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Abstract

Background and aims—There is strong evidence that fat accumulating in non-adipose sites, 

“ectopic fat”, is associated with cardiovascular disease (CVD), including vascular calcification. 

Most previous studies of this association have assessed only a single ectopic fat depot. Therefore, 

our aim was to assess the association of total, regional, and ectopic fat with abdominal aortoilliac 

calcification (AAC) and coronary artery calcification (CAC) in 798 African ancestry men.

Methods—Participants (mean age 62) were from the Tobago Bone Health Study cohort. 

Adiposity was assessed via clinical examination, dual x-ray absorptiometry, and computed 

tomography (CT). Ectopic fat depots included: abdominal visceral adipose tissue (VAT), liver 

attenuation, and calf intermuscular adipose tissue (IMAT). Vascular calcification was assessed by 

CT and quantified as present versus absent. Associations were tested using multiple logistic 

regression adjusted for traditional cardiovascular risk factors. Models of ectopic fat were 

additionally adjusted for total body fat and standing height.

Results—All adiposity measures, except VAT, were associated with AAC. Lower liver 

attenuation or greater calf IMAT was associated with 1.2–1.3-fold increased odds of AAC (p < 

0.03 for both), though calf IMAT was a stronger predictor than liver attenuation (p < 0.001) when 

entered in a single model. No ectopic fat measure was associated with CAC.
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Conclusions—Greater adiposity in the skeletal muscle and liver, but not in the visceral 

compartment, was associated with increased odds of AAC in African ancestry men. These results 

highlight the potential importance of both quantity and location of adiposity accumulation 

throughout the body.
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1. Introduction

There is strong evidence that fat accumulating in non-adipose sites, “ectopic fat”, is 

associated with cardiometabolic disease, including cardiovascular disease (CVD; [1]). While 

there have been previous studies of the association between ectopic adipose tissue and 

vascular calcification [2–23], a marker of subclinical CVD, many studies assessed only a 

single depot. The existing research has also primarily focused on Caucasians and may not be 

applicable to other races because of known racial/ethnic differences in body composition 

[24,25] and cardiovascular risk [26]. Specifically, African ancestry men are known to be 

generally lean, but have higher cardiovascular disease risk compared to Caucasians [26]. We 

hypothesize that differences in ectopic fat distribution may be one explanation for this 

apparent paradox. Indeed, we recently reported that intermuscular adipose tissue (IMAT) in 

the calf muscle, is associated with increased risk of diabetes [27], hypertension [28], and 

mortality [29], independent of total and central adiposity in African ancestry men. 

Therefore, we hypothesize that IMAT may be an ectopic fat depot of particular importance 

for vascular calcification, as well, in African ancestry men. In the current study, we tested if 

whole body, regional, and ectopic fat measures were associated with vascular calcification in 

the coronary and abdominal aortoilliac arteries in a sample of 798 African ancestry men.

2. Materials and methods

2.1. Tobago Health Study

All men in this analysis were from the Tobago Bone Health Study (TBHS), a population-

based, prospective cohort study of community-dwelling men aged 40 years and older, 

residing on the Caribbean island of Tobago [30]. Participants in the TBHS were recruited 

without regard to health status and men were eligible if they were ambulatory, not terminally 

ill and without a bilateral hip replacement. Men from Tobago are of homogeneous African 

ancestry with low European admixture (<6%) [31]. The 798 men for the current analysis 

were recruited consecutively at follow-up visits completed between 2011 and 2016, which 

consisted of chest, abdominal and calf computed tomography (CT) scans, total body dual x-

ray absorptiometry (DXA), clinical examination and interviewer-administered health history 

questionnaires. Written informed consent was obtained from each participant using forms 

and procedures approved by the University of Pittsburgh Institutional Review Board, the 

U.S. Surgeon General’s Human Use Review Board, and the Tobago Division of Health and 

Social Services Institutional Review Board.
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2.2. Vascular calcification

