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Abstract Sedentary behavior may not differ between individuals meeting and not meeting physical activity
guidelines (PAGSs); however, sedentary behavior has been associated with lower levels of health-related quality of
life (HRQoL). The purpose of this study was to investigate the influence of sedentary behavior on HRQoL across
young adults in three physical activity engagement groups (i.e., did not meet aerobic or muscle-strengthening PAGsS;
met either aerobic PAGs or muscle-strengthening PAGs; and met both aerobic and muscle-strengthening PAGS)
using moderation analyses. Participants were 427 young adults (Mg = 19.15 + 0.77) from Southwestern U.S. public
university. Participants completed an online survey assessing sedentary behavior, physical activity profile, and
HRQOL. On average, participants who did not meet aerobic or muscle-strengthening PAGs reported the lowest
physical and psychosocial HRQoL and highest screen-time sedentary behavior, while participants who met
both aerobic and muscle-strengthening PAGs reported the highest physical and psychosocial HRQoL and lowest
screen-time sedentary behavior. Moderation analyses indicated meeting both aerobic and muscle-strengthening
PAGs significantly buffered the negative influence of screen-time sedentary behavior on physical HRQoL.
Meanwhile, meeting only one of the PAGs (i.e., aerobic or muscle-strengthening) did not significantly buffer
the negative influence of screen-time sedentary behavior on physical HRQoL. Considering the current trends
of sedentary behavior, the current study provided support in promoting regularly engaging in both aerobic and
muscle-strengthening activity. Moreover, it provided evidence supporting the position that interventions designed to
improve HRQoL should include both aerobic and muscle-strengthening activity.
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1. Introduction

Regular physical activity has many health benefits
including enhanced cardiorespiratory and musculoskeletal
health, improved functional ability, enhanced self-indices,
and decreased anxiety and depressive symptoms [1].
Further, the physical and mental health benefits associated
with regular physical activity have been linked to
improvements in health-related quality of life (HRQoL)
[2]. HRQoL focuses on the influence health status has on
quality of life [3], and is defined as the perceived physical
and psychosocial health or well-being [4]. To maximize
the likelihood of improving health status by achieving the
health benefits associated with physical activity, the U.S.
federal government collaborated with leading health
professionals to establish minimum activity standards
pertaining to both activity type and activity intensity for
youth, adults, and older adults, entitled the 2008 Physical
Activity Guidelines (PAGs) for Americans [5]. Evidences
behind the PAGs also prompted other national governments
including the U.K. to establish similar guidelines [6].
Though fundamentally similar to previous activity
recommendations, the 2008 PAGs take into account that

aerobic and muscle-strengthening activity (also referred to
as resistance activity) are separate entities that uniquely
and additively benefit health [7,8,9]. For instance, Blair
and colleagues [10] posit that individuals should engage in
muscle-strengthening activity, in addition to aerobic
activity, at least twice a week, in that this activity type
promotes the maintenance of lean muscle mass, improves
muscular strength and endurance, and preserves functioning,
which, in turn, enables long-term regular participation in
physical activities and promotes quality of life.

Although aerobic and muscle-strengthening activity are
considered separate entities that uniquely and additively
benefit health, their combined impact is seldom assessed
within research measuring dose-response relations between
activity engagement frequency and health-outcomes such
as HRQoL [11,12]. In fact, the overwhelming majority of
research assessing the benefits of physical activity focuses
solely on frequencies of moderate-to-vigorous aerobic
physical activity (MVPA; [13]. For instance, research that
found adhering to physical activity recommendations was
significantly related to an enhanced HRQoL only
measured aerobic physical activity [14,15,16]. However,
Hart [17] found that when adults reported they engaged in
muscle-strengthening (measured as yes or no) activity in
addition to at least 10 minutes of moderate and/or
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vigorous aerobic activity (measure as yes or no), they had
a greatly likelihood of reporting good HRQoL. This
finding indicates that regularly engaging in both aerobic
and muscle-strengthening activity likely may exhibit
additive health benefits, which, in turn, improves health
status, which, in turn, promotes HRQoL.

