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Abstract

:

Background: Sedentary behavior (SB) is an independent risk factor for cardiovascular diseases. We hypothesized that there may be benefits of replacing SB with light-intensity (LIPA) and moderate-to-vigorous (MVPA) physical activity. Substituting SB with LIPA and MVPA might be associated with body composition changes. Methods: We assessed body weight, body mass index (BMI), fat body mass (FBM), and physical activity level, as well as one-year changes, in 780 adults (EPIMOV Study). Results: We analyzed into 10-min blocks SB, LIPA, MVPA, and total wear time. After 14 ± 3 months of follow-up, there were 242 completed procedures. We reallocated time spent in SB to LIPA or MVPA and assessed cross-sectional and prospective associations with the outcomes using isotemporal substitution models. In cross-sectional analysis, substituting 10-min blocks of SB with MVPA led to significant decreases of 1.23 kg in body weight, 0.30 kg/m² in BMI, and 0.38% in FBM. 10-min blocks substituting SB with LIPA produced significantly lower body weight (1 kg) and BMI (0.1 kg/m²) values. In longitudinal analysis, reallocating SB to MVPA was only associated with FBM decline (−0.31%). Conclusions: Substituting SB with MVPA is associated with significant improvement in obesity indices in both cross-sectional and follow-up. Replacing SB with LIPA produced a less consistent impact.
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1. Introduction


Obesity is a growing public health problem worldwide and is commonly associated with several comorbidities [1]. One of the main triggers of obesity is the energy imbalance between consumption and caloric expenditure [2].



The increase in energy expenditure provided by physical activity (PA), as well as its health benefits and its inverse relationship with obesity and mortality, are already well described in the literature [3]. However, the research on sedentary behavior (SB), which is defined as “any waking behavior characterized by an energy expenditure ≤1.5 metabolic equivalent of task (METs) while in a sitting, reclining or lying posture” [4], has increased in the past few years, but still presents several gaps, especially when it is considered that even terminology consensus is recent [5,6,7]. Previous studies, including a systematic review and an overview, suggested that SB is related to increased cardiovascular risk, cancer, type 2 diabetes, metabolic syndrome, and all-cause mortality in adults [8,9,10]. Although some studies suggested a positive association between SB and obesity, it is controversial whether these deleterious effects are merely a consequence of PA time that has been substituted by time spent in SB [11,12,13,14].



Isotemporal substitution modeling takes into account that the total time in a day is finite, and therefore the total time spent in each PA spectrum, as well as the total accelerometer wear time, are interdependent [15]. Thus, this statistical approach allows the evaluation of the effect of substituting a block of time spent in one type of activity with another. Unfortunately, most of the previous studies using isotemporal substitution modeling were cross-sectional, including children and adolescents in high-income countries [9,10,11,12,13,14,15,16]. Few studies have explored this topic in adults, particularly in a prospective follow-up study. Obesity is usually classified by body mass index (BMI) [17]. The use of fat body mass as a percentage (%FBM), which is a more accurate marker of obesity [18], is scarce in the literature. It is worth mentioning that both SB and PA levels can be measured by questionnaires and wearable devices. In comparison to questionnaires [19], the advantage of accelerometers lies in the objectivity of the measurement [20].



Therefore, we conducted a prospective short-term follow-up study to test the hypothesis that replacing SB with light-intensity (LIPA) and moderate-to-vigorous physical activity (MVPA) would be associated with improvements in body weight, BMI, and %FBM in asymptomatic adults. We also assessed the effects of substituting SB for LIPA and MVPA in a cross-sectional design.




2. Materials and Methods


2.1. Selection of Subjects and Study Design


This study is part of the Epidemiology and Human Movement Study (the EPIMOV study), a cohort study that started in late 2013. The monitoring of participants in the EPIMOV study focused on cardiorespiratory diseases and locomotor disturbances. We have included only adults above 18 years old and free from cardiopulmonary diseases and locomotor disturbances at baseline, or other conditions diagnosed with an electrocardiogram or screening indicating that the participant would probably not be able to perform physical exercises safely. Participants were recruited through social networks and ads placed in local universities, magazines and newspapers.



