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Abstract

Background and aims—This study investigated the associations of non-alcoholic fatty liver 

disease (NAFLD) and abdominal aortic calcification (AAC) volume and density, and whether 

these relationships vary by race/ethnicity and/or sex, information that are limited in current 

literature.

Methods—We studied 1,004 adults from the Multi-Ethnic Study of Atherosclerosis to assess the 

relationship between NAFLD (liver-to-spleen ratio <1) and the following measures of AAC: 

presence (volume score >0, using Poisson regression); change in volume score (increasing vs. no 

change, using Poisson regression); and morphology (volume and density score, where volume 

score >0, using linear regression); and interaction by race/ethnicity and sex.
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Results—Among Blacks, those with NAFLD had greater prevalence for AAC compared to 

Whites regardless of sex (Prevalence Ratio [PR]=1.41, CI=1.15–1.74, p-interaction=0.02). 

Concurrent interaction by race/ethnicity and sex was found comparing Chinese and Blacks to 

Whites (p-interaction=0.017 and 0.042, respectively) in the association between NAFLD and the 

prevalence of increasing AAC. Among women, this relationship was inverse among Chinese 

(PR=0.59, CI=0.28–1.27), and positive among Whites (PR=1.34, CI=1.02–1.76). This finding was 

reversed evaluating the men counterpart. Black men also had a positive association (PR=1.86, 

CI=1.29–2.70), which differed from the inverse relationship among White men, and was greater 

compared to Black women (PR=1.45, CI=1.09–1.94). NAFLD was unrelated to AAC morphology.

Conclusions—NAFLD was related to the presence of AAC, however, limited to Blacks. 

Significant concurrent interaction by race/ethnicity (Chinese and Blacks vs. Whites) and sex was 

found in the relationship between NAFLD and increasing AAC. These findings suggest disparities 

in the pathophysiologic pathways in which atherosclerosis develops.

Keywords

Non-alcoholic fatty liver disease (NAFLD); Abdominal aortic calcification (AAC); MESA; Sex; 
Race/ethnicity

INTRODUCTION

In the United States, non-alcoholic fatty liver disease (NAFLD) is the most prevalent hepatic 

disease, ranging from 20–30% in population-based cohorts [1–3]. The presence of NAFLD 

is linked to a greater risk for impaired endothelial function [4], increased carotid intimal-

medial thickness [5], increased arterial stiffness [6], and greater cardiovascular events 

independent of traditional risk factors [7], which largely explain the lower overall survival of 

individuals with NAFLD (compared to the general population) [8]. Several studies have 

evaluated the link between NAFLD and calcified coronary plaques [9–12]; however, little is 

known of the association between NAFLD and abdominal aortic calcification (AAC), which 

has been shown to be highly prevalent and a better predictor of cardiovascular disease 

mortality and total mortality than coronary artery calcification (CAC) [9, 12–14]. 

Furthermore, the relationship of NAFLD to temporal changes in AAC volume and to AAC 

morphology (comparing volume and density) has yet to be studied.

Little information also exists on the race/ethnic and sex differences in the relationship 

between NAFLD and AAC. Despite the greater prevalence of cardiovascular disease risk 

factors such as obesity and adverse metabolic outcomes, Blacks have been shown with 

similar or lower risk for subclinical atherosclerosis as Whites [15–17]. Blacks also have the 

lowest reported prevalence of NAFLD [1, 18–20], possibly due to lower visceral adiposity 

[21], compared to other ethnic groups, and a genetic protection against NAFLD [22]. At an 

older age where comorbid conditions are more likely (e.g. diabetes), the stage in which 

NAFLD is present among Blacks may be indicative of greater risk for AAC. Among 

individuals over 50 years of age, the prevalence of NAFLD among women can exceed that 

of men [23], which may be due to the redistribution of fat-promoting visceral adiposity 

during postmenopausal years [24]. Given their greater risk for unfavorable cardiovascular 

outcomes in the presence of adverse metabolic health [25–28], older women with NAFLD 
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seem also likely to have greater risk for subclinical atherosclerosis, including AAC, 

compared to men.

