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Abstract

Hepatic fibrosis and advanced fibrosis in particular is the strongest predictor of liver-related
outcomes and mortality among nonalcoholic steatohepatitis (NASH) patients. Understanding
prevalence and predictors of NASH with advanced fibrosis is critical for healthcare resource
planning. Using a large U.S. clinical laboratory database from 10/1/2017-9/30/2018, adults
negative for hepatitis B and hepatitis C and after excluding for alcoholic liver disease and
pregnancy were evaluated for prevalence of F3 and F4 fibrosis using a systematic algorithm
of five fibrosis-4 (FIB-4) criteria: Criteria 1 (>F3: >2.67), Criteria 2 (2.67<F3<4.12 and
F4>4.12), Criteria 3 (2.67<F3<3.15, F4>3.15), Criteria 4 (3.25<F3<3.5, F4>3.5), Criteria 5
(3.25<F3<4.12, F4>4.12). Metabolic co-morbidities evaluated included decreased high den-
sity lipoprotein (<40 mg/dL men, <50 mg/dL women), high triglycerides (>150 mg/dL), ele-
vated hemoglobin A1C (>6.5%). Parallel analyses of patients with specific NAFLD/NASH
ICD-9/10 codes from 10/1/2013-9/30/2018 were performed. Multivariate logistic regression
models evaluated for predictors of >F3 fibrosis. Among patients with NAFLD/NASH ICD-
9/10 codes, >F3 prevalence ranged from 4.35% - 6.90%, and F4 prevalence ranged from
2.52%— 3.67%. Increasing metabolic co-morbidities was associated with higher risk of >F3
fibrosis. Compared to NASH patients without metabolic co-morbidities, NASH with four con-
current metabolic co-morbidities had higher risk of >F3 (OR 1.56, 95% CI 1.40-1.73,
p<0.001). In summary, prevalence of NASH with advanced fibrosis among U.S. adults was
as high as 6.90% and prevalence of NASH with cirrhosis was as high as 3.67%, representing
5.18 million and 2.75 million, respectively, when using an estimate of 75 million U.S. adults
with NAFLD. Co-morbid metabolic abnormalities were associated with higher risk of
advanced fibrosis among NASH patients.
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Introduction

Nonalcoholic steatohepatitis (NASH) is a leading cause of chronic liver disease in the United
States and globally[1, 2], and is rapidly becoming a leading cause of end-stage liver disease
leading to hepatocellular carcinoma (HCC) and need for liver transplantation[3-5]. The pres-
ence of fibrosis is the strongest predictor of mortality and liver-related complications among
patients with NASH[6-8]. Advanced fibrosis in particular, which is the subset of patients with
F3 or greater fibrosis, have significantly greater risks of liver-related complications, risk of
HCC, and risk of liver-related and all-cause mortality in NASH patients|[6, 8]. Earlier identifi-
cation of NASH patients with advanced fibrosis has clinical significance, given that these
patients need closer monitoring including screening for HCC or varices, more aggressive man-
agement of risk factors, and are at greatest need for NASH therapies to halt or reverse steatohe-
patitis and fibrosis.

The prevalence of NASH with advanced fibrosis is not clear and current estimates are likely
underestimates given that existing studies have utilized primarily observation cohort-type or
survey-based study designs that underestimate the true prevalence[1, 9, 10]. In addition,
modeling studies or systematic reviews aimed at defining NASH and NASH with advanced
fibrosis prevalence are based on existing literature, which may be biased given that NASH is
likely underdiagnosed given sub-optimal provider and patients awareness, the lack of clear
guidelines on who to screen and what tools to screen with, the lack of effective therapies that
often drives disease screening efforts, as well as the lack of large datasets with adequate data to
assess hepatic fibrosis[11-13]. More accurately understanding prevalence and predictors of
advanced fibrosis among NASH patients is important to guide healthcare resource planning
such that adequate preventative care and interventions can be effectively targeted to those
NASH patients at greatest risk of liver-related complications. To address this gap in knowl-
edge, we aim to utilize a nationally representative U.S. clinical laboratory database to evaluate
prevalence of advanced fibrosis using a systematic algorithm of non-invasive fibrosis bio-
marker (fibrosis-4 (FIB-4)) and to evaluate the impact of metabolic co-morbidities on odds of
advanced fibrosis.