Vascular calcification was assessed by chest and central CT using a dual slice, high-speed 

NX/I scanner (GE Medical Systems, Waukesha, WI). The scans were obtained using the 

axial, two-slice scan mode (2i) and a segmented (a.k.a “half-scan”) reconstruction to provide 

an effective temporal resolution of approximately 350 msec for each 3 mm thick slice 

without cardiac gating. Coronary artery calcification (CAC) values were obtained from 

cross-sectional slices through the chest from the carina through the entire inferior aspect of 

the heart and measurements made by vessel for each of the major epicardial coronary 

arteries. For the abdominal scan series, a helical scan mode (120 KVp, 250 mA, 3 mm slice 

thickness and pitch of 1.5:1) was utilized since the higher temporal resolution for the 

coronary arteries was not required. Aortic artery calcification (AAC) values were obtained 

from cross-sectional slices through the abdomen from L3 to S1 and included the summation 

of calcification in the abdominal aorta and common iliac arteries. Measurements were 

performed by experienced analysts using an FDA approved computer workstation and 

software (Calcium, Aquarius workstation, TeraRecon San Mateo, CA) that accounts for slice 

thickness and scan field of view. The Agatston method [32] was used to report scores of 

calcified plaque. The lead reader for this study also led the Coronary Artery Risk 

Development In young Adults (CARDIA) Study CT analyses, and a blinded re-read of 153 

CARDIA scans found intra-reader technical error of 6.6%.

For the current analysis, an Agatston score >10 defined presence of CAC or AAC to further 

reduce false positive classification [33]. We also calculated the Agatston to volume ratio 

(AVR), which is a measure of calcified plaque density that takes into account both the total 

volume of plaque and the amount of calcification, using the recent methods described by 

Bellasi et al. [34].

2.3. Adiposity assessment

Adiposity was measured using clinical examination (body weight, body mass index (BMI), 

and waist circumference), whole body DXA (total percent fat and percent fat in the trunk), 

abdominal CT [abdominal subcutaneous adipose tissue (SAT), abdominal visceral adipose 

tissue (VAT) and liver attenuation], and peripheral quantitative CT [calf intermuscular 

adipose tissue (IMAT)]. Body weight was measured to the nearest 0.1 kg on a balance beam 

scale and standing height was measured to the nearest 0.1 cm using a wall-mounted 

stadiometer, both without participants wearing shoes. Body mass index was calculated as 

body weight in kilograms divided by standing height in meters squared. Waist circumference 

was measured at the level of the umbilicus or greatest circumference using a flexible tape 

measure. Total body fat percent and percent fat in the trunk were measured via DXA using a 

Hologic QDR 4500 W densitometer (Hologic, Bedford, MA).

Abdominal adiposity was assessed using the CT scans collected to measure vascular 

calcification as discussed above. Measures of abdominal SAT and VAT were obtained from 

the same cross-sectional images that were used for AAC assessment from L3 to S1. Liver 

attenuation was assessed in Hounsfield units (HU) from 3 contiguous scan slices taken in the 

T12 to L1 space. Calf IMAT was measured via peripheral quantitative CT performed with a 

Stratec XCT-2000 scanner (Orthometrix, Inc.; White Plains, NY). A site at 66% of the calf 
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length, proximal to the terminal end of the tibia was scanned, since it has the largest 

circumference and the lowest variability in composition between individuals [35]. All 

images were analyzed with STRATEC analysis software version 5.5D (Orthometrix, Inc., 

White Plains, NY) and performed by a trained investigator who was unaware of the 

participant’s vascular calcification status. For this analysis, ectopic fat was assessed using 

abdominal VAT, liver attenuation and calf IMAT; whereas, all other measures were 

considered to be measures of general or regional adiposity.