Despite strong evidence supporting the importance of
engaging in both types of activity, data from the 2011
Behavioral Risk Factor Surveillance System (BRFSS)
survey revealed 31.2% of U.S. young adults did not meet
aerobic or muscle-strengthening PAGs, 38.1% met only
one PAG (i.e., either aerobic or muscle-strengthening
PAGs), and only 30.7% met both aerobic and muscle-
strengthening PAGs [8,18]. Though this data revealed
56.8% of U.S. young adults (18-24 years) met the aerobic
PAGs and 44.1% met the muscle-strengthening PAGs, it
also indicated approximately one-half (46.0%) of regular
aerobic exercisers and one-third (31.1%) of regular
muscle-strengthening  exercisers are not regularly
engaging in the other activity type. Deductively, data from
the BRFSS demonstrates individuals seemingly fall into
one of three activity engagement groups based on meeting
or not meeting PAGs. That is, generally, individuals either
do not meet either of the PAGs, meet one of the PAGs
(i.e., either aerobic or muscle-strengthening), or meet both
of the PAGs. Given that aerobic and muscle-strengthening
activity uniquely and additively benefit health [9,19], it is
reasonable to assume these groups would, respectively,
demonstrate a stepwise increase in score of a perceptive
health measure such as a HRQoL measure. Moreover,
since the health effects associated with physical activity
originates though biological mechanisms that improve
health status [20], it is also reasonable to assume the
influence of a negative health-risk factor such as sedentary
behavior could also demonstrate a stepwise decline in
score of this same perceptive health measure [21].

Over the last couple of decades, societal and technological
changes have substantially impacted frequencies of
physical activity and sedentary behavior [22,23]. Research
indicates the frequency of physical activity has declined
from previous decades [24,25], and in contrast, the
frequency of sedentary behavior has increased from
previous decades [22,26]. These findings suggest the
inverse association between sedentary behavior and
physical activity would be strong; however, research has
yet to definitively support this assumption [27]. Moreover,
the consequences of sedentary behavior are thought to be
independent of physical activity [21,27,28,29,30]. In fact,
Craft and colleagues [31] indicated sedentary behavior
(measured as time spent sitting) may not differ between
individuals meeting and not meeting PAGs (aerobic), and
Matthews and colleagues [30] revealed high levels of
MVPA may not mitigate the health-risks associated with
prolonged sitting, especially screen-time sitting. In
addition, research indicates higher levels of sedentary
behaviors are significantly associated with lower levels of
HRQoL and reductions in sedentary behavior may
significantly improve physical HRQoL [32,33].

Though the relationships between HRQoL and meeting
PAGs and HRQoL and sedentary behavior are established,
it is not currently known whether sedentary behavior
affects the relationship between meeting PAGs and
HRQoL. That is, researchers have yet to investigate the

sedentary behavior and its influence on HRQoL across
individuals with varying physical activity engagement
such as those not meeting either PAGs, those only
meeting one of the PAGs, or those meeting both PAGs
[29]. While research has suggested sedentary behavior
may not differ between these groups and physical activity
and sedentary behavior are independent determinants of
health-outcomes [21,31], it is not known whether the
negative impact of sedentary behavior on HRQoL varies
between these groups. Given that the frequency of
sedentary behavior is considered to be higher than
previous decades [22,26] and individuals generally fall
into one of these three groups, improving the
understanding of the dose-response relations among these
variables is crucial for developing interventions to
enhance HRQoL [29]. Thus, the purpose of this study was
to investigate whether sedentary behavior had a different
influence on both physical and psychosocial HRQoL
across the three physical activity engagement groups
(i.e., NO PAGs, ONE PAGs, and BOTH PAGS).

Based on the literature reviewed [17,21,32,33,34,35], it
was first hypothesized sedentary behavior, especially
screen-time sitting, would be significantly negatively
associated to both physical and psychosocial HRQoL.
Second, it was hypothesized sedentary behavior and
physical and psychosocial HRQoL would be significantly
associated with engagement groups [15,17,36]. Lastly, it
was hypothesized the influence of sedentary behavior on
physical and psychosocial HRQoL would demonstrate a
stepwise decline based on engagement group. That is,
sedentary behavior would have the most influence on
physical and psychosocial HRQoL among individuals
who did not meet aerobic or muscle-strengthening PAGs
and the least influence on physical and psychosocial
HRQoL among individuals who meet both aerobic and
muscle-strengthening PAGs [16,17,32,35].

2. Methods

Ethical approval for this study was obtained from the
Institutional Review Board of a public research university
located in Southwestern United States. Data for this cross-
sectional study were obtained from an online survey that
was distributed summer of 2013 via e-mail by the
university’s Division of Student Affairs. Survey items
investigated sedentary behaviors, physical activity profile
(i.e., amount, type, and intensity), and sub-scales of
HRQoL. No identifiable information was collected, and
all students who received the recruitment e-mail were
provided an informed consent notice. As an incentive, all
who completed the 54-item survey were entered into a
raffle for a $10.00 gift card that was personally funded by
the researchers.