Materials and methods

A retrospective cohort study was performed using clinical laboratory data from October 1,
2017 to September 30, 2018 from the Quest Diagnostics Clinical Laboratory Database. Quest
Diagnostics has over 145 million patient encounters each year across the United States. Test
results are stored in the Quest Diagnostics Informatics Data Warehouse, which is the largest
private clinical laboratory data warehouse in the United States and stores approximately 3 bil-
lion test results annually. For this Quest Diagnostics Health Trends study, we extracted testing
data for individual patients as described below; all data were de-identified prior to analysis.
This study was determined to be exempt from institutional review by the Alameda Health Sys-
tem Institutional Review Board.

The study cohort was developed by first identifying unique adults (age > 18 years) with
unique identification numbers in the dataset. We then excluded patients with positive hepatitis
B virus surface antigen (HBsAg) or positive hepatitis C virus antibody (HCV Ab), as well as
patients with unavailable labs to assess FIB-4 (Fig 1). We further excluded patients with alcohol
use or alcoholic liver disease related ICD-9/10 codes from 10/1/2013-9/30/2018 and patients
with maternal screening at a time that indicated pregnancy when laboratory values were
obtained. Among this cohort, prevalence of F3 and F4 fibrosis was assessed using a systematic
algorithm consisting of five FIB-4 score criteria based on published literature[14-16]: Criteria
1 (>F3: >2.67), Criteria 2 (2.67<F3<4.12 and F4>4.12), Criteria 3 (2.67<F3<3.15 and
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Fig 1. Flowchart to identify the study cohort.
https://doi.org/10.1371/journal.pone.0220612.9001

F4>3.15), Criteria 4 (3.25<F3<3.5 and F4>3.5), Criteria 5 (3.25<F3<4.12 and F4>4.12).
Given our focus on the impact of metabolic co-morbidities on the prevalence of advanced
fibrosis, we focused on three laboratory biomarkers(decreased high density lipoprotein (HDL
<40 mg/dL in men, <50 mg/dL in women), elevated triglycerides (TG >150 mg/dL), and ele-
vated hemoglobin A1C (>6.5%)) and at least one ICD-9/10 code for hypertension from 10/1/
2013-9/30/2018 that are included components of the metabolic syndrome[17, 18]. Prevalence
of F3 and F4 fibrosis were calculated in patients with elevated alanine aminotransferase
(ALT > 25 U/L women, ALT > 35 U/L men) and one, two, three, or four concurrent meta-
bolic co-morbidities. In addition to the above study cohort, we performed a parallel analysis
specifically focusing on patients with NAFLD/NASH ICD-9/10 codes. To generate a larger
sample for this parallel analysis, we included patients with NAFLD/NASH ICD-9/10 codes
from 10/1/2013-9/30/2018 (Fig 1). Patients with unavailable labs to assess FIB-4, alcohol use
or alcoholic liver disease-related ICD-9/10 codes, and patients with evidence of pregnancy
were similarly excluded. Histologic data from liver biopsy and radiographic data from imag-
ing-based studies were not available for inclusion in the study. Thus our use of the term NASH
to refer to patients with F3 or F4 fibrosis is based on the assumption that those patients with
suspected NAFLD and advanced fibrosis must have progressed to the NASH disease state[13].
Prevalence of F3 and F4 fibrosis using each of the above Criteria were calculated and pre-
sented as prevalence (%) with 95% confidence intervals (95% CI). Adjusted multivariate logis-
tic regression models were utilized to evaluate predictors of advanced fibrosis (F3/F4 using
Criteria 1). The final multivariate model adjusted for sex, age, and number of metabolic co-
morbidities. In the final model, age is a continuous variable with a unit constituting 10 years.
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Statistical analyses were performed using SAS Studio 3.6 on SAS 9.4 (SAS Institute Inc., Cary,
NC, USA). A two-tailed p<0.05 indicated statistical significance. This study was granted
exempt status from Alameda Health System Institutional Review Board.