Most studies of NAFLD have been in younger or single-race populations which could limit 

our understanding of the relationship between NAFLD and AAC in older adults [9, 12] and 

of potential differences related to race/ethnicity and sex. We therefore evaluated the 

association between NAFLD and characteristics of AAC including: 1) the presence vs. 
absence of AAC; 2) change in AAC over an average of 5 years; and 3) AAC morphology 

(volume vs. density); and whether these relationships differ by race/ethnicity and sex in an 

older, multi-racial/ethnic population.

MATERIALS AND METHODS

Study participants

This study uses data from the Multi-Ethnic Study of Atherosclerosis (MESA). Briefly, 

MESA is a multi-center prospective cohort study of adults aged 45–84 years recruited from 

6 US communities: Baltimore City and Baltimore County, Maryland; Chicago, Illinois; 

Forsyth County, North Carolina; Los Angeles County, California; Northern Manhattan and 

the Bronx, New York; and St. Paul, Minnesota. Study participants were self-identified as 

White, Chinese, Black or Hispanic and free of known clinical cardiovascular disease at 

baseline.

The primary aim of MESA was to examine the prevalence, correlates and progression of 

subclinical cardiovascular disease [29]. MESA consisted of five examinations: from 2000 to 

2002, from 2002 to 2004, from 2004 to 2005, from 2005 to 2007, and from 2010 to 2011. 

The study was approved by the Institutional Review Boards at each institution and written 

informed consent was obtained from participants. Additional details regarding MESA’s 

design and objectives have been published [29].

A random sample of MESA participants (n=2,202) were recruited during the follow-up 

visits between August 2002 and September 2005 to be included in the MESA Abdominal 

Aortic Calcium Study. Of those who agreed to participate (n=2,172), 1,968 met the 

eligibility criteria including age and race/ethnicity subsampling from MESA, 

postmenopausal status (for women), and no recent diagnostic abdominal computed 

tomography (CT). Of these, there were 1,926 participants (970 men, 956 women) with 

available abdominal CT scans.

The derivation of the cohort included in the present analysis is shown in Fig. 1. Of the 6,814 

adults at baseline, there were 5,516 participants with no liver, spleen or AAC data, an 

additional 191 with a history of heavy alcohol consumption, hepatitis C, or use of oral 

corticosteroid or class-3 anti-arrhythmic medication, and an additional 103 thereafter with 

missing covariates or an outlying liver-spleen (LS) ratio, leaving a primary study cohort of 

1,004 participants. In the analyses evaluating change in AAC volume, 678 participants with 

missing AAC data at exam 4 were excluded, leaving a total subsample of 326 participants to 

evaluate the association between NAFLD and change in AAC volume over an average 

follow-up of 5 years.
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NAFLD assessment

MESA participants underwent duplicate consecutive non-contrast cardiac CT scans at 

baseline that included the upper abdomen. Four areas of the liver and two areas of the spleen 

were measured for attenuation coefficients in Hounsfield units (HU). This included a 

minimum, maximum and mean HU for a 2 cm round or ellipse regions of interest (ROI) in 

the right and left lobes of the liver, as well as in the spleen. A 1 cm measure was obtained if 

there was insufficient tissue for a 2 cm measure. Less than 1cm tissue was deemed 

insufficient to measure and these scans were not read. An average of the four ROI produced 

the final HU value for each liver and spleen. In these assessments, our study population 

included individuals with both liver and spleen data. Further details have been published 

[30].

Classification for NAFLD required the exclusion of participants with excessive alcohol 

consumption [31, 32]. Thus, participants in the current study were limited to those who 

consumed <8 drinks per week for women and <15 drinks per week for men based on CDC 

guidelines [33]. Participants with a history of hepatitis C and use of oral corticosteroid or 

class-3 anti-arrhythmic medication were also excluded, as these drugs are known to have 

hepatoxicity.

