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Abstract

Background: Sedentary behaviors (SB) may exacerbate loss of muscle mass and function, 

independent of physical activity levels. This study examined the associations of SB with 

abdominal muscle area and density, a marker of muscle quality, in adults.

Methods: A total of 1895 participants from the Multi-Ethnic Study of Atherosclerosis completed 

detailed health history, physical activity and SB questionnaires, computed tomography to quantify 

body composition, and measurements of inflammatory markers. Analyses included linear and 

nonlinear regression.

Results: The mean age and body mass index were 64.6 years and 28 kg·m−2, respectively, and 

50% were women. On average, participants engaged in 28 metabolic equivalent hours·week−1 of 

SB. With adjustment for age, sex, race/ethnicity, physical activity, cardiovascular disease risk 

factors, and inflammation, multivariable regression modeling revealed a nonlinear (quadratic) 

relationship between SB and locomotor, stability, and total abdominal muscle density (P < .01) but 

not muscle area. The SB inflection point at which locomotor, stability, and total abdominal muscle 

density began to decrease was 38.2, 39.6, and 39.2 metabolic equivalent hours·week−1 of SB, 

respectively.
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Conclusions: SB is associated with reduced muscle density when practiced as little as 5.5 

metabolic equivalent hours·day−1. These findings may have important implications for SB 

guidelines for targeting skeletal muscle health in older adults.
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inflammation; muscle mass; sitting; obesity; physical activity; computed tomography

Adults in the United States spend an average of 8 hours· day−1 in sedentary behaviors,1 with 

studies reporting older adults may spend up to 85% of their waking hours engaged in 

sedentary behaviors.2 Increased sedentary time has been associated with an elevated risk for 

cardiovascular disease, type 2 diabetes, functional disability, and premature death.1

Skeletal muscle accounts for 40% of total body mass and is the main determinant of energy 

expenditure among sedentary individuals. Although regular physical activity is fundamental 

for preserving skeletal muscle mass, strength and function with aging, sedentary behaviors 

may exacerbate the loss of muscle mass and strength, independent of physical activity.2,3 In 

this regard, sedentary time has been shown to be inversely related to physical function and 

muscular strength in older adults.3–5 Notably, the few cross-sectional studies investigating 

the association of sedentary behavior and skeletal muscle mass have measured muscle area, 

but not density, and reported conflicting results.6,7 Muscle density is a marker of muscle 

quality, with higher density values associated with greater voluntary muscle strength, 

independent of muscle cross-sectional area, and lower fat infiltration within the muscle.8

Although the mechanisms for loss of muscle mass and function with age are unclear, higher 

levels of inflammatory markers have been hypothesized to play a role through catabolic 

effects on muscle tissue.9–11 Thus, it is of growing interest to examine the associations 

between time spent in sedentary behaviors and muscle area and density and to determine 

whether these associations are independent of relevant covariates. Given this, the purpose of 

this study was to examine the associations between sedentary behavior and abdominal 

muscle area and density, and to determine if the associations were independent of time spent 

in moderate to vigorous physical activity (MVPA) and other relevant risk factors. We 

hypothesized that sedentary behavior would be inversely associated with abdominal muscle 

area and density, independent of MVPA, cardiovascular disease risk factors, adiposity, and 

markers of inflammation.

Methods

Participants

The Multi-Ethnic Study of Atherosclerosis (MESA) is a longitudinal cohort study of adults 

from 6 regions across the United States. The overall design of the MESA study has been 

published.12 In brief, the cohort included a total of 6814 men and women aged 45–84 years 

who were free from clinically apparent cardiovascular disease at the time of enrollment (July 

2000–August 2002). The racial/ethnic groups of participants included African American, 

Chinese American, Hispanic and non-Hispanic White. Participants who were enrolled in the 
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study returned for follow-up clinic visits approximately 2, 4, 6, and 10 years after the 

baseline clinic visit.

At clinic visits 2 and 3 (from 2002 to 2005), a random subset of 1970 participants was 

enrolled in an ancillary study where abdominal computed tomography scans were obtained 

and subsequently used to quantify abdominal muscle area, muscle density, visceral fat, and 

subcutaneous fat. Participants with complete data on sedentary behavior and muscle density 

and area (n = 1895) comprise the sample for the current study. The MESA studies were 

approved by the institutional review board of each study site, and all participants provided 

written informed consent.

