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Study of Atherosclerosis
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Jonathan T. Unkart, MD, MPH, MSP, Matthew A. Allison, MD, MPHP, Britta A. Larsen, PhDP
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bDepartment of Family Medicine and Public Health, University of California, San Diego, 9500
Gilman Dr., La Jolla, CA 92093-0965

Abstract

Background: Due to the opposing cardiovascular risk profiles of CAC volume and density, we
tested the hypothesis that increased abdominal muscle area (AMA) and density (AMD) were
significantly associated with lower coronary arterial calcium (CAC) volume and higher CAC
density.

Methods: Using data from 787 participants from the Multi-Ethnic Study of Atherosclerosis,
Ancillary Body Composition Study, we analyzed abdominal and chest computed tomography (CT)
scans. Abdominal scans were scored for muscle area, muscle density (attenuation) and visceral
and subcutaneous fat. Chest scans were scored for CAC volume and Agatston values, which were
used to derive CAC density scores.

Results: The mean (SD) age and BMI of the participants was 67.8 (9.0) years and 27.9 (4.8)
kg/m2, respectively. Forty-one percent were female, 46% were Caucasian, 60% had hypertension,
17% had diabetes, and 46% had dyslipidemia. AMA was positively associated with CAC volume
(p<0.001) and inversely associated with CAC density (p<0.001). Conversely, AMD was inversely
associated with CAC volume and positively associated with CAC density in minimally adjusted
models (p<0.001), but not significant in confounder adjusted models.

Conclusion: AMA and AMD had differing associations with CAC volume and density, with
AMA significantly associated with a higher risk CAC profile (high volume, low density) and
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AMD not significantly associated with CAC volume or density. Future research needs to account
for the unique components of both muscle composition and CAC.

Keywords
subclinical atherosclerosis; body composition; cardiovascular risk; Agatston score

1. Introduction

Excess abdominal adiposity is a well-established risk factor for cardiovascular disease
(CVD) (1-3). However, less is known about abdominal muscle and CVD. Emerging
evidence suggests different components of skeletal muscle may be protective against disease
and mortality. Muscle density, a marker of fat infiltration, is inversely associated with
mortality, hospitalizations, and frailty in older adults (4-6). However, muscle area, a
measure of muscle size, has inconsistent associations with mortality and other outcomes (7,
8). To fully understand the relationship of abdominal composition and CVD risk, it is
important to evaluate the contribution of differing components of abdominal muscle (9-11).

Coronary artery calcium (CAC) is a strong risk factor for CVD (12, 13). Typically, CAC is
scored using the Agatston method which is a single score combining the volume and density
of the calcified plaque (14). However, a recent study that isolated the Agatston score
components of CAC volume and density found that volume was positively associated with
CVD events, while CAC density was inversely associated with CVD events and appears to
be protective (15). Prior to this landmark study, one study found a null association of
abdominal muscle area and total Agatston score (10). It is possible that this null finding is
driven by different components of muscle being associated with different components of
calcified plaque (i.e. density and volume).

In light of the new knowledge of the opposing CVD risk profile of CAC volume and density,
we sought to investigate the relationship of abdominal muscle area and density with both
CAC volume and density. In the present analysis, we hypothesized that increased abdominal
muscle area and density would be significantly associated with lower CAC volume and
higher CAC density.

2. Patients and Methods

Details regarding the objectives, design, and recruitment for the Multi-Ethnic Study of
Atherosclerosis (MESA) have been published previously (16). Briefly, eligible participants
were aged 45-84 years, and self-reported African-American, Chinese, Non-Hispanic White,
or Hispanic race/ethnicity. Exclusion criteria included clinically recognized CVD (defined as
history of heart attack, angina, CVD procedures, heart failure, cerebrovascular disease),
active treatment for non-skin cancers, or pregnancy.

