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Abstract

Low vertebral bone mass is a major risk factor for vertebral compression fractures. While 

sarcopenia has been shown to be associated with low bone mineral density (BMD), it is not 

known whether trunk musculature is directly associated with lumbar BMD, and whether exercise 

modifies this association. Using data from the Multi-Ethnic Study of Atherosclerosis (MESA), we 

sought to determine the association of muscle density and fat fraction of the psoas, paraspinal, 

and oblique muscle groups with L3 lumbar volumetric BMD, and whether these associations were 

modified by exercise. We obtained L3 vBMD measurements, and fat and muscle measurements 

(in Hounsfield units (HU)) from abdominal CT scans spanning L2-L4 intervertebral disc spaces. 

Muscle density was defined as the mean HU value for a muscle group area. Fat fraction was 

calculated as the mean HU value for the muscle group fat area/total muscle group area(sq cm). 

Exercise data were self-reported (MET-min/wk). We utilized multivariable linear regression to 

evaluate these associations, stratified by gender, and adjusting for demographics, BMI, smoking 

status, impaired fasting glucose, and corticosteroid and anti-resorptive medication use. Among 

1923 MESA participants, mean age was 62±10, 49% were female, 40% White, 21% Black, 26% 

Hispanic/Latino and 13% Chinese. In fully adjusted analysis, for every 1 SD higher psoas fat 

fraction, there was a 3.19 SD lower L3 vBMD in men and 4.3 SD lower SD L3 vBMD in women 

(p<0.001). For every 1 SD higher psoas density, there was a 0.2 SD higher L3 vBMD (p<0.001) in 
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men and 0.19 SD higher L3 vBMD (p<0.001) in women. Findings were similar for paraspinal and 

oblique muscles. Intentional exercise did not modify these associations. In men and women, trunk 

muscle density was positively associated with higher lumbar BMD, suggesting a local association. 

Future studies are warranted to determine the temporality of this association.
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Introduction

Among US adults over the age of 65, vertebral compression fractures are associated with a 

two-fold higher risk of mortality.1 Vertebral compression fractures result in stooped posture, 

difficulty walking, and on average, two weeks of bed rest and one month of restricted 

activity following a fracture episode.2 A powerful predictor of risk for new vertebral 

compression fractures is low vertebral bone mass, which has been linked to older age, 

metabolic syndrome, inflammatory disease, low body mass index (BMI), poor diet, and lack 

of mechanical loading.3–5 Thus, uncovering predictors of vertebral bone mass is important 

for fracture prevention.

Mechanical loading of bone by muscle contraction increases bone mineral density (BMD), 

as part of the “mechanostat” hypothesis, and muscle-derived endocrine and paracrine signals 

additionally play an anabolic role on skeletal tissue.3–6 While this physiology is recognized, 

few studies have investigated the association between BMD and muscle quality at the 

regional level. In the Health, Aging, and Body Composition Study, Lang and colleagues 

showed that a one standard deviation lower density of muscle at the mid-femur was 

associated with a 50% higher risk of hip fracture.7 Although lower muscle density was 

associated with higher fracture risk at the femur, the authors did not assess the association 

between muscle fat fraction and femoral BMD, and whether this higher fracture risk could 

have been due to weakness-related gait disturbance.

As decreased mechanical loading is associated with lower muscle mass, it is not surprising 

that low bone mass has also been linked with low muscle mass. Miyakoshi and colleagues 

showed that among middle to elderly aged women with osteoporosis, 20.4% had concurrent 

sarcopenia, as defined by a relative skeletal muscle index.8 Trunk musculature in particular, 

has been shown to decline with age. Prior osteoporotic spinal compression fractures have 

been associated with changes in lumbar paraspinal muscle, where paraspinal cross-sectional 

area was less, and intramuscular fat infiltration was greater among those with spinal 

compression fractures compared those without.9 Further, higher muscle density has been 

shown to be indicative of less postural sway, suggesting a role in functional capacity;10, 11 

yet muscle density declines with age, especially among women.12

Exercise has been shown to independently improve both bone mineral density and muscle 

area and density. Michel and colleagues showed in subjects over age 50, weight-bearing 

exercise was associated with an increase in lumbar bone density for exercise routines of 

up to 270 min/wk in women and up to 400 min/wk in men.13 Similarly for muscle, Sipila 
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et al. showed that quadriceps muscle cross-sectional area (CSA) and lean tissue CSA were 

increased, while relative proportion of fat was decreased in elderly women enaging in 

strength training.14

Prior studies linking osteoporosis and sarcopenia have not evaluated local associations 

between muscle density, specifically the psoas, paraspinal, and oblique muscles at the level 

of the 3rd lumbar vertebra with BMD. Thus, we assessed whether these muscle groups were 

associated with BMD at L3; and further evaluated whether physical activity modified this 

association. We hypothesized that individuals with higher physical activity would have a 

stronger association between muscle density and lumbar BMD.