Standard questionnaires were used to obtain information on participant sociodemographics, 

ethnicity, and health history. Cigarette smoking was defined as current, former, or never 

smoker, with ever smoker defined as ≥100 cigarettes in a lifetime. Height and weight were 

measured to the nearest 0.1 cm and 0.5 kg, respectively. Body mass index, waist 

circumference, and blood pressure were measured using standard procedures. Hypertension 

was defined as systolic blood pressure ≥140 mm Hg or diastolic blood pressure ≥90 mm Hg 

or taking antihypertensive medication.

Participants self-reported their activity levels using the Typical Week Physical Activity 

Survey. This survey was adapted from the Cross-Cultural Activity Participation Study13 and 

designed to identify the frequency of and time spent in leisure sedentary behavior (sedentary 

behavior) and in various physical activities during a typical week in the previous month. 

Questions specific to sedentary behavior included time spent reading, sitting, watching 

television, and recreational computer use. Respondents were first asked whether they 

participated in each category of activity. If they answered yes, they were asked questions 

regarding the average number of days per week and time per day engaged in these activities. 

Minutes of activity were summed for each discrete activity type and multiplied by the 

metabolic equivalent (MET) level.14 Sitting, reclining, and watching TV were multiplied by 

1.0 METs, and reading, knitting, sewing, and recreational computer use were multiplied by 

1.5 METs. Survey responses were quantified into MET hours per week of sedentary 

behavior and MVPA defined as moderate and vigorous activities from all categories.

Laboratory

Venous blood was collected after a 12-hour fast. Samples were shipped to the MESA central 

laboratory for measurement of total and high-density lipoprotein cholesterol, triglycerides, 

and glucose concentrations. Insulin, C-reactive protein, adiponectin, leptin, tumor necrosis 

factor-alpha, interleukin-6, and resistin concentrations were measured in stored samples 

from visits 2 or 3 using Bio Rad Luminex flow cytometry (Millipore, Billerica, MA) at the 

laboratory for Clinical Biochemistry Research (University of Vermont, Burlington, VT). 

Average analytic coefficients of variation across several control samples ranged from 6.0% 

to 13.0%. Dyslipidemia was defined as a total cholesterol/high-density lipoprotein 

cholesterol ratio >5.0 or if the participant was taking medication to reduce cholesterol. 

Diabetes was defined as fasting glucose ≥126 mg·dL−1 or use of diabetes medication.
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Abdominal Muscle Measurements

Abdominal muscle and visceral and subcutaneous fat were measured from computed 

tomography scans. Abdominal slices from these scans were processed using MIPAV 4.1.2 

software (National Institutes of Health, Bethesda, MD) that measured fat, lean, and total 

tissue using a semiautomated method. Fat tissue was identified as being between −190 and 

−30 Hounsfield units (HU), whereas lean tissue was identified as being between 0 and 100 

HU. Densities between 0 and −30 HU were labeled as undefined tissue type.

Using the pixel intensities of a single slice obtained at L4/L5, and the HU criteria provided 

above, fat and muscle areas were calculated for subcutaneous and visceral fat, as well as 

abdominal muscle groups. Bilateral oblique, rectus abdominis, paraspinal, and psoas 

muscles were defined within their unique fascial planes. These muscles were grouped into 

muscles of stabilization (oblique, rectus abdominis and paraspinal muscles); muscles of 

locomotion (psoas muscle); and total abdominal muscle (oblique, rectus abdominis, 

paraspinal muscles, and psoas). For each muscle, area was determined by summing the 

number of pixels of 0 to 100 HU within that muscle’s corresponding fascial plane. Muscle 

density was the average HU measurement within the muscle’s distinct fascial plane. 

Subcutaneous adipose tissue was defined as the fat outside of the visceral cavity, not 

including the fat located within the muscular fascia. Visceral fat area was computed as the 

sum of the pixels of the appropriate HU range and within the visceral cavity.

