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Abstract: Background: High sedentary time has been considered an important chronic disease risk 

factor but there is only limited information on the association of specific sedentary behaviors on 

weekdays and weekend-days with body composition. The present study examines the prospective 

association of total sedentary time and specific sedentary behaviors during weekdays and the weekend 

with body composition in young adults. Methods: A total of 332 adults (50% male; 27.7 ± 3.7 years) 

were followed over a period of 1 year. Time spent sedentary, excluding sleep (SED), and in physical 

activity (PA) during weekdays and weekend-days was objectively assessed every 3 months with a multi-

sensor device over a period of at least 8 days. In addition, participants reported sitting time, TV time and 

non-work related time spent at the computer separately for weekdays and the weekend. Fat mass and fat 

free mass were assessed via dual x-ray absorptiometry and used to calculate percent body fat (%BF). 

Energy intake was estimated based on TDEE and change in body composition. Results: Cross-sectional 

analyses showed a significant correlation between SED and body composition (0.18 ≤ r ≤ 0.34). 

Associations between body weight and specific sedentary behaviors were less pronounced and 

significant during weekdays only (r ≤ 0.16). Nevertheless, decrease in SED during weekends, rather 

than during weekdays, was significantly associated with subsequent decrease in %BF (β = 0.06, p <0.01). 

After adjusting for PA and energy intake, results for SED were no longer significant. Only the 

association between change in sitting time during weekends and subsequent %BF was independent from 

change in PA or energy intake (β%BF = 0.04, p = 0.01), while there was no significant association 

between TV or computer time and subsequent body composition. Conclusions: The stronger 
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prospective association between sedentary behavior during weekends with subsequent body composition 

emphasizes the importance of leisure time behavior in weight management.  

 

Key Words: body weight; body fat; sedentary time; TV time; computer time; sitting time; physical 

activity 

 

Abbreviations: 

%BF… percent body fat 

EI… energy intake 

MVPA… moderate-to-vigorous physical activity 

PA… physical activity 

 

1. Introduction 

Excess sedentary time has been associated with various adverse health outcomes including 

cardiovascular disease, diabetes, metabolic syndrome, certain types of cancer and mortality [1–4]. 

Sedentary behaviors are defined as activities performed while seated or lying down with an energy 

expenditure of less than 1.5 METs (metabolic equivalent) during waking hours [5]. Given the changes in 

modes of transportation, communications, workplace and domestic physical activity demands due to 

economic advances and industrial innovations, a reduction in time spent sedentary has become a key 

area for public health separately from the promotion of physical activity [1, 6–8]. Sedentary behaviors 

have also been shown to have distinctly different physiological effects from PA [9]. Accordingly, 

sedentary behavior should be no longer considered simply as the absence of moderate-to-vigorous 

physical activity (MVPA) but rather as a specific set of behaviors, characterized by low energy 

requirements and unique health consequences [10].  

High sedentary time has also been associated with excess body weight but there remains 

controversy on the directionality of this association [11]. Results from the Nurses’ Health Study indicate 

that high sedentary time, particularly watching TV, is associated with a higher risk for excess weight 

gain [12]. Other studies, however, indicate that increased body weight is a precursor rather than a 

consequence of high sedentary time in adults [13, 14]. The lack of conclusive evidence may, in part, be 

due to variability in the assessment of sedentary time. Most studies relied on self-reported behaviors, 

such as TV time, as a proxy measure for total daily sedentary time [15]. Such measures, however, only 

capture leisure time sedentary behavior. Even though TV time is a prominent sedentary behavior there is 

limited information on the association between TV time and objectively determined total sedentary time, 

particularly during working days. Further, a change in media consumption due to the availability of 

mobile devices such as smart phones and tablets may contribute to a greater variability in screen time 

that may not be captured by focusing only on TV time. More research, therefore, is needed to enhance 

our understanding of the contribution of specific sedentary behaviors on various health outcomes, 

including obesity [8]. In addition, there is a need to examine whether patterns of sedentary behaviors 

affect body composition differently. Specifically, differences in behavioral choices during weekdays and 

weekend-days may affect body composition differently as weight gain has been shown to be more 

pronounced during the weekend compared to weekdays [16]. The purpose of the present study was to 



377 

AIMS Public Health Volume 3, Issue 2, 375-388. 

examine the prospective association between objectively measured sedentary time as well as self-

reported sedentary behaviors during weekdays and the weekend and body composition. 

2. Materials and Methods 

The present study uses baseline through one-year follow-up data from a prospective, observational 

study, which has been described in detail elsewhere [17]. A total of 430 healthy young adults (49% male) 

between 20 and 35 years of age were recruited via e-mail listservs, website postings, posters and flyers 

in an urban area in South Carolina between July 2011 and February 2013. The study was designed to 

examine the interaction of physical activity, dietary behavior and body composition in young adults as 

this population is at particular risk for weight gain [18, 19]. Power analyses revealed that at least 300 

participants are needed to detect an average weight gain of 1 kg/year with an effect size of 0.2. Inclusion 

criteria consisted of a BMI between 19 and 35 kg/m
2
, no major chronic or acute health conditions and no 

major changes in health behaviors in the three months prior to entering the study. Pregnant women, 

women who were planning on getting pregnant and those planning to change their use of contraceptive 

medications in the following 2 years were also excluded. The study protocol was approved by the 

University of South Carolina Institutional Review Board and all participants signed an informed consent 

prior to data collection. 