2.1. Participants

Participants were 427 college students who had visited
their university’s recreation center at least once in the
previous six months. Single-visit, casual, and regular
recreation center visitors were targeted as participants for
the purpose of obtaining a sample of young adults with
varying frequencies of aerobic and muscle-strengthening
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activity engagement. An a priori power analysis indicated
395 participants were needed to have 80% power for
detecting a small sized effect when employing .05
criterion of statistical significance.

2.2. Measurements

2.2.1. Demographics

Demographics assessed were age, sex, classification
(e.g., freshman), ethnicity, and college major. Sex,
ethnicity, and college major were used to compare sample
normality with the university’s general population.

2.2.2. Physical Activity Profile

Aerobic activity was assessed using the 7-item
International Physical Activity Questionnaire-short form
(IPAQ-SF), which was developed by a groups of experts
in 1998 [37]. One item addressed sitting behavior and six
items addressed participants” light-, moderate-, and
vigorous-intensity aerobic activity over the last seven days.
Where, for each intensity, one item assessed days per
week and one item assessed hours per day. To specifically
assess aerobic activity, activity examples given to
represent intensity (i.e., moderate physical activities
like...) were in accordance to the CDC and ACSM
aerobic activity intensity examples [38]. Responses to the
four items addressing moderate- and vigorous-intensity
aerobic activity were combined by first computing a total
time for each intensity and then converting both intensities’
total to a single MVPA temporal scale [38]. Then, total
MVPA was then analyzed to determine if participants met
or did not meet the aerobic PAGs (i.e., MVPA > 150 min.
= met aerobic PAGS).

To assess muscle-strengthening activity, an additional
item was created using the same IPAQ-SF format
(i.e., During the last 7 days, how many days did you do
muscle-strengthening  activities like weight lifting,
calisthenics, or other resistance exercises that worked all
major muscle groups [legs, hips, back, abdomen, chest,
shoulders, and arms]?). Previous research used similarly
constructed items to assess muscle-strengthening activity
[39,40]. According to the PAGs to be categorized as
meeting muscle-strengthening PAGs, participants needed
to report doing muscle-strengthening activities on two or
more days during the last 7 days [38]. In the present study,
scores of eight items were found to have high internal
consistency (o = .92). After participants’ aerobic and
muscle-strengthening PAGs statuses were determined, a
single categorical group variable was created (i.e.,
engagement) that labeled participants as 0, 1, or 2 (i.e.,
NO PAGs, ONE PAGs, or BOTH PAGs, respectively).

2.2.3. Sedentary Behavior

The 18-item Sedentary Behavior Questionnaire (SBQ)
[41] was used to assess students’ sedentary activity.
Students were asked to indicate the amount of time, on a
9-point temporal scale ranging from none (0) to 6 hours or
more (8), they spent doing nine activities while sitting
(i.e., watching television or videos, playing video games,
listening to music, talking or texting on the phone, doing
school/office work, reading a book or magazine, playing a
musical instrument, doing arts and crafts, and

driving/riding in a car, bus, or train) on a typical day.
Responses to the first two items were summed to compute
the screen-time sitting per day (ST), and then all other
items were summed to compute the non-screen-time
sitting per day (non-ST). Weekday and weekend day were
assessed separately using the same nine items, and
weekday and weekend day were multiplied by the
appropriate days per week and then summed to obtain
7-day averages [42]. Rosenberg and colleagues [41] found
the SBQ had moderate to excellent test-retest reliability
for the nine activities and for the total scale on weekdays
and weekend days. For the current study, validity was
supported by correlation with the IPAQ-SF sitting-time
item (r = .45, p < .01).

2.2.4. Health-Related Quality of Life

The 23-item Pediatric Quality of Life Inventory™
Generic Core Scales Young Adult Version was used to
evaluate participants’ self-reported HRQoL [43]. Participants
were asked to indicate how much of a problem each item
had been during the past seven days, on a 5-point scale
ranging from never (0) to always (4). To designate higher
scores with a higher HRQoL, responses to HRQoL items
were reversed scored and linearly transformed to a 0-100
scale [43,44]. This HRQoL measure yields four subscale
factors (i.e., physical, emotional, social, and school
functioning). Besides the physical factor, for the current
study, a higher-order factor, psychosocial, was computed
by summing the latter three subscale factors [43]. Previous
research found scores for this measure had high internal
consistency (a = .89) in young adults [45]. Scores for all
HRQoL factors in the present study had high internal
consistency (o = .87 to .95).