Statistical Analysis

The data analyses for this study were conducted in 2017. Sedentary behavior was treated as 

a continuous and categorical variable (ie, quartiles). Analysis of covariance was used to 

determine the means of demographic characteristics and muscle density and area by quartile 

of sedentary behavior, after adjusting for age, sex, and race/ethnicity.

The independent associations between sedentary behavior and muscle density and area were 

assessed by multivariable linear regression. Because the results of the regression analyses 

utilizing quartiles of sedentary behavior showed a significant, nonlinear association with the 

different muscle outcomes, we included both linear and quadratic terms in the multivariable 

models. The initial model (model 1) adjusted for age, sex, race/ethnicity, and MVPA. Model 

2 included model 1 plus dyslipidemia, hypertension and antihypertensive medication use, 

diabetes, and smoking. Model 3 included model 2 plus height and subcutaneous and visceral 

adiposity. Model 4 included model 3 plus inflammatory markers (adiponectin, leptin, 

resistin, C-reactive protein, tumor necrosis factor-alpha, and interleukin-6). The inflection 

point and confidence intervals (CIs) were calculated as the point at which the effect of 

sedentary behavior on muscle density switches from positive to negative.

Multiplicative interactions between sedentary behavior and race/ethnicity, sex, and age for 

the different muscle groups were assessed. When significant interactions were present, 

models were run separately for each level of the covariate to understand how the 

associations differed. All statistical analyses were conducted using SPSS (version 24; IBM, 

Armonk, NY), and a P value of .05 was used to determine statistical significance.
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Results

The characteristics of the study cohort are presented in Table 1. The mean age was 64.6 

years, and nearly 50% of participants were women. The mean level of sedentary behavior 

was 28 MET hours·week−1. Thirteen participants (<1%) reported no sedentary behavior, and 

21 participants (1%) reported no MVPA.

Older participants reported higher levels of sedentary behavior (Table 2). After adjustment 

for age, sex, and race/ethnicity, there were higher mean levels of body mass index, waist 

circumference, subcutaneous fat, visceral fat, insulin, C-reactive protein, leptin, and 

interleukin-6, and lower mean levels of total abdominal muscle density across higher 

quartiles of sedentary behavior (P < .05).

There were few significant linear associations between sedentary behavior and muscle area 

or density. Therefore, to determine if the associations were nonlinear, regression analyses 

were performed using quartiles of ascending sedentary time. After adjusting for age, sex, 

race/ethnicity, and MVPA, compared with the first quartile (lowest), the fourth quartile 

(highest) of sedentary behavior was associated with significantly lower locomotor muscle 

density (standardized β = −0.07 HU, P < .01); stability muscle density (standardized β = 

−0.05 HU, P = .04); and total abdominal muscle density (standardized β = −0.06 HU, P 
= .02) (Figure 1). With the addition of dyslipidemia, hypertension, diabetes, and smoking 

into the model (model 2), only locomotor muscle density remained significant (P = .04). The 

addition of visceral and subcutaneous fat into the model attenuated the associations (P 
> .05). Quartiles 2 and 3 were not different than quartile 1 for any of the muscle density 

groups (P > .05). There were no associations between quartile of sedentary behavior and 

muscle area in any of the models.

We further examined the nonlinear association between sedentary behavior and muscle area 

and density (Table 3). There was no association between sedentary behavior and muscle area 

in any of the models. However, the nonlinear (quadratic) term was significant for the 

associations between sedentary behavior and density of the locomotor, stability, and total 

abdominal muscles after adjustment for adiposity (model 3, P < .05) and inflammation 

(model 4, P < .01). The significant positive linear term and negative quadratic term in the 

models indicate that although there is a linear relationship between sedentary behavior and 

muscle density (positive linear term), the slope becomes less positive with greater sedentary 

behavior (negative quadratic term). The sedentary behavior inflection point at which the 

muscle density curve began to decrease was 38.2 MET hours·week−1 (CI, 30.1–46.3 MET 

h·wk−1), 39.6 MET hours·week−1 (CI, 29.3–49.1 MET h·wk−1), and 39.2 MET hours·week
−1 (CI, 30.6–47.8 MET h·wk−1) for locomotor, stability, and total abdominal muscle density, 

respectively. Overall, and after adjustment for all covariates, with every 18 MET hour·week
−1 higher sedentary behavior (1 SD) muscle density was lower by −0.22, −0.14, and −0.17 

HU for locomotor, stability, and total abdominal muscle, respectively (P < .01 for all).