Materials and Methods

Multi-Ethnic Study of Atherosclerosis

The Multi-Ethnic Study of Atherosclerosis (MESA) is a multi-center prospective study 

designed to evaluate subclinical and clinical cardiovascular disease in community-dwelling 

individuals. MESA consists of 6,814 asymptomatic men and women aged 45–84 at baseline 

seen across six exams starting in April 2000 at six field centers in the United States 

[Columbia University, New York; Johns Hopkins University, Baltimore; Northwestern 

University, Chicago; UCLA, Los Angeles; University of Minnesota, Twin Cities; and Wake 

Forest University, Winston Salem].

The MESA cohort comprised 38% White, 28% Black, 22% Hispanic/Latino, and 12% 

Chinese Americans at baseline. Data collected during the clinical exams include imaging, 

laboratory biomarker measurement, questionnaires, sociodemographic factors, lifestyle 

factors, genetic information, and muscle and bone composition. Details regarding the MESA 

study design, recruitment and data collection methods have been previously published.15

Study Population

Of the 6,814 total MESA participants, 1,968 individuals from five field centers were 

randomly selected to undergo abdominal computed tomography (CT) scans for the purposes 

of determining the presence and extent of abdominal aortic calcification. Among this sub 

cohort, 1,944 participated in the MESA Abdominal Body Composition ancillary study 

to evaluate associations of measures of abdominal fat and muscle with cardiovascular 

outcomes.16 Of these 1,944 participants, 17 were excluded due to missing BMD 

measurements and 4 were excluded due to missing clinical information. Thus, the analytic 

dataset consisted of 1923 individuals. All studies were performed under institutionally 

approved protocols for human subject research, and all participants provided informed 

consent.

Measurement of Bone Mineral Density

Abdominal CT scans were performed between September 2002 and September 2005, with 

half occurring at visit 2 and half at visit 3. CTs were performed using electron-beam 

scanners with 3 mm collimation, 6 mm slice thickness, and reconstructed using 25 6-mm 

slices, in a 35-cm field of view, and normal kernel or with multi-detector CT.16 All scans 
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used a standard phantom to adjust for brightness.16 Bone mineral density was quantified 

from CT scans of the abdomen using Image Analysis QCT 3D PLUS software program 

and were read at the central MESA CT reading center.16 Volumetric bone mineral density 

was measured in 10-mm thick slices of trabecular bone from L2–4, in the anterior one-

half to one-third of the vertebral body, and excluded cortical bone. We used vBMD 

measurements from L3. A trained reader examined each region and excluded observations 

with abnormalities including fractures, osteophytes, metastatic lesions, or bone islands.16 

As described by Hyder and colleagues, a random sample of 25 scans were reread on 

3 occasions with 100% agreement on inclusion and exclusion criteria for the vertebrae 

evaluated (L2-L4). Pearson’s r was >0.98 for pairwise reads.16

Measurement of Muscle Density and Fat Fraction

To assess abdominal muscle density and fat fraction, six transverse cross-sectional 6mm 

slices were analyzed: 2 slices each at L2–3, L3–4, and L4–5. In each slice, areas of interest 

were processed by the Medical Imaging Processing Analysis and Visualization Software 

(MIPAV version 4.1.2, National Institutes of Health, Bethesda, Maryland) that quantified 

areas of fat and lean tissue in square centimeters, as well as density in Hounsfield units 

(HU). For this study, fat tissue was identified as being between −190 and −30 Hounsfield 

units while lean tissue was identified as being between 0 and 100 Hounsfield units. The 

muscles measured in each slice were: bilateral psoas, rectus abdominis, obliques, quadratus 

lumborum, spinalis, longissimus, illiocostalis, multifidus and erector spinae. Inter- and intra-

rater reliability for determining muscle groups was 0.93 and 0.98, respectively. Muscle 

density was calculated as the mean HU value for a muscle group area. Fat fraction was 

calculated as the mean HU value for the muscle group fat area / total muscle group area 

(in sq cm). Figure 1 presents the muscle segmentation used for analysis. The three muscle 

groups analyzed include the psoas, oblique muscle group [internal oblique, external oblique, 

and transverse abdominus], and the paraspinal muscle group [quadratus lumborum, spinalis, 

longissiumus, iliocostalis, erector spinae, and multifidus].