2.3. Statistical Analyses

Statistical analyses were conducted using SPSS® 22.0
(IBM Corporation, Armonk, NY, USA) for Windows®/Apple
Mac®, and statistical significance was set at o < .05.
G*Power Version 3.1.9.2 [46] was used to perform an a
priori power analyses. After all studied variables were
computed missing values, univariate outliers, and
multivariate outliers and distributions were explored.
Missing data analysis revealed 21 participants were
missing a significant amount of data (i.e., missing an
entire scale or multiple scales). Little’s MCAR test
indicated these participants’ data were not missing
completely at random, so they were excluded [47]. Two
participants were discovered to have univariate outliers
[48]. Based on Mahalanobis, Cook’s, leverage distances
three participants were discovered to have multivariate
outliers [49,50]. Once missing data and outliers were
excluded (n = 26), score reliabilities and descriptive
statistics were assessed, and correlation analyses were
conducted. A paired-samples t-test was conducted to
explore mean differences between week day and weekend
day sitting behaviors. Independent-samples t-tests and
chi-squared tests were conducted to explore mean
differences and associations between sexes in order to
determine if sex should be controlled. A one-way
ANOVA was conducted to examine sitting and physical and
psychosocial HRQoL mean differences among engagement
groups. Lastly, two moderation analyses were conducted
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using the PROCESS macro for SPSS® [51] to assess whether
the influence of sitting on physical HRQoL (Model 1) and
psychosocial HRQoL (Model 2) were different across the
engagement groups. The meeting NO PAGs group (0, 0)
served as the reference or indicator group. Thus, the
significance test of the sedentary behavior variable (i.e.,
ST and non-ST) represented the significance test of the
simple slope for this group [44,51].

3. Results

3.1. Descriptive Statistics

Descriptive statistics revealed participants (N = 401)
had a mean age of 19.15 + 0.77 years; were 53.1% male;
were 50.4% sophomores, 45.6% freshman, and 4% juniors;
were 45.6% 56.4% White, 17.5% African-American,
11.5% Hispanic/Latino, 6.5% Asian, and 8.1% other; and
represented 41 different college majors. Demographic data
were comparable to the university’s general population
[52]. Regarding sedentary behavior or sitting-time, a

paired-samples t-test revealed weekday ST and non-ST
were not significantly different from weekend day ST and
non-ST (t = -1.09, p = .07 and t = 0.89, p = .37,
respectively). Therefore, ST and non-ST values reflect
seven day averages in further analyses. Descriptive statistics
indicated participants spent, on average, 7.66 + 3.94
hr/day sitting with 3.11 £ 1.17 hr/day classified as ST.
Regarding aerobic and muscle-strengthening data, descriptive
statistics for the revealed approximately 34.9% of
participants did not meet aerobic or muscle-strengthening
PAGs, 34.2% met either aerobic or muscle-strengthening
PAGs, and 30.9% of participants met both aerobic and
muscle-strengthening  PAGs.  Further, 56.1%  of
participants met aerobic PAGs (i.e., reported at least 150
minutes of MVPA) and 39.9% met muscle-strengthening
PAGs (i.e., reported doing muscle-strengthening activities
on two or more days). Specifically, participants reported
an average of 25.50 + 18.26 min/day of MVPA and
2.31 £ 1.67 day/week of muscle-strengthening activity.
Lastly, descriptive statistics indicated the average physical
HRQoL was 81.43 + 15.98, psychosocial HRQoL was
74.89 + 16.94, and total HRQoL was 77.16 + 15.67.

Table 1. Means, Standard Deviations, and Correlation Coefficients for the Sitting, Engagement, and HRQoL Variables

Variable 1. 2. 3. 4, 5. 6. 7. 8. 9. 10.
1. Non-screen-time sitting — 64" 97" -12° -14" -14" .06 -.04 .03 .01
2. Screen-time sitting — .80 -1 -13" -15" -15™ 14 -.01 14"
3. Total time sitting — -15™ -14" -15" -.00 .01 .02 -.03
4. Physical HRQoL — 76" 89" 52" -51" 17 40"
5. Psychosocial HRQoL — 97" 417 =377 .03 357
6. Total HRQoL — 48" 44" .06 39"
7. Engagement — -.84" -.01 86"
8. NO PAGs* — -53" - AT
9. ONE PAGS® — -50"
10. BOTH PAGs® —
M 454 3.11 7.66 81.43 74.89 77.16 0.96 n=140 n=137 n=124
SD 3.09 1.17 3.94 15.98 16.94 15.67 0.81 34.9% 34.2% 30.9%

Note. N = 401. Sitting values in hr/day. Engagement = PAGs adherence status, 0 = NO PAGs, 1 = ONE PAGs, and 2 = BOTH PAGs.
®Dummy variables representing the three engagement groups with 0 = no and 1 = yes.