2.4. Other characteristics

Demographic, health history and anthropomorphic characteristics were assessed by trained 

staff via interview and clinical exams. Blood pressure was measured three times while seated 

and the average of the 2nd and 3rd reading were used in this analysis. Hypertension was 

defined as a systolic blood pressure (SBP) ≥ 140 mmHg, diastolic blood pressure (DBP) ≥ 

90 mmHg, current self-reported use of antihypertensive medication or an affirmative to the 

question “has a doctor ever told you that you have hypertension or high blood pressure?” 

Fasting blood was drawn at the time of interview and was spun into serum samples and 

aliquoted and frozen at −80 °C on the day of blood draw. Fasting serum glucose was 

measured using an enzymatic procedure and fasting serum insulin was measured using a 

radioimmunoassay procedure developed by Linco Research, Inc. Glucose is presented in 

mg/dL units that can be converted to SI units by dividing by 18. Insulin is presented in 

μU/mL units that can be converted to SI units by multiplying by 6.945. The degree of insulin 

resistance was estimated by homeostasis model assessment (HOMA-IR) according to the 

method described by Matthews et al. [36]. Diabetes was defined as a fasting serum glucose 

level ≥ 126 mg/dL when fasting measures were available (N = 711), and/or current self-

reported use of diabetes medication, or an affirmative response to the question “has a doctor 

ever told you that you have diabetes?” Serum high-density lipoprotein cholesterol (HDL-c) 

was determined using the selective heparin/manganese chloride precipitation method. Serum 

low-density lipoprotein cholesterol (LDL-c) was calculated by means of the Friedewald 

equation. Triglycerides were determined enzymatically using the procedure of Bucolo and 

David [37]. Dyslipidemia was defined as having HDL-c <40 mg/dL or triglycerides >150 

mg/dL when fasting measures were available (N = 686), and/ or current self-reported use of 

statins or other lipid-lowering medications.

Smoking status was classified both as either current or not, or ever or not wherein 

participants reporting smoking <100 cigarettes in their lifetime were considered never-

smokers. Alcohol consumption is very limited in this cohort and was coded as consuming ≥4 

drinks per week (yes/no) to identify individuals with greater than average cohort alcohol 

intake. As typical modes of physical activity and inactivity are not easy to capture using 

standardized questionnaires in this cohort, we have determined that using TV watching as a 

surrogate for sedentary behavior is most powerful in distinguishing active versus inactive 

participants in the TBHS. Therefore, we modeled sedentary behavior as watching <14 h of 

TV per week versus <14 h of TV per week.
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2.5. Statistical analysis

Differences in means or frequencies of covariates and adiposity measures by CAC or AAC 

presence were tested by chi-squared test or T-test, as appropriate. Multiple logistic 

regression was used to evaluate the association of adiposity (independent variable) with 

prevalent CAC or AAC (dependent variables) after adjustment for traditional cardiovascular 

risk factors including age, hypertension, diabetes, dyslipidemia, smoking, alcohol intake and 

sedentary lifestyle. Models of ectopic fat, including abdominal VAT, liver attenuation and 

calf IMAT, were also adjusted for total body percent fat and standing height. In a secondary 

analysis of men with all biochemical measures available (N = 686), we included adjustment 

for HOMA-IR instead of diabetes, and LDL-c, HDL-c, and triglycerides instead of 

dyslipidemia. We expressed odds ratios from all models per 1 standard deviation increase in 

adiposity measure. Liver attenuation was modeled per 1 SD decrease because a lower level 

of this measure indicates greater fat infiltration in the liver. In order to handle the skewed 

distribution and high proportion of zeros in models of AAC and CAC AVR, we used 

multiple tobit regression with a lower bound of 0 on the natural logarithm of AVR. All tobit 

models were adjusted for the same factors as the logistic models of prevalent calcification.