Using multiplicative interaction terms, we tested for significant differences in the 

magnitudes of the associations between sedentary behavior and muscle area and density by 

race/ethnicity, sex, and age. There were significant interactions of sedentary behavior with 
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sex for stability muscle density (P = .02), total abdominal muscle density (P = .03), and 

locomotor muscle area (P = .01). The sedentary behavior by sex interaction is presented for 

predicted total abdominal muscle density in Figure 2. The shape of the curve was similar but 

slightly flatter in men compared with women, with the inflection point occurring earlier for 

men (33.1 vs 44.6 MET h·wk−1). There were also significant interactions of sedentary 

behavior with race/ethnicity for total abdominal muscle area and density (P = .02 for both), 

as well as stability muscle density (P = .02) and locomotor muscle area (P < .01), with 

Hispanics significantly different than Whites (referent group). The shape of the curve was 

flatter for Whites compared with Hispanics, but the inflection point was similar (32.1 vs 

34.6 MET h·wk−1, respectively). The interactions were not significant for Chinese or 

African Americans. There were no significant interactions between sedentary behavior and 

age for muscle area or density (P > .05).

Discussion

In this cross-sectional analysis of a relatively large multiethnic cohort from 6 centers located 

across the United States, sedentary behavior was associated with lower abdominal muscle 

density but not muscle area. The association appears to be nonlinear with higher levels of 

sedentary behavior associated with lower muscle density. Notably, the associations between 

sedentary behavior and muscle density were independent of relevant covariates suggesting 

that sedentary behavior may contribute to the progression of age-related sarcopenia and that 

the effect is independent of comorbidities, cardiovascular disease risk factors, and/or 

measures of adiposity. Our findings have clinical relevance and suggest that a lower muscle 

quality is associated with as little as 5.5 MET hours·day−1 or 38 MET hours·week−1 of 

sedentary behavior and that there may be differences across race/ethnicity and sex.

The nonlinear association between sedentary behavior and muscle density indicates there 

may be a threshold for when sedentary behavior becomes detrimental for muscle density in 

older adults. Adults over 60 years of age spend the majority (≥8.5 h·d−1) of their waking 

hours being sedentary, with men more sedentary than women.1,15 Accumulating evidence 

showing a link between sedentary behavior and cardiometabolic health has prompted 

development of national guidelines in Australia and the United Kingdom to encourage 

individuals to minimize their sedentary time. However, these guidelines are nonspecific and 

have focused on nonquantitative recommendations such as decreasing time spent sitting for 

extended periods. Our finding may be helpful to inform evidence-based quantitative 

guidelines on reducing sedentary behavior.

While previous research has shown that physical inactivity and prolonged periods of bed rest 

are associated with a decrease in muscle mass,16,17 this study is the first to demonstrate that 

sedentary behavior is inversely associated with muscle density, independent of MVPA and 

other important determinants of muscle health and function. To our knowledge, only 2 

studies to date investigated muscle mass and sedentary behavior with conflicting results. 

Larsen et al7 reported no significant associations between leisure-time sedentary behavior, 

measured by a single item, and abdominal muscle area measured by computed tomography 

in community-dwelling older adults. In contrast, Gianoudis et al6 reported significant, 

independent associations between television time and muscle mass measured by dual-energy 
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X-ray absorptiometry in older adults. Our data are consistent with Gianoudis et al6 and 

extend the literature by investigating abdominal muscle area and density, which are strongly 

correlated with total body muscle mass,18,19 and including a measure of sedentary behavior 

that captures different types of leisure-time activities. Our findings suggest that reducing 

daily sitting time may play an important role in preventing the age-related loss of muscle.

Emerging evidence suggests that muscle density (ie, quality) may be more important than 

muscle area when examining muscle performance and health. In this respect, density of 

muscle derived from computed tomography has been inversely associated with body fat, fat 

infiltration of muscle, and muscle strength and function.8,20 Whether sedentary behavior 

independently contributes to loss of muscle density is unknown, but recent evidence 

suggests that sedentary behavior is independently associated with reduced muscle strength 

and functional performance.4–6 Our study adds to the understanding of the detrimental 

effects of sedentary behavior on skeletal muscle health and is the first to demonstrate leisure 

sedentary behavior is associated with skeletal muscle density independent of MVPA.