In total, 6,814 participants enrolled from 6 centers across the US and underwent a baseline
study visit (exam 1; 2000- 2002) that included a chest computed tomography (CT) scan.
Participants returned for 2 sequential follow-up visits approximately 18 months (visit 2) and
36 months (visit 3) after baseline and were randomly assigned to undergo follow-up chest
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CT at one of these follow-up visits. At these times, participants were invited to participate in
an ancillary study that extended the CT scan to include the abdominal region, concurrent
with the timing of their follow-up chest CT. 1,974 individuals participated in the abdominal
body composition ancillary study, and the abdominal CT scans were subsequently analyzed
for body composition.

The chest CT scans were used to assess CAC volume and density. Since CAC density only
has meaning in those with non-zero calcium volume, this study includes only participants
who have non-zero CAC volume. Our analytic sample of 787 participants consists of
participants who have non-zero CAC volume and complete data for included covariates.

2.1 Study Measurements.

Standardized questionnaires at Visits 1, 2, & 3 gathered data on demographics, tobacco use,
education, income, medical history, and anti-hypertensive, glucose-lowering, and
cholesterol-lowering medications. Height was measured using a stadiometer. Moderate and
vigorous physical activity (MVPA; METS-min/week) was estimated using the MESA
Typical Week Physical Activity Survey (TWPAS), adapted from the Cross-Cultural Activity
Participation Study (17, 18). After 5 minutes of rest, seated blood pressure was measured 3
times using a Dinamap automated oscillometric sphygmomanometer (model Pro 100;
Critikon, Tampa, Florida); the last 2 measurements were averaged and used in analysis.
Participants’ hypertension (SBP =140, DBP =90, or taking blood pressure medication),
diabetes (fasting blood glucose =126, A1C >7, or taking diabetes medication), and
dyslipidemia (triglyceride:HDL ratio > 5 or taking cholesterol medication) status was
obtained from the visit corresponding to their abdominal CT scans (i.e. Visit 2 or 3).

Abdominal muscle and fat areas were determined using Medlical Imaging Processing
Analysis and Visualization (MIPAV) software, version 4.1.2. For each participant who
participated in the ancillary body composition study at visit 2 or 3, two image slices were
analyzed at each of the disc spaces at L2/L3, L3/L4, and L4/L5. Area within the fascial
planes for each muscle group were categorized into one of 3 tissue types based on
Hounsfield Units (HU); 0 to 100 were considered muscle, —190 to —30 were considered fat,
and intervening HU were considered mixed connective tissue such as fascia (which was not
included in the computation for either fat or muscle).

Muscle area was calculated for each muscle group by multiplying the number of pixels of
the appropriate HU range within the fascial plane of the given muscle by the pixel area.
Total abdominal muscle area (cm?) was calculated by summing the muscle area of the four
muscle groups (see Figure 1). Stabilization-specific abdominal muscle area was calculated
by summing the areas of the rectus abdominis, paraspinis, and obliques, while locomotion-
specific abdominal muscle area was limited to that of the psoas. Average muscle density was
calculated by summing the average densities (HU) of the included muscle groups and
dividing by the number of muscles in these groups. Using these rules, area and density were
calculated for the psoas, rectus abdominis, paraspinis, and oblique muscle groups, in
addition to stabilization-specific, locomotion-specific, and total abdominal muscle.
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Visceral fat (adipose tissue inside the abdominal wall) and subcutaneous fat (outside the
abdominal wall) areas we calculated using similar rules to muscle area. Imputed values for
subcutaneous fat area were utilized for 80 participants, who had part of their subcutaneous
compartments truncated in their CT scans due to large body size. Gender and race specific
regression equations were developed for subcutaneous area imputation that included each
participant’s BMI, height, WHR, and waist circumference at the corresponding CT scan
visit.