Study assessments were carried out over two days, a week apart. Participants also contributed a blood sample in between the two visits at their earliest convenience. In the first visit, participants underwent general health screening, anthropometrics, spirometry, and cardiopulmonary exercise testing. Those participants with spirometric abnormalities suggesting obstructive lung disease were excluded from the present study. A forced vital capacity maneuver was performed using a suitably calibrated spirometer (Quark PFT, COSMED, Pavona di Albano, Italy) according to the criteria established by the American Thoracic Society [21], before and after inhalation of 400 micrograms of salbutamol [22,23]. At the end of the first assessment, participants were informed about the use of the triaxial accelerometer for the subsequent seven days.



In the second visit, they returned the accelerometer, answered the international physical activity questionnaire (IPAQ), and underwent assessments of body composition (bioelectrical impedance). After 14 ± 3 months had passed since the first evaluation, all participants were invited by telephone to repeat the entire research protocol.



Among the participants in the EPIMOV study, we included in the present study those who made correct and adequate use of the accelerometer (4 to 7 days, for at least 10 h/day) and properly followed the evaluation protocol required in the bioelectrical impedance analysis (i.e., adherence to test guidelines and protocols). The results of 780 participants at baseline, and 242 with a second assessment after follow-up, were analyzed.



We obtained written informed consent from all participants and the Ethics Committee at the local university approved the EPIMOV study (#186.796/2013).




2.2. Clinical Evaluation


Initial clinical evaluation included the history of health disorders and prior use of medications. We also investigated the presence of self-reported previous medical diagnosis of the main risk factors for cardiovascular disease, including older age (≥45 years for males and ≥55 for females), hypertension, diabetes/hyperglycemia, and dyslipidemia/hypercholesterolemia. Family history of premature coronary heart disease was defined as myocardial infarction or sudden death before 55 years of age in father or another male first-degree relative, or before 65 years of age in mother or other female first-degree relative. We also asked participants about current smoking.




2.3. Anthropometrics and Body Composition


We measured body mass and height on a scale equipped with a stadiometer (TOLEDO, São Paulo, Brazil), and then calculated the BMI [24].



We evaluated body composition and obtained %FBM using four-pole bioelectrical impedance (310E, BIODYNAMICS, Detroit, MI, USA). We instructed all participants to urinate at least 30 min before the test, remove all metallic objects from the body, not to use diuretics, keep fasting for at least four hours, not to drink alcohol for at least 48 h and remain for 10 min in the supine position at rest before the examination. The entire protocol followed the manufacturer’s instruction manual. We classified obesity by using %FBM values as being >30% for females and >20% for males [13] and from the BMI as ≥30 kg/m² [25].




2.4. Measures of Physical Activity and Sedentary Behavior


We performed this evaluation with a previously validated triaxial accelerometer (ActiGraph GT3X+, MTI, Pensacola, FL, USA) [26,27,28]. Accelerometers were given personally to the volunteers with instruction for proper wear. The participants wore the accelerometer on the dominant hip and were instructed to complete seven consecutive days of the assessment during usual waking hours. We instructed the participants to use the accelerometer until bedtime, except in the shower and in water-related activities. To be considered valid, days of data collection required at least 10 h of continuous monitoring, starting upon waking up. A minimum of 3 weekdays and 1 weekend day was necessary for inclusion in the final analysis. We considered non-wearing time as an interval of zero counts for 60 or more minutes. Both non-wearing time and the thresholds for the intensity of the physical activity were evaluated as previously described [29].