Exercise

We utilized self-reported exercise data gathered from the MESA Typical Week Physical 

Activity Survey (TWPAS) administered at Exam 2.17 The TWPAS is adapted from 

the Cross-Cultural Activity Participation Study, a physical activity survey funded and 

validated by the National Institutes of Health Women’s Health Initiative as a tool to assess 

moderate activity patterns among minority women over age 40.18 The TWPAS measured 

total physical activity and specific categories of activity, with “Intentional Exercise” 

encompassing all non-work related activity. Specifically, intentional exercise was defined 

as walking, dancing, sports and physical conditioning, whether for exercise or pleasure. 

“Physical conditioning,” a subset of “Intentional Exercise,” was defined as meaningful 

exercise including aerobics, cycling, swimming, and using resistance machines. “Physical 

activity in the workplace” was also accounted for and dichotomized into moderate and 

vigorous activity. All data were recorded as metabolic equivalents – minutes per week 

(MET-min/wk), which is the ratio of metabolic rate of activity to resting metabolic rate, 

conventionally described as 1 kilocalorie per kilogram per hour.19
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Covariates

Over a period of two administered exams, data were collected using standardized 

questionnaires on demographics, lifestyle factors, and medication use. Cigarette smoking 

was classified as never, current or former, and for our purposes dichotomized as “having 

ever smoked” versus “never”. Body mass index (BMI) was calculated as weight (kg) / height 

(m2) after participants were measured wearing light clothing and no shoes.

Blood samples were obtained after a 12-hour fast to measure glucose. Impaired glucose 

tolerance was classified as having a fasting glucose greater than 101 mg/dL according to the 

2003 American Diabetes Association criteria.20 Oral corticosteroid use was defined as being 

currently prescribed corticosteroids for any reason. Use of anti-resorptive medications was 

defined by self-report of its current use.

Statistical Analysis

Due to marked differences across sexes in both BMD and abdominal muscle and fat, we 

stratified analyses a priori on gender. We evaluated baseline characteristics of the entire 

cohort as well as by gender using means and proportions. To analyze the associations 

of psoas density, paraspinal density, oblique density, and fat fraction with L3 vBMD as 

the outcome, we used multivariable linear regression. In each analysis, we constructed a 

set of multivariable models. Model 1 was unadjusted. Model 2 adjusted for age, race, 

BMI, smoking, impaired glucose status, use of corticosteroids, and use of anti-resorptive 

medications.

To determine whether intentional exercise modified the association between muscle density, 

fat fraction, and L3 vBMD, we included an interaction term for exercise. Specifically, for 

intentional exercise, “high” versus “low” exercisers were dichotomized based on median 

exercise values for men and women. For both conditioning and work, we dichotomized 

these variables as ‘any amount of physical activity’ versus ‘none at all’ as the median 

values equaled zero for conditioning and work. We conducted analyses using SPSS Statistics 

(version 24), and p-values < .05 determined statistical significance.

Because intentional exercise did not significantly modify the association between muscle 

density, fat fraction, and L3 vBMD, we adjusted for it in Model 3 in our fully adjusted 

analysis of the main effects.

Results

Characteristics of the cohort are summarized in Table 1. Of the 1923 participants in this 

analysis, the mean age was 62 ± 9.7, 49% were women, 40% were White, 13% were 

Chinese, 21% were Black, and 26% were Hispanic/Latino. Approximately half (49%) of 

participants, 60% of women and 39% of men, had never smoked. Additionally, 33% of 

participants, 35% of men and 27% of women, had impaired fasting glucose. Average BMI 

was 28.2 ± 5.2 kg/m2 for all participants, with women at 28.4 ± 5.2 kg/m2 and men at 27.9 

± 4.4 kg/m2. One percent of participants, 0.8% of men and 1.5% of women, reported current 

oral corticosteroid use; and 13% of all participants, .8% of men and 24.7% of women 

reported current use of anti-resorptive medication. On average, men were engaged in 900 
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met-min/wk total intentional exercise, and women were engaged in 660 met-min/wk. Less 

than half of all respondents reported engaging in any conditioning. Less than half of all 

women in the cohort reported any significant physical activity at work, while the median 

value of physical activity at work for men was 3038 met-min/wk. Table 1 also lists the 

median values for L3 vBMD as well as density and fat fraction of psoas, paraspinals, and 

oblique. Average L3 vBMD for men was 120 ± 39 mg/cm3 and for women was 111 ± 40 

mg/cm3.