Using the HU for each ROI, NAFLD was defined using an LS ratio of <1 [30]. An LS ratio 

of <1 corresponds to an area under the receiver operating cure (AUC) of 0.991 based on 

hepatic steatosis >30% (i.e. moderate to severe steatosis) [34–38]. The prevalence of 

NAFLD captured by LS ratio in MESA has been shown to be greater than by liver 

attenuation (17.2 vs. 6.3%), possibly due to inclusion of more mild cases of steatosis [30]. In 

addition to providing internal control for the image quality of the scan by the spleen, the use 

of LS ratio allowed for greater power to evaluate interaction by race/ethnicity and sex.

AAC assessment

Details of the MESA abdominal CT scanning during exams 2 or 3 for baseline and exam 4 

for follow-up, quality assurance procedures and plaque calculations have been published 

[39, 40]. Briefly, a single CT scan was performed using a scan collimation of 3 mm 

reconstruction, with a slice thickness of 6 mm, using 6 mm slices (5 mm for sites with 

multidetector scanners) with 35cm field of view, and normal kernel. Abdominal aorta 

calcium was scored in an 8cm segment of the aorta, superior to the aorto-iliac bifurcation. A 

centralized MESA location was used to perform the CT readings. Using a standard phantom 

to control for scanner differences, scans were brightness adjusted.

The presence of calcified plaque was defined as a plaque of >1 mm2 with a density of at 

least 130 HU, and quantified using the Agatston scoring method [41]. If the maximum 

density value of a discrete plaque was between 130 to 199 HU, the plaque area was 

multiplied by a density factor of 1, those with 200 to 299 HU by a factor of 2, those with 300 

to 399 HU by a factor of 3, and those with 400 HU or greater by a factor of 4. The discrete 

plaque area was multiplied by the highest density measured in HU anywhere in this discrete 

plaque area. The minimum number of contiguous pixels to be defined as a discrete plaque 

was 3. The product for each discrete plaque was summed for all slices to provide the 
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Agatston score (an area score up-weighted for increased plaque density). The AAC volume 

score was calculated by multiplying plaque area by CT slice thickness. Density score was 

calculated by dividing the Agatston score by the area score. The presence of plaque was 

defined as having a volume score>0.

Covariates

Individual-level covariates including socio-demographics (age, race/ethnicity, sex, highest 

education attained [less than high school, high school graduate/GED, some college, college 

degree], study site), health behavior (alcohol consumption per week, smoking status, total 

intentional exercise), comorbidities (the presence of diabetes and/or hypertension), 

medication use (anti-hypertensive drugs, lipid-lowering drugs), c-reactive protein (CRP), 

lipids (high-density lipoprotein [HDL], total cholesterol, triglyceride) and adiposity 

measures (waist circumference, body mass index [BMI], visceral fat) were assessed using 

protocols previously described [29, 42, 43].

Statistical analysis

Population characteristics stratified by NAFLD were evaluated using Student’s t-test for 

continuous variables and chi-square tests for categorical variables. Wilcoxon Rank-Sum tests 

were used to compare medians for AAC volume. Formal tests for interaction were also 

conducted. For race/ethnicity, dummy variables were created for each group with the 

exception of Whites who served as the referent cohort. The variable sex and each dummy 

variable for race/ethnicity were multiplied separately to NAFLD to create first-order 

multiplicative interaction terms. Each dummy variable for race/ethnicity was also 

simultaneously multiplied to both sex and NAFLD to create second-order multiplicative 

interaction terms.

NAFLD and AAC (presence/absence)

Univariate and multivariable Poisson regression with robust error variance was utilized to 

evaluate the association between NAFLD (presence/absence) and AAC (presence/absence). 

The presence of AAC was defined as having an AAC volume score>0.

NAFLD and change in AAC volume

Change in AAC volume was calculated by subtracting the AAC volume at exam 1 from 

exam 4. Any change >0 was considered as increasing in AAC volume. Individuals with 

decreasing AAC volume (change <0) were categorized with individuals with no change in 

AAC volume as there was only a small number of participants with decreasing AAC volume 

(n=13). Poisson regression with robust error variance was also used for these analyses.