The total amount of sedentary behavior was considered based on minutes with counts less than 100 counts per minute (cpm), which represents <1.5 METs of energy expenditure, including active and non-active sitting, lying, and standing. The thresholds for the intensity of the physical activity were as follows [22]: very light (100–759 cpm); light (760–1951 cpm); moderate-to-vigorous (>1951 cpm). The activities in these thresholds included household activities (e.g., laundry, dishwashing, moving a small load and vacuuming) and locomotor activities (e.g., slow, normal or brisk walking, walking while carrying a bag, jogging or running, among others). We considered physically inactive participants as those with less than 150 min of MVPA per week [30,31]. We evaluated SB, LIPA, and MVPA at baseline and second visit.



The measurements were calculated as minutes/day considering the total wear time and wear time per calendar day as well as percentage of total time.




2.5. Statistical Analysis


We performed statistical analyses using the SPSS package, version 23 (SPSS IBM Corp., Armonk, NY, USA). We used paired t-test for assessing changes in obesity and PA variables over time.



We investigated the effects of replacing SB by LIPA and MVPA by using isotemporal substitution modeling. Total accelerometer wear time, as well as the times spent in SB, LIPA, and MVPA, were converted into 10-min blocks. We chose 10-min blocks because this represents the minimum amount of time in which activities should be accumulated to meet the World Health Organization PA recommendations [31]. Thus, we assessed the association between time units of 10 min of SB, LIPA and MVPA with body mass, BMI, and %FBM using multiple linear regression.



Subsequently, we performed three sets of multiple linear regression analysis, so-called single models. We included all cardiovascular risk factors (age, sex, arterial hypertension, dyslipidemia, diabetes, and smoking) as covariates in all three statistical analyses. In the first model, we investigated the isolated impact of each PA intensity (SB, LIPA, and MVPA) on obesity indices (body mass, BMI, and % FBM). In these models, we used each obesity index as outcomes, one of three activity intensities separately (SB, LIPA, and MVPA) and all covariables. However, we did not adjust for the other activity intensities and for the total accelerometer wear time.


    Obesity   index    =    b  0 +    b  1    *     (   SB   or   LIPA   or   MVPA   )  +  (  b 2    to   b  7  )     *     (   respective   covariate   )    



(1)







In the second model, namely partition, we used obesity indices as outcomes and included all three PA categories (SB, LIPA, and MVPA) and the covariables simultaneously. We kept total wear time out of these models. With no adjustment for the total wear time, we assumed that each of the PA intensities was added to the model, rather than replaced. Accordingly, the model estimates each time component while keeping the others constant.


    Obesity   index  = b 0 + b 1    *     (  SB  )  +    b  2  *     (  LIPA  )  +    b  3  *     (  MVPA  )  +  (  b 4    to   b  9  )   *     (   respective   covariate   )    



(2)







Finally, we performed the isotemporal substitution model to investigate the impact of replacing SB with LIPA and MVPA. We adjusted the model for all three PA categories as well as the total wear time and covariates. We assumed that any time spent in one type of PA causes a consequent isotemporal substitution of another kind of activity, since the total time is kept constant.



For example, to evaluate the impact of substituting 10 min of SB with 10 min of MVPA or LIPA, we removed SB from the model, maintaining LIPA, MVPA, total wear time and covariates. Thus, the coefficients of MVPA and LIPA represent the impact of reallocating SB to MVPA and LIPA in obesity indices as follows:


    Obesity   index    =    b  0 + b 2    *     (  LIPA  )  +    b  3    *     (  MVPA  )  +  (  b 4    to   b  9  )     *     (   respective   covariate   )  +    b  10    *     (   total   wear   time   )    



(3)







All statistical methods mentioned above were also applied using changes in body mass, BMI, and %FBM over time. In this case, we also adjusted all follow-up models for the baseline values of obesity indices. We verified the linearity of the relationships, as previously recommended, for isotemporal substitution modelling [15,32].



The sample size was calculated by the number of independent variables of interest for inclusion in multiple regression models, e.g., SB, LIPA, MVPA, age, sex, arterial hypertension, dyslipidemia, diabetes, smoking, and total accelerometer wear time. In the follow-up analyses, multiple regression models were also adjusted for body mass, BMI or %FBM obtained in the first evaluation. Considering 15 observations for each of the predictors, we found at least 150 subjects for inclusion in the study and 165 individuals for follow-up analyses.