Table 2 presents the parameter estimates for the association between paraspinal, oblique, 

and psoas density with L3 vBMD in unadjusted, covariate adjusted, and adjusted for total 

intentional exercise analyses. When evaluating associations between muscle density and 

vBMD, we observed higher muscle density was associated with higher L3 vBMD. To better 

understand the magnitude of effect, we present here the standard deviation (SD) change in 

L3 vBMD in response to a 1 SD change in muscle density. In fully adjusted analysis, for 

every 1 SD higher psoas density, there was a 0.20 SD higher L3 vBMD (p<.001) in men and 

a 0.19 SD higher L3 vBMD (p<.001) in women. For every 1 SD higher paraspinal density, 

there was a 0.14 SD (p<.001) higher L3 vBMD in men, and 0.18 SD (p<.001) higher L3 

vBMD in women. For every 1 SD higher oblique density, there was a 0.09 SD (p=.003) 

higher L3 vBMD in men and 0.12 SD higher L3 vBMD in women.

As shown in Table 3, the association between fat fraction and L3 vBMD was similar for all 

3 muscle groups where higher fat fraction was significantly associated with lower L3 vBMD 

in fully adjusted analysis. To better understand the magnitude of effect, we present here the 

standard deviation (SD) change in L3 vBMD in response to a 1 SD change in muscle fat 

fraction. In particular, for every 1 SD higher fat fraction of psoas, there was a 3.19 lower SD 

of L3 vBMD in men (p<0.001), and 4.3 lower SD of L3 vBMD in women (p<0.001). For 

every 1 SD higher fat fraction in the paraspinal muscle group, there was a 1.4 SD and 3.9 SD 

lower L3 vBMD in men and women, respectively (p=0.012 and p<0.001). For the oblique 

muscle group, every 1 SD higher fat fraction was associated with a 1.6 SD lower L3 vBMD 

in men (p=0.034) and 2.2 SD lower L3 vBMD in women (p=0.001)

We examined the effect of total intentional exercise on the association between muscle 

density and muscle fat fraction with L3 vBMD for men and women. Men and women were 

dichotomized on their median MET-min/wk values, 900 and 660, respectively, and evaluated 

for all muscle groups. There was no significant interaction between intentional exercise and 

muscle density on L3 vBMD; and no significant interaction between intentional exercise and 

fat fraction on L3 vBMD for both men and women. Thus, in our analysis of the main effects 

as shown in Table 2 and Table 3, we considered intentional exercise a covariate, and adjusted 

for it in Model 3.

We also examined the effect of moderate, vigorous, and total activity spent during both 

conditioning and work on the association between muscle density and fat fraction with L3 

vBMD. In this analysis, participants were stratified based on their median reported value 

of moderate, vigorous, and total activity. In fully adjusted analysis, there was no significant 

interaction between activity and muscle density on L3 vBMD or between activity and fat 

fraction and L3 vBMD except for oblique density and fat fraction in women. For the latter, 
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in the high exercise group, for every 1 SD higher oblique density there was a 0.2 SD 

higher L3 vBMD (p<0.001) compared to a 0.13 SD higher L3 vBMD in the low exercise 

group (p=0.002) (pinteraction=0.05). For every 1 SD higher oblique fat fraction in the high 

exercise group, there was 1.7 SD L3 vBMD compared to a 1.05 SD lower L3 vBMD in 

the lower exercise group (pinteraction = 0.05). This interaction was also present in women 

who participated in high versus low conditioning for oblique density (pinteraction = 0.005) 

and fat fraction (pinteraction<0.001). Specifically, in the high conditioning group, a 1 SD 

higher oblique density was associated with a 0.24 SD higher L3 vBMD (p<0.001), whereas 

it was associated with a 0.12 SD higher L3 vBMD in the low conditioning group (p=0.001). 