In order to assess the combined association of liver attenuation and calf IMAT, we 

categorized men by tertile of each measure and then created groups as follows: highest 

tertile of liver attenuation and lowest tertile of calf IMAT (N = 113; AAC cases = 55; CAC 

cases = 29), lowest tertile of liver attenuation and lowest tertile of calf IMAT (N = 54; AAC 

cases = 30; CAC cases = 13), highest tertile of liver attenuation and highest tertile of calf 

IMAT (N = 64; AAC cases = 48; CAC cases = 29), and lowest tertile of liver attenuation and 

highest tertile of calf IMAT (N = 109; AAC cases = 85; CAC cases = 37). Then we tested 

the odds of having prevalent AAC or CAC for each group using the group of high liver 

attenuation and low calf IMAT, i.e. those with the least fat in the liver and calf, as the 

reference group in multiple logistic regression adjusting for covariates as previously 

described. We also constructed a single variable to test for linear trend based on these tertile 

groupings: highest liver, lowest calf = 0; lowest liver, lowest calf = 1; highest liver, highest 

calf = 2; and lowest liver, highest calf = 3. We then tested if this constructed variable was 

linearly associated with the odds of prevalent AAC or CAC using multiple logistic 

regression adjusting for covariates as before.

3. Results

3.1. Participant characteristics

Men were aged 62 years on average, 67% were hypertensive, 20% were diabetic, 36% were 

dyslipidemic, and 9% were smokers (Table 1). AAC and CAC were present in 63% and 29% 

of men, respectively. Presence of AAC or CAC was associated with increasing age, 

hypertension, and diabetes, but only AAC was associated with smoking (all p < 0.05). On 

average, men were overweight (mean BMI = 27.7 kg/m2) and had 24% total body fat (Table 

2). In age-adjusted analyses, all general, regional and ectopic fat measures were associated 

with AAC (all p < 0.05). However, presence of CAC was only associated with BMI, waist 

circumference, and trunk percent fat (all p < 0.05).
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3.2. Association of adiposity measures with vascular calcification

After adjusting for traditional CVD risk factors, all general and regional adiposity measures 

were associated with odds of prevalent AAC (all p < 0.05; Table 3). For instance, each 1 SD 

(4.4 kg/m2) increase in BMI was associated with 1.5-fold increased odds of AAC (95% CI: 

1.3–1.9). In addition, after adjusting for total body fat and standing height, ectopic fat 

measures including liver attenuation (OR (95% CI) per 1 SD (8 HU) decrease: 1.2 (1.0–1.5)) 

and calf IMAT (OR (95% CI) per 1 SD (325 mm2) increase: 1.3 (1.1–1.6)) were associated 

with increased odds of AAC. However, only BMI and waist circumference were associated 

with increased odds of CAC (OR (95% CI) per 1 SD increase: 1.2 (1.0–1.5) for both). 

Abdominal VAT was not associated with odds of AAC or CAC. Results for ectopic fat 

measures were similar in secondary analyses adjusting for HOMA-IR instead of diabetes, 

and continuous measures of LDL-c, HDL-c, and triglycerides instead of dyslipidemia 

(subset of men with blood biomarkers available N = 686; Supplemental Table 1).

Similar associations were seen when modeling the effect of adiposity measures on linear 

vascular calcification AVR in fully adjusted analyses (data not shown). For example, a 1 SD 

increase in BMI was associated with 13% greater AAC AVR (p < 0.001) and a 1 SD 

increase in calf IMAT was associated with 11% greater AAC AVR (p < 0.001). The only 

measure not associated with AAC AVR was abdominal VAT. Only waist circumference was 

significantly associated with CAC AVR (1 SD = 13% greater AVR; p = 0.03).