3. Results


Of the 780 study participants, 242 (62 males) completed the first reassessment after the follow-up. At baseline, participants wore the accelerometer for 884 ± 76 min/day. The percentages of the total time in PA categories were: 73.2%, 21.6%, and 5.0% in SB, LIPA, and MVPA, respectively. The proportion of physical inactivity was 30%.



The initial evaluation of the total sample consisted mainly of middle-aged and overweight females (Table 1). The prevalence percentages of arterial hypertension, dyslipidemia, diabetes, and smoking at baseline were similar to those obtained after one-year follow-up, as well as the levels of PA (Table 1 and Table 2).



After the follow-up, we found significant absolute changes in MVPA and %FBM. We did not find significant absolute changes in either SB and LIPA or body mass and BMI (Table 2).



After cross-sectional single models, SB was poorly associated with BMI, body mass and %FBM. On the other hand, we found significant negative correlations between MVPA and body mass, BMI and %FBM. After cross-sectional partition models, only MVPA remained a significant determinant of obesity indices. After the follow-up, we found significant correlations between SB and MVPA with %FBM after single models. Regarding the longitudinal partition models, only SB was selected as a significant predictor of the absolute change in %FBM (Table 3).



The cross-sectional isotemporal substitution analysis showed that substituting 10-min blocks of SB with MVPA was significantly related to decreases in body weight, BMI and FBM. Substituting 10-min blocks of SB with LIPA produced significantly lower values of body weight and BMI. We found no effects of substituting SB with LIPA on FBM. As for the longitudinal analysis, we observed that replacing SB with MVPA was only associated with a significant decline in FBM (Table 4).




4. Discussion


In the present study, both cross-sectional and longitudinal designs were used to assess the effects of replacing SB with LIPA and MVPA on body mass, BMI, and %FBM. To our knowledge, few studies have addressed isotemporal substitution modeling to investigate prospectively the effects of substituting different PA categories on obesity indices [33,34,35], particularly in asymptomatic adults, by using triaxial accelerometers and adjusted by cardiovascular risk. We found that replacing 10-min blocks of SB with the same amount of time of LIPA or MVPA was prospectively associated with improvement in obesity indices. Despite the short follow-up period, we observed a decrease in body composition, which is also an important finding, especially regarding public health and the development of new strategies to promote PA, reduce SB, and control body weight.



Previous studies [36] showed that a higher SB is associated with an increased risk of cardiovascular disease and all-cause mortality. In addition, the SB has emerged as an independent risk factor for incident heart failure, regardless of MVPA [37]. Although the literature fully addresses the association between SB and PA with obesity, knowledge is scarce as to whether SB is an independent risk factor for obesity or rather just a consequence of the substitution of MVPA [38,39,40].



In our study, SB presented non-significant correlations with obesity indices after single and partition models. MVPA showed more consistent results [41]. Thus, our results reinforce current literature for both SB and MVPA findings. A recent meta-analysis showed no significant associations between SB and BMI, body weight, and waist circumference, which agrees with our main findings [13]. Although unexpectedly, it is reasonable that SB did not present significant associations with obesity indices, since being physically active can alter the negative effects of SB in cardiometabolic health, including BMI and waist circumference [12]. Moreover, despite the non-significant associations, Campbell et al. [13] showed that, with higher SB, the higher the odds of becoming overweight or obese which may be explained by the large heterogeneity of the studies. Lastly, this also can be attributed to behavior patterns and possibly mediation effects played by PA, as already explored in a previous study [42]. A large study [38] showed that decreases of as little as 6 min/day in MVPA were associated with an increased risk of obesity, which was not observed for SB. Previous studies [38,40,43] have indicated that objectively measured SB has little or no association with BMI. Conversely, MVPA presented a consistent correlation with BMI and lean mass [38,39,40,44,45]. These findings may be attributed to the higher energy expenditure generated by MVPA, resulting in decreased body mass [2]. In fact, guidelines for PA advocate MVPA to achieve health benefits [32]. However, a recent study observed that even leisure time PA has been shown to have positive effects on cardiometabolic health [46]. Unfortunately, there is no consensus regarding the amount of SB that should be avoided to reduce the risk of obesity and other major health problems.