For every 1 SD higher oblique fat fraction in the high conditioning group, there was a 

2.3 SD lower L3 vBMD (p=<0.001) compared to a 0.86 SD lower L3 vBMD in the low 

conditioning group (p=0.02).

To assess whether L3 vBMD and muscle group density and fat fraction differed for high vs. 

low exercisers, we dichotomized men and women based on the median MET-min/wk value 

for intentional exercise. There was no significant difference in mean L3 vBMD between 

high and low volume exercisers for both women and men. Psoas density was significantly 

higher in female high volume exercisers (p=0.04); and psoas and paraspinal fat fraction were 

significantly higher in the low volume exercisers, for both women (p=0.01, p=0.01) and men 

(p=0.003, p=0.02). (Table 4)

Discussion

In this multi-ethnic community-living population, muscle density and fat fraction of the 

psoas, paraspinal, and oblique muscle groups were associated with L3 volumetric bone 

mineral density. Specifically, in fully adjusted analysis, higher psoas, paraspinal, and oblique 

muscle density was significantly associated with higher volumetric bone mineral density at 

L3 in men and women, while higher fat fraction in these muscles was associated with lower 

L3 vBMD in both women and men. These associations were not modified by intentional 

exercise, conditioning, or work, except in the oblique muscles for women, where the 

interaction was quantitative. Our findings are the first to demonstrate that muscle density 

and fat fraction of the psoas, paraspinal, and oblique muscle groups are associated with L3 

BMD and warrant further investigation into potentially a direct relationship between these 

muscle groups and the spine.

These findings are consistent with those shown by Nichols and colleagues, who found that 

regional lean tissue mass was correlated with BMD, specifically in the thigh.21 Similarly, 

Blain and others showed an association between quadriceps strength and femoral neck BMD 

but not lumbar BMD.22 Although these studies correlate mass and strength to BMD, our 

findings are the first to show a site-specific association between regional trunk muscle 

density and lumbar BMD in a community-living population.

These findings also build on previous literature regarding muscle fat content and BMD. 

Sollmann and colleagues examined 39 postmenopausal women using MRI and showed a 

correlation between proton density fat fraction of erector spinae muscles and that of lumbar 

vertebral bodies.23 A similar study by Farr analyzed 444 young females using peripheral 
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quantitated computed tomography and showed that calf skeletal muscle fat content was 

inversely correlated with tibial weight-bearing bone strength.24 Further, Kim and colleagues 

demonstrated that women with osteoporotic spinal compression fractures had higher fatty 

infiltration of the paraspinal muscles compared to women without osteoporotic spinal 

compression fractures.9 Our findings mirror these associations between muscle fat content 

and bone density, and expand them to different trunk muscles in a larger multi-ethnic cohort 

of men and women while accounting for key contributors to bone and muscle density.

We found that physical activity overall did not modify the association between trunk muscle 

density and vBMD or fat fraction and vBMD at the level of the 3rd lumbar vertebra. 

Although numerous studies confirm the positive impact weight-bearing exercise can have 

on bone density, and how strength-training can improve muscle quality, no studies directly 

address whether exercise modifies the relationship between muscle density, muscle fat 

fraction, and BMD. Our findings suggest that the way muscle and bone interact with one 

another, through mechanical and molecular signaling, may not differ by low versus high 

intentional exercise, conditioning, or work. Further, intentional exercise did not significantly 

attenuate the association between muscle density, muscle fat fraction, and vBMD when 

evaluated as a covariate. This finding could suggest that either this association between trunk 

muscle and lumbar bone density is robust or that the effect of exercise must be specific as 

our category of ‘intentional exercise’ was quite broad and included various forms of aerobic 

activity versus targeted lumbar/abdominal strengthening exercise.

A proposed mechanism for the association between psoas, paraspinal, and oblique muscle 

density and lumbar bone mineral density, outside of mechanotransduction, is the increased 

production of osteogenic myokines by denser muscle. Hamrick, et. Al showed that two 

osteogenic factors, IGF-1 and FGF-2 are secreted by muscle in vitro, and furthermore, 

receptors for these factors are present on bone periosteum.25 It is our hypothesis that muscle 

less infiltrated by fat is more efficient at secreting osteogenic factors than less dense muscle. 

Further work to elucidate this theory would involve in-vivo cytology, and measurement 

of osteogenic myokines in rodent models comparing regional muscle and bone density, 

highlighting possible opportunities for pharmaceutical intervention.