NAFLD and AAC morphology (volume vs. density score)

To determine whether NAFLD is associated with AAC morphology, we assessed the 

association between NAFLD and AAC volume, as well as between NAFLD and AAC 

density, separately, using linear regression. AAC volume was log-transformed. Only 

participants with the presence of AAC were included in these latter analyses.
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A series of adjustment models were utilized to assess explanatory factors. Model 1 

accounted for socio-demographic and health behaviors. Model 2 additionally accounted for 

comorbidities, medication use, CRP and lipids. Model 3 was fully-adjusted and included 

Model 2 adjustments along with adiposity measures. For the assessment of NAFLD against 

AAC volume, AAC density was included in all models. For the assessment of NAFLD and 

AAC density, AAC volume was included in all models.

A p-value of <0.05 was considered significant for main effects and interaction. All analyses 

were completed using STATA (StataCorp. 2012. Stata Statistical Software: Release 12. 

College Station, TX).

RESULTS

The overall prevalence of NAFLD was 17.1% (n=172), which was similar for both women 

and men. Comparing all race/ethnic groups, the prevalence of NAFLD was highest among 

Hispanics (40.1%) and lowest among Blacks (11.1%) and Chinese (11.6%). The prevalence 

of AAC was 71.1% (n=714) and also comparable between sex. The prevalence of AAC was 

77.9% (Whites), 76.0% (Chinese), 62.8% (Blacks) and 65.6% (Hispanics). Of the 326 

participants with follow-up AAC data, 70.3% demonstrated an increase in AAC volume, 

comparable between sex. The prevalence of increasing AAC volume according to NAFLD 

status was 11.1% (Whites), 17.7% (Chinese), 12.5% (Blacks) and 28.3% (Hispanics).

Compared to MESA participants excluded from the study with non-missing data on socio-

demographics, health behavior, comorbidity, medication use, CRP, lipids and adiposity 

measures, individuals in the current study were more likely to be Hispanic and less likely to 

be Black. They also have slightly lower levels of CRP (3.4±4.7 mg/dL vs. 3.9±6.1 mg/dL) 

(Supplemental Table 1).

Baseline characteristics

The population characteristics are provided in Table 1, overall and stratified by race/

ethnicity. Among Whites and Hispanics, those with vs. without NAFLD had greater waist 

circumference, BMI, level of CRP, triglyceride level and visceral adiposity, had lower HDL 

level and were more likely to have diabetes. Among Chinese, those with NAFLD had greater 

waist circumference, level of cholesterol and visceral adiposity compared to those without 

NAFLD. Among Blacks, NAFLD was associated with greater prevalence of hypertension 

and AAC.

NAFLD and AAC (presence/absence)

Table 2 provides a summary of results evaluating the association between NAFLD 

(presence/absence) and AAC (presence/absence). In the overall population, and after 

accounting for socio-demographics and health behavior, NAFLD was positively and 

significantly associated with AAC (Prevalence Ratio [PR]=1.12, CI=1.03–1.22). After 

additional adjustment for comorbidities, medication use, CRP and lipids, the relationship 

was no longer significant (PR=1.07, CI=0.98–1.17). Additional adjustment for adiposity 

measures negligibly changed the result.
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Among Blacks, NAFLD was associated with 41% significantly greater prevalence of AAC, 

fully-adjusted (CI= 1.15–1.74). The presence of NAFLD was not significantly associated 

with the presence of AAC among the White, Chinese and Hispanic cohorts. A formal test for 

interaction found significance when comparing Blacks to Whites (p=0.009) but not when 

comparing Chinese or Hispanics to Whites.

Among women, NAFLD was associated with 13% greater prevalence of AAC taking into 

account socio-demographics, health behavior, comorbidities, medication use, CRP, lipids 

and adiposity (CI=1.00–1.27). Among men, the presence of NAFLD was not significantly 

related to the presence of AAC. The interaction by sex p-value was 0.202.