We found significant benefits of replacing a small amount of SB with LIPA and MVPA on obesity indices. Our findings are consistent with previous studies, which observed that substituting SB with MVPA leads to a beneficial impact on body composition [16,33,34]. Despite methodological differences (e.g., using a wrist-worn accelerometer to measure SB and PA), we corroborate the results of Galmes-Panades et al. [33] which observed that replacing 30 min of SB with LIPA or MVPA decreases obesity indices (e.g., BMI, total fat, waist circumference, and visceral adiposity) in middle-aged subjects. Previously, Sardinha et al. [16] found that reallocating 15 or 30 min/day of SB to MVPA was positively associated with decreased obesity in children. Additionally, the isotemporal substitution of 30 min/day of academic activities or time spent using electronic devices for MVPA in children was associated with decreased BMI [47], while replacing one hour of SB with MVPA was positively associated with a lower %FBM [48]. Thus, SB did not prove to be an independent risk factor for obesity in the present study in agreement with those previously described, but rather its deleterious effects on health may have occurred due to the amount of MVPA time replaced with SB [49].



According to Grgic et al. [35] in a scoping review, studies that investigated reallocating movement-related behaviors were mostly cross-sectional with a wide variation in the amount of time replaced (e.g., from one minute to 120 min/day). Despite Danquah et al. [34] using similar procedures to our assessments, their study analyzed the substitution of 60 min spent sitting by standing at the workplace. The authors observed a decrease in body composition, but their findings were more expressive in cross-sectional than longitudinal analyses. In the present study, we can state that even a small amount of SB (e.g., 10 min/day) substituted for MVPA was sufficient to improve body composition in asymptomatic adults. However, our results agree with Danquah et al. [34], since the cross-sectional models lead to a decrease in all obesity indices (−1.23 kg in body weight, −0.30 kg/m2 in BMI, and −0.38% in FBM), while the longitudinal models reduce only FBM (−0.31%). Similar results were also observed by Hamer et al. [14], who found positive effects of replacing only 10 min/day of SB with MVPA on BMI (−0.39; from −0.54 to −0.24) and other metabolic risk factors in adults.



Although our statistical approach is a theoretical intervention, the present study has some practical implications. We may affirm that even the substitution of small blocks of SB for the same amount of time of LIPA and MVPA were related to improved obesity indices and would be a more desirable strategy for decreasing obesity compared to strategies with a single focus on reducing SB. Thus, our results may be useful for designing more effective strategies to control body weight and prevent adult obesity pandemics, e.g., encouraging groups in the workplace to replace even a few minutes of SB with PA or stimulating the substitution of SB by PA in leisure-time. Accordingly, García-Hermoso et al. [41] observed that greater improvement in body composition was related to the replacement of 60 min of SB with MVPA in young subjects. Although interventions in the workplace were associated with decreased obesity [39,40], knowledge of the damaging effects of physical inactivity might not be sufficient to decrease this behavior in certain workers’ groups [50]. However, interventions in the workplace were associated with decreased obesity [51,52]. The social environment during physical exercises, as well as good nutritional behaviors, were also associated with increased consumption of healthy foods and PA levels. It is worth mentioning that setting small goals can be more easily attained than meeting PA recommendations, especially for subjects with chronic conditions or increased cardiovascular risk who largely benefit from lifestyle behavior change. However, we reinforce the need for setting goals for both SB and MVPA. Similar to our results, Ryan et al. [53] found that engaging in bouts equal to or higher than 10 min helps to control total cholesterol concentration and decrease triglyceride concentration in older adults. This agrees with our results, which becomes of special interest when we consider our findings of positive results in the decrease of obesity indices, even with small SB substitutions.



