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Abstract

Background and Aims: Low serum 25-hydroxyvitamin D (25(OH)D) is associated with higher
nonalcoholic fatty liver disease (NAFLD) risk in studies of mainly white participants. Significant
racial/ethnic differences exist in serum 25(0OH)D and NAFLD prevalence questioning extending
this association to other racial/ethnic groups. We tested whether the association between serum
25(0OH)D and NAFLD vary by race/ethnicity.

Methods and Results: This was a cross-sectional analysis from the Multi-Ethnic Study of
Atherosclerosis (MESA) that included 3,484 participants (44% male; 38.4% Whites, 27.8%
African-Americans, 23.5% Hispanics, and 10.3% Chinese-Americans) who had serum 25(0OH)D
and upper abdominal CT images available at baseline. Serum 25(OH)D was measured by high-
performance liquid chromatography—-tandem mass spectrometry. NAFLD was identified if liver-to-
spleen Hounsfield-Unit ratio was <1. Whites had the highest 25(OH)D level and African-
Americans had the lowest level (mean+SD: 29.5+10.4 vs.19.949.1, respectively). Six hundred and
eleven (17.5%) participants had NAFLD; Hispanics had the highest prevalence (26.2%) followed
by Chinese-Americans (19.8%), Whites (15.8%) and African-Americans (11.7%), P<0.0001. In
adjusted model, the association of 25(OH)D with NAFLD differed by race/ethnicity (P<0.0001).
Negative association was only evident in Causations (OR (95% Cl):1.23(1.03, 1.47) per 1 SD
lower serum 25(OH)D). For other racial/ethnic groups, BMI, triglycerides, diabetic status and/or
smoking, but not serum 25(OH)D, were common independent risk factors for NAFLD.
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Conclusions: The negative association between serum 25(OH)D and NAFLD in Whites may
not be broadly generalizable to other racial/ethnic groups. Modifiable risk factors including BMI,
triglycerides, diabetic status and/or smoking associate with NAFLD risk in non-white racial/ethnic
groups beyond 25(OH)D.

Introduction

Growing evidence supports a functional impact of vitamin D beyond its well-recognized role
in bone health. In addition of being expressed in bone, kidney and intestine, vitamin D
receptors (VDR) have been identified in other locations including the immune,
cardiovascular and endocrine systems, as well as the muscle, brain and liver tissues [1, 2],
driving efforts to a wider vitamin D testing and supplementation over the last decade [3].

Risk for nonalcoholic fatty liver disease (NAFLD), the most common chronic liver condition
[4, 5], has been linked to lower circulating concentrations of 25-hydroxyvitamin D
(25(OH)D) [6], the major circulating metabolite and the most widely used indicator of
vitamin D status [7]. Experimental studies have demonstrated a contribution of 1,25
dihydroxyvitamin D (the active vitamin D hormone) in the regulation of oxidative stress, the
production of pro-inflammatory cytokines, hepatocyte apoptosis and liver fibrosis [8-11].
Interestingly, in a meta-analysis of 9 cross-sectional and case-control studies of 25(0OH)D
and NAFLD, NAFLD patients showed lower concentrations of serum 25(OH)D compared to
controls [6]. However, all included studies evaluated populations that were mainly of White
participants. Extrapolating results from these studies to other racial/ethnic groups may not be
appropriate since concentrations and metabolism of vitamin D as well as the prevalence of
NAFLD vary considerably by race/ethnicity. Whites are known to have higher serum
concentrations of 25(OH)D than Hispanics and African-Americans, with the latter race/
ethnic group have the lowest concentrations of serum 25(0OH)D [12, 13]. Interestingly, there
is also significant differences in NAFLD prevalence by racial/ethnic groups with Hispanics
followed by Whites are having higher prevalence rates than African-Americans [14].

Whether the negative association reported between serum 25(OH)D and NAFLD applies
similarly to different racial/ethnic groups is not known. Examining this question is critical to
better guide the design of future clinical trials aiming to test vitamin D as a primary
prevention therapeutic option among groups at risk of NAFLD.