Fasting venous blood obtained contemporaneous to the clinic visit when the CT scan was
performed was assayed for glucose, triglycerides, total cholesterol, and high-density
lipoprotein cholesterol (HDL). Adiposity-associated inflammatory markers (C-reactive
Protein [CRP], interleukin-6 [IL6], tumor necrosis factor — alpha [TNF-a], resistin, leptin,
and adiponectin), as well as markers of kidney function (eGFR, renin, and aldosterone) were
also measured using these samples.

Agatston CAC scores were obtained from visits 2 or 3, depending on when the participant
underwent the abdominal CT scan. The formulas for calculating CAC density scores have
previously been published (13). In brief, the volume of CAC (in cubic millimeters) was
divided by the appropriate slice thickness (2.5mm or 3mm depending on the CT scan site),
resulting in an area “score”. The formula for the density score was: Density score =
Agatston score/area score. CAC density scores ranged from 1-4.

2.2 Statistical Analysis.

Descriptive statistics were generated as means with standard deviations for continuous
variables, and frequencies with percentages for categorical variables. We performed
ANCOVA adjusted for age, gender and race to determine the mean values of the cohort
characteristics by quartiles of CAC volume and above and below the median of CAC
density, as well as by quartiles of total abdominal muscle area and average abdominal
muscle density.

Univariable and multivariable linear regression were used to examine the association of
abdominal muscle area with standardized CAC volume with adjustment for age, gender,
race, ethnicity, CAC density and average abdominal muscle density (model 1). Subsequent
models adjusted for: weekly moderate & vigorous physical activity levels, income,
education, visceral fat, subcutaneous area, and height (model 2); hypertension, diabetes,
dyslipidemia, smoking status, total cholesterol, and HDL cholesterol, CRP, IL6, TNF-a,
resistin, leptin, adiponectin, eGFR, renin, and aldosterone in model 3.

Similarly, staged multivariable linear regressions were used to examine the associations of
average abdominal muscle density with standardized CAC volume, then abdominal muscle
area with CAC density, and abdominal muscle density with CAC density. In order to test for
independent associations, all models with In CAC volume as an outcome were adjusted for
CAC density, and vice versa. Similarly, all models with abdominal muscle area as a
predictor variable were adjusted for average abdominal muscle density, and vice versa. The
same analytic plan was used to evaluate the aforementioned associations separately for
stabilization muscles and locomotion muscles.
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Six separate, unadjusted models evaluated possible interactions between: abdominal muscle
area and gender, abdominal muscle area and race group, abdominal muscle area and diabetes
status, abdominal muscle density and gender, abdominal muscle area and race group, and
abdominal muscle density and diabetes status. Standardized coefficients were reported for
regression results. P values <0.05 were considered statistically significant and SAS 9.4 was
used for all analyses.

3. Results

The mean (SD) age and BMI of the 787 participants was 67.8 (9.0) years and 27.9 (4.8)
kg/m2, respectively. Forty-one percent were female, 46% were Caucasian, 14% were
Chinese American, 17% were African American, and 23% were Hispanic American. Sixty
percent had hypertension, 17% had diabetes, and 46% had dyslipidemia. The mean total
abdominal muscle area was 99.1 (27.4) mm?3 and the mean average muscle density was 41.8
(5.5) HU. The median CAC volume was 95.7 (range: 2.4— 3263.7) mm3, the mean In CAC
volume was 4.5 (1.6), and the mean CAC density was 2.7 (0.7) HU. Compared to the overall
MESA population, the analytic study population had fewer African Americans (17% vs
28%) and a lower percentage of females (41% vs. 53%), but higher rates of dyslipidemia
(46% compared to 34.6%), diabetes (17% vs. 12.4%), and hypertension (60% vs. 45.0%).

Table 1 shows the distribution of cohort characteristics across quartiles of abdominal muscle
area and abdominal muscle density. After adjustment and compared to individuals in lower
quartiles of muscle area, individuals in higher quartiles were significantly younger,
participated in more physical activity, and had larger body size as measured by BMI, height,
and body surface area. The highest quartile of muscle area was composed of only 3%
females. Similarly, individuals in higher quartiles of muscle density were significantly
younger, had lower BMIs and body surface areas, and lower rates of hypertension and
diabetes.