Results

From October 1, 2017 to September 30, 2018, 57,874,162 patients with unique identification
numbers were identified in the database. After excluding patients with evidence of positive
HBsAg or positive HCV Ab, we additionally excluded patients with unavailable labs to calcu-
late FIB-4 scores, those with alcohol use or alcoholic liver disease related ICD-9/10 and
patients with evidence of pregnancy (Fig 1). The final overall study cohort consisted of
20,204,004 patients. Among this cohort, 9,246,209 patients had available labs to assess meta-
bolic co-morbidities. We also performed a parallel analysis that specifically focused on patients
with NAFLD/NASH ICD-9/10 codes from October 1, 2013 to September 30, 2018, and after
excluding patients as previously described, the final NAFLD/NASH ICD-9/10 cohort consisted
of 208,749 patients (Fig 1).

Among the overall study cohort, 57.4% were female and mean age was 54.6 years (SD 17.3),
7.4% had elevated ALT, 29.0% had elevated triglycerides, 19.9% had elevated hemoglobin
A1C, 24.3% had deceased LDL, and 39.1% had hypertension (Table 1). Overall prevalence of
F3/F4 fibrosis using Criteria 1 was 3.12% (95% 3.11-3.13) (Table 2). Increasing number of
metabolic co-morbidities was associated with higher prevalence of F3/F4 fibrosis using Crite-
ria 1. For example, prevalence of F3/F4 fibrosis was 5.07% (95% CI 4.98-5.16) in patients with
elevated ALT and one metabolic co-morbidity, which increased to 6.68% (6.44-6.92) among
patients with elevated ALT and four metabolic co-morbidities, p<0.01. Among the NAFLD/
NASH ICD-9/10 cohort, prevalence of F3/F4 fibrosis was 6.90% (95% CI 6.79-7.01). When
assessing fibrosis using Criteria 2-5, among the overall study cohort, prevalence of F3 fibrosis
ranged from 0.35% - 2.41% and the prevalence of F4 fibrosis ranged from 0.71% - 1.21%
(Table 2). As with Criteria 1, similar trends were observed with Criteria 2-5, such that increas-
ing number of metabolic co-morbidities were associated with higher prevalence of F3 and F4

Table 1. Characteristics of the study cohort.

Variables Proportion (%) Frequency (N)
Total 20,204,004
Sex

Female 57.4% 11,579,119
Male 42.6% 8,590,269
Age (mean, SD, Median, Range) 54,6 +17.3 55.7 (18-99)
Elevated ALT 7.4% 1,492,650
Elevated Triglycerides 29.0% 4,788,095
Elevated Hemoglobin A1C 19.9% 1,966,854
Decreased HDL 24.3% 3,999,546
Hypertension 39.1% 7,907,090
Note:

Elevated ALT: > 25 U/L in women, > 35 U/L in men
Elevated Triglycerides: > = 150 mg/dL

Elevated Hemoglobin A1C: > = 6.5%

Decreased HDL: <40mg/dL in men, <50 mg/dL in women
Hypertension: ICD 9/10 code for hypertension

https://doi.org/10.1371/journal.pone.0220612.t001
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Table 2. Prevalence of F3 and F4 fibrosis by different FIB-4 criteria.