“p<.05; "p<.01L

Table 2. Results of Independent-Samples t-tests for Sedentary Behavior and Health-Related Quality of Life (HRQoL) Variables by Sex

Sex 95% ClI for
Female (n = 188) Male (n = 213) Mean
Variable M SD M SD Differences t df p-value
Non-screen-time sitting 4.45 2.83 4.63 3.31 -0.78, 0.42 -0.59 398.65 .55
Screen-time sitting 3.02 1.23 3.20 111 -0.41, 0.05 -1.63 399 A3
Physical HRQoL 80.12 15.94 82.58 15.96 -5.59, 0.68 -1.60 399 13
Psychosocial HRQoL 7451 15.58 75.22 18.08 -4.01, 2.59 -0.57 398.77 .67

Note. N = 401. Sitting values in hr/day.

Table 3. Results of the One-way ANOVA and Tukey’s HSD Post Hoc Tests

Engagement
1. NO PAGs 2. ONE PAGs 3. BOTH PAGs
(n =140) (n=137) (n=124)
Variable M SD M SD M SD F(2,397) p-value 7 Tukey’s HSD?
Non-screen-time sitting 4.23 2.57 4.78 3.46 4.63 3.18 1.19 31 .01 —
Screen-time sitting 3.31 0.89 3.13 1.29 2.87 1.27 4.60 <.05 .02 1>3
Physical HRQoL 7045 1441 8416  15.30 90.80 10.13 78.06 <.01 .28 1<2<3
Psychosocial HRQoL 66.24  12.77 7594  16.01 83.49 17.44 41.54 <.01 17 1<2<3

Note. N = 401. Sitting values in hr/day.
Only statistically significant differences are noted (p <.01).
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3.2. Variable Associations

Table 1 presents the means, standard deviations, and
correlation coefficients of the sitting, engagement, and
HRQoL variables. Correlation coefficients revealed ST
was significantly inversely related to engagement and
physical and psychosocial HRQoL. Though non-ST was
significantly  inversely related to physical and
psychosocial HRQoL, it was not significantly associated
to engagement or the dummy variables representing the
three engagement groups. Correlation coefficients also
indicated physical and psychosocial HRQoL were
significantly associated to engagement and the dummy
variables representing the three engagement groups.
Specifically, point-biserial coefficients indicated physical
HRQoL was inversely associated to NO PAGs and
directly associated to ONE PAGs and BOTH PAGs.
Whereas, psychosocial HRQoL was also inversely
associated to NO PAGs and directly associated to BOTH
PAGs, but not significantly associated to ONE PAGs.

Independent-samples t-test revealed values for non-ST,
ST, and physical and psychosocial HRQoL were not
statistically significantly different between sexes (see
Table 2). A chi-squared test of independence indicated sex
and engagement group were not significantly associated,
x> = 4.82, p = .09. Given the results of the previous tests
sex was not controlled in further analyses. The one-way
ANOVA indicated there were statistically significant
differences in mean ST and mean physical and
psychosocial HRQoL between the three engagement
groups. Specifically, post hoc analyses indicated the NO
PAGs group, on average, had significantly greater ST than
the BOTH PAGs group. In addition, the BOTH PAGs
group, on average, had significantly higher physical and
psychosocial HRQoL than the ONE PAGs group, and the
ONE PAGs group, on average, had significantly higher
physical and psychosocial HRQoL than the NO PAGs
group. Results of the one-way ANOVA including post hoc

analyses using Tukey’s HSD post hoc criterion for
significance are presented in Table 3.