Anthropometric measurements were obtained every three months by trained and certified research 

staff. Body weight (kg) and height (cm) were measured with participants in surgical scrubs and bare feet 

to the nearest 0.1 kg and 0.1 cm, respectively. Body mass index (BMI, kg/m
2
) was calculated using the 

average of 3 measures obtained at each measurement visit. Baseline measures were used to classify 

participants as normal weight (BMI < 25 kg/m
2
) or overweight/obese (BMI ≥ 25 kg/m

2
) Total fat mass 

(FM) and fat free mass (FFM) were assessed via dual X-ray absorptiometry (DXA, Lunar DPX
®
 system, 

version 3.6; Lunar Radiation Corp, Madison, WI) and percent body fat (BF) was calculated (FM/body 

weight). Due to the limitations of diet reports [20], energy intake (EI) was calculated based on change in FM 

and FFM and average total daily energy expenditure (TDEE) for each respective 3-month period [21, 22].  

TDEE, time spent sedentary and in moderate-to-vigorous physical activity (MVPA) were 

determined using the SenseWear Mini Armband (Body Media, Pittsburgh, PA). The armband is worn on 

the upper arm and combines measurements of near body temperature, skin temperature, heat flux, 

galvanic skin response, and accelerometry. Several studies have examined the validity of the armband in 

various populations and previous research indicated accurate estimates of energy expenditure, physical 

activity (PA) and sleep in free-living adults [23–26]. Participants were asked to wear the armband for 24 

hours/day and only remove it during periods when it might get wet (e.g., taking a shower or swimming). 

Participants were given the armband for a period of up to 14 days every 3 months. Compliance was set 

at 7 days of wear-time, including Saturday and Sunday, with a minimum of 18 hours of wear-time per 

day. Data for Saturday and Sunday was averaged to reflect weekend PA and the average from Monday 

through Friday was used to reflect weekday PA. SenseWear’s propriatory algorithm (version 7.0 

professional) estimates energy expenditure minute-by-minute and subsequently determines TDEE as well as 

time spent sedentary, excluding sleep (sedentary < 1.5 METs), time spent in light PA (1.5 METs ≤ LPA < 3 

METs), and time spent in MVPA (MVPA ≥ 6 METs).  

During periods of non-wear time participants reported their activities. Using individual resting 

metabolic rate (RMR), energy expenditure during non-weartime was estimated based on the 
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Compendium of PA [27]. RMR was measured via indirect calorimetry (True One 2400, Parvo Medics, 

Sandy, UT) after a 12-hour overnight fast and 24 hour abstention from exercise in a dimly lit room for 

45 minutes. RMR was determined as the average of 10 consecutive minutes with the lowest coefficient 

of variation.  

Information on specific sedentary behaviors was obtained via self-report. Specifically, participants 

were asked about time spent sitting, watching TV and non-work related computer use during a typical 

weekday and weekend-day. Average time spent in various sedentary behaviors for the entire week was 

calculated using a 5:2 ratio for weekdays and weekend-days. 

Statistical Analysis. In order to be included in the analysis, valid data needed to be available for at 

least 3 measurement time points, including baseline and 12-month follow-up. Upon confirmation of 

normal distribution of the data differences between compliant and non-compliant participants were 

examined via ANOVA and Chi-square tests for categorical variables. Differences between weekdays 

and weekend were examined via paired-sample t-tests. Correlation analyses were used to examine the 

cross-sectional association between objectively determined sedentary time, self-reported sedentary 

behavior and body composition. The strength of the association was defined as weak (0.1 > r > 0.3), 

moderate (0.3 ≥ r ≥ 0.5) or strong (r > 0.5) for positive and negative trends [28]. Changes in body 

composition, sedentary time and specific sedentary behaviors were determined via linear mixed 

modeling. Subsequently, the association between change in sedentary behavior and body composition at 

1-year follow-up was examined via linear regression analysis, adjusting for age, baseline sedentary time 

and baseline body composition; a second model also included time spent in MVPA and calculated EI. 

Analyses were carried out for the total sample and separately for normal weight and overweight/obese 

participants due to potential differences in the association between sedentary behavior and body 

composition by weight category [29]. All analyses were conducted using IBM SPSS Statistics for 

Windows (version 22.0; IBM Corp., Armonk, NY).  

3. Results 

A total of 332 adults (49.7% male) provided valid data throughout the 1-year observation period. 

Two thirds (66.6%) of the sample were white/Caucasian with a majority (86%) having a college degree. 