Overall Cohort NAFLD/NASH ICD-9/10 Cohort
N = 20,204,004 N = 208,749
FIB-4 Categories Prevalence (%) 95% CI Prevalence (%) 95% CI
Criteria 1 F3/F4 > 2.67 3.12% 3.11-3.13% 6.90% 6.79-7.01%
Criteria 2 F4 >4.12 0.71% 0.71-0.71% 2.52% 2.45-2.59%
2.67 <F3 < =412 2.41% 2.40-2.42% 4.38% 4.29-4.47%
Criteria 3 F4>35 1.21% 1.20-1.21% 3.67% 3.59-3.75%
267 <F3<=35 1.91% 1.91-1.92% 3.23% 3.16-3.31%
Criteria 4 F4>35 1.21% 1.20-1.21% 3.67% 3.59-3.75%
325<F3<=35 0.35% 0.35-0.35% 0.68% 0.65-0.72%
Criteria 5 F4 >4.12 0.71% 0.71-0.71% 2.52% 2.45-2.59%
325 <F3< =412 0.84% 0.84-0.85% 1.83% 1.77-1.89%
One Metabolic Co-Morbidity Two Metabolic Co-Morbidities
N =231,429 N = 208,943
FIB-4 Categories Prevalence (%) 95% CI Prevalence (%) 95% CI
Criteria 1 F3/F4 > 2.67 5.07% 4.98-5.16% 4.79% 4.70-4.88%
Criteria 2 F4 >4.12 1.70% 1.64-1.75% 1.46% 1.41-1.51%
2,67 <F3 < =412 3.37% 3.30-3.44% 3.33% 3.25-3.41%
Criteria 3 F4>35 2.56% 2.50-2.63% 2.29% 2.23-2.36%
2,67 <F3<=35 2.51% 2.44-2.57% 2.50% 2.43-2.57%
Criteria 4 F4>35 2.56% 2.50-2.63% 2.29% 2.23-2.36%
325<F3<=35 0.51% 0.48-0.54% 0.53% 0.49-0.56%
Criteria 5 F4 >4.12 1.70% 1.64-1.75% 1.46% 1.41-1.51%
325<F3< =412 1.38% 1.33-1.43% 1.35% 1.30-1.40%
Three Metabolic Co-Morbidities Four Metabolic Co-Morbidities
N =117,797 N =43,035
FIB-4 Categories Prevalence (%) 95% CI Prevalence (%) 95% CI
Criteria 1 F3/F4 > 2.67 5.57% 5.44-5.70% 6.68% 6.44-6.92%
Criteria 2 F4>4.12 1.53% 1.46-1.60% 1.62% 1.50-1.74%
2,67 <F3 < =412 4.04% 3.93-4.15% 5.06% 4.86-5.27%
Criteria 3 F4>35 2.47% 2.38-2.56% 2.81% 2.66-2.97%
2.67 <F3<=35 3.10% 3.00-3.20% 3.87% 3.69-4.05%
Criteria 4 F4>35 2.47% 2.38-2.56% 2.81% 2.66-2.97%
325<F3<=35 0.59% 0.55-0.64% 0.76% 0.68-0.84%
Criteria 5 F4> 412 1.53% 1.46-1.60% 1.62% 1.50-1.74%
325<F3<=412 1.53% 1.46-1.60% 1.95% 1.82-2.09%

https://doi.org/10.1371/journal.pone.0220612.t002

fibrosis. Among the NAFLD/NASH ICD-9/10 cohort, prevalence of F3 fibrosis ranged from
0.68% - 4.38% and prevalence of F4 fibrosis ranged from 2.52% - 3.67% using these Criteria

(Table 2).

To further assess the impact of concurrent metabolic co-morbidities on prevalence of

advanced fibrosis among individuals with NASH, we specifically focused on the subset of

NAFLD/NASH ICD-9/10 cohort and calculated the prevalence of F3/F4 fibrosis in patients
with elevated ALT and incremental increasing number of concurrent metabolic co-morbidi-

ties (Fig 2). When using Criteria 1, the prevalence of F3/F4 fibrosis among NASH patients

increased significantly from 7.82% in patients with elevated ALT and one metabolic co-mor-
bidity to 11.63% to NASH patients with elevated ALT and four concurrent metabolic co-
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Fig 2. Prevalence of F3 and F4 fibrosis among NAFLD/NASH ICD-9/10 patients with increasing number of metabolic co-morbidities.

https://doi.org/10.1371/journal.pone.0220612.9002

morbidities, p<0.001. Similar trends in prevalence of F3 and F4 fibrosis were observed when
using Criteria 2-5, such that individuals with NASH concurrent with four metabolic co-mor-
bidities had higher prevalence of F3 fibrosis (range, 1.42% - 8.65%) and F4 fibrosis (range,
2.98% - 4.90%) than those with one, two, or three concurrent metabolic co-morbidities (Fig 2).