The Multi-Ethnic Study of Atherosclerosis (MESA) provides a great opportunity to
investigate effect modification of race/ethnicity on the association between 25(OH)D and
NAFLD. We hypothesized that the association between serum 25(OH)D and NAFLD vary
by race/ethnicity.

Materials/Subjects and Methods

Study Participants

MESA is a large prospective study examining the prevalence, correlates, and progression of
subclinical atherosclerosis in a multiethnic cohort. The study design and methods were
previously published [15]. Briefly, MESA included 6,814 participants (53% female) aged
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45-84 years who were free of clinical CVD at baseline and self-identified as White, African-
American, Hispanic, or Chinese-American across six US communities (Forsyth County,
North Carolina; Northern Manhattan and the Bronx, New York; Baltimore City and
Baltimore County, Maryland; St. Paul, Minnesota; Chicago, Illinois; and Los Angeles
County, California) between 2000 to 2002. All participants provided informed consent, and
the study protocol was approved by the institutional review board at each site.

For the current study, 3,964 participants from the baseline examination, with no history of
heavy alcohol consumption (>14 drinks/week for men and >7 drinks/week for women), had
available data on liver-to-spleen (L/S) Hounsfield Unit (HU) ratio and annualized serum
25(0OH)D concentrations. Participants with self-reported liver disease (n=140), those on oral
steroids (n=66), those with annualized 25(OH)D >100 ng/ml (n=4), and those with missing
data (n=270) on any study covariate including age, sex, race, education, income, cigarette
smoking, body mass index (BMI), high-density lipoprotein cholesterol (HDL-C),
triglycerides, systolic blood pressure (SBP), diabetes, interleukin-6 (IL6), or C-reactive
protein (CRP) were excluded, leaving 3,484 participants for the current analysis. Compared
with those included, excluded participants were more likely to be older, African-Americans,
current or former smokers and to report lower income. Additionally, they had higher SBP
and inflammatory biomarkers, and lower serum triglycerides than those included (Appendix
Table 1).

NAFLD Assessment

At the baseline examination, each participant underwent two consecutive non-enhanced
cardiac-gated CT scans to measure coronary artery calcification. Scans of 64% of MESA
participants included adequate images of the liver and spleen. All images were interpreted at
the MESA CT reading center at the Los Angeles Biomedical Research Institute at Harbor-
UCLA Medical Center. Two experienced readers assessed the scans independently blinded
to the participant’s demographic data. The two scans from each participant were examined
and the scan with the larger liver and spleen coverage was used to measure liver fat. Regions
of interest (ROI) of more than 100 mm? were identified in the liver and spleen. Larger ROIs
were used whenever possible taking into consideration excluding non-uniform parenchymal
attenuation, including blood vessels. Two ROIs were placed along the anterior-posterior
dimension in the right liver lobe, one in the left liver lobe, and one in the spleen. Using these
ROIs, HU attenuation were calculated for liver and spleen. As in previous work from MESA
[16, 17], NAFLD was defined as L/S ratio <1.0. The L/S ratio was calculated by taking
mean attenuation values of both right liver lobe ROIs and dividing it by the spleen’s
attenuation value [18]. The measurements of liver and spleen HU attenuations were highly
reproducible (0.96, 0.99 and 0.99, 0.99 for intra- and inter-reader variability, respectively) in
a sample of 100 scans [18].

Serum 25-hydroxyvitamin D (25(OH)D) Concentration

Morning blood samples were obtained as part of the baseline MESA examination after an
overnight fast. The samples were stored at —80°C before shipping to the University of
Washington for analysis in 2011. 25(OH)D is stable during long-term storage at —80°C (19).
Total 25(OH)D (sum of 25(0OH)D, and 25(0OH)D3) was measured using high-performance
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liquid chromatography—tandem mass spectrometry on a Waters Quattro Micro mass
spectrometer (Waters, Milford, MA) [13]. The standard reference material 972 of the
National Institute of Standards and Technology was used to verify the calibration [20]. The
inter-assay coefficient of variation was 4.35% at 9.7 ng/mL for 25(OH)D, and 4.4% at 10.4
ng/mL for 25(OH)Ds3. Subject-specific mean annual 25(OH)D concentrations were
estimated from a single value to account for season variability using a validated cosinor
model as previously described [13].