The underlying mechanisms of the deleterious effects of sedentary behavior on health 

outcomes are not completely understood. It has been suggested that prolonged sitting and 

too little physical activity may lead to distinct physiologic effects. The lack of muscle 

contractions and reduced energy expenditure while engaged in sedentary behaviors may 

suppress insulin sensitivity and alter lipoprotein metabolism, which are important for 

metabolic health.21 Furthermore, the consequences of energy surplus, insulin resistance, and 

increased adiposity from sedentary behaviors are associated with inflammation and 

increased risk of sarcopenia6 and cardiometabolic disease.1

Interactions were observed between sedentary behavior and race/ethnic groups, as well as 

sex, such that the associations between sedentary behavior and muscle density were different 

in Hispanic participants compared with Whites. These associations were also different 

between women and men. The differences may be due to variance in muscle mass and fat 

mass across ethnicities, with higher body fat relative to body mass index in Hispanic adults, 

when compared with other ethnicities.22,23 Furthermore, there may be ethnic differences in 

the relative loss of skeletal muscle with aging,22 and this may be exacerbated by sedentary 

behavior. The differences between men and women could be partially due to a greater 

muscle mass volume in men than women. In this regard, height and weight are the main 

determinants of appendicular muscle mass in adults.22 In addition, it has been shown that 

men and women have different patterns of sedentary behavior with older men typically more 

sedentary than older women.1,15

Our study has many strengths including the use of a well-characterized, gender-balanced, 

ethnically diverse population, with validated assessments of physical activity and sedentary 

behaviors, and careful assessment of many potentially confounding factors. Nonetheless, our 

findings should be considered in the context of several limitations. First, measures of 

physical activity and leisure sedentary behavior were self-reported and subject to recall bias. 

Second, this was a cross-sectional analyses, and direction of associations cannot be 

determined. It is possible that individuals became more sedentary as the result of muscle 

weakness (ie, reverse causation). Given this, prospective studies are needed to determine 
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relationships of sedentary behaviors and change in muscle over time. Finally, muscle density 

and area were measured from an abdominal computed tomography in this study, but 

traditionally, sarcopenia definitions are based on appendicular lean skeletal muscle mass 

measured by dual-energy X-ray absorptiometry. Computed tomography-derived abdominal 

muscle mass are strongly correlated with whole-body muscle mass and appendicular skeletal 

muscle mass as measured by dual-energy X-ray absorptiometry.18

In summary, high levels of sedentary behavior are associated with low levels of abdominal 

muscle density, independent of relevant covariates including MVPA, cardiovascular disease 

risk factors, adiposity, and markers of inflammation. These results suggest that reduced 

muscle quality is associated with as little as 5.5 MET hours day−1 or 38 MET hour’s week−1 

of sedentary behavior and that these associations may differ based on sex and race/ethnicity. 

The findings may have important implications for sedentary behavior guidelines for 

maintaining skeletal muscle health in older adults.
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Figure 1 —. 
Multivariable-adjusted associations between quartiles of sedentary behavior and muscle 

density. Referent category: Quartile 1. Quartile cutpoints (MET h·wk−1): Q1 < 14, Q2 = 14–

24.5, Q3 = 24.6–38, Q4 > 38. Adjusted for age, sex, race/ethnicity, and MVPA. B indicates 

slope; SEE, standard error of the estimate. *P < .05.
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Figure 2 —. 
Predicted total abdominal muscle density for fully adjusted model (model 4). (A) • = men, 

right axis; ▴ = women, left axis; (B) • = Hispanic, right axis; ▾ = White, left y-axis. HU 

indicates Hounsfield units; MET, metabolic equivalent.
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Table 1

Characteristics of the Study Cohort (n = 1895): The Multi-Ethnic Study of Atherosclerosis

Characteristics Mean (SD)/% (frequency)

Age, mean (SD), y 64.6 (9.6)

Female, % (frequency) 49.8 (944)

Race/ethnicity, % (frequency)

 White 40.0 (758)