3.3. Association of low versus high liver and skeletal muscle fat with vascular calcification

In fully adjusted analyses, men in the highest tertile of calf IMAT had significantly greater 

odds of AAC regardless of if they were in the highest or lowest tertile of liver attenuation (p 
< 0.05 for both; Figure). However, men in the lowest tertile for liver attenuation, i.e. those 

with the most liver fat, only had significantly greater odds of AAC when they were also in 

the highest tertile for calf IMAT (p < 0.05). Importantly, men had nearly 4-fold increased 

odds of AAC (OR (95% CI): 3.77 (1.65–8.63)) if they were in the highest tertile of calf 

IMAT and the lowest tertile of liver attenuation compared to the reference group (highest 

tertile of liver attenuation and lowest tertile of calf IMAT; Figure). The effect sizes of these 

relationships were consistent with a linear trend (p = 0.001; Fig. 1), but there was no 

evidence of a statistical interaction between liver attenuation and calf IMAT (p = 0.78). 

Ectopic fat tertile groupings were neither individually associated, nor was there evidence for 

a linear trend, with CAC.

4. Discussion

This is the first study to test the association of ectopic fat in multiple anatomical depots with 

vascular calcification. In this sample of African ancestry men, we found that fat 

accumulating in the skeletal muscle or liver is associated with greater prevalence of 

abdominal aorto-illiac artery calcification independent of total body adiposity and other 

CVD risk factors, including insulin resistance and serum lipoprotein cholesterol levels. This 

is in sharp contrast to results for abdominal VAT, the most commonly studied ectopic fat 

depot [2,9,11,12,14], which was not associated with calcification in our analyses. In looking 

at the combined effect of calf IMAT and liver attenuation, having more calf IMAT was 
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associated with greater odds of AAC regardless of liver attenuation level, suggesting that 

IMAT is the stronger ectopic fat predictor of prevalent AAC. Measures of central (BMI and 

total body fat) and regional (waist circumference, total body fat, and abdominal SAT) 

adiposity were also associated with vascular calcification, highlighting the link between 

adiposity and cardiovascular disease, as has long been cited [38]. However, the novel 

findings from this study suggest that the location of fat, in addition to the quantity, may be 

an important consideration when determining the cardiovascular impact of adiposity.

While this is the first study to compare the association of these specific ectopic fat depots 

with vascular calcification, there are two previous similar studies conducted in African 

ancestry participants [3,6]. The first study was conducted in 422 men and women from the 

Diabetes Heart Study [3]. In fully adjusted models, they found that while pericardial fat was 

associated with CAC, abdominal IMAT and VAT were not. In the same cohort, they later 

reported that liver attenuation was not significantly associated with vascular calcification [7]. 

A similar report from the Jackson Heart Study included 2884 men and women with 

measures of abdominal VAT and liver attenuation only [6]. They found that liver attenuation, 

but not VAT, was associated with coronary, but not aortic, artery calcification. These studies, 

and others [12,16–19], agree with our current findings that other measures of adiposity may 

be more strongly associated with vascular calcification than abdominal VAT or total 

adiposity. However, there is some inconsistency with other published reports, which have 

found significant association between abdominal VAT and vascular calcification 

[2,4,11,13,14]. Future studies will be needed to tease out the joint association of total body 

ectopic fat stores on vascular disease.

Our current study suggests that skeletal muscle adiposity may be a novel ectopic fat depot 

associated with vascular disease measures. To our knowledge, there are only two previous 

reports that tested the association of IMAT with vascular calcification [3,4] and found no 

association independent of total adiposity. However, both studies used measures of 

abdominal muscle IMAT, rather than skeletal muscle IMAT. It is possible that fat found in 

skeletal muscle represents a distinct physiologic environment from fat found in the 

abdominal muscles. In addition, African ancestry men appear to have greater stores of 

skeletal muscle adiposity than Caucasian men even though they are leaner and have less 

abdominal VAT [39,40]. The mechanisms underlying these differences are unknown, but 

have been hypothesized to be due to differences in fat oxidation [41] and lipolysis [42], 

differences in fatty acid uptake and transporting proteins in adipocytes [43], and/or 

differences in the expression of type II muscle fibers [44,45]. Regardless of the cause, the 

higher level of skeletal muscle fat in African ancestry men may partly explain the strength of 

the calf IMAT results in the current study.