Abdominal muscle areawas strongly correlated with abdominal muscle density (r = 0.62, p
< 0.01), moderately correlated with visceral fat (r= 0.23, p < 0.01), and weakly correlated
with CAC volume, CAC density, and subcutaneous area (all r < 0.15, p = 0.37, <0.01, <0.05
respectively), while abdominal muscle density was moderately and inversely correlated with
visceral fat and subcutaneous fat (r= —0.20 and —0.27 respectively, p < 0.01 for both). CAC
density was strongly correlated with In CAC volume (r = 0.64, p< 0.01), but weakly
correlated with abdominal muscle area and density (r=-0.15, p <0.01 and r=-0.08, p <0.05,
respectively), visceral fat, and subcutaneous area (r = —0.10, p= <.01 and r=-0.15 and p
<0.01, respectively).

Multiple linear regression analyses were conducted to evaluate associations between AMA
and AMD with CAC density and CAC volume. In age, sex, and race/ethnicity adjusted
models (Table 2), total abdominal muscle areawas significantly associated with Aigher CAC
volume (beta = 0.28 per SD, p <0.001) but /ower CAC density (beta = —0.32 per SD, p =
<0.001). Results were similar in fully adjusted models. Separate models evaluating these
associations for abdominal locomotion muscle area and stabilization muscle area yielded
similar results.
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In age, sex, and race/ethnicity adjusted models (Table 3b), higher average abdominal muscle
density was significantly associated with /ower CAC volume (beta = —0.14 per SD, p
<0.001) and higher CAC density (beta= 0.12 per SD, p <0.001). Adjusting for covariates
attenuated the associations such that they were no longer significant (beta = —0.05 per SD, p
= 0.22 and beta= 0.00, p=0.95 respectively). Separate models evaluating these associations
for abdominal locomotion muscle density and stabilization muscle density were not
significant.

We performed a stepwise sensitivity analysis to understand the attenuation in the association
between average abdominal muscle density and CAC density between models 1 and 2
(Model 1: beta = 0.12 per SD, p=<0.001; Model2: beta = 0.03, p = 0.64). Adding visceral
fat to Model 1 attenuated the association by 50% (beta = 0.06 per SD, p= 0.14).

We tested for interactions between both muscle area and density with gender, race/ethnicity
and diabetes status (separately) for CAC volume and density. None were significant (for all
p>0.2).

4. Discussion

In this cross-sectional study of individuals from 4 racial/ethnic groups and 5 different
locations in the United States, we found higher abdominal muscle area was significantly
associated with higher CAC volume and lower CAC density. Additionally, we found that
abdominal muscle density was associated with lower CAC volume and higher CAC density,
however, these associations were insignificant after multivariable adjustment. Contrary to
our hypothesis, these results suggest that higher abdominal muscle area is associated with a
more harmful CAC profile, i.e. greater CAC volume and lower CAC density.

Our hypotheses on the associations of abdominal muscle area with CAC volume and density
were based on the assumption that people who are more physically active will have greater
muscle area and density, as well as lower levels of CVD risk factors (19). Our hypothesis
was further shaped by Criqui et. al’s finding that CAC volume is positively associated with
CVD events, while CAC density is inversely associated with CVD events (11). Since the
presence and extent of CAC has been shown to be significantly associated with higher levels
of CVD risk factors, we believed greater muscle area would be associated with lower CAC
volume but greater CAC density. However, when investigating health status by quartiles of
abdominal muscle area that were adjusted for age, gender, and race/ethnicity, we found that
people with greater muscle area also had higher rates of diabetes and dyslipidemia, higher
BMI, and lower HDL cholesterol. Similarly, our regression results indicate that muscle area
is positively associated with CAC volume, which suggests an association with
cardiovascular disease risk (15), even when adjusted for existing cardiometabolic diseases
and inflammatory markers.