Our study had several limitations. Because it was a cross-sectional evaluation, we were 

unable to establish temporal associations of trunk muscle density and fat fraction with 

lumbar bone density. Thus, we are unable to determine whether poor muscle density leads 

to poor bone density or vice versa. In addition, we did not have measures of muscle density 

and muscle fat fraction in other muscle groups, e.g., quadriceps, or measures of bone 

mineral density at other anatomic sites. Thus, we can not confirm that the association of 

psoas, paraspinal, and oblique muscle groups with L3 vBMD was a ‘local’ versus ‘global’ 

association. Our exercise data are broad and self-reported, and could reflect inaccurate 

measurements of physical activity. This potential for non-differential misclassification could 

bias our results toward the null. Given these limitations, strengths of our study include a 

large and diverse population that allow us to evaluate these associations between muscle 

density and fat fraction and bone density in men and women separately as muscle and 

fat were measured using gold standard computed tomography and automated segmenting 

software.
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In conclusion, we have shown that muscle density of the psoas, paraspinal, and oblique 

muscle groups was positively associated with lumbar spine BMD, and that psoas, paraspinal, 

and oblique muscle fat fraction was inversely associated with lumbar spine BMD in a multi-

ethnic community living population, regardless of activity or exercise level. Future studies 

are warranted to confirm a direct association; and determine mechanisms and temporality of 

muscle quality and bone density to prevent this potentially synergistic degenerative process.
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Figure 1. 
Computed tomography image of the oblique muscle group, psoas, and paraspinal muscle 

group at the level of the third lumbar vertebra.
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Table 1:

Population characteristics, including L3 bone mineral density, muscle density, fat fraction, and physical 

activity of 1923 MESA participants in the MESA Body Composition Ancillary Study

All Men Women

N (%) 1923 973 (50.6) 950 (49.4)

Age, years(SD) 62.07 (9.72) 63 (10) 64 (9.5)

Ethnicity, n(%)

 White 769 (39.9) 409 (42) 360 (37.9)

 Chinese 256 (13.3) 135 (13.9) 121 (12.7)

 Black 399 (20.7) 179 (18.4) 220 (23.2)

 Hispanic/Latino 499 (25.9) 250 (25.7) 249 (26.2)

Never smoked, n(%) 947 (49.2) 376 (38.7) 571 (60.2)

Impaired Fasting Glucose, n(%) 635 (33) 360 (34.9) 280 (26.8)

BMI, kg/m2 (SD) 28.2 (5.2) 27.9 (4.4) 28.4 (5.8)

Oral steroid use, n(%) 22 (1.1) 8 (0.8) 14 (1.5)

Anti-resorptive medication use, n(%) 243 (12.6) 8 (0.8) 235 (24.7)

Mean (SD) L3 vBMD, muscle density, and fat fraction of psoas, paraspinal, and oblique muscles groups

vBMD L3, mg/cm3 116 (40) 120 (39) 111 (40)

Total Psoas Area, sq cm 16.4 (5.7) 20 (5.5) 13 (3.3)

Psoas Fat Fraction % 0.07 (0.05) 0.07 (0.05) 0.08 (0.06)

Psoas Density, HU 39 (11.3) 41 (10.7) 36.7 (11.6)

Total Paraspinal Area, sq cm 63.1 (14.6) 72.1 (12.7) 53.6 (9.8)

Paraspinal Fat Fraction % 0.11 (0.07) 0.09 (0.06) 0.13 (0.07)

Paraspinal Density, HU 29.4 (14.7) 34 (13.4) 24.6 (14.5)

Total Oblique Area, sq cm 37.7 (15.5) 44.2 (16.1) 31.6 (12.2)

Oblique Fat Fraction % 0.11 (0.07) 0.1 (0.06) 0.13 (0.08)

Oblique Density, HU 22.4 (13.1) 26.4 (11.4) 18.8 (13.6)

Median, 25th, and 75th percentile of self-reported exercise and work

Total Intentional Exercise (MET-min/week) 742 [96, 1834] 900 [165, 2100] 660 [0, 1601]

Moderate Conditioning 0 [0, 330] 0 [0, 495] 0 [0,330]

Vigorous Conditioning 0 [0,0] 0 [0, 0] 0 [0, 0]

Total Conditioning 0 [0, 495] 0 [0, 660] 0 [0, 483.75]

Moderate Work 0 [0,900] 0 [0,1800] 0 [0, 450]

Vigorous Work 0 [0,0] 0 [0,0] 0 [0,0]

Total Work* 450 [0,4950] 3038 [0, 5850] 0 [0,4207.5]

IFG = Impaired fasting glucose. For mean values, SD is presented in parentheses. For median values, 25th and 75th quartiles are presented in 
brackets.