Other Study Variables

All covariates were ascertained at the baseline MESA examination, concurrent with CT
imaging and serum 25(OH)D measurement. These included socio-demographic
characteristics, medical history, anthropometric measurements, and laboratory data.
Participants’ education was categorized as having completed high school education or less,
holding a college, technical, or associate degrees, or holding a bachelor’s degree or more.
Income per year was coded as low income (<$49,999), medium income ($50,000-74,999),
or high income (= $75,000). Smoking status was coded as never, former or current smoker.
BMI was calculated as weight (kilograms)/height? (meters2). Waist circumference was
measured in cm at the level of the umbilicus to calculate Waist-to-Hip ratio. SBP was
measured three times using an automated sphygmomanometer while seated, and the mean of
the last two measurements was used. Serum glucose was measured by rate reflectance
spectrophotometry using thin film adaptation of the glucose oxidase method on the Vitros
analyzer (Johnson & Johnson Clinical Diagnostics, Inc., Rochester, NY 14650) at Fairview-
University Medical Center (Minneapolis, MN).

Hypertension was defined as having SBP =140 mmHg, DBP =90 mmHg, or taking
medications for high blood pressure. Diabetes was defined as the use of insulin or oral
hypoglycemic medications or a fasting glucose level of 2126 mg/dL. Total and HDL-C and
triglycerides were measured at a central laboratory (Fairview-University Medical Center,
Minneapolis, MN) after a 12-h fast. Low-density lipoprotein cholesterol (LDL-C) was
calculated using the Friedewald equation [21]. CRP was measured using the BNII
nephelometer (N High Sensitivity CRP; Dade Behring Inc., Deerfield, IL) at the Laboratory
for Clinical Biochemistry Research (University of Vermont, Burlington, VVT). IL-6 was
measured by ultra-sensitive ELISA (Quantikine HS Human IL-6 Immunoassay; R&D
Systems, Minneapolis, MN) at the Laboratory for Clinical Biochemistry Research
(University of Vermont, Burlington, VT). Serum phosphorus was measured using a timed-
rate colorimetry reaction. Serum parathyroid hormone (PTH) was quantified using a 2-site
immunoassay on a Beckman Access?2 clinical analyzer (Beckman-Coulter, Inc, Brea, CA).

Metabolic syndrome was defined according to revised National Cholesterol Education
Program Adult Treatment Panel (NCEP ATP) Il criteria [22]. Participants having at least
three of the following criteria were considered as having MetSyn: fasting plasma glucose =
100 mg/dL; triglycerides = 150 mg/dL; HDL-C < 40 mg/dL in men and < 50 mg/dL in
women; abdominal obesity [waist circumference (WC) =102 cm in men and = 88 cm in
women]; and blood pressure = 130/85 mm Hg.
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Statistical Analysis

Results

Characteristics of the study participants overall, by NAFLD status, and by race/ethnicity
groups were summarized using percentages/frequencies for categorical variables and mean +
SD or median (Q1, Q3) for continuous variables. Differences by groups were assessed using
2 test for categorical measures or Student’s t test, ANOVA, or corresponding non-
parametric tests for continuous measures, as appropriate. P-values for multiple comparisons
were adjusted using Tukey’s method. Multivariable logistic regression was used to assess the
relationship between NAFLD presence and annualized serum 25(OH)D with odds ratios
(OR) and 95% confidence intervals of NAFLD risk were estimated per one standard
deviation decrease in annualized serum 25(OH)D. The model building strategy was based on
a priori selection of common risk factors for 25(OH)D and NAFLD and guided by univariate
analyses of study covariates with 25(OH)D (Appendix Table 2) and NAFLD. Initial model
included age, sex, race/ethnicity, income, education, and study site. Since adiposity is a
strong confounder, the next model further adjusted for either BMI or waist-hip ratio; model
with BMI was found to explain more of the variance in NAFLD using the C and R?
statistics. Final presented model was additionally adjusted for HDL-C, triglycerides, SBP,
smoking status, diabetes, and inflammatory markers (IL-6 and CRP). A comparative model
replacing BMI, HDL-C, triglycerides, SBP, and diabetes with the presence of metabolic
syndrome was assessed in an effort to present a more parsimonious model. This comparative
model did not better fit the data analyzing 25(OH)D as a continuous measure, data not
shown.