Higher muscle density is positively associated with lower mortality, less hospitalization, and
less frailty in older adults (4-6). In our sample, and compared to the lower quartiles of
muscle density, participants in the higher quartiles of muscle density had lower rates of
diabetes, hypertension and dyslipidemia, lower BMI, and higher HDL cholesterol. In our
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minimally adjusted model, higher muscle density was associated with a more
cardioprotective CAC profile, i.e. lower CAC volume and higher CAC density. Despite this,
the associations of muscle density with CAC volume and CAC density were non-significant
after multivariable adjustment. In our sensitivity analysis, we found that the presence of
visceral fat attenuates the association of abdominal muscle density and CAC density by 50%
and results in significant attenuation toward the null. Thus, higher muscle density may be a
proxy measure for less visceral fat.

Results from previous studies provide possible insights into our results demonstrating the
opposite of our hypothesis. Notably, in a study that classified muscle tissue between 35-100
HU as “normal density” and between 0— 34 HU as “low density” (20), higher muscle
volume in obese individuals was due entirely to increased “low density muscle.”
Additionally, this study found decreased muscle density to be significantly associated with
higher rates of diabetes. These findings may help explain the increase in disease prevalence
with increased quartiles of abdominal muscle area found in our study. That is, the higher
area may be linked to less dense muscle and, thereby, higher CVD risk. A number of studies
have shown that lifestyle change increases muscle density and metabolic markers without
changing muscle size (21, 22), and others have shown greater risk of hypertension and CVD
risk factors with greater muscle size (23-25). At this point it is unclear whether greater
muscle is truly associated with increased CVD morbidity, or whether larger muscle size
serves as a proxy measure for larger overall body size.

Results were quite consistent across muscles of stabilization and locomotion. Associations
between muscle density and CAC volume and density were initially stronger for muscles of
stabilization, yet these associations were attenuated in the final model. This may be due to
adjustment for markers of inflammation in the final model, which have shown differing
associations with muscles of stabilization vs. locomotion (26).

The strengths of this study include the large, multi-ethnic study sample, CT-derived
measures of both abdominal body composition and CAC, and availability of measures of
important confounders like physical activity. Limitations of this study include our population
being focused on individuals who have nonzero CAC volume, and potential bias due to
missing the measure of subcutaneous area for the largest people in the population due to
size-restrictions of the CT scanner. Additionally, it is possible that there is a systematic error
in the CT measures of muscle density, since the CT beam attenuates as it traverses layers of
adipose tissue and CT beam attenuation has been shown to increase with body size (27, 28).
Finally, this study was cross-sectional which prevents us from evaluating the temporality of
these associations.

5. Conclusions

In conclusion, these data show that greater abdominal muscle area is associated with a more
harmful CAC profile. Moreover, our results support recent studies showing that CAC density
and volume are independent. These results build on this literature by showing that density
and volume of muscle appear to likewise be independent, and have divergent associations
with CAC volume and density. As with CAC, the growing field examining the role of muscle
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in morbidity and mortality should fully examine associations with both volume and density,
and explore possible mechanisms for the association between greater muscle area and
cardiovascular risk factors.
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Highlights

Abdominal muscle density (AMD) and area (AMA) were measured in adults
with no CVD

Coronary artery calcium (CAC) Agatston scores were divided into volume
and density

AMA was associated with higher CAC volume and lower CAC density
AMD was associated with lower CAC volume and higher CAC density
AMA and AMD are unique and opposing predictors of CAC profiles
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Figure 1.
Sample abdominal CT slice showing: rectus abdominis muscles (light blue), oblique muscles

(red), paraspinal muscles (green), and psoas muscles (yellow). The thick red line represents
the outer border of the interior abdominal cavity; tissue outside of this is considered the
subcutaneous area.
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Table 1.