In an assessment of concurrent interaction by race/ethnicity and sex (Supplemental Table 2), 

the greatest estimate was found among both Black women (PR=1.47, CI=1.17–1.85) and 

Black men (PR=1.30, CI=0.89–1.92) in fully-adjusted models compared to other race/

ethnicity, though significance was only found among women. Differences in reaching 

significance for Black men may be due to smaller sample size compared to Black women 

(n=138 vs. 88). The interaction p-value comparing Blacks to Whites was 0.007; however, 

when sex was additionally considered, the p-value was 0.553.

NAFLD and change in AAC volume

The results evaluating NAFLD and change in AAC volume is shown in Table 3. Included in 

these analyses were 326 participants. Overall, those with NAFLD (vs. no NAFLD) had 11% 

greater prevalence for increasing AAC volume, fully-adjusted, compared to those without 

NAFLD, though not significant (CI=0.91–1.34). Blacks were the only race/ethnic group in 

whom NAFLD was associated with increasing AAC volume. Specifically, those with 

NAFLD had 51% greater prevalence of increasing AAC volume compared to those without 

NAFLD in a fully-adjusted model. The interaction p-values were 0.965 (Chinese vs. 
Whites), 0.018 (Blacks vs. Whites), and 0.187 (Hispanics vs. Whites). When interaction by 

sex was evaluated, this relationship was only seen in women. Women with NAFLD had 31% 

(CI= 1.11–1.54) significantly greater prevalence for increasing AAC volume compared to 

women without NAFLD after adjustment for socio-demographics and health behaviors. 

Additional adjustment for comorbidities, medication use, CRP and lipids, as well as 

adiposity measures negligibly changed the estimates. A formal test for interaction by sex 

produced a p-value of 0.019. Exclusion of individuals with decreasing AAC volume in the 

analyses produced similar results (data not shown.).

Table 4 provides the estimates when evaluating concurrent interaction by race/ethnicity and 

sex. Among women, the presence vs. absence of NAFLD was significantly associated with 

increasing AAC among Whites (PR=1.34, CI=1.02–1.76), Blacks (PR=1.45, CI=1.09–1.94) 

and Hispanics (PR=1.57, CI=1.21–2.02), fully-adjusted; however, among Asian women, an 

inverse, though non-significant estimate resulted (PR=0.59, CI=0.28–1.27). Among men, the 

presence vs. absence of NAFLD was significantly associated with increasing AAC only 

among Blacks (PR=1.86, CI=1.29–2.70, fully-adjusted). Though non-significant, men of 

other race/ethnicity had the opposite direction of association than their women counterpart, 

fully-adjusted. The p-value for concurrent interaction by race/ethnicity and sex was 

significant when comparing Chinese or Blacks to Whites (0.017 and 0.042, respectively).
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NAFLD and AAC morphology (volume vs. density score)

The estimates investigating the relationship between NAFLD and AAC volume and density, 

separately, are provided in the Supplemental Table 3. Overall, NAFLD was not significantly 

associated with AAC volume in a fully-adjusted model. Similarly, there was no significant 

difference in AAC density by NAFLD status. Formal tests for interaction by race/ethnicity 

produced a p-value for volume of 0.662 (Chinese vs. Whites), 0.307 (Blacks vs. Whites) and 

0.072 (Hispanics vs. Whites); and a p-value for density of 0.282 (Chinese vs. Whites), 0.334 

(Blacks vs. Whites) and 0.422 (Hispanics vs. Whites). Interaction by sex for either volume 

or density in these analyses was non-significant. Concurrent interaction by race/ethnicity and 

sex was not found significant for either morphology.

DISCUSSION

Our findings suggested differences by race/ethnicity and sex in the NAFLD-AAC 

association. Only interaction by race/ethnicity was found significant in the association 

between NAFLD and AAC whereby Blacks had a greater prevalence compared to Whites 

regardless of sex. In the association between NAFLD and the prevalence of increasing AAC, 

concurrent interaction by race/ethnicity and sex was found. NAFLD was associated with 

greater prevalence for increasing AAC among White women versus decreasing AAC among 

Chinese women, a trend that was reversed when comparing the men counterpart. Only the 

relationship for White women was found significant. Additionally, both Black men and 

Black women had a significantly greater prevalence of increasing AAC in the presence vs. 
absence of NAFLD, although Black men had a greater magnitude of association. No 

significant relationship was found between NAFLD and AAC volume or density.