Baseline descriptive characteristics did not differ between compliant and non-compliant participants, 

except for a higher prevalence of college graduates in compliant compared to non-compliant participants 

(86.4% vs. 74.5%, p = 0.01). Average armband wear-time for compliant participants was 23.1 ± 0.6 

hours/day for a total of 50.2 ± 3.3 days over the one-year observation period. Table 1 shows baseline 

measures for all compliant participants and separately for normal weight and overweight/obese 

participants. There were no significant differences in sex distribution, education or ethnicity between 

weight categories. Further, men and women did not differ in time spent sedentary or specific sedentary 

behaviors even though men displayed more time spent in MVPA. In addition to the expected differences 

in body composition, normal weight participants were younger than overweight/obese (p = 0.01). 

Participants spent 66.2 ± 8.5% of their waking hours in sedentary pursuits. Normal weight participants 

displayed lower sedentary time and more time in MVPA (p < 0.01). Sedentary time during waking hours 

was lower during the weekend compared to weekdays (p < 0.01) due to longer sleep duration; there was 

no difference in light PA and MVPA between weekdays and the weekend. Self-reported time spent at 

specific sedentary behaviors did not differ between normal weight and overweight obese participants. 
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Sitting time and time spent at the computer was significantly higher on weekdays compared to weekends 

(p ≤ 0.01). TV time, on the other hand, was significantly higher on weekends compared to weekdays (p 

< 0.01).  

Correlations between total sedentary time and time spent at specific sedentary behaviors were 

generally weak. Objectively determined sedentary time was significantly correlated with sitting time 

during weekdays and weekends. The correlation between objectively measured sedentary time and TV 

time as well as time spent at the computer, however, was only significant during weekends (Table 2). 

Correlations between time spent in specific sedentary behaviors and time spent in MVPA were weak as 

well, even though total sedentary time was inversely correlated with time spent in MVPA (r < -0.6). The 

correlations between weekday and weekend behaviors were strong for objective measurements, 

moderate for sitting time but only weak for computer time and TV time (Table 3). Correlations for 

change in weekend and weekday behaviors throughout the 12-month observation period were generally 

weak, except for change in MVPA (r = 0.4) and change in sitting time (r = 0.3). Accordingly, change in 

objectively determined sedentary time was not significantly correlated with change in specific sedentary 

behaviors.  

Cross-sectional analyses between body composition and sedentary time showed a low to moderate 

association between body composition and total sedentary time, particularly in overweight/obese (Table 4). 

The correlation was stronger during weekdays compared to weekend sedentary time. Associations with 

specific behaviors were less pronounced and only significant in normal weight participants. Specifically, 

sitting time and TV time during weekdays were directly correlated with %BF while weekend computer 

time was directly correlated with BMI. 

Over the 1-year observation period, participants experienced a weight gain of 1.0 ± 3.4 kg, which 

was associated with an increase of 0.7 ± 2.5 %BF. Weight change did not differ between normal weight 

and overweight groups, but change in %BF was more pronounced in those who were normal weight at 

baseline. Change in objectively determined sedentary time and specific sedentary behavior did not differ 

between normal weight and overweight/obese participants.  

Regression analyses did not show a significant prospective association between change in sedentary 

time and body weight at 12-month follow-up after adjusting for baseline body weight (Table 5). 

Baseline sedentary time, however, was associated with body composition at 1-year follow-up, 

particularly in overweight/obese. Further, an increase in sedentary time during the weekend was 

associated with higher %BF at follow-up. This result, however, was no longer significant after adjusting 

for change in MVPA and energy intake. There was no significant association between change in specific 

sedentary behaviors and subsequent body composition, except for the association between change in 

sitting time during weekends and %BF in overweight/obese (β = 0.04; p = 0.01). This association 

remained after additionally adjusting for MVPA and EI.  

There was also an association between change in body weight and total sedentary time at 1-year 

follow-up in overweight/obese participants (β = 0.13; p = 0.04). No significant associations were 

observed between change in body composition and specific self-reported sedentary behaviors at 1-year 

follow-up. Analyzing men and women separately revealed similar results as those shown for the total 

sample. 
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Table 1: Descriptive characteristics at Baseline. for the total sample and separately for Normal Weight and Overweight/obese participants. 

Values are Mean ± SD. 

 Total Sample  

(N = 332) 

Normal Weight 

(N = 183) 

Overweight/Obese 

(N = 149) 

Age (yrs) 27.7 ± 3.7 27.2 ± 3.5 28.3 ± 3.9 

Height (kg) 171.9 ± 9.6 171.8 ± 9.6 172.0 ± 9.5 

Weight (kg) 74.6 ± 13.8 66.3 ± 9.3 84.7 ± 11.3 

BMI (kg/m
2
) 25.2 ± 3.8 22.4 ± 1.6 28.6 ± 2.8 

Fat Mass (kg) 21.2 ± 8.6 16.4 ± 4.9 27.0 ± 8.6 

Fat Free Mass (kg) 54.0 ± 11.2 50.4 ± 10.6 58.1 ± 11.0 

% Body Fat 28.3 ± 9.1 25.2 ± 7.8 32.0 ± 9.2 

 Weekdays Weekends Weekdays Weekends Weekdays Weekends 

MVPA (min/day) 136.6 ± 79.5  136.7 ± 96.5 165.0 ± 78.8 166.1 ± 101.4 101.7 ± 65.4 100.6 ± 76.0 