Some limitations of the present study should be considered. We did not evaluate other determinants of obesity, such as dietary and calorie intake. Additionally, we had a high loss to follow-up rate. Our short follow-up period is also a limitation. However, even after a short follow-up period, the benefits mentioned above may occur, which is an important point of our study. Using the triaxial accelerometer may lead to imprecise measurements of PA patterns in subjects that perform aquatic activities, wrestling, and cycling. However, our sample was exposed to a supportive environment for being active, since the region favors active transportation and has fewer weather condition impacts on PA level in comparison to regions with extreme weather conditions [54,55]. Additionally, the prevalence of physical inactivity and risk factors for cardiovascular disease are compatible with those found in the Brazilian population. Thus, some strengths of our research are worth noting. Among them, we used a classification of obesity based on %FBM and evaluated the levels of SB and PA using triaxial accelerometers. We were also unable to find previous prospective follow-up studies using isotemporal substitution modeling to assess the effects of reallocating SB to PA on changes in %FBM in asymptomatic adults.




5. Conclusions


We may conclude that SB has an inconsistent influence on the obesity indices in asymptomatic adults and its replacement with MVPA is associated with a significant improvement in body composition, even during a short follow-up. Studies with longer follow-up may confirm our results and clarify whether physical activity levels mediate the deleterious effects of SB.
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Table 1. General characteristics of the participants analyzed at baseline (n = 780).
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	Variables
	n (%) or M ± SD





	Age (years)
	44.0 ± 14.5



	Sex
	



	Males
	287



	Females
	493



	Body mass (kg)
	76.8 ± 17.8



	Body mass index (kg/m2)
	28.6 ± 6.1



	Fat body mass (kg)
	24.6 ± 10.4



	Fat body mass (%)
	31.0 ± 8.5



	Obesity
	278 (35.6)



	Arterial hypertension
	139 (17.8)



	Diabetes
	83 (10.6)



	Dyslipidemia
	212 (27.2)



	Smoking
	90 (11.5)



	Sedentary behavior (min/d)
	650.9 ± 74.1



	Light-intensity physical activity (min/d)
	196.8 ± 49.3



	Moderate physical activity (min/d)
	40.5 ± 21.6



	Vigorous physical activity (min/d)
	1.8 ± 4.0







Data are presented as a mean ± standard deviation for continuous variables and as absolute count (%) for categorical variables.
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Table 2. Absolute changes in obesity indices and physical activity intensities after the follow-up (n = 242).
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	Variables
	Baseline
	Follow-Up

(14 ± 3 Months)
	Absolute Change
	p





	Obesity indices
	
	
	
	



	Body mass (kg)
	76.1 ± 17.1
	76.3 ± 17.5
	0.13 ± 5.52
	0.702



	Body mass index (kg/m2)
	28.4 ± 6.0
	28.5 ± 6.1
	0.11 ± 1.84
	0.348



	Fat body mass (kg)
	24.7 ± 11.0
	26.3 ± 11.1
	1.56 ± 6.40
	0.000 *



	Fat body mass (%)
	31.0 ± 9.2
	33.4 ± 9.2
	2.40 ± 6.21
	0.000 *



	Physical activity intensity (min/d)
	
	
	
	



	Sedentary
	653.4 ± 83.4
	657.6 ± 86.8
	4.17 ± 86.32
	0.544



	Light
	199.3 ± 51.1
	194.1 ± 57.4
	−5.23 ± 42.88
	0.127



	Moderate
	44.1 ± 21.1
	38.9 ± 18.2
	−5.23 ± 18.39
	0.000 *



	Vigorous
	3.86 ± 8.00
	3.61 ± 8.65
	−0.25 ± 8.11
	0.692



	Moderate−to−vigorous
	48.4 ± 24.4
	42.8 ± 22.2
	−5.65 ± 21.13
	0.001 *







* p ≤ 0.05. Data are presented as mean ± standard deviation.
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Table 3. Single and partition models assessing the correlations of physical activity intensities and obesity indices.
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Variables

