne, 2012; Sawka, McCormack, Nettel-Aguirre, Hawe, & 

Doyle-Baker, 2013).

Also, nutrition was not measured and constitutes the “energy in” portion of the energy 

balance equation. Additional factors, such as work status or means of transportation to 

school, were not measured and could alter the overall sedentary or active profile of an 

individual. Finally, study participants were not asked if they were currently trying to lose 

weight, which may have affected their choices regarding both SB and MVPA.

6 | CONCLUSION

The results of this study highlight the uniqueness of the university student population as 

it pertains to PA and SB habits. Populations with high amounts of daily MVPA may also 

have high amounts of SB. Average daily percent of time spent in SB and MVPA, as well as 

number of self-reported extracurricular sedentary habits, play a role in describing the BMI 

and WC of young adult university students. In looking toward future research, understanding 

and seeking interventions for university students that target reducing SB and establishing 

healthy habits may afford the greatest potential benefit by providing a foundation for a 

lifetime of positive behaviors that maximizes physical wellness. Current trends to use 

personal devices, smartphones, and activity trackers to measure SB, PA, nutrition, sleep, 

and other lifestyle factors provide innovative opportunities for researchers and health care 

providers to educate clients and intervene in new ways to promote healthy lifestyles.
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FIGURE 1. 
Conceptual model of movement-based terminology. From Tremblay et al. (2017).
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TABLE 1

Demographic characteristics of sample and description of variables

Characteristic n % M (SD)

Gender

 Male 48 51.1

 Female 46 48.9

Age (years)

 18 30 31.9

 19 30 31.9

 20 34 36.2

Race

 Asian 37 39.4

 Caucasian 40 42.6

 Other 16 16.9

 No response 1 1.1

College year

 1st year 29 30.1

 2nd year 31 33.0

 3rd year 32 34.0

 4th year 2 2.1

Body mass index (kg/m2)

 Male 23.3 (2.7)

 Female 24.4 (4.2)

Waist circumference (cm)

 Male 85.3 (7.4)

 Female 88.7 (9.6)

Sedentary hehavior (hr/day) 10.0 (1.2)

MVPA (hr/day) 1.1 (.5)

MVPA = moderate-to-vigorous physical activity.
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TABLE 2

Percentage of sample overweight or obese based on BMI and WC

n %

BMI

 Male 13 13.8

 Female 15 16.0

WC

 Male 16 17.0

 Female 4 4.3

BMI = body mass index (kg/m2), WC = waist circumference (cm). Unlike BMI, WC commonly uses a cutoff for obesity only, so this table reflects 
overweight and obesity combined.
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