Sed. excl. Sleep (min/day)  698.5 ± 102.0  649.5 ± 119.6 674.7 ± 93.1 624.4 ± 113.2 727.7 ± 105.1 680.2 ± 9.9 

Sitting time (min/day)  433.7 ± 209.1 366.2 ± 198.1 436.5 ± 202.2 367.3 ± 192.3 430.2 ± 218.0 365.7 ± 206.1 

TV time (min/day)  158.4 ± 94.8 193.0 ± 138.6 150.5 ± 94.1 191.0 ± 135.3 168.2 ± 95.0 195.5 ± 142.9 

Non-work Comp.time 

(min/day)  

201.1 ± 122.6 177.9 ± 132.8 195.1 ± 113.5 184.6 ± 136.8 208.4 ± 127.3 169.6 ± 127.8 

Sed. excl. sleep… objectively determined sedentary time, excluding sleep; Comp.time… non-work related time spent at the computer 
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Table 2: Associations between objectively determined time spent sedentary or in MVPA and self-

reported sedentary behaviors during weekdays and weekends at baseline. Values are Pearson correlation 

coefficients. 

   Sitting
b
 

(min/day) 

TV time
b
 

(min/day) 

Computer
b
 

(min/day) 

TOTAL 

SAMPLE 

Weekdays Sedentary (min/day)
 a
 0.212 ** 0.011 -0.013 

 MVPA (min/day) -0.129 * -0.092 -0.080 

Weekend Sedentary (min/day)
 a
 0.199 ** 0.229 ** 0.244 ** 

 MVPA (min/day) -0.148 ** -0.018 -0.055 

NORMAL 

WEIGHT 

Weekdays Sedentary (min/day)
 a
 0.210 ** -0.006 0.036 

 MVPA (min/day) -0.156 * -0.062 -0.088 

Weekend Sedentary (min/day)
 a
 0.228 ** 0.125 0.258 ** 

 MVPA (min/day) -0.158 * 0.026 -0.083 

OVERW./ 

OBESE 

Weekdays Sedentary (min/day)
 a
 0.238 ** -0.022 -0.090 

 MVPA (min/day) -0.137 -0.057 -0.031 

Weekend Sedentary (min/day)
 a
 0.180 * 0.348 ** 0.275 ** 

 MVPA (min/day) -0.166 * -0.076 -0.072 
a
 objectively

 
assessed sedentary time excluding sleep; 

b 
self-reported sedentary time 

MVPA… time spent in moderate-to-vigorous physical activity 

* significant coefficient at p < 0.05 ** significant coefficient at p < 0.01 

Table 3: Association between weekday and weekend behaviors at baseline. Values are Pearson 

correlation coefficients. 

 MVPA 

(min/day) 

Sedentary 

(min/day) 
a
 

Sitting
b
 

(min/day) 

TV time
b
 

(min/day) 

Computer
b
 

(min/day) 

TOTAL SAMPLE 0.707 ** 0.561 ** 0.437 ** 0.089 0.116 * 

NORMAL WEIGHT 0.653 ** 0.487 ** 0.391 ** 0.106 0.094 

OVERW./OBESE 0.686 ** 0.581 ** 0.487 ** 0.066 0.150 
a
 objectively

 
assessed sedentary time excluding sleep; 

b 
self-reported sedentary time 

MVPA… time spent in moderate-to-vigorous physical activity 

* significant coefficient at p < 0.05 ** significant coefficient at p < 0.01 
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Table 4: Association between body composition and sedentary behavior during weekdays and the 

weekend at baseline. Values are Pearson correlation coefficients. 

   Sedentary 
a
 

(min/day) 

Sitting
b
 

(min/day) 

TV time
b
 

(min/day) 

Computer
b
 

(min/day) 

TOTAL SAMPLE 

Week-days BMI(kg/m
2
) 0.340 ** 0.006 0.079 0.085 

% Body Fat 0.298 ** 0.128 * 0.157 ** 0.095 

Week-end BMI(kg/m
2
) 0.274 ** -0.002 0.034 -0.018 

% Body Fat 0.183 ** 0.080 -0.028 -0.019 

NORMAL 

WEIGHT 

Week-days BMI(kg/m
2
) 0.120 0.019 0.012 0.120 

% Body Fat 0.219 ** 0.178 * 0.169 * 0.070 

Week-end BMI(kg/m
2
) 0.111 -0.005 0.099 0.175 * 

% Body Fat 0.122 0.173 * 0.061 0.139 

OVERW./OBESE 

Week-days BMI(kg/m
2
) 0.307 ** 0.041 0.000 0.040 

% Body Fat 0.231 ** 0.109 0.093 0.094 

Week-end BMI(kg/m
2
) 0.183 * 0.003 -0.006 -0.043 

% Body Fat 0.094 0.001 -0.134 0.152 
a
 objectively

 
assessed sedentary time excluding sleep; 

b 
self-reported sedentary time 

* significant coefficient at p < 0.05 ** significant coefficient at p < 0.01 

4. Discussion  

The inverse cross-sectional association between body composition and sedentary behaviors has 