On adjusted multivariable logistic regression analysis evaluating the odds of F3/F4 fibrosis
(Criteria 1) among NAFLD/NASH ICD-9/10 cohort patients, males with NASH had signifi-
cantly greater odds of F3/F4 fibrosis compared to females with NASH (OR 1.22, 95% CI 1.16-
1.27, p<0.001) (Table 3). Increasing age was also associated with higher odds of F3/F4 fibrosis
(OR for each 10 years, 2.12, 95% CI 2.08-2.17). Compared to NASH patients without any of
our assessed metabolic co-morbidities, increasing number of metabolic comorbidities was
associated with increasing odds of F3/F4 fibrosis (Table 3).

Table 3. Odds of F3 or greater fibrosis using criteria 1 among NAFLD/NASH ICD-9/10 diagnosis code patients.

Adjusted Odds Ratio 95% CI P-Value
Sex
Female 1.00 Reference -
Male 1.22 1.16-1.27 < 0.001
Age (each 10 years) 2.12 2.08-2.17 < 0.001
Metabolic Co-Morbidities
None 1.00 Reference -
One 1.18 1.08-1.29 < 0.001
Two 1.28 1.18-1.40 < 0.001
Three 1.34 1.23-1.47 < 0.001
Four 1.56 1.40-1.73 < 0.001

https://doi.org/10.1371/journal.pone.0220612.t003
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Discussion

Among a large U.S. national clinical laboratory database, when focusing specifically on
patients with NAFLD/NASH ICD-9/10 diagnosis codes, prevalence of advanced fibrosis ran-
ged from 4.35% - 6.90%, and the prevalence of F4 fibrosis/cirrhosis ranged from 2.52%-—
3.67%. Using an estimate of 75 million adults with nonalcoholic fatty liver disease in the U.S,,
the prevalence of NASH with advanced fibrosis is as high as 5.18 million adults, and the preva-
lence of NASH cirrhosis is as high as 2.75 million adults.

Given the likely under-diagnosis and thus under-estimate of NASH when relying only on
ICD-9/10 coding, we evaluated a larger cohort of patients with available labs to assess ALT and
concurrent metabolic co-morbidities after excluding those with HBV or HCV and excluding
those with pregnancy or potential alcoholic liver disease, without relying on ICD-9/10 coding.
Among this cohort, we observed significantly higher prevalence and risk of advanced fibrosis
associated with increasing number of co-morbidities. For example, prevalence of advanced
fibrosis in patients with elevated ALT and four concurrent metabolic co-morbidities is as high
as 6.68%, and the prevalence of cirrhosis in patients with elevated ALT and four concurrent
metabolic co-morbidities is as high as 2.81%. Given the methods employed, it would be a rea-
sonable estimate that these patients with elevated ALT and four concurrent metabolic co-mor-
bidities have NASH, thus making the estimates of advanced fibrosis and cirrhosis prevalence
among this group quite concerning.