Effects modification of race/ethnicity on the association between 25(0OH)D and NAFLD was
tested, and the predicted probabilities with 95% confidence intervals of NAFLD presence at
different concentrations of annualized serum 25(OH)D by race/ethnicity were estimated
from final model and graphed for a clear visualization of significant interaction. Results
were stratified by race/ethnicity adjusting for all covariates in final model.

Since 53% of MESA participants were female, we further assessed effect modification by
sex. Additional analyses evaluated the effect of 25(OH)D on NAFLD by using clinically
relevant categories of vitamin D deficiency that have been previously published: 30 ng/mL
or more (reference group), 20-29 ng/mL (vitamin D insufficiency), and less than 20 ng/mL
(vitamin D deficiency) [23]. We used similar model building strategy as described in the
main analysis to build these additional models.

All statistical analyses were conducted using SAS version 9.4; SAS Institute, Inc., Cary,
North Carolina and STATA (StataCorp: Release 13. College Station, TX: StataCorp LLC)
with significance was set at P < 0.05.

Characteristics of the study participants overall and by NAFLD status are presented in Table
1. Appendix Table 3 provides participants’ characteristics by race/ethnicity.

NAFLD was present among 17.5% (n=611) of the participants; with Hispanics showing the
highest prevalence rate followed by Chinese-Americans, Whites and African-Americans,
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(Figure 1). Annualized serum 25(OH)D significantly varied by race/ethnicity (Figure 2);
with Whites having the highest concentrations and African-Americans having the lowest
concentrations.

25(0OH)D and Odds of NAFLD

The association between 25(0OH)D and NAFLD differed significantly by race/ethnicity in
unadjusted and final models, all P<0.01. The predicted probabilities of NAFLD presence at
different concentrations of annualized serum 25(OH)D by race/ethnicity groups are shown in
Figure 3. An inverse association between 25(OH)D and probability of NAFLD was observed
in Whites, while a positive association was observed in African-Americans. Table 2 shows
the racial/ethnic stratification analyses for associations between annualized serum 25(OH)D
and NAFLD in final model. Significant inverse association was present only in Causations;
such that lower 25(OH)D was significantly associated with higher odds of NAFLD (adjusted
OR (95% Cl):1.23(1.03, 1.47) per 1 SD decrease in serum 25(OH)D). For other racial/ethnic
groups, BMI, triglycerides, diabetic status and/or smoking, but not serum 25(0OH)D, were
common independent risk factors for NAFLD.

Additional Analyses

Sex did not modify the association between NAFLD and 25(OH)D in unadjusted or adjusted
models, data not shown. Results evaluating 25(OH)D as categories of normal, insufficiency,
and deficiency were comparable to the main results, although the race/ethnic interaction
became marginally significant P=0.05 in final model adjusting for age, sex, race/ethnicity,
income, education, study site, BMI, HDL-C, triglycerides, SBP, smoking status, diabetes,
and inflammatory markers. Stratification analysis showed a significant linear trend of
25(0OH)D categories on NAFLD risk only in Whites in model replacing BMI, HDL-C,
triglycerides, SBP, and diabetes with metabolic syndrome. This model was found to better fit
the data analyzing 25(OH)D as a categorical variable in White participants (Appendix Table
4).

Discussion

The current study underscores the importance of considering race/ethnicity when assessing
whether lower level of serum 25(OH)D is associated with greater risk of NAFLD. Our
results demonstrated that such an association is not universal across the different racial/
ethnic groups. The probability of NAFLD presence at lower concentrations of serum
25(0OH)D was high in White and Chinese-American, but low in African-American and
Hispanic participants. The reported association between serum 25(OH)D and NAFLD was
independent of cardio-metabolic factors in Whites only. Diabetic, smoking status, and higher
BMI and triglycerides, but not concentrations of 25(OH)D, were common independent
factors associated with higher NAFLD risk in racial/ethnic groups other than Whites. The
findings raise attention for the importance of personalizing preventive efforts among groups
with different racial/ethnic origin at high risk for NAFLD.