Blacks generally have lower visceral adiposity compared to other race/ethnic groups [21], 

which has been suggested as a reason for their lower prevalence of NAFLD. With age, 

however, the level of visceral adiposity increases [44]; thus, the previous protection of a 

lower level of visceral adiposity among Blacks would gradually dissipate and henceforth 

increase risk for NAFLD. The stage at which NAFLD is present among Blacks may signify 

a state of health vulnerability and serve as a proxy for an increased risk for calcific 

atherosclerosis, including AAC. Given Blacks generally have worse health profile than 

Whites with regards to heart disease risk factors (e.g. obesity, diabetes) [15], the presence of 

NAFLD may also trigger a faster progression to cardiovascular disease as denoted by the 

greater prevalence of AAC among Whites vs. Blacks in the presence of NAFLD in the 

current study. Further investigation of the mechanism through which the association between 

NAFLD and AAC differs by race/ethnicity, particularly between Blacks and Whites, are 

warranted.

Visceral adiposity is typically greater in men compared to women at a given BMI [45], at 

least until the set of menopause when this sex difference diminishes [24]. This 

disproportionate exposure overtime suggests that men may have greater susceptibility to the 

adverse effects of visceral adiposity (e.g. a faster development of NAFLD and/or 

cardiovascular disease markers including AAC). If NAFLD serves as a proxy for health 

vulnerability or motivate rapid progression to heart disease through AAC progression among 

Blacks, this sex difference in visceral fat exposure overtime may explain the significantly 
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greater positive association between the presence vs. absence of NAFLD and the prevalence 

of increasing AAC among Black men compared to Black women. Although our adjustment 

for visceral adiposity did not significantly affect the results, changes in visceral adiposity 

overtime may be more relevant than a point estimate.

The differences found between Chinese and Whites in the association between the presence 

vs. absence in NAFLD and the prevalence of increasing AAC in which opposite trends are 

suggested when simultaneously considering sex may imply that a unique mechanism exists 

not only for each race/ethnicity, but also for each sex. Further investigation is needed using a 

larger sample size of Chinese participants to better assess these disparate findings.

The 17.1% prevalence of NAFLD in the primary study cohort has also been documented in 

the Framingham Heart Study and the National Health and Nutrition Examination [46, 47]. 

The 71.1% prevalence of AAC was higher than reported by other studies on NAFLD and 

subclinical atherosclerosis [9, 12], but consistent with studies in similar aged populations 

[14], which implies that our findings may be more comparable to studies of same aged 

populations.

Our findings differed from previous studies, particularly when evaluating sub-cohorts. 

Although our results were consistent with the null association found by vanWagner et al. 

between NAFLD (defined as liver attenuation ≤40 HU) and AAC (Agatston score >0) in the 

overall population using the Coronary Artery Risk Development in Young Adults 

(CARDIA) Study, they did not find any differences by sex or race (Blacks vs. Whites) [9]. 

Additionally, measures of adiposity had a significant role in the study by vanWagner et al. 

that was not present in our study [9]. Only 9.6% of the CARDIA cohort had NAFLD 

compared to 17.1% seen in the current study, which may be a product of the difference in 

the classification of NAFLD. As previously mentioned, the use of LS ratio may likely 

include milder forms of NAFLD, which, if associated with AAC, may dilute the relationship 

when classified as no NAFLD. Liu et al. also did not find an association between liver 

attenuation and AAC (Agatston score >0) among African-Americans in the Jackson Heart 

Study after accounting for age, sex, smoking and alcohol status, diabetes, systolic blood 

pressure, total cholesterol and HDL-C and treatments for hypertension, diabetes and 

dyslipidemia [12]. Interaction by sex was not considered in this study. Differences in how 

liver fat was assessed as previously mentioned may also likely explain differences in results.

The strengths of this study include evaluation of NAFLD and AAC in a large multi-racial/

ethnic, older population. We also investigated multiple potential factors, including visceral 

adiposity, as a means to help explain the relationship between NAFLD and AAC. 