3.3. Moderation Analyses

Summaries of the moderation analyses for Models 1
and 2 are presented in Table 4. Model 1 vyielded a
statistically significant result, R? = .30, F(5, 395) = 38.90,
p < .01. The increase in variance explained due to the
interaction was also statistically significant, AR? = .01,
F(2, 395) = 3.46, p < .05. Regression coefficients
indicated the average estimated physical HRQoL in the
NO PAGs group, at mean ST, was 71.07. In contrast, at
mean ST, the average estimated physical HRQoL was
13.12 units higher (p < .01) in the ONE PAGs group,
and 19.83 units higher (p < .01) in the BOTH PAGs
group. Regarding slope, the average estimated deviation
in physical HRQoL per additional hour of ST in the
NO PAGs group was statistically significantly different
from zero (B = -3.12, p < .05). That is, physical HRQoL
in the NO PAGs group decreased by an average of
3.12 units per additional hour of ST. In contrast, the
average estimated deviation in physical HRQoL per
additional hour of ST in the ONE PAGs group was not
statistically significantly different from slope in the NO
PAGs group (B = 1.11, p = .50). In addition, the
regression coefficient representing the conditional effect
of ST indicated the average estimated deviation in
physical HRQoL per additional hour of ST in the ONE
PAGs group was statistically significantly different from
zero (B = -2.01, p < .05). Lastly, the average estimated
deviation in physical HRQoL per additional hour of ST in
the BOTH PAGs group was statistically significantly
different from slope in the NO PAGs group (B = 3.54,
p < .05), and the regression coefficient representing the
conditional effect of ST indicated the slope in the BOTH
PAGs was not significantly different than zero (B = 0.42,
p = .60).

Table 4. Summary of the Moderation Analyses for Model 1 and Model 2

Conditional Effect®

Model R? F(5, 395) B SE t p-value B SE p-value
1. Physical HRQoL .30° 38.90 <.01

Constant 71.07 1.23 57.79 <.01

ONE PAGs (D1) 13.12 1.79 7.33 <.01

BOTH PAGs (D2) 19.83 1.52 13.04 <.01

Screen-time sitting (ST) -3.12 1.39 -2.24 <.05 -3.12 1.39 <.05
ST*ONE PAGs 111 1.63 0.68 =.50 -2.01 0.85 <.05
ST*BOTH PAGs 3.54 1.60 2.21 <.05 0.42 0.80 =.60
2. Psychosocial HRQoL .18° 21.69 <.01

Constant 66.86 113 59.14 <.01

ONE PAGs (D1) 9.09 1.78 5.10 <.01

BOTH PAGs (D2) 16.68 1.89 8.84 <.01

ST -3.17 1.22 -2.60 <.05 -3.17 1.22 <.05
ST*ONE PAGs 2.23 1.55 1.44 =.15 -0.93 0.96 =.33
ST*BOTH PAGs 3.35 2.02 1.66 =.10 0.19 1.61 =91

Note. N = 401. D1 = dummy variable 1; D2 = dummy variable 2.
The effect of ST in groups defined by engagement group.

PAR? = .01, F(2, 395) = 3.46, p < .05

°AR? = .01, F(2, 395) = 1.65, p = .19.



World Journal of Preventive Medicine 15

95.00
90.41 £0.90 9238
9000 8653 -
8418
3 8500 o183
o/
B s000
- 7471
é 75.00 o
=
A 70.00 \‘fjs
65.00
60.00
18D Mean +1 8D
Screen-time Sitting Per Day
—+—=NOPAGs =8 ONE PAGs =—ar—BOTHPAG:

Figure 1. Line graphs illustrating the influence of screen-time sitting (M = 3.12 + 1.16) on physical health-related quality of life (HRQoL) across three
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Figure 2. Line graphs illustrating the influence of screen-time sitting (M = 3.12 + 1.16) on psychosocial HRQoL across three physical activity

engagement groups

Model 2 also yielded a statistically significant result,
R? = .28, F(5, 395) = 21.69, p < .01, but the increase in
variance explained due to the interaction was not
statistically significant, AR* = .01, F(2, 395) = 1.65,
p = .19. Regression coefficients revealed the average
estimated psychosocial HRQoL in the NO PAGs group, at
mean ST, was 66.86. In contrast, at mean ST, the ONE
PAGs group had an average estimated psychosocial
HRQoL that was 9.09 units higher (p < .01) than the NO
PAGs group, and the BOTH PAGSs group had an average
estimated psychosocial HRQoL that was 16.68 units
higher (p < .01) than the NO PAGs group. Regarding
slope, the average estimated deviation in psychosocial
HRQoL per additional hour of ST in the NO PAGs group
was statistically significantly different from zero (B = -
3.17, p < .05). Thus, psychosocial HRQoL in the NO
PAGs group decreased by an average of 3.17 units per
additional hour of ST. In contrast, the average estimated
deviation in psychosocial HRQoL per additional hour of
ST in the ONE PAGs and BOTH PAGs groups were not
statistically significantly different from slope in the NO
PAGs group (B = 2.23, p = .15 and B = 3.35, p = .10,
respectively). However, the regression coefficients
representing the conditional effect of ST indicated the
average estimated deviation in psychosocial HRQoL per