To the best of our knowledge, this is the first large community-dwelling multi-racial/ethnic
assessment of the association between serum 25(OH)D and NAFLD risk. Several other
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studies assessed similar association, however in populations of mainly White or Asian
participants [6, 24—-29]. None of these studies had the capacity to compare the risk across
multiple racial/ethnic groups as we have done. Results from these studies were consistent
with our findings among Whites showing an independent association of lower
concentrations of serum 25(OH)D and greater NAFLD risk.

Several lines of evidence support a link between vitamin D concentrations and liver
conditions. Serum 25(OH)D concentrations is associated with the histological severity of
biopsy-confirmed NAFLD [7, 30]. Vitamin D directly regulates free fatty acid metabolism
preventing their surplus flow in bloodstream that could promote fat storage into the liver
[29]. Moreover, vitamin D may modulate immune system and induce inflammatory and anti-
fibrogenic responses in liver [31-34]. In experimental studies, vitamin D inhibited the
hepatic expression of pro-fibrotic mediators [31, 32] and suppressed the expression of
collagen, a-smooth muscle actin and tissue inhibitors of metalloproteinase-1[32]. In animal
studies, vitamin D deficient diet induced greater expression of hepatic mMRNA levels of IL-4,
IL-6, or TNF-a (9). Furthermore, vitamin D may modulate the liver glucose uptake [8] and
insulin sensitivity [35-37] Significant associations were reported between low circulating
25(0OH)D concentrations and obesity, type 2 diabetes and insulin resistance relevant
conditions [38-41]. Finally, vitamin D may have a direct role in liver conditions as
supported via the presence of VDR in liver. In human, VDR expression was inversely
correlated with severity of NAFLD histopathology [42].

Our study suggested a different direction of the association between serum 25(OH)D and
NAFLD risk by racial/ethnic groups. Lower concentrations of serum 25(0OH)D was
associated with Aigherrisk of NAFLD in Whites and Chinese-Americans, but /owerrisk in
African-Americans and Hispanics. The reported association was independent of cardio-
metabolic factors in Whites only. Finding different patterns of the association between
25(0OH)D and NAFLD across racial/ethnic groups was in line with prior studies assessing
associations of 25(OH)D concentrations with other health conditions in multi-racial/ethnic
populations. Interestingly, lower concentrations of 25(OH)D was associated with lower bone
mineral density and greater fracture, diabetes and stroke risks in White participants;
associations that were weak or not observed in African-American who are known to have the
lowest concentrations of 25(0OH)D [38, 43-47]. Similarly, in a prior work from MESA,
lower 25(OH)D concentrations were associated with greater risk of incident CHD among
Whites and Chinese-Americans but not African-Americans or Hispanics [48].

The reason for the inconsistent patterns of the association between serum 25(OH)D and risk
of NAFLD across different racial/ethnic groups is not clear. Multiple factors might
contribute to this discrepancy including racial/ethnic differences in vitamin D metabolism.
Compared to Whites, African-American had higher concentrations of the biologically active
metabolitel,25-dihydroxyvitamin D, despite their lower concentrations of 25(OH)D [38].
The reported lower risk of NAFLD at lower concentrations of 25(OH)D in African-
American in the current study might be explained by the underlying higher concentrations of
the biologically active metabolite of vitamin D among this racial group. 1,25-
dihydroxyvitamin D metabolite of 25(OH)D can suppress the renin-angiotensin system and
modulate the immune system through reducing chronic inflammation and abnormal cell
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production [49-52]. Identifying the best metric to reflect accurate concentrations of vitamin
D in different racial/ethnic groups is an active research area [53].

Alternatively, it might be the VDR affinity, and vitamin D binding proteins to vitamin D
metabolites rather than which metabolite to measure that is matter. Common genetic
polymorphisms in VDR were found to modulate associations between serum 25(0OH)D and
risk of a composite clinical outcome among older White adults [54]. Interestingly, VDR
polymorphisms distribution differed by race/ethnicity [55-57], and genetic polymorphisms
in vitamin D binding proteins accounted for greater proportion of variation in 25(OH)D
concentrations than other known modulating factors [58]. Finally, it is possible that there
could be alteration in vitamin D hydroxylation in liver in people with higher risk of NAFLD
[53].

The direct clinical implication of the current study is that lower concentrations of the current
marker for vitamin D status, serum 25(OH)D may not be universally associated with greater
risk of NAFLD in populations with different racial/ethnic origins. Our study confirmed this
association among White only suggesting increasing concentrations of serum 25(OH)D
might be beneficial in Whites. On the other hand, our study did not support same association
in African-American or Hispanic participants but rather suggested a harmful association at
higher concentrations of serum 25(OH)D. A recent expert panel meeting report concluded
that higher concentrations of the current marker for vitamin D status, serum 25(OH)D are
almost certain to result in adverse effects in African-American populations [53]. Future
clinical trial testing efficacy of enhancing vitamin D concentrations on risk of NAFLD
should be tailored toward Whites and probably Chinese-Americans as suggested by our
study. Additionally, efficacy for lifestyle modification vs. enhancing vitamin D
concentrations should be tested in racial/ethnic groups other than Whites.

Main limitations of the current work included the cross-sectional design of the study
preventing us from establishing any temporality. It is also possible that NAFLD contributes
to lower concentrations of serum 25(0OH)D. Longitudinal studies are needed to help
understand the causal pathway. Additionally, we assessed association of total rather than
bioavailable 25(0OH)D, which may better reflect concentrations of vitamin D in certain
racial/ethnic groups and show different association. MESA did not collect data on vitamin D
supplementations, however we excluded those with annualized 25(OH)D >100 ng/ml to
potentially accounts for very high values that could be potentially a result of vitamin D
supplements use. NAFLD was not histologically confirmed. However, the utilized method of
liver/spleen ratio is less invasive and more appropriate in epidemiologic studies of general
population [59]. This method has been studied in comparison to histological analyses and
showed high sensitivity [60]. The prevalence of NAFLD reported in our study is only limited
to similar studies using same approach to identify presence of NAFLD in population-based
studies. Major strengths included utilizing the baseline exam of a large community-dwelling
study across 6 sites in the US with available data on large range of potential confounders.
Moreover, we estimated mean annual serum 25(OH)D level from a single measurement to
account for seasonal variation.
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In conclusion, the negative association between 25(OH)D and NAFLD in Whites may not be
broadly generalizable to other racial/ethnic groups. Modifiable risk factors including BMI,
triglycerides, diabetic status and/or smoking associate with NAFLD risk in racial/ethnic
groups other than Whites beyond concentration of 25(OH)D. Preventive efforts focusing on
vitamin D level enhancement should not be assumed to be effective among all populations of
different racial/ethnic groups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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. Association of 25(OH)D with NAFLD differed by race/ethnicity.
. Higher serum 25(OH)D associated with lower NAFLD risk only in Whites.

. The protective link of higher 25(OH)D with lower NAFLD risk may not be
universal.

. Other modifiable risk factors may be more vital in reducing NAFLD risk in
non-white racial/ethnic groups.
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Figure 1.

Unadjusted NAFLD Prevalence by Race/Ethnicity in the Analytical Sample
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Figure 2. Unadjusted Means of Annualized Serum 25(OH)D by Race/Ethnicity T

* Error bars represent standard deviations of the estimated means

t All pairwise comparisons are significant at P=0.05 level adjusting for multiple

comparisons using Tukey’s method
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Figure 3. Predicted Probabilities of NAFLD Presence at Different Concentrations of Annualized
Serum 25(OH)D by Race/Ethnicity *

* P value for interaction between 25(OH)D and race=0.004. Model adjusted for age, sex,
income, education, study site, BMI, HDL-C, triglycerides, SBP, smoking, diabetes, IL-6 and
CRP
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