been shown previously [30, 31]. Results of the present study generally confirm previous findings but the 

strength of the associations were moderate at best with more pronounced results in overweight/obese 

compared to normal weight adults. Further, associations between body composition and self-reported 

specific behaviors (i.e. TV and computer time) were less pronounced than the association with total 

sedentary time. Thus, health promotion efforts should emphasize a reduction in total sedentary time, 

rather than specific sedentary behaviors. The main focus of the present study, however, was on the 

prospective association between sedentary behaviors and body composition and potential differences in 

the contribution of weekday and weekend behaviors. Similar to the cross-sectional results, associations 

between change in specific sedentary behaviors and subsequent body composition were limited. A 

review on the prospective association between sedentary behaviors and various health outcomes also 

concluded that evidence on a longitudinal relationship between sedentary behavior and body weight is 

limited [15]. In the present study, only sitting time during weekends was associated with subsequent 

body composition independent of PA. These results could provide viable information for intervention 

strategies as they highlight the importance of leisure time behavior in weight management. Of additional 

interest is that change in body weight was associated with higher subsequent sedentary time, which is 

consistent with previous research [13, 14, 32]. Taken together, there appears to be a bi-directional 

association between body composition and sedentary behavior in which weight gain and sedentary 

behavior are mutually reinforcing [15]. 
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Table 5: Prospective associations between objectively measured changes in total sedentary time, excluding sleep, during weekdays and 

weekends and body composition at 1-year follow-up. Values are standardized regression coefficients ( ). 

  

M
o
d
el

 

Baseline Sedentary 

time (min/day) 

∆ Sedentary 

weekday (min/day) 

∆ Sedentary 

weekend (min/day) 

∆ MVPA 

(min/day) 

∆ EI 

(kcal/day) 

TOTAL 

SAMPLE 

BMI at 1-year 

follow-up (kg/m
2
) 

1 0.056 ** 0.008 0.029 N / A N / A 

2 0.067 ** -0.018 -0.005 -0.140 ** 0.094 ** 

% Body Fat at 1-

year follow-up 

1 0.060 * 0.020 0.063 ** N / A N / A 

2 0.070 ** -0.018 0.031 -0.118 ** 0.027 

NORMAL 

WEIGHT 

BMI at 1-year 

follow-up (kg/m
2
) 

1 -0.006 -0.018 0.010 N / A N / A 

2 0.030 -0.074 -0.075 -0.293 ** 0.183 ** 

% Body Fat at 1-

year follow-up 

1 0.017 0.006 0.062 * N / A N / A 

2 0.031 -0.047 0.012 -0.162 ** 0.037 

OVERW./ 

OBESE 

BMI at 1-year 

follow-up (kg/m
2
) 

1 0.153 ** 0.046 0.061 N / A N / A 

2 0.159 ** 0.008 0.031 -0.171 ** 0.119 ** 

% Body Fat at 1-

year follow-up 

1 0.112 ** 0.048 0.064 ** N / A N / A 

2 0.121 ** 0.024 0.045 -0.084 ** 0.026 

* significant coefficient at p < 0.05 ** significant coefficient at p < 0.01 

∆… change in objectively determined sedentary behavior over 12 months  

MVPA… moderate-to-vigorous physical activity over entire week;  

EI… calculated energy intake 

N/A indicates that variables were not included in the regression model 

Models 1 and 2 are additionally adjusted for sex, age, and baseline body composition 
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A bi-directional association could also help with explaining differences in the association between 

weekday and weekend sedentary time with body composition. A higher body weight potentially induces 

a higher amount of sedentary time during weekdays when opportunities for light PA and MVPA are 

generally limited. The influence on occupational demands on total sedentary time is further indicated by 

the limited association between total sedentary time and specific behavioral choices (i.e. TV and 

computer time) during weekdays. The greater freedom for conscious choices during weekends, on the 

other hand, provides more options for a reduction in sedentary time by engaging in various forms of 

recreational activities of light intensity or structured MVPA in a potentially conscious effort to control body 

weight. The fact that people tend to engage in more active behaviors during the morning hours [33, 34] 

also suggests that weekends provide valuable options for interventions targeting a reduction of sedentary 

time as there will be less interference with occupational demands during these times. The higher caloric 

intake, generally observed during weekends further emphasizes the need for behavioral adaptations, 

such as an increase in PA, during weekends in order to avoid weight gain [16, 35–37]. Nevertheless, 

higher sedentary time during working hours has been associated with higher sedentary time on non-

workdays [6, 38, 39] and there appears to be no difference in sedentary time between workdays and non-

workdays [40]. Thus, intervention strategies addressing a reduction in sedentary time should target 

occupational and leisure time behaviors. Results of the present study further emphasize the importance 

of MVPA in weight management. Despite the fact that high sedentary time has been associated with increased 

risk for cardiovascular disease, type 2 diabetes and all-cause mortality independent of MVPA [41–43], weight 

loss may require efforts that go beyond a reduction of sedentary time, most likely including alterations 

in diet and PA.  