	
Body Mass

(kg)

	
Body Mass Index

(%)

	
Fat Body Mass

(%)






	
Cross−sectional single models, B (SE)




	
SB (10-min block/d)

	
−0.069 (0.127)

	
−0.044 (0.026)

	
−0.005 (0.029)




	
LIPA (10-min block/d)

	
−0.136 (0.221)

	
0.040 (0.041)

	
−0.044 (0.045)




	
MVPA (10-min block/d)

	
−1.264 (0.435) *

	
−0.284 (0.088) *

	
−0.357 (0.096) *




	
Cross−sectional partition models, B (SE)




	
SB (10-min block/d)

	
−0.213 (0.139)

	
−0.066 (0.030)

	
−0.049 (0.033)




	
LIPA (10-min block/d)

	
−0.125 (0.238)

	
0.037 (0.047)

	
−0.033 (0.051)




	
MVPA (10-min block/d)

	
−1.418 (0.457) *

	
−0.369 (0.092) *

	
−0.388 (0.102) *




	
Longitudinal single models, B (SE)




	
SB (10-min block/d)

	
−0.051 (0.044)

	
−0.007 (0.016)

	
0.116 (0.068)




	
LIPA (10-min block/d)

	
−0.014 (0.076)

	
−0.036 (0.032)

	
0.087 (0.119)




	
MVPA (10-min block/d)

	
0.000 (0.153)

	
−0.058 (0.063)

	
−0.269 (0.144) *




	
Longitudinal partition models, B (SE)




	
SB (10-min block/d)

	
−0.067 (0.049)

	
−0.003 (0.020)

	
0.155 (0.076) *




	
LIPA (10-min block/d)

	
−0.055 (0.084)

	
−0.032 (0.035)

	
0.202 (0.130)




	
MVPA (10-min block/d)

	
−0.042 (0.161)

	
−0.047 (0.067)

	
−0.087 (0.250)








Cross-sectional analysis (n = 780); Longitudinal analysis (n = 242). * p ≤ 0.05. B (SE) represents coefficients (standard error). Single models: adjusted for physical activity intensities, i.e., sedentary behavior (SB), light-intensity physical activity (LIPA) or moderate-to-vigorous physical activity (MVPA), and covariates (age, sex, arterial hypertension, dyslipidemia, diabetes, and smoking). Partition model: adjusted for SB, LIPA, MVPA, and covariates mentioned above. Longitudinal analyses were also adjusted for values of obesity indices at baseline. SB, LIPA, and MVPA were calculated in 10-min blocks as well as total wear time.
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Table 4. Effects of replacing sedentary behavior with light and moderate-to-vigorous physical activity on obesity indices.






Table 4. Effects of replacing sedentary behavior with light and moderate-to-vigorous physical activity on obesity indices.





	
10−Min Sedentary Behavior Substitution

	
Body Mass

(kg)

	
Body Mass Index

(kg/m2)

	
Fat Body Mass

(%)






	
Cross−sectional isotemporal substitution models, B (SE)




	
LIPA (10-min block/d)

	
−0.099 (0.230) *

	
−0.104 (0.044) *

	
0.018 (0.048)




	
MVPA (10-min block/d)

	
−1.237 (0.448) *

	
−0.303 (0.091) *

	
−0.383 (0.100) *




	
Longitudinal isotemporal substitution models, B (SE)




	
LIPA (10-min block/d)

	
0.011 (0.083)

	
−0.004 (0.030)

	
0.037 (0.084)




	
MVPA (10-min block/d)

	
0.026 (0.161)

	
−0.039 (0.057)

	
−0.315 (0.149) *








* p ≤ 0.05. Models adjusted for 10-min blocks of LIPA, MVPA and total accelerometer wear time as well as for covariates (age, sex, arterial hypertension, dyslipidemia, diabetes, and smoking). The longitudinal analysis was also adjusted for baseline values of obesity indices at baseline.
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