Limitations in this study include the inability to infer causality; however, the direction of 

association is likely from NAFLD to subclinical atherosclerosis based on biological 

plausibility. We also excluded participants with missing spleen data who were healthier 

based on parameters such as waist circumference, BMI, hypertension, HDL, triglycerides 

and AAC, which may have inflated the magnitude of association observed in this study. 

However, the use of LS ratio over liver attenuation may have included milder forms of 

NAFLD which may weaken the association with AAC, thus, promoting conservative 

estimates. Further, the use of CT scans is a relatively insensitive measure of fatty liver 
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compared to magnetic resonance spectroscope which may have likely underestimated the 

prevalence of NAFLD [48, 49]. We also were not able to evaluate time from menopause 

initiation or use of hormone replacement therapy as this may influence the degree to which 

estrogen may have been protective against AAC for women. Lastly, the impact of NAFLD 

on change in AAC in our findings may differ between developing AAC (i.e. baseline 

AAC=0, follow-up AAC>0) and progressing AAC (i.e. baseline AAC>0) as this has been 

shown in the NAFLD-change in CAC association [50]. This was not considered due to 

sample size limitations.

Our findings suggest race/ethnic and sex differences in the pathophysiologic pathways in 

which atherosclerosis develops. Further investigation of the contribution of race/ethnicity 

and sex on the NAFLD-AAC relationship, particularly in longitudinal assessments using 

larger sample size, is warranted.
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Refer to Web version on PubMed Central for supplementary material.
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Highlights

* Limited information is known of the race/ethnic and sex disparities in the 

association between non-alcoholic fatty liver disease (NAFLD) and 

abdominal aortic calcification (AAC).

* NAFLD was significantly associated with the presence of AAC, however, 

limited to Blacks.

* NAFLD was also related to increasing AAC among Blacks regardless of sex.

* The findings suggest disparities in the pathophysiologic pathways in which 

atherosclerosis develops.
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FIGURE 1. 
Sample Selection Chart
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Table 2

Prevalence ratios of the association between non-alcoholic fatty liver disease (presence vs. absence) and the 

presence of abdominal aortic calcification, overall, by race/ethnicity and by sex.

Model 1a Model 2b Model 3c,d

All (n=1,004) 1.12 (1.03 - 1.22)* 1.07 (0.98 - 1.17) 1.07 (0.98 - 1.17)

By race/ethnicity

 White (n=394) 1.10 (0.97 - 1.25) 1.02 (0.90 - 1.17) 1.02 (0.90 - 1.17)

 Chinese (n=125) 0.91 (0.74 - 1.13) 0.90 (0.72 - 1.13) 0.90 (0.72 - 1.13)

 Black (n=226) 1.45 (1.17 - 1.79)* 1.41 (1.15 - 1.73)* 1.41 (1.15 - 1.74)*

 Hispanic (n=259) 1.13 (0.95 - 1.34) 1.08 (0.92 - 1.28) 1.08 (0.91 - 1.28)

By sex

 Women (n=543) 1.20 (1.07 - 1.35)* 1.13 (1.00 - 1.27)* 1.13 (1.00 - 1.27)*

 Men (n=461) 1.03 (0.91 - 1.18) 1.00 (0.88 - 1.15) 1.00 (0.87 - 1.15)

a
Model 1=adjusted for age, sex, race/ethnicity, education, study site, alcohol consumption/week, smoking status, exercise.

b
Model 2=adjusted for Model 1+diabetes, hypertension, antihypertensive medication use, lipid-lowering drug use, c-reactive protein, HDL, 

cholesterol, triglyceride.

c
Model 3=adjusted for Model 2+waist circumference, BMI, visceral fat.

d
Interaction p-value: Chinese vs. Whites = 0.347, Blacks vs. Whites = 0.009, Hispanics vs. Whites=0.601, sex = 0.202.

*
Significant p-value<0.05.
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Table 3

Prevalence ratios of the association between non-alcoholic fatty liver disease (presence vs. absence) and 

change in abdominal aortic calcification (increasing vs. no change), overall, by race/ethnicity and by sex.