Greater liver attenuation was also associated with increased odds of AAC, independent of 

total adiposity and other CVD risk factors. There are inconsistent results from previous 

studies of fatty infiltration in the liver and vascular calcification [8,10,13,15,23], which 

examined liver attenuation with or without consideration of abdominal VAT. Some studies 

found greater fat accumulation in the liver to be significantly associated with greater 

vascular calcification [8,15], which aligns with our results. However, others found that this 

association was attenuated by the addition of obesity into the models [10,13,23]. No 
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previous study of liver fat included consideration for skeletal muscle adiposity; therefore, 

this is the first study to test and show that, while liver fat is associated with vascular 

calcification, calf IMAT may be a stronger predictor of vascular calcification. It is important 

to note, however, that there was low variation in liver attenuation in our sample, and only 

3.5% of men had fatty liver as defined by an attenuation ≤ 40HU [46]. It is has been shown 

that African ancestry men have less fat infiltration in the liver than Caucasians [10], although 

the mechanisms underlying these differences are unknown [47]. While our findings suggest 

that liver attenuation may not be as important of a cardiovascular risk factor as calf IMAT in 

African ancestry men, others have shown that even small increases within the typically 

‘normal’ range of liver fat are indicators of metabolic risk in African ancestry compared to 

other racial/ethnic groups [48]. Therefore, future studies of liver attenuation and vascular 

calcification should use diverse population samples to determine the veracity of this 

association and to determine the potential modifying role of race/ethnicity.

In this study, ectopic fat was associated with AAC, but not CAC. Calcification in the 

coronary arteries is thought to directly represent CVD risk given its proximity to the heart, 

while calcification in the abdominal aorta appears to be a stronger marker of aging and 

exposure to cigarette smoke [49,50]. However, calcification begins in the larger arteries and 

then progresses to the smaller arteries [49,50], so our findings may largely reflect the earlier 

stage of vascular disease present in our population sample. Indeed, the prevalence of 

vascular calcification in these African ancestry men is lower than those seen in similarly 

aged US Caucasian and African American samples [51]. This is also the probable 

explanation for why BMI and waist circumference were the only measures associated with 

CAC in fully adjusted models. Out of all adiposity measures, these two had the strongest 

effects in AAC models and were likely the only measures with power to show an association 

with CAC given the low burden of vascular disease. It is possible that in African ancestry 

men with more advanced coronary disease, ectopic fat depots including calf IMAT and liver 

attenuation may also be significant predictors of CAC. However, future studies will be 

needed to evaluate these associations in population samples of older individuals and/or in 

those with more advanced vascular disease.

The current study is not without limitations. First, pericardial fat is a widely studied ectopic 

fat depot, especially with respect to CAC, given its proximity to the carotid arteries [16–22]. 

However, we only assessed it in a subset of men from this study (N = 484; data not shown), 

and, thus, we could not include it in our primary analyses. In fully adjusted models in this 

subset, pericardial fat volume was not associated with AAC or CAC prevalence (p = 0.20 

and 0.91, respectively). The lack of an association between pericardial fat and AAC may be 

a function of the decreased statistical power for this subset analysis; however, calf IMAT 

remained significantly associated with AAC (p = 0.004) in models restricted to the subset of 

men with pericardial fat measured. While we cannot directly quantify the significance of the 

association between pericardial fat volume and vascular calcification in our study, it is 

unlikely that pericardial fat is a stronger predictor of AAC than calf IMAT. Therefore, our 

conclusion that greater calf IMAT is a novel marker of prevalent AAC in African ancestry 

men is not likely to be confounded by the absence of pericardial fat in the full sample.
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In addition, there are other potential confounding factors that we could not take into account 

in our study, including inflammation, diet, and objectively measured physical activity. These 

factors are known to be important predictors of obesity and body composition, and are may 

play a role in the adiposity-vascular disease relationship. We are currently measuring these 

in the TBHS with the goal to be able to tease apart their impact on both ectopic fat and 

vascular disease in future studies. Lastly, given the TBHS study design, we cannot 

generalize our findings to populations other than African ancestry men. Future studies will 

need to replicate the association of calf IMAT and liver attenuation with vascular 

calcification in diverse population samples including women. These studies should also 

determine the potential clinical utility of calf IMAT as a marker of vascular health and/or as 

a target for intervention in patients at risk for vascular disease or clinical events.