Of additional interest is the weak association between specific self-reported sedentary behaviors 

and body composition, which emphasizes the need for a comprehensive assessment of overall 

sedentariness when examining the health risks associated with excess sedentary time. Even though TV 

time has been commonly used as indicator for sedentary behavior, this behavior appears to contribute 

only a small proportion to total sedentary time, particularly in light of the high amount of occupational 

sedentary time [15]. Further, modern technology that provides access to online media via multiple 

outlets may contribute to shifts in sedentary behaviors, especially in young adults, that may not be 

captured by inquiries on single sedentary choices. Communicating on the phone, for example, has 

become one of the most commonly reported sedentary behaviors due to 24-hour access to mobile 

devices [44]. The simultaneous engagement in multiple sedentary behaviors may further contribute to 

the difficulty in accurately determining sedentary time based on specific behaviors. People may be 

talking on the phone while surfing the internet or performing other tasks such as posting messages on 

social media at the same time. In addition, there is the potential for bias with self-reported behaviors, 

which affects measurement accuracy and could have contributed to the limited significant findings 

between specific self-reported sedentary behaviors and body composition. There are, however, also 

some limitations with currently available objective measures of sedentary time due to the limited 

information on the content of specific behaviors. Given that TV viewing, for example, has been 

associated with a higher caloric intake [45], specific information on behavioral content may still be 

valuable in examining the role of sedentary behaviors in weight management. Further, most objective 

measurements base their classification of sedentary time predominantly on movement rather than body 

position. Thus, standing still may be classified as sedentary behavior even though sedentary behavior 

has been defined as activities performed in a seated or lying position [5].  
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Besides the concerns regarding measurement accuracy with either method additional limitations 

should be considered as well when interpreting the findings of this study. The present study did not 

provide information on the duration or number of bouts of sedentary pursuits. Interruptions of prolonged 

sedentary bouts, however, have been shown to affect various health outcomes, independent of total 

sedentary time [46]. Further, Saturday and Sunday was assumed to reflect non-work days for the entire 

sample. Given that the majority of participants were associated with a university, this is a plausible 

assumption but it may not reflect the actual work pattern of each individual participant. Nevertheless, 

Rowlands et al. argue that even in the absence of a full time job with a periodic work rhythm, people 

adjust their behavior to activities of others along with opening hours of various businesses, resulting in 

specific daily activity patterns that resembles a weekly pattern observed with employment [47]. It should 

also be considered that even though sedentary time was comparable to the US adult population, PA 

levels were higher in the study population [48], which may mitigate some of the detrimental effects of 

high sedentary time. The availability of repeated measurements throughout the observation period along 

with high compliance with the objective PA assessment, on the other hand, is a considerable strength of 

this study. Further, the inclusion of estimated energy intake and MVPA in the analyses provides 

additional information on the complex interaction of key contributors to weight management. 

Overall, results of the present study emphasize the need for a comprehensive approach in weight 

management, including PA and diet. Even though the rise in occupational sedentary time has been of 

particular concern in modern society [6, 49], leisure time behavior appears to remain a crucial 

component in weight management. In fact occupational sedentary time has been shown to contribute 

less to total sedentary time than behavioral choices at home, particularly in young adults [44]. Despite 

the fact that the workplace has been identified as a target setting for health promotion [50], interventions 

targeting weight loss need to consider the importance of leisure time behavior in weight management. 

Accordingly, McCarthy argues for an increased awareness of the long-term consequences of short-lived 

weekend lifestyle choices and emphasizes the promotion of healthy behavioral choices during the 

weekend when people are generally facing a less structured daily routine [35]. The potential bi-

directional association between body composition and sedentary time also highlights the need for 

preventive measures that help with limiting weight gain rather than focusing on weight loss in order to 

avoid a vicious cycle of excess weight and high sedentary time. A preventive approach, addressing 

behavior at work and during leisure time, also requires less severe behavioral changes and thus may 

allow for a better adherence to various intervention strategies. 

Acknowledgements 

Funding for this project was provided by a grant from The Coca-Cola Company. The funder had no 

role in any aspect of the study design, data collection, or analysis.  

The authors also wish to thank the Advisory Board, staff, and participants of the Energy Balance Study.  

Conflict of Interest 

Dr. Blair receives book royalties (< $5,000/year) from Human Kinetics; has served on the 

Scientific/Medical Advisory Boards for Cancer Fit Steps for Life and Sports Surgery Clinic Dublin; and 

honoraria for lectures and consultations from scientific, educational, and lay groups. During the past 5-



386 

AIMS Public Health Volume 3, Issue 2, 375-388. 

year period he has received research grants from the National Institutes of Health, Department of 

Defense, Body Media, and The Coca-Cola Company.  

In the last five years, Dr. Hand has received funding from the National Institutes of Health (NIH), The 

Health Resources and Services Administration (HRSA), The Coca Cola Company, and Body Media.  

No other authors declare a conflict of interest. 

References 

1. de Rezende LF, Rodrigues Lopes M, Rey-López JP, et al. (2014) Sedentary behavior and health 

outcomes: an overview of systematic reviews. PLoS One 9(8):e105620. 