 Chinese American 13.2 (251)

 African American 20.9 (397)

 Hispanic 25.8 (498)

Ever smoker, % (frequency) 54.0 (1023)

BMI, mean (SD), kg·m−2 28.0 (5.1)

Dyslipidemia, % (frequency) 38.4 (728)

Diabetes, % (frequency) 14.2 (270)

Hypertension, % (frequency) 46.7 (885)

Waist circumference, mean (SD), cm 97.9 (13.9)

Subcutaneous fat area, mean (SD), cm2 253.7 (117.7)

Visceral fat area, mean (SD), cm2 146.4 (68.3)

Locomotor muscle area, mean (SD), cm2 23.7 (7.4)

Locomotor muscle density, mean (SD), HU 50.3 (5.2)

Stability muscle area, mean (SD), cm2 74.6 (21.8)

Stability muscle density, mean (SD), HU 39.5 (6.1)

Total abdominal muscle area, mean (SD), cm2 98.3 (27.5)

Total abdominal muscle density, mean (SD), HU 42.2 (5.5)

Sedentary behavior, median (IQR), MET h·wk−1 24.5 (24)

MVPA, median (IQR), MET h·wk−1 59.8 (75.5)

Insulin, mean (SD), pmol·L−1 287.7 (347.8)

Glucose, mean (SD), mg·dL−1 98.2 (27.8)

Triglycerides, mean (SD), mg·dL−1 133.3 (95.6)

High-density lipoprotein, mean (SD), mg·dL−1 51.6 (15.1)

C-Reactive protein, median (IQR), mg·L−1 1.5 (2.6)

Adiponectin, median (IQR), μg·mL−1 17.5 (14.5)

Leptin, median (IQR), ng·mL−1 13.2 (22.6)

Resistin, median (IQR), ng·mL−1 15.0 (7.2)

Interleukin-6, median (IQR), pg·mL−1 1.8 (1.7)

Tumor necrosis factor-alpha, median (IQR), pg·mL−1 4.6 (2.9)

Abbreviations: BMI, body mass index; HU, Hounsfield units; IQR, interquartile range; MET, metabolic equivalents; MVPA, moderate to vigorous 

physical activity. Note: SI conversion factors: To convert glucose, cholesterol, and triglycerides to mmol·L−1, multiply values by 0.0555, 0.0259, 

and 0.0113, respectively. To convert C-reactive protein to nmol·L−1, multiply values by 9.524.
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Table 3

Multivariable Linear and Quadratic Associations Between Sedentary Behavior and Muscle Area and Density

Sedentary Behavior per 1 SD Increment (18 MET h wk−1)

Model

1 2 3 4

Locomotor muscle area

 sedentary behavior 0.076 0.071 0.052 0.057

 sedentary behaviorquadratic −0.069 −0.065 −0.047 −0.048

Stability muscle area

 sedentary behavior 0.051 0.033 0.046 0.052

 sedentary behaviorquadratic −0.028 −0.021 −0.041 −0.043

Total abdominal muscle area

 sedentary behavior 0.061 0.045 0.050 0.056

 sedentary behaviorquadratic −0.041 −0.034 −0.045 −0.047

Locomotor muscle density

 sedentary behavior 0.055 0.090 0.196** 0.218**

 sedentary behaviorquadratic −0.112 −0.133* −0.213** −0.227**

Stability muscle density

 sedentary behavior 0.021 0.065 0.126* 0.142**

 sedentary behaviorquadratic −0.062 −0.095 −0.137* −0.143**

Total abdominal muscle density

 sedentary behavior 0.032 0.077 0.151 0.169**

 sedentary behaviorquadratic −0.080 −0.112* −0.164** −0.172**

Abbreviations: MET, metabolic equivalent; MVPA, moderate to vigorous physical activity. Note: Data are presented as standardized betas for linear 
and quadratic terms from multivariable regression analyses. Model 1: age, sex, race/ethnicity, and MVPA; model 2: model 1 + smoking, diabetes, 
hypertension, and dyslipidemia; model 3: model 2 + height, subcutaneous and visceral fat; model 4: model 3 + inflammatory markers. Boldface 
indicates statistical significance

*
P < .05,

**
P < .01.
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