*
Light work was not calculated
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Table 2.

Association between psoas, paraspinal, and oblique muscle density (HU) and L3 vBMD (mg/cm3) in 950 

women and 973 men in the Multi-Ethnic Study of Atherosclerosis

Psoas

Men Women

β (SD) P value β (SD) P value

Unadjusted 1.10 (0.11) <0.001 1.23 (0.11) <0.001

Age, race, BMI, smoking, IFG, CCS use, anti-resorptive use adjusted 0.78 (0.11) <0.001 0.67 (0.10) <0.001

Age, race, BMI, smoking, IFG, CCS use, BP use, intentional exercise adjusted* 0.75 (0.11) <0.001 0.67 (0.10) <0.001

Paraspinal

Men Women

β (SD) P value β (SD) P value

Unadjusted 0.86 (0.09) <0.001 1.03 (0.09) <0.001

Age, race, BMI, smoking, IFG, CCS use, anti-resorptive use adjusted 0.45 (0.10) <0.001 0.59 (0.09) <0.001

Age, race, BMI, smoking, IFG, CCS use, BP use, intentional exercise adjusted* 0.43 (0.10) <0.001 0.52 (0.09) <0.001

Oblique

Men Women

β (SD) P value β (SD) P value

Unadjusted 0.74 (0.12) <.0001 0.75 (0.10) <0.001

Age, race, BMI, smoking, IFG, CCS use, anti-resorptive use adjusted 0.34 (0.11) <0.001 0.33 (0.09) <0.001

Age, race, BMI, smoking, IFG, CCS use, BP use intentional exercise adjusted* 0.33 (0.11) 0.003 0.36 (0.09) <0.001

SD= standard deviation. BMI = Body mass index (kg/m2). IFG=Impaired fasting glucose. CCS = Corticosteroid. Analysis for muscle density was 
for increments of 1 HU.

*
Following evaluation of intentional exercise as an effect modifier on the association between muscle density, fat fraction, and L3 vBMD, we found 

no significant interaction. Therefore, we considered it a confounder and adjusted for it in Model 3.
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Table 3:

Association between psoas, paraspinal, and oblique muscle group fat fraction and L3 vBMD (mg/cm3) in 950 

women and 973 men in the Multi-Ethnic Study of Atherosclerosis

Psoas

Men Women

β (SD) P value β (SD) P value

Unadjusted −220.0 (26.5) <0.001 −188.5 (21.7) <0.001

Age, race, BMI, smoking, IFG, CCS use, anti-resorptive use adjusted −154.2 (26.3) <0.001 −104.3 (20.3) <0.001

Age, race, BMI, smoking, IFG, CCS use, anti-resorptive use, intentional exercise 
adjusted* −147.3 (26.3) <0.001 −104.2 (20.3) <0.001

Paraspinal

Men Women

β (SD) P value β (SD) P value

Unadjusted −138.0 (19.9) <0.001 −168.0 (16.3) <0.001

Age, race, BMI, smoking, IFG, CCS use, anti-resorptive use adjusted −53.0 (21.2) 0.011 −86.7 (16.6) <0.001

Age, race, BMI, smoking, IFG, CCS use, anti-resorptive use, intentional exercise 
adjusted* −50.3 (21.2) 0.012 −86.0 (16.4) <0.001

Oblique

Men Women

β (SD) P value β (SD) P value

Unadjusted −80.9 (24.6) 0.001 −76.8 (16.9) <0.001

Age, race, BMI, smoking, IFG, CCS use, anti-resorptive use adjusted −52.2 (22.5) 0.022 −47.12 (15.3) 0.001

Age, race, BMI, smoking, IFG, CCS use, anti-resorptive use, intentional exercise 
adjusted* −51.8 (22.5) 0.034 −48.2 (15.3) 0.001

SD= standard deviation. BMI = Body mass index (kg/m2). IFG=Impaired fasting glucose. CCS = Corticosteroid. Analysis for fat fraction was in 
increments of 10%.

*
Following evaluation of intentional exercise as an effect modifier on the association between muscle density, fat fraction, and L3 vBMD, we found 

no significant interaction. Therefore, we considered it a confounder and adjusted for it in Model 3.