Cohort characteristics across Abdominal Muscle Area (AMA) and Abdominal Muscle Density (AMD)
Quartiles in Men and Women with Nonzero CAC Scores in the MESA-Abdominal Body Composition
Ancillary Study (n=787).

Abdominal Muscle Area Quartiles Abdominal Muscle Density Quartiles

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny
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1 1 i v p-value | 11 11 v p-value
(n=197) (n=197) (n=197) (n=196) (n=197) (n=196) (n=197) (n=197)
Quartile Range™  40.88-  77.77- 9657 117.97- 26.55-  37.66-  42.08-  4597-
77.76 96.56 117.96 183.04 37.65 42.07 45.96 55.42
Quartile mean 66.13 87.38 106.82 136.21 34.48 39.86 44.09 48.55
Age, y 74.27 69.60 65.54 61.72 <0.001 73.14 69.57 67.14 62.32 <0.001
Women, % 90% 49% 21% 3% <0.001  69% 55% 29% 12% <0.001
Race, % white 44% 47% 45% 48% 0.83 49% 50% 41% 43% 0.18
L;iigh education 59% 65% 64% 74% 0.02 62% 62% 62% 75% 0.01
(1]

High income, %  40% 52% 60% 67% <0.001 42% 49% 57% 71% <0.001
MVPA, MET- 3632.3 4183.3 4818.1 5526.2 <0.05 4079.6 4578.3 4422.3 5024.0 0.18
min/week
Ever Smoker, % 43% 66% 62% 67% <0.001 56% 52% 65% 66% <0.01
BMI, kg/m2 26.17 26.77 28.56 29.97 <0.001  30.17 28.01 27.32 25.96 <0.001
Height, cm 164.50 166.62 167.04 169.95 <0.001  166.33 167.42 167.15 167.20 0.50
Body surface 1.77 1.82 1.89 1.98 <0.001 191 1.88 1.85 1.81 <0.001
area, m?
Total cholesterol ~ 193.10 184.71 185.06 182.90 0.10 183.60 184.26 187.15 190.75 0.29
HDL cholesterol ~ 54.74 51.99 49.28 46.69 <0.001  47.70 50.07 51.52 53.41 <0.01
Hypertension, %  66% 61% 55% 56% 0.09 75% 61% 54% 49% <0.001
Diabetes, % 14% 15% 17% 20% 0.34 18% 16% 21% 12% 0.10
Dyslipidemia, %  40% 44% 47% 54% 0.06 47% 45% 47% 45% 0.91
CRP, mg/L 2.99 3.09 3.28 3.45 0.94 4.19 3.40 281 2.39 0.06
IL6, pg/mL 2.40 2.58 2.42 2.72 0.36 3.04 2.76 231 2.01 <0.001
TNF-a, pg/mL 4.24 7.00 5.92 7.27 0.07 5.80 5.90 5.55 7.17 0.49
Adiponectin 23.48 22.38 18.12 17.54 <0.001 22.71 21.25 18.90 18.67 0.01
Resistin 16.12 16.31 17.21 17.04 0.55 18.06 16.76 15.73 16.12 0.02
Leptin 16.78 16.27 21.18 22.80 0.02 24.86 18.52 18.37 15.27 <0.001
EGFR, mL/min/  77.82 78.68 75.88 71.57 <0.01 75.82 77.08 78.00 73.06 0.02
1.73m2
Renin 1.53 1.43 1.80 221 0.39 211 1.66 1.86 1.33 0.37
Aldosterone 155.03 159.62 148.47 144.22 0.52 151.07 154.75 153.16 148.41 0.92
Visceral fat, cm?2 ~ 145.46 147.61 156.57 177.17 <0.01 197.25 167.39 143.46 118.67 <0.001
Subcutaneous 264.93 248.20 282.21 291.20 <0.01 315.94 280.45 265.18 224.83 <0.001
area, cm?
Total AMA, cm?  69.84 88.21 105.38 133.08 <0.001  88.35 96.98 101.87 109.13 <0.001
Total AMD, HU 38.66 41.22 42.66 44.48 <0.001  34.79 40.00 44.00 48.21 <0.001
Locomotion 20.16 22.64 24.97 28.69 <0.001 22.61 23.36 24.21 26.26 <0.001
AMA, cm?
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Abdominal Muscle Area Quartiles Abdominal Muscle Density Quartiles
| 11 11 v p-value | 11 11 v p-value
(n=197) (n=197) (n=197) (n=196) (n=197) (n=196) (n=197) (n=197)