additional hour of ST in the ONE PAGs and BOTH PAGs
groups were not statistically significantly different from
zero (B = -093, p = .33 and B = 0.19, p = .91). To
illustrate the two aforementioned models, two line graphs
were created (see Figure 1 and Figure 2). Simple slope
equations examining the influence of low ST (i.e., one
standard deviation below the mean), mean ST, and high
ST (i.e., one standard deviation above the mean) on
physical (a) and psychosocial (b) HRQoL across the three
different engagement groups were computed [53,54,55].
Resulted values from these computations were plotted in
Figure 1 and Figure 2.

4. Discussion

The present study examined influence of sedentary
behavior on physical and psychosocial HRQoL across
groups based on adherence to PAGs. Similar to previous
research the sedentary behavior remained rather stable
between weekday and weekend days [56,57,58]. In
addition, the values for time spent sitting in the current
study fell within values found in previous research
assessing similar relations in young adults [35,59], and
physical activity engagement group distribution in the
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current study was congruent to the distribution found in
the 2011 BRFSS data [8,18]. Further, HRQoL scores were
also consistent with previous research assessing similar
relations in young adults [45]. Collectively, these
consistencies support the generalizability of the findings
in the current study.

Consistent with previous literature, correlation analyses
revealed physical and psychosocial HRQoL were both
significantly inversely associated ST [17,21,32,33,34,35]
and directly associated to physical activity engagement
[15,17,36], which supported the first and second hypotheses,
respectively. Though meeting PAGs (i.e., engagement)
was significantly associated to ST, it was not significantly
associated to non-ST and more specifically total time
sitting, which was consistent to previous research that
found equivalent sitting-time between those meeting and
not meeting PAGs [31]. On the other hand, given that ST
was significantly associated with engagement, the position
that the influence of sedentary behavior on health and
health determinants varies based on the type of sedentary
behavior was further supported [60]. Congruent with
previous research [16,17], engagement and physical and
psychosocial HRQoL did not significantly vary between
sexes. Though males did, on average, report higher levels
of sedentary behavior (i.e., ST and non-ST) than females,
levels of sedentary behavior were not significantly
different between sexes, which was incongruent with
previous research [59,61]. This incongruent finding
suggests further research is needed to examine the
sedentary habits between sexes in young adults. While, in
part, further supporting the second hypothesis, the one-
way ANOVA also demonstrated a stepwise decease in ST
and a stepwise increase in HRQoL with respect to
engagement, which demonstrated the need to further
explore interaction effects among these variables.

Consistent with previous research [16,17,32,35], the
NO PAGs group, on average, reported the lowest physical
and psychosocial HRQoL at all three levels of ST
(i.e., low, mean, and high), and the BOTH PAGs group,
on average, reported the highest physical and psychosocial
HRQoL at all three levels of ST. These findings
effectively demonstrate how the health benefits associated
with meeting PAGs positively impact HRQoL. Moreover,
Model 1 revealed a statistically significant interaction
effect, in that, on average, meeting both aerobic and
muscle-strengthening PAGs significantly buffered the
influence of ST on physical HRQoL (see Figure 1).
Though meeting only one of the PAGs was associated
with a higher physical HRQoL than not meeting any
PAGs, it did not, on average, significantly buffer the
influence of ST on physical HRQoL. On the other hand,
while the buffering was not statistically significant, this
result still demonstrated a stepwise decline of the
influence of ST on physical HRQoL and further supported
meeting PAGs as a positive health determinate. As for
Model 2, a statistically significant interaction effect was
not observed. However, as shown in Figure 2 and Table 4,
Model 2 did reveal not meeting either of the PAGs was
associated with an average estimated influence of ST on
psychosocial HRQoL that was statistically significantly
different from zero, while meeting one of the PAGs and/or
meeting both PAGs was associated with average estimated
influence of ST of psychosocial HRQoL that was not

statistically significantly different from zero. In addition,
though not statistically significantly, Model 2
demonstrated a stepwise decline of the influence of ST on
psychosocial HRQoL likely existed. Overall, both Model
1 and Model 2 indicated sedentary behavior had the least
influence on physical and psychosocial HRQoL among
individuals who met both PAGs, which supported the
third hypothesis.