J Bone Miner Res. Author manuscript; available in PMC 2022 November 23.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Gurusamy et al. Page 15

Ta
b

le
 4

:

Ps
oa

s,
 p

ar
as

pi
na

l, 
an

d 
ob

liq
ue

 m
us

cl
e 

de
ns

ity
, f

at
 f

ra
ct

io
n,

 a
nd

 L
3 

vB
M

D
 in

 h
ig

h 
an

d 
lo

w
 v

ol
um

e 
ex

er
ci

se
rs

, s
tr

at
if

ie
d 

by
 g

en
de

r, 
in

 th
e 

M
ul

ti-
E

th
ni

c 

St
ud

y 
of

 A
th

er
os

cl
er

os
is

M
al

e 
hi

gh
 v

ol
um

e 
ex

er
ci

se
rs

M
al

e 
lo

w
 v

ol
um

e 
ex

er
ci

se
rs

P
-v

al
ue

F
em

al
e 

hi
gh

 v
ol

um
e 

ex
er

ci
se

rs
F

em
al

e 
lo

w
 v

ol
um

e 
ex

er
ci

se
rs

P
-v

al
ue

N
 (

%
)

48
0 

(5
0.

2)
47

5 
(4

9.
7)

44
8 

(4
9.

3)
46

1 
(5

0.
1)

vB
M

D
 L

3,
 m

g/
cm

3
12

3.
3 

(4
0.

7)
11

8.
5 

(3
7)

0.
11

9
11

2.
1 

(3
9.

8)
11

1.
1 

(3
9.

5)
0.

47
1

To
ta

l P
so

as
 A

re
a,

 s
q 

cm
20

.1
 (

5.
5)

19
.5

 (
5.

4)
0.

96
13

.1
(3

.3
)

12
.9

 (
3.

3)
0.

96

P
so

as
 F

at
 F

ra
ct

io
n,

 %
0.

06
 (

.0
4)

0.
07

 (
.0

5)
0.

00
3

0.
08

 (
0.

05
)

0.
09

 (
0.

07
)

0.
01

P
so

as
 D

en
si

ty
, H

U
42

.0
3 

(9
.8

)
40

.0
2 

(1
1.

3)
0.

08
37

.6
 (

10
.2

)
35

.8
 (

12
.6

)
0.

04

To
ta

l P
ar

as
pi

na
l A

re
a,

 s
q 

cm
72

.2
 (

12
.8

)
72

.0
4 

(1
2.

6)
0.

59
30

.9
 (

12
.3

)
32

.5
 (

12
.2

)
0.

70

P
ar

as
pi

na
l F

at
 F

ra
ct

io
n,

 %
0.

08
 (

.0
6)

0.
09

 (
.0

7)
0.

02
0.

12
 (

0.
07

)
0.

13
 (

0.
08

)
0.

01

P
ar

as
pi

na
l D

en
si

ty
, H

U
34

.8
 (

12
.7

)
33

.3
 (

14
)

0.
15

7
20

.2
 (

13
.1

)
17

.5
 (

13
.8

)
0.

26
6

To
ta

l O
bl

iq
ue

 A
re

a,
 s

q 
cm

44
.1

3 
(1

5.
3)

44
.3

 (
16

.8
)

0.
07

3
53

.6
 (

9.
9)

53
.9

 (
9.

8)
0.

41

O
bl

iq
ue

 F
at

 F
ra

ct
io

n,
 %

0.
09

 (
0.

05
)

0.
1 

(0
.0

5)
0.

63
9

0.
12

 (
0.

07
)

0.
13

 (
0.

08
)

0.
09

O
bl

iq
ue

 D
en

si
ty

, H
U

27
.1

 (
11

.5
)

25
.6

 (
11

.2
)

0.
64

26
.0

4 
(1

3.
7)

23
.4

 (
15

.1
)

0.
18

J Bone Miner Res. Author manuscript; available in PMC 2022 November 23.


	Abstract
	Introduction
	Materials and Methods
	Multi-Ethnic Study of Atherosclerosis
	Study Population
	Measurement of Bone Mineral Density
	Measurement of Muscle Density and Fat Fraction
	Exercise
	Covariates
	Statistical Analysis

	Results
	Discussion
	References
	Figure 1.
	Table 1:
	Table 2.
	Table 3:
	Table 4:

