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Abstract

Background: Inflammation is key in the pathogenesis of Nonalcoholic Fatty Liver Disease
(NAFLD) — a common progressive liver disease. The soluble receptor for advanced glycation end
products (SRAGE) attenuates inflammatory signaling; low levels of SRAGE are correlated with
increased inflammation.

Aim: We sought to describe associations between SRAGE and NAFLD.
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Methods: We conducted a cross-sectional analysis of 1,088 Atherosclerosis Risk in Communities
(ARIC) Study participants and used logistic regression to investigate the associations between
SRAGE and NAFLD defined by elevated liver enzymes and fibrosis score.

Results: In this community-based sample (n=1,088, mean age 56 years, 61% female, 78%
Caucasian), persons in the lowest vs. highest quartile of SRAGE had significantly higher odds of
elevated ALT (OR 2.82, 95% CI 1.18-6.76) but not elevated AST (OR 1.16, 95% CI 0.45-2.99);
persons in the lowest vs. highest quartile had significantly lower odds of elevated FIB-4 index (OR
0.56, 95% CI 0.37-0.84).

Conclusions: We found an inverse cross-sectional association between sRAGE and liver
inflammation; this is consistent with prior studies linking low SRAGE to inflammatory states.
However, we observed a direct association between SRAGE and fibrosis. Our findings suggest that
SRAGE is dynamic in NAFLD and patterns may vary with different stages of disease.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most common form of chronic liver disease
in the United States and worldwide.(1) The prevalence of NAFLD has at least doubled over
the past twenty years as a consequence of trends in obesity and type 2 diabetes; presently it
is estimated that 24% of adults in the US are affected with NAFLD.(1-3) Approximately
25% of patients with NAFLD progress to nonalcoholic steatohepatitis (NASH), an important
cause of cirrhosis and hepatocellular carcinoma (HCC).(4, 5) Further, NASH is currently the
second leading cause of liver disease in adults in the United States awaiting liver
transplantation.(6) Despite increasing prevalence and burden of disease, the mechanisms that
drive development and progression of NAFLD remain poorly understood.

The current paradigm of NAFLD pathophysiology emphasizes insulin resistance, oxidative
stress and inflammation and targeting of such pathways may be clinically beneficial in
patients with NAFLD.(7) Signaling through the receptor for advanced glycation end
products (RAGE) affects key elements of NAFLD pathophysiology — insulin resistance,
cellular metabolism, cellular motility and apoptosis — through oxidative and inflammatory
mediators.(8) Elucidation of the role of RAGE signaling in NAFLD may therefore identify
pathways in NAFLD pathogenesis and potential targets for therapeutic intervention.

Advanced glycation end products (AGEs) are glycosylated proteins known to trigger
inflammatory pathways through binding to and subsequent activation of RAGE.(9-11)
RAGE is expressed on a variety of cell types including endothelial and hepatic stellate cells
(HCS)(12, 13); activation has been shown to influence proinflammatory and profibrotic
pathways via increased signaling through TNF-a and NF«B.(14-16) The soluble receptor
for AGEs (SRAGE) is released from the cell surface following proteolytic cleavage of
RAGE.(17, 18) Cleavage to form sRAGE is enhanced by an inflammatory
microenvironment rich in matrix metalloproteinases (MMP) and by AGEs themselves as
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they accumulate in tissues and the surrounding vasculature.(9, 11, 18, 19) Once released into
the serum, SRAGE may act as a decoy receptor for AGEs thereby reducing AGE-RAGE
binding and attenuating activation of downstream inflammatory and pro-fibrotic pathways.
(9, 11, 18, 19)

Inverse associations have been observed between SRAGE and chronic diseases including
diabetes, obesity, cardiovascular disease, renal disease, and polycystic ovarian syndrome.
(18-23) Further, hepatic steatosis and hepatocellular injury through RAGE-dependent
inflammation, stellate cell activation and hepatic insulin resistance have been noted in
murine models of NAFLD.(9, 10) Specifically, an AGE-rich diet has been shown to cause
liver inflammation, injury and fibrosis via a RAGE-dependent pathway in mice.(9)
Additionally, RAGE knockout models have demonstrated improved hepatic glucose
metabolism despite a high fat diet challenge.(24) Though studies in humans are limited,
several small cross-sectional analyses have, concordant with murine studies, suggested a role
for RAGE in NAFLD and specifically found an inverse association between SRAGE and
hepatic steatosis.(25)

Our objective was to investigate the cross-sectional associations between SRAGE and
markers of hepatocellular injury (liver enzymes) and fibrosis (FIB-4 index) in participants
from the Atherosclerosis Risk in Communities (ARIC) Study, a large community-based
cohort. We hypothesized that low levels of SRAGE would be independently associated with
prevalent NAFLD with inflammatory and fibrotic stages of disease defined by elevated liver
enzymes and fibrosis score, respectively.

2. Materials and Methods

2.1 Study population

The design and methods of the ARIC study have been previously described.(23, 26) Briefly,
subjects were recruited from four centers in the United States (Forsyth County, North
Carolina; Jackson, Mississippi; Minneapolis, Minnesota; and Washington County,
Maryland) and examined during the following study time points: 1987-1989 (visit 1), 1990—
1992 (visit 2), 1993-1995 (visit 3), 1996-1998 (visit 4), 2011-2013 (visit 5), 2016-2017
(visit 6) and 2018-2019 (visit 7). Health surveys, physical measures, and blood specimens
were obtained at each study visit. The population for the current study comprises a
subsample of 14,348 participants who attended study visit 2. SRAGE measurements were
obtained from a random sample of 1,289 participants with normal kidney function
(estimated glomerular filtration rate >60 mL/min/1.73 m2). We imputed platelet levels for
246 patients with missing platelet data at visit 2 from platelet levels obtained at visit 1. Visit
1 and visit 2 platelet levels were highly correlated with a Spearman’s correlation of 0.74.
The final sample size of the current study was 1,088 after excluding those with missing
SRAGE, liver enzymes, platelet data to calculate FIB-4, other covariates of interest and self-
reported excessive alcohol use (defined as =20 grams per day for females and 30 grams per
day for males). A flow diagram detailing study subject selection and exclusions is included
in supplementary methods (Supplementary Figure 1). Written informed consent was
obtained from all study subjects. Institutional Review Boards at all participating study sites
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approved this work in protocols that conform to ethical guidelines established in the 1975
Declaration of Helsinki.

2.2 Sample Processing and Measurement of SRAGE

SRAGE was measured from stored, frozen plasma samples using the Quantikine Human
RAGE Immunoassay Kit (R&D Systems, Inc., Minneapolis, Minnesota). The intra and inter-
assay coefficients of variation were 2.8% and 9.6%, respectively. Stability of SRAGE
measurements was previously assessed and levels across a 3-year period were found to be
highly reliable with an intra-class correlation of 0.76 and a Pearson’s correlation of 0.78.(27)

2.3 Sample Processing and Measurement of Liver Enzymes

Levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were
measured from samples stored at —80°C and collected from ARIC participants at study visit
2. Samples were assayed using Roche Diagnostics reagents and the Roche Modular P800
Chemistry Analyzer (Indianapolis, Indiana).(28)

2.4 Assessment of Liver Enzymes and FIB-4 Index Elevation

ALT and AST elevation were defined as levels greater than the 95™ percentile based on
gender-specific distributions of each enzyme in a subgroup of normal weight participants
(BMI <25 kg/m?) without diabetes (ALT >27 in females and 33 in males; AST > 31 in
females and 33 in males).(29) With respect to FIB-4 index ((age*AST)/(platelet
count*VALT)), elevated likelihood of advanced fibrosis was defined as a FIB-4 index greater
than or equal to 1.30.(30) This includes patients who are at intermediate (1.3 < FIB-4 index
<2.67) and high (FIB-4 index =2.67) risk for advanced fibrosis.

2.5 Measurement of Additional Covariates

Self-reported age, race and gender were obtained from participant interview data. BMI was
obtained from physical examination measurements. Hypertension (HTN) was defined as
systolic blood pressure (SBP) = 140 mm Hg or diastolic blood pressure (DBP) = 90 mm Hg
or self-reported use of blood pressure lowering medication within a 2 week period prior to
visit 2. Type 2 diabetes was defined by A1C = 6.5%, self-reported diagnosis, physician
diagnosis or medication use. Hypercholesterolemia was defined as a total cholesterol level
>200 mg/dL or medication use. Hypertriglyceridemia was defined as a triglyceride level
>150 mg/dL. Low high-density lipoprotein (HDL) was defined as levels <40 mg/dL in males
and <50 mg/dL in females. Tobacco and alcohol use were assessed by self-report and
categorized as never, former or current use. For patients reporting current alcohol use,
quantity was reported as total grams of alcohol consumed per week. Excessive alcohol use
was defined as consumption of =20 grams per day for females and 30 grams per day for
males.

2.6 Statistical Analysis

Descriptive statistics were used to characterize the study population by quartiles of SRAGE.
In addition, SRAGE was dichotomized into low sSRAGE (defined as the lowest quartile)
versus a reference group composed of the remaining three quartiles. SRAGE was modeled

Dig Liver Dis. Author manuscript; available in PMC 2022 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Laudenslager et al.

Page 5

using both quartiles and a dichotomized approach in a manner consistent with current
literature and in accordance with our physiologic interest in low SRAGE as a marker of
inflammation in disease.(19, 23) Liver enzymes and FIB-4 indices were measured as
continuous variables and analyzed as dichotomous outcome variables (elevated versus not
elevated as previously described). Given the low prevalence of participants with a high
FIB-4 index (FIB-4 index >2.67), we were unable to analyze subjects in the high FIB-4
category alone and instead combined subjects with intermediate and high FIB-4 indices for
analysis.

Univariable and multivariable logistic regression models were used to estimate prevalence
odds ratios while controlling for potential confounders. Multivariable models included age,
race, gender, diabetes status (yes/no), BMI (kg/m?), hypertension (yes/no), total cholesterol
(mg/dL), HDL (mg/dL), triglycerides (mg/dL), tobacco use (current, former or never) and
alcohol consumption (current, former or never). Age was excluded from FIB-4 analyses. We
additionally modeled SRAGE as a continuous variable using restricted cubic spline models
with the 75! percentile as the reference group while adjusting for age, race and gender. We
further evaluated the relationship between sRAGE and FIB-4 index using robust linear
regression and bootstrap analyses.

3. Results

3.1 General characteristics of subjects

Baseline characteristics of the study population (n=1,088) by quartiles of SRAGE are shown
in Table 1. Compared with higher quartiles, those in the lowest quartile of SRAGE were
more likely to be male, African American, and have obesity, diabetes, hypertension,
hypercholesterolemia, elevated CRP and former tobacco use (Table 1). Median ALT was
higher in lower versus higher quartiles of SRAGE and those in the lowest quartile were more
likely to have elevated ALT though this finding was not statistically significant (p = 0.057).
Median and elevated AST measures were similar across quartiles. In contrast, elevated
FIB-4 index was less likely in those in lower quartiles of SRAGE (Table 1). Median FIB-4
index likewise increased significantly with increasing quartiles of SRAGE (p = 0.001)(Table
1). Approximately 38% of patients had an elevated FIB-4 index (36.6% with an intermediate
FIB-4 index — 1.3 < FIB-4 index <2.6; 1.8% with a high FIB-4 index — FIB-4 index >2.67)
while 62% of patients in the study population had a non-elevated FIB-4 index (low FIB-4
index; FIB-4 index <1.3). The distribution of FIB-4 categories within the patient population
and corresponding distributions of SRAGE within each category are noted in Supplementary
Table 1. SRAGE was significantly negatively correlated with ALT (Spearman correlation
-0.06, p 0.036) and positively correlated with FIB-4 index (Spearman correlation 0.10, p
0.002). A scatter plot further describing the direct relationship between SRAGE and FIB-4
index is noted in Supplementary Figure 2. SRAGE was not significantly correlated with AST
(Spearman correlation 0.42, p 0.172). Low sRAGE was significantly negatively correlated
with CRP (Spearman correlation —0.26, p <0.001). Positive correlations were noted between
ALT and AST and AST and FIB-4 index; a negative correlation was noted between ALT and
FIB-4 index (Supplementary Figure 3).
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3.2 Association between sRAGE and NAFLD

In multivariable analyses, persons in the lowest quartile of SRAGE had a significantly higher
odds of elevated ALT compared to those in the highest quartile (Table 2, adjusted OR 2.82,
95% CI 1.18-6.76). There was no significant association between low sSRAGE and elevated
AST (adjusted OR 1.16, 95% CI 0.45-2.99). There was a significantly lower odds of
elevated FIB-4 index in patients in the lowest versus the highest quartile of SRAGE (adjusted
OR 0.56; 95% CI 0.37-0.84) corresponding to a 44% reduction in the odds of elevated
FIB-4 index in the lowest versus the highest quartile of SRAGE (Table 2). Further, there was
a significantly higher FIB-4 index with each increasing quartile of SRAGE in both simple
and fully adjusted logistic regression models (P for trend 0.02) (Table 2). Spline model
analyses and multivariable analyses of associations between dichotomized SRAGE (lowest
vs. other quartiles) and elevated ALT, AST and FIB-4 index yielded similar results
(Supplementary Figure 4, Supplementary Table 2). We further evaluated the observed direct
relationship between sSRAGE and FIB-4 using robust linear regression and found that FIB-4
index was significantly lower in the lower quartiles as compared to the highest quartile (Q1:
Adjusted p = —0.16, p <0.001; Q2: Adjusted g = -0.07, p 0.04; Q3: Adjusted g —-0.10, p
0.004). Bootstrap analysis yielded similar results.

4. Discussion

In this community-based sample, we found that lower levels of SRAGE were independently
associated with liver injury as inferred by elevated levels of ALT. While we observed an
inverse relationship between sRAGE and liver injury, we found a direct association between
SRAGE levels and FIB-4 index in a cross-sectional analysis. Finally, low SRAGE was
correlated with high CRP consistent with previous reports identifying SRAGE as a key
inflammatory pathway biomarker.

The foundation of our analysis of the RAGE pathway in NAFLD is based upon prior studies
investigating RAGE activity in metabolic disorders and specifically those in which
inflammation and insulin resistance play a central role. Analyses of RAGE activity in
cardiovascular disease, diabetes and obesity have suggested that SRAGE may function as a
decoy receptor for AGEs thereby preventing RAGE-mediated inflammatory signaling and
downstream effects including thrombosis, atherosclerosis and insulin resistance.(8, 23, 31,
32) It has, therefore, been postulated that high levels of SRAGE may serve in a protective
role in these disorders whereas low levels may indicate injury and a proinflammatory state.
(23, 31) Further studies in diabetes, however, have challenged this paradigm for chronic
disease and have suggested that constitutive pathway activation may lead to high, rather than
low, levels of SRAGE.(13, 31, 33) This pattern has been attributed to increased proteolytic
conversion of RAGE to its soluble receptor isoform in the setting of chronic pathway
activation.(33, 34) Chronic disease and inflammation, therefore, may result in higher levels
of SRAGE due to increased production of SRAGE via constitutive pathway activation in a
manner that may be mediated by induction of MMPs.(9, 11, 18, 19) Given these findings
along with shared clinical and pathophysiologic associations between these aforementioned
disorders and NAFLD, others have sought to investigate whether RAGE signaling may
likewise influence NAFLD pathogenesis. Studies, in fact, have found that an AGE-rich diet
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causes liver inflammation, injury and fibrosis via a RAGE-dependent pathway in murine
models.(9) Further, RAGE knockout models have demonstrated improved hepatic glucose
metabolism despite a high fat diet challenge.(24) Though studies in humans are limited,
several have likewise suggested a role for RAGE signaling in NAFLD and, specifically, an
inverse association between sRAGE and hepatic steatosis. A recent study by Palma-Duran et
al. described high AGE, low sRAGE and an elevated AGE/sRAGE ratio in 50
normoglycemic patients with NAFLD as compared to 58 age, sex and BMI-matched healthy
controls.(25) Larger studies investigating patterns of SRAGE in human NAFLD are lacking
in the current literature and, further, patterns in more advanced fibrotic disease have not been
undertaken.(25) We sought to describe patterns of SRAGE in both inflammatory and fibrotic
stages of SRAGE in a large, community-based cohort.

Our findings support current literature linking SRAGE to liver inflammation and further
contribute novel insights with respect to SRAGE patterns in more advanced stages of
NAFLD. While our findings are consistent with studies that found an inverse relationship
between SRAGE and hepatic inflammation, we somewhat surprisingly noted a direct
relationship between sSRAGE levels and FIB-4 index.(25) These findings perhaps punctuate
the importance of SRAGE in chronic hepatic inflammation and its progression to more
advanced fibrotic disease. The results of our analyses, taken together, suggest that higher,
rather than lower, levels of SRAGE may be associated with hepatic fibrosis. In considering
mechanisms previously considered in diabetes, it is possible that persistent RAGE axis
activation in hepatic fibrosis encourages overexpression of RAGE thereby increasing
conversion of RAGE to sSRAGE via MMPs in a hepatic microenvironment that is rich in both
inflammatory cytokines and reactive oxygen species (ROS). In summary, low sSRAGE may
be noted in early disease and inflammation whereas higher levels of SRAGE may be evident
with further injury and advanced fibrosis when inflammation tends to be less prominent.

There are several limitations to the current study. First, our limited sample size prevented
subgroup analyses, for example, by racial category. Second, while the observational nature
of this study suggests SRAGE is involved in NAFLD pathogenesis, we cannot infer
causation. Third, we used liver enzymes elevation and FIB-4 index as surrogate markers for
NAFLD as ultrasound imaging and/or biopsy data were not available in the ARIC study.
While imaging and biopsy data are valuable diagnostic modalities, the widespread use of
these tools for screening purposes is often limited by cost and the invasive nature of liver
biopsy, in particular.(2, 30, 35, 36) Noninvasive scores have been developed as screening
tools in this setting and FIB-4 index is a validated approach to predicting liver fibrosis in
patients with NAFLD.(2, 30, 37-39) We did not exclude viral hepatitis as a potential
etiology of liver enzymes elevation in this study. Previous studies have found the prevalence
of hepatitis C to be exceedingly low (0.8%) among ARIC participants and we therefore do
not expect viral hepatitis to be a significant contributor to liver injury and fibrosis in this
sample.(40) Finally, the prevalance of high FIB-4 index was low in this study and this may
be attributed to the fact that this is a community-based population. The low prevalence of
high FIB-4 index prevented further analyses of those patients with the highest likelihood of
having advanced fibrosis; further studies are needed in order to evaluate patterns of SRAGE
in this patient population.
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Strengths of this study include rigorous and comprehensive participant evaluation and data
collection through the ARIC study framework - this study population is a random subsample
of ARIC study participants for whom sSRAGE data were available. Though our sample size
is relatively small, this is to our knowledge the largest study investigating the association
between sRAGE in human NAFLD.

Our results support a growing body of literature that suggest a role for the RAGE pathway in
the development and progression of NAFLD in humans. Targeted RAGE therapies have
been proposed for use in metabolic and inflammatory diseases.(14, 41, 42) RAGE inhibition
by anti-RAGE antibodies, RAGE peptide aptamers and siRNAs have been investigated in
diabetic complications and murine models of myocardial ischemia.(14, 41-45) Further, the
small-molecule RAGE inhibitor azeliragon is currently under investigation in patients with
Alzheimer’s Disease and impaired glucose tolerance.(46, 47) Small molecule inhibition of
ligand-stimulated RAGE-Diaphenous 1 (DIAPH1) signal transduction has additionally been
explored and proposed as a potential therapeutic modality as the cytoplasmic portion of
RAGE has been demonstrated to specifically and effectively interrupt RAGE signaling.(45)
Our work and work by others suggest that these agents may additionally benefit patients
with NAFLD, a disorder for which there are presently no FDA-approved therapies.

In conclusion, low levels of SRAGE were independently associated with liver injury in a
cross-sectional study of a large community based cohort. Conversely, a direct association
was observed between SRAGE and FIB-4 index in a cross-sectional analysis suggesting
SRAGE patterns may vary by extent and stage of disease. These findings support evidence in
the current literature that suggest a role for RAGE signaling in NAFLD through its influence
inflammatory mediators. Our results further serve to support the hypothesis that RAGE-
targeted therapies may be an important consideration in NAFLD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1:
Baseline characteristics of the study population by quartiles of SRAGE
SRAGE Quartiles' Q1 Q2 Q3 Q4
555.4 (119.4— 845.4 (714.7- 1118.8 (970.3— 1712.0 (1277.1- p-for-
Mean (Range), pg/mL 714.1) (n=272) 970.0) (n=272) 1276.0) (n=272) 4650.4) (n=272) trend
Age - mean (SD)” 56 (6) 57 (6) 56 (6) 56 (6) 0.925
Gender <0.001
Male 122 (45) 113 (42) 115 (42) 79 (29)
Female 150 (55) 159 (58) 157 (58) 193 (71)
Race <0.001
Caucasian 146 (54) 212 (78) 238 (88) 253 (93)
African American 126 (46) 60 (22) 34 (13) 19 (7)
BMI T(kg/mZ) <0.001
<25 46 (17) 80 (29) 92 (34) 124 (46)
25-<30 96 (35) 103 (38) 107 (39) 115 (42)
>30 130 (48) 89 (33) 73 (27) 33(12)
Diabetes? 42 (15) 28 (10) 19 (7) 11 (4) <0.001
Hypertension” 118 (43) 89 (33) 73 (27) 69 (25) <0.001
Hypercholesterolemia’t 164 (60) 178 (65) 156 (57) 140 (51) 0.010
Triglycerides = 150 mg/dL 76 (28) 80 (29) 85 (31) 69 (25) 0.631
Low HDL cholesterol 107 (39) 115 (42) 112 (41) 100 (37) 0507
crp’ <0.001
<1 mg/L 27 (10) 60 (22) 72 (26) 91 (33)
1-<3 mg/L 100 (37) 106 (39) 120 (44) 111 (41)
>3 mg/L 145 (53) 106 (39) 80 (29) 70 (26)
Alcohol Use 0.228
Current 138 (51) 149 (55) 168 (62) 155 (57)
Former 71 (26) 58 (21) 46 (17) 46 (17)
Never 63 (23) 65 (24) 58 (21) 71 (26)
Tobacco Use 0.033
Current 37 (14) 51 (19) 48 (18) 43 (16)
Former 132 (49) 106 (39) 98 (36) 93 (34)
Never 103 (38) 115 (42) 126 (46) 136 (50)
ALT (U/L) median (IQR) 15 (9) 15(8) 14.(7) 14(7) 0.012
AST (U/L) median (IQR)f 19 (6) 20 (7) 19 (7) 20 (6) 0.291
Elevated ALT? 21(8) 14 (5) 15 (6) 10 (4) 0.057
Elevated AST? 11 (4) 18 (7) 8(3) 11(4) 0.509
EIB-4 Index median (|QR)7‘ 1.13 (0.52) 1.17 (0.55) 1.16 (0.54) 1.23 (0.60) 0.001
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SRAGE QuartilesT Q1 Q2 Q3 Q4