In conclusion, we report that calf IMAT and liver attenuation, but not abdominal VAT, were 

significant ectopic fat predictors of prevalent aorto-illiac artery calcification independent of 

total body fat and other CVD risk factors in African ancestry men. Our results suggest that 

the adiposity-vascular disease relationship may vary by ectopic fat quantity and location and 

by vascular bed location. Further studies are needed to determine the physiological basis of 

these associations, including assessing the potential for causality, in diverse population 

samples.
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Fig. 1. 
Multivariable adjusted odds of prevalent calcification by low versus high liver and skelet al 

muscle fat groups.

Men were separated into groups based on tertile distributions of liver attenuation and calf 

IMAT, and categorized as either lowest or highest tertiles (middle tertiles were excluded). 

Shown are the OR and 95% confidence intervals for prevalent AAC (solid line) or CAC 

(dashed line) for each group, in reference to men in the tertile with the lowest amount of fat 

in both the liver and calf (OR = 1). The test for linear trend was constructed as: highest 

tertile of liver attenuation and lowest tertile of calf IMAT = 0a (reference group); lowest 

tertile of liver attenuation and lowest tertile of calf IMAT = 1b; highest tertile of liver 

attenuation and highest tertile of calf IMAT = 2c; lowest tertile of liver attenuation and 

highest tertile of calf IMAT = 3d. All analyses were adjusted for age, hypertension, 

dyslipidemia, diabetes, smoking, alcohol intake, sedentary lifestyle, total percent body fat, 

and standing height.
aN = 113; AAC cases = 55; CAC cases = 29. bN = 54; AAC cases = 30; CAC cases = 13. cN 

= 64; AAC cases = 48; CAC cases = 29. dN = 109; AAC cases = 85; CAC cases = 37.
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Table 3

Multivariablea adjusted odds of prevalent calcification per 1 SD increase in adiposity measure.

Adiposity measure AAC CAC

OR (95% CI) p-value OR (95% CI) p-value

Body weight (kg) 1.41 (1.17–1.69) <0.001 1.05 (0.88–1.26) 0.596

BMI (kg/m2) 1.54 (1.27–1.87) <0.001 1.21 (1.01–1.45) 0.041

Total body fat (%) 1.23 (1.03–1.48) 0.026 1.08 (0.90–1.30) 0.413

Waist circumference (cm) 1.34 (1.12–1.61) 0.002 1.24 (1.03–1.48) 0.022

Trunk fat (%) 1.25 (1.04–1.50) 0.019 1.09 (0.91–1.31) 0.345

Abdominal SAT (cm3) 1.28 (1.08–1.53) 0.006 1.09 (0.91–1.32) 0.355

Abdominal VAT (cm3) 1.17 (0.90–1.52) 0.245 1.07 (0.84–1.38) 0.582

Liver attenuation (HU)b 1.24 (1.02–1.50) 0.029 0.98 (0.82–1.19) 0.868

Calf IMAT (mm2) 1.32 (1.09–1.60) 0.005 1.11 (0.92–1.35) 0.284

Bold indicates p < 0.05.

a
All adiposity models were run independently from each other and adjusted for age, hypertension, diabetes, dyslipidemia, smoking, alcohol intake, 

and sedentary lifestyle. In addition, ectopic fat models for abdominal VAT, liver attenuation and calf IMAT were also adjusted for total percent 
body fat and standing height.

b
Per 1 SD decrease in liver attenuation.
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