2. Biswas A, Oh PI, Faulkner GE, et al. (2015) Sedentary time and its association with risk for disease 

incidence, mortality, and hospitalization in adults: a systematic review and meta-analysis. Ann Intern 

Med 162(2):123-132. 

3. Ford ES, Caspersen CJ (2012) Sedentary behaviour and cardiovascular disease: a review of 

prospective studies. Int J Epidemiol 41(5):1338-1353. 

4. Chau JY, Grunseit A, Midthjell K, et al. (2015) Sedentary behaviour and risk of mortality from all-

causes and cardiometabolic diseases in adults: evidence from the HUNT3 population cohort. Br J 

Sports Med 49(11):737-742. 

5. Pate RR, O'Neill JR, Lobelo F (2008) The evolving definition of "sedentary". Exerc Sport Sci Rev 

36(4):173-178. 

6. Clemes S, O'Connell S, Edwardson C (2014) Office workers' objectively measured sedentary 

behavior and physical activity during and outside working hours. J Occup Environ Med 56(3):298-

303. 

7. Kohl HW, Craig CL, Lambert EV et al. (2012) The pandemic of physical inactivity: global action 

for public health. Lancet 380(9838):294-305. 

8. Owen N, Healy G, Matthews C et al. (2010) Too much sitting: The population health science of 

sedentary behavior. Exerc Sport Sci Rev 38(3):105-113. 

9. Hamilton MT, Hamilton DG, Zderic TW (2007) Role of low energy expenditure and sitting in 

obesity, metabolic syndrome, type 2 diabetes, and cardiovascular disease. Diabetes 56(11):2655-

2667. 

10. Tremblay MS, Esliger DW, Tremblay A, et al. (2007) Incidental movement, lifestyle-embedded 

activity and sleep: new frontiers in physical activity assessment. Can J Public Health 98(Suppl 

2):S208-217. 

11. Williams D, HA R, Ciccolo J (2008) A review of TV viewing and its association with health 

outcomes in adults. Am J Lifestyle Med 2(3):250-259. 

12. Hu FB, Li TY, Colditz GA, et al. (2003) Television watching and other sedentary behaviors in 

relation to risk of obesity and type 2 diabetes mellitus in women. JAMA 289(14):1785-1791. 

13. Ekelund U, Brage S, Besson H, et al. (2008) Time spent being sedentary and weight gain in healthy 

adults: reverse or bidirectional causality? Am J Clin Nutr 88(3):612-617. 

14. Mortensen LH, Siegler IC, Barefoot JC, et al. (2006) Prospective associations between sedentary 

lifestyle and BMI in midlife. Obesity (Silver Spring) 14(8):1462-1471. 

15. Thorp AA, Owen N, Neuhaus M, et al. (2011) Sedentary behaviors and subsequent health outcomes 

in adults a systematic review of longitudinal studies, 1996-2011. Am J Prev Med 41(2):207-215. 



387 

AIMS Public Health Volume 3, Issue 2, 375-388. 

16. Orsama AL, Mattila E, Ermes M, et al. (2014) Weight rhythms: weight increases during weekends 

and decreases during weekdays. Obes Facts 7(1):36-47. 

17. Hand G, Shook R, Paluch A, et al. (2013) The Energy Balance Study: The design and baseline 

results for a longitudinal study of energy balance. Res Q Exerc Sport 84(3):275-286. 

18. Ogden C, Carroll M, Kit B, Flegal K (2012) Prevalence of Obesity in the United States, 2009-2010. 

NCHS data brief, no 82. doi: 10.1001/jama.2012.40 

19. Sheehan TJ, DuBrava S, DeChello LM, Fang Z (2003) Rates of weight change for black and white 

Americans over a twenty year period. Int J Obes Relat Metab Disord 27(4):498-504. 

20. Poslusna K, Ruprich J, de Vries JH, et al. (2009) Misreporting of energy and micronutrient intake 

estimated by food records and 24 hour recalls, control and adjustment methods in practice. Br J N 

101(Suppl.2):S73-S85. 

21. Thomas DM, Schoeller DA, Redman LA, et al. (2010) A computational model to determine energy 

intake during weight loss. Am J Clin Nutr 92(6):1326-1331. 

22. Thomas DM, Bouchard C, Church T, et al. (2012) Why do individuals not lose more weight from an 

exercise intervention at a defined dose? An energy balance analysis. Obes Rev 13(10):835-847. 

23. Johannsen DL, Calabro MA, Stewart J, et al. (2010) Accuracy of armband monitors for measuring 

daily energy expenditure in healthy adults. Med Sci Sports Exerc 42(11):2134-2140. 

24. Welk GJ, McClain JJ, Eisenmann JC, et al. (2007) Field validation of the MTI Actigraph and 

BodyMedia armband monitor using the IDEEA monitor. Obesity (Silver Spring) 15(4):918-928. 

25. Sharif MM, Bahammam AS (2013) Sleep estimation using BodyMedia's SenseWear™ armband in 

patients with obstructive sleep apnea. Ann Thorac Med 8(1):53-57. 

26. Peterson BT, Chiao P, Pickering E, (2012) Comparison of actigraphy and polysomnography to 

assess effects of zolpidem in a clinical research unit. Sleep Med 13(4):419-424. 