Mean (Range), pgmi- Nb 21D aO)es)  0)(d)  desod)(ezim)  end
Elevated FIB-4 Index” 89 (33) 108 (40) 100 (37) 120 (44) 0.018
Platelet count/mm® median (IQR)” 261 (72) 249 (75) 248 (80) 247 (59) 0.012

Data are presented as total number followed by percentage in parentheses (n(%)) unless otherwise indicated

fQ - Quartile, SD - Standard Deviation, BMI - Body mass index, HDL - High-density lipoprotein, CRP - C-reactive protein, ALT - Alanine

aminotransferase, AST - Aspartate aminotransferase, IQR - Interquartile Range

’tDiabetes: HbA1C >6.5%, self-report, physician diagnosis or medication use; Hypertension: systolic blood pressure > 140, diastolic blood pressure
2 90 or medication use; Hypercholesterolemia: total cholesterol = 200 mg/dL or medication use; Low HDL cholesterol: <50 mg/dL in Females,
<40 mg/dL in Males; Elevated ALT: >27 in Females, >33 in Males; Elevated AST: >31 in Females, >33 in Males; Elevated FIB-4 Index = 1.30
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Page 14

Cross-sectional associations between SRAGE, elevated liver enzymes and FIB-4 index by quartiles of SRAGE

OutcomeT SRAGE Quartile  Unadjusted OR (95% CI) p-value Adjustedi OR (95% Cl) p-value p-for-trend
Elevated ALT Q1 2.19 (1.01-4.75) 0.05 2.82 (1.18-6.76) 0.02 0.03
Q2 1.42 (0.62-3.26) 0.41 1.44 (0.60-3.44) 0.41
Q3 1.53 (0.67-3.47) 0.31 1.59 (0.68-3.72) 0.28
Q4 1 (Reference) 1 (Reference)
Elevated AST Q1 1.00 (0.43-2.35) 1.00 1.16 (0.45-2.99) 0.76 0.33
Q2 1.68 (0.78-3.63) 0.19 1.88 (0.84-4.19) 0.13
Q3 0.72 (0.28-1.82) 0.49 0.78 (0.30-2.00) 0.61
Q4 1 (Reference) 1 (Reference)
Elevated FIB-4 Q1 0.62 (0.43-0.87) <0.01 0.56 (0.37-0.84) <0.01 0.02
Q2 0.83 (0.59-1.17) 0.30 0.86 (0.59-1.24) 0.42
Q3 0.74 (0.52-1.04) 0.08 0.75 (0.52-1.08) 0.12
Q4 1 (Reference) 1 (Reference)

fEIevated ALT: >27 in Females, >33 in Males; Elevated AST: >31 in Females, >33 in Males; Elevated FIB-4 Index: =1.3

7

dL), Triglycerides (mg/dL), Tobacco Use (current, former, never), Alcohol Use (current, former, never).

Dig Liver Dis. Author manuscript; available in PMC 2022 July 01.

Age (ALT and AST analyses only), Race, Gender, Diabetes (yes/no), BMI (kg/mz), Hypertension (yes/no), Total Cholesterol (mg/dL), HDL (mg/
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