Although previous research indicated the interaction
between sedentary behavior and MVPA on HRQoL only
approached significance [35] in adults, results of the
current study indicated interaction between ST and
physical activity engagement (i.e., meeting both aerobic
and muscle-strengthening PAGs) on physical HRQoL was
statistically significant in young adults. That is, while the
interaction between sedentary behavior and meeting only
one PAGs was not statistically significant, which was
consistent with previous research [35], the interaction
between sedentary behavior and meeting both PAGs was
statistically significant. This result might be best
supported by previous research that indicated meeting
both aerobic and muscle-strengthening PAGs had additive
health benefits over and above the health benefits
associated with meeting only one of the PAGs [17,39,62].

To our knowledge, this was the first study to examine
the influence of sedentary behavior on physical and
psychosocial HRQoL across young adults with varying
physical activity engagement. Therefore, this study
expands the existing knowledge regarding the relations
among sedentary behavior, aerobic and muscle-
strengthening activity engagement, and HRQoL in young
adults. Though the scope of the negative health-
consequences of sedentary behavior has yet been fully
discovered [30], results of the current study support the
concept that regularly engaging in physical activity,
especially regularly engaging in both aerobic and muscle-
strengthening activity, may, in part, mitigate the negative
influence of health-risk factors such as sedentary behavior
on health-outcomes such as HRQoL in young adults.
Considering the prevalence of sedentary behavior in
young adults [22,26], these results provided additionally
evidence for the importance of meeting PAGs, in that, on
average, meeting one and/or both PAGs was associated
with higher physical and psychosocial HRQoL and lower
levels of sedentary behavior. Moreover, meeting both
aerobic and muscle-strengthening PAGs significantly
buffered the influence of sedentary behavior on physical
HRQoL.

On the other hand, the findings of the current study
should be considered in light of the following limitations.
First, the particulars of this sample may limit the
generalizability of these results to similar samples.
However, considering the sedentary behavior, activity
profile, and HRQoL values were similar to the values
found in previous studies [8,18,35,45,59], it appears the
present sample adequately represented young adults in the
U.S. To increase generalizability, subsequent research
should examine samples from different populations such
as young adults from different universities, countries, and
learning settings, as well as different age groups to
determine whether findings remain consistent. Second,
though self-report measures allow for easier dissemination
and implementation, past research has indicated direct
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measures are more accurate, reliable, and valid [63,64]. In
addition, self-report data are subject to social desirability
biases, which might have, according to previous research,
underestimated and overestimated students’ responses
[2,65]. Therefore, future researchers are advised to further
examine the principal findings of the current study by
using direct measures for assessing sedentary behavior,
physical activity, and HRQoL such as pedometers,
accelerometers, observations, physiological health factors,
and health records. Third, cross-sectional design does not
allow researchers to establish causality or observe change.
Thus, to investigate whether these relationships are causal
or change over time, future researchers should utilize
longitudinal research design [54].

Other possible extraneous variables for the current
study might be selection bias, in that participants were not
randomly selected. Therefore, the data obtained in this
sample may be more representative of individuals who
volunteered due to having a vested interest in its context.
Also, the surveys were online, thus, students did not have
the opportunity to ask clarifying questions during
assessment, which could lead to measurement error due to
unintended or incorrect responses [66].

5. Conclusion

Considering the current trends of sedentary behavior,
physical activity, and negative health-outcomes,
improving our understanding of the dose-response
relations among these variables is becoming more and
more pertinent. Accurately determining the influence of
sedentary behavior on health-related outcomes such as
HRQoL within different types and doses of physical
activity could help in developing interventions to promote
our general well-being. That is, an improved
understanding of the varying influences of sedentary
behavior and physical activity on health-outcomes could
help us manage and prevent the onset of many negative
health-consequences for future generations. As such, in
order to offset the potential negative consequences of
sedentary behavior that may be inevitable considering the
current societal and technological changes, this study
indicated interventions designed to improve HRQoL
should include multiple types of physical activity rather
than a single type. In addition, future research studies
should examine the influence of sedentary behavior on
multiple health-related outcomes across different types
and doses of physical activity within multiple populations,
while also using objective measurements in order to more
precisely identify how sedentary behavior influences our
health.
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