Model 1a Model 2b Model 3c,d

All (n=326) 1.12 (0.94 - 1.33) 1.07 (0.89 - 1.29) 1.11 (0.91 - 1.34)

By race/ethnicity

 White (n=81) 0.86 (0.55 - 1.32) 0.81 (0.53 - 1.25) 0.86 (0.55 - 1.33)

 Chinese (n=47) 0.90 (0.62 - 1.31) 0.84 (0.55 - 1.28) 0.85 (0.56 - 1.30)

 Black (n=110) 1.53 (1.22 - 1.93)* 1.45 (1.14 - 1.84)* 1.51 (1.17 - 1.95)*

 Hispanic (n=88) 1.18 (0.89 - 1.58) 1.17 (0.88 - 1.57) 1.20 (0.89 - 1.61)

By sex

 Women (n=181) 1.31 (1.11 - 1.54)* 1.29 (1.07 - 1.54)* 1.36 (1.11 - 1.65)*

 Men (n=145) 0.83 (0.55 - 1.23) 0.78 (0.52 - 1.18) 0.79 (0.52 - 1.19)

a
Model 1=adjusted for age, race/ethnicity, education, study site, alcohol consumption/week, smoking status, exercise.

b
Model 2=adjusted for Model 1+diabetes, hypertension, antihypertensive medication use, lipid-lowering drug use, c-reactive protein, HDL, 

cholesterol, triglyceride.

c
Model 3=adjusted for Model 2+waist circumference, BMI, visceral fat.

d
Interaction p-value: Chinese vs. Whites = 0.965, Blacks vs. Whites = 0.018, Hispanics vs. Whites = 0.187, sex = 0.019.

*
Significant p-value<0.05.
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Table 4

Prevalence ratios of the association between non-alcoholic fatty liver disease (presence vs. absence) and 

change in abdominal aortic calcification (increasing vs. no change), by sex and race/ethnicity.

Model 1a Model 2b Model 3c,d

Women (N=181)

 White (n=34) 1.32 (1.07 - 1.64)* 1.22 (0.95 - 1.58) 1.34 (1.02 - 1.76)*

 Chinese (n=25) 0.62 (0.27 - 1.41) 0.58 (0.27 - 1.25) 0.59 (0.28 - 1.27)

 Black (n=67) 1.45 (1.14 - 1.85)* 1.36 (1.06 - 1.76)* 1.45 (1.09 - 1.94)*

 Hispanic (n=55) 1.48 (1.15 - 1.89)* 1.50 (1.17 - 1.92)* 1.57 (1.21 - 2.02)*

Men (N=145)

 White (n=47) 0.28 (0.05 - 1.57) 0.27 (0.05 - 1.52) 0.28 (0.05 - 1.54)

 Chinese (n=22) 1.21 (0.94 - 1.57) 1.21 (0.86 - 1.69) 1.21 (0.85 - 1.71)

 Black (n=43) 2.03 (1.61 - 2.57)* 1.83 (1.28 - 2.60)* 1.86 (1.29 - 2.70)*

 Hispanic (n=33) 0.74 (0.36 - 1.53) 0.71 (0.35 - 1.44) 0.71 (0.35 - 1.45)

a
Model 1=adjusted for age, sex, race/ethnicity, education, study site, alcohol consumption/week, smoking status, exercise.

b
Model 2=adjusted for Model 1+diabetes, hypertension, antihypertensive medication use, lipid-lowering drug use, c-reactive protein, HDL, 

cholesterol, triglyceride.

c
Model 3=adjusted for Model 2+waist circumference, BMI, visceral fat.

d
Interaction p-value: sex=0.073; Chinese vs. Whites=0.042; Blacks vs. Whites=0.625; Hispanics vs. Whites=0.351; sex and race/ethnicity (Chinese 

vs. Whites)=0.017; sex and race/ethnicity (Blacks vs. Whites)=0.042; sex and race/ethnicity (Hispanics vs. Whites)=0.411.

*
Significant p-value<0.05.
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