Locomotion 47.57 49.61 50.79 51.76 <0.001 44.30 48.74 51.88 54.79 <0.001
AMD, HU
Stabilization 49.68 65.57 80.41 104.39 <0.001 65.74 73.62 77.66 82.87 <0.001
AMA, cm?
Stabilization 35.69 38.42 39.94 42.05 <0.001 31.62 37.08 41.37 46.01 <0.001
AMD, HU
CAC Volume 220.52 264.24 296.58 303.97 0.49 296.37 319.13 250.78 219.10 0.16
(mm?)
Ln CAC Volume  4.31 4.45 4.59 4.71 0.33 4.70 4.55 4.34 4.47 0.18
CAC Density 2.87 2.72 271 2.51 <0.01 2.78 2.61 2.68 2.73 0.09
(HL)

All models adjusted for age, gender, and race (age, gender, and race models not adjusted for themselves).

Abbreviations: CAC= coronary artery calcium, HU= Hounsfield Unit, EGFR= Estimated Glomerular Filtration Rate

*
Abdominal Muscle Area unit= cm2, Abdominal Muscle Density= Hounsfield Unit.
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Regression results for association of abdominal muscle area (AMA) and abdominal muscle density (AMD)

with Coronary Artery Calcium (CAC) volume and density from the MESA Cohort Study (n=787).

Total AMA  Locomotion AMA  Stabilization AMA

Model B p-value B p-value B p-value
Outcome: In CAC Volume”
1 0.28 <0.001 0.21 <0.001 0.23 <0.001
2 0.22 <0.001 0.17 <0.001 0.19 <0.001
3 0.20 <0.001 0.18 <0.001 0.16 <0.001
Outcome: CAC Density*
1 -0.32 <0.001 -0.23 <0.001 -0.27 <0.001
2 -0.23 <0.001 -0.15 <0.001 -0.19 <0.001
3 -0.21 <0.001 -0.17 <0.001 -0.17 <0.001
Total AMD  Locomotion AMD  Stabilization AMD
Model B p-value B p-value B p-value
Outcome: In CAC Volume”
1 -0.14 <0.001 -0.06 0.05 -0.14 <0.001
2 -0.08 <0.05 -0.01 0.82 -0.09 <0.05
3 -0.05 0.22 0.01 0.86 -0.05 0.20
Outcome: CAC Density*
1 0.12 <0.001 0.07 <0.05 0.11 <0.01
2 0.04 0.64 0.01 0.80 0.04 0.35
3 0.00 0.95 -0.01 0.75 0.00 0.94

Model 1: adjusted for abdominal muscle density (AMA models), abdominal muscle area (AMD models), age, gender, ethnicity.

Model 2: Adjusted for model 1 variables plus moderate & vigorous physical activity, education, income, height, visceral fat, and subcutaneous area.

Model 3: Adjusted for model 2 variables plus hypertension, diabetes, smoking status (never/ever/current), total cholesterol, HDL cholesterol, CRP,
IL-6, TNF-a, resistin, leptin, adiponectin, EGFR, renin, and aldosterone.

*
Models with outcome of CAC Volume are adjusted for CAC Density; models with outcome of CAC

Density area adjusted for CAC Volume

All B are standardized coefficients.
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