27. Ainsworth BE, Haskell WL, Herrmann SD, et al. (2011) 2011 Compendium of Physical Activities: a 

second update of codes and MET values. Med Sci Sports Exerc 43(8):1575-1581. 

28. Cohen J, (1988) Statistical power analysis for the behavioral sciences, 2nd edn. Hillsdale, NJ: L 

Erlbaum Associates. 

29. van Uffelen JG, Watson MJ, Dobson AJ, et al. (2010) Sitting time is associated with weight, but not 

with weight gain in mid-aged Australian women. Obesity (Silver Spring) 18(9):1788-1794. 

30. Sugiyama T, Healy GN, Dunstan DW, et al. (2008) Joint associations of multiple leisure-time 

sedentary behaviours and physical activity with obesity in Australian adults. Int J Behav Nutr Phys 

Act 5:35. 

31. Salmon J, Bauman A, Crawford D, et al. (2000) The association between television viewing and 

overweight among Australian adults participating in varying levels of leisure-time physical activity. 

Int J Obes Relat Metab Disord 24(5):600-606. 

32. Petersen L, Schnohr P, Sørensen TI (2004) Longitudinal study of the long-term relation between 

physical activity and obesity in adults. Int J Obes Relat Metab Disord 28(1):105-112. 

33. Young DR, Jerome GJ, Chen C, et al. (2009) Patterns of physical activity among overweight and 

obese adults. Prev Chronic Dis 6(3):A90. 

34. Brown DW, Balluz LS, Heath GW, et al. (2003) Associations between recommended levels of 

physical activity and health-related quality of life. Findings from the 2001 Behavioral Risk Factor 

Surveillance System (BRFSS) survey. Prev Med 37(5):520-528. 

35. McCarthy S (2014) Weekly patterns, diet quality and energy balance. Physiol Behav 134:55-59. 



388 

AIMS Public Health Volume 3, Issue 2, 375-388. 

36. Haines PS, Hama MY, Guilkey DK, et al. (2003) Weekend eating in the United States is linked with 

greater energy, fat, and alcohol intake. Obes Res 11(8):945-949. 

37. Racette SB, Weiss EP, Schechtman KB, et al. (2008) Influence of weekend lifestyle patterns on 

body weight. Obesity (Silver Spring) 16(8):1826-1830. 

38. Parry S, Straker L (2013) The contribution of office work to sedentary behaviour associated risk. 

BMC Public Health 13:296. 

39. Jans MP, Proper KI, Hildebrandt VH (2007) Sedentary behavior in Dutch workers: differences 

between occupations and business sectors. Am J Prev Med 33(6):450-454. 

40. Smith L, Hamer M, Ucci M, et al. (2015) Weekday and weekend patterns of objectively measured 

sitting, standing, and stepping in a sample of office-based workers: the active buildings study. BMC 

Public Health 15:9. 

41. Koster A, Caserotti P, Patel KV, et al. (2012) Association of sedentary time with mortality 

independent of moderate to vigorous physical activity. PLoS One 7(6):e37696. 

42. Matthews CE, George SM, Moore SC, et al. (2012) Amount of time spent in sedentary behaviors 

and cause-specific mortality in US adults. Am J Clin Nutr 95(2):437-445. 

43. Wijndaele K, Orrow G, Ekelund U, et al. (2014) Increasing objectively measured sedentary time 

increases clustered cardiometabolic risk: a 6 year analysis of the ProActive study. Diabetologia 

57(2):305-312. 

44. Kim Y, Welk GJ (2015) Characterizing the context of sedentary lifestyles in a representative sample 

of adults: a cross-sectional study from the physical activity measurement study project. BMC Public 

Health 15(1):1218. 

45. Pearson N, Biddle SJ (2011) Sedentary behavior and dietary intake in children, adolescents, and 

adults. A systematic review. Am J Prev Med 41(2):178-188. 

46. Benatti FB, Ried-Larsen M (2015) The Effects of Breaking up Prolonged Sitting Time: A Review of 

Experimental Studies. Med Sci Sports Exerc 47(10):2053-2061. 

47. Rowlands AV, Gomersall SR, Tudor-Locke C, et al. (2015) Introducing novel approaches for 

examining the variability of individuals' physical activity. J Sports Sci 33(5):457-466. 

48. Matthews CE, Chen KY, Freedson PS, et al. (2008) Amount of time spent in sedentary behaviors in 

the United States, 2003-2004. Am J Epidemiol 167(7):875-881. 

49. Owen N, Sparling PB, Healy GN, et al. (2010) Sedentary behavior: emerging evidence for a new 

health risk. Mayo Clin Proc 85(12):1138-1141. 

50. Conn VS, Hafdahl AR, Cooper PS, et al. (2009) Meta-analysis of workplace physical activity 

interventions. Am J Prev Med 37(4):330-339.  

 

© 2016 Clemens Drenowatz, et al., licensee AIMS Press. This is an 

open access article distributed under the terms of the Creative 

Commons Attribution License. 

 (http://creativecommons.org/licenses/by/4.0) 

 