To our knowledge, this study is one of the first to utilize a large national clinical laboratory
database to refine prevalence estimates of patients with NASH and advanced fibrosis. Previous
studies evaluating prevalence of NASH and advanced fibrosis have utilized cross sectional sur-
vey-based study designs that have may have significantly underestimated true prevalence. For
example, three recent studies utilizing data from the National Health and Nutrition Examina-
tion Survey (NHANES) evaluated prevalence and predictors of advanced fibrosis among
patients with suspected NAFLD based on algorithms that combined patient reported history
and co-morbidities and serological biomarkers[9, 10, 19]. Using the U.S. fatty liver index to
identify adults with NAFLD and NAFLD fibrosis score to assess for presence of fibrosis, Le,
et al. reported a 30.0% prevalence of NAFLD among U.S. adults from 1999-2012 NHANES,
among which 10.3% had advanced fibrosis[19]. Similarly, Kabbany, which focused on the lat-
ter 2009-2012 NHANES dataset, observed a prevalence of 0.84-1.75% for NASH advanced
fibrosis and prevalence of 0.178% for NASH cirrhosis[10]. Most recently, Wong, et al focused
on the 2011-2014 NHANES reported 21.9% prevalence of NAFLD among U.S. adults, among
which 2.3-9.7% had advanced fibrosis, corresponding to 5.0 million adults[9]. While these
previous studies provide some estimates of NASH with advanced fibrosis, they are likely
underestimates given the limitations of NHANES, including inherent biases from survey-
based methods such as recall bias or reporter bias. Furthermore, misclassification bias due to
reliance of surrogates of disease states to identify NASH may have affected prevalence esti-
mates. Our current study utilizes national clinical laboratory data that captures a large propor-
tion of the U.S. adult population and utilized objective serology based measures for identifying
NASH with advanced fibrosis, which improved the generalizability and accuracy of our
results.

Given that development of hepatic fibrosis and advanced fibrosis in particular is the stron-
gest predictor of liver-related outcomes and mortality in patients with NASH][6, 8, 20], under-
standing which NASH populations are at greatest risk of progression to advanced fibrosis is of
critical clinical significance. Focusing on four components of the metabolic syndrome, our
study demonstrated increasing number of concurrent metabolic co-morbidities to be associ-
ated with increasing risks for advanced fibrosis in NASH patients. The detrimental impact of
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metabolic disease is well known, and Stepanova, et al. using the NHANES data observed that
concurrent metabolic syndrome was associated with increased liver-related and all-cause mor-
tality in patients with chronic liver disease[21]. Similarly, Younossi, et al. observed that meta-
bolic syndrome among NAFLD patients in particular, was also associated with increased risk
of overall, liver-related, and cardiovascular mortality[22]. Insulin resistance and diabetes melli-
tus have demonstrated strong associations with increased risks of advanced fibrosis in NASH
patients[23-27]. For example, Petta, et al. evaluated 863 patients with biopsy proven NAFLD
and observed that among patients < 55 years, the risk of advanced fibrosis was primarily
driven by insulin resistance and visceral adiposity, whereas risk of advanced fibrosis in
NAFLD patients 55 years and older, low HDL and insulin resistance were the main factors
[24]. In our current study, we focused on three laboratory biomarker-biomarker based meta-
bolic abnormalities-HDL, TG, and hemoglobin A1C, given that these are specific components
of the metabolic syndrome. Data for waist circumference and presence of hypertension (the
other two variables in the metabolic syndrome definition) were not available for assessment.
Among our NASH cohort, we observed significantly higher risk of advanced fibrosis associ-
ated with presence of metabolic co-morbidities, with the highest risk group (those with four
concurrent metabolic abnormalities) having a 56% higher risk of advanced fibrosis compared
to patients without any metabolic co-morbidities. These are clinically significant observations
and highlight the importance of focusing on optimizing the management of metabolic co-
morbidities among NASH patients to prevent further disease progression.

As this is one of the first studies to utilize national clinical laboratory data to provide esti-
mates of NASH with advanced fibrosis prevalence among U.S. adults, our observations pro-
vide important epidemiology data to guide healthcare resource planning. The dataset used
captures a large sample of U.S. adults undergoing routine laboratory testing, which improves
the generalizability of our study. While our overall study cohort identified probable NASH
patients primarily through exclusion of chronic HBV, chronic HCV and exclusion of patients
who were pregnant or had potential alcoholic liver disease (based on ICD-9/10 coding), we
acknowledge the limitation of not having specific data on alcohol consumption. To address
this limitation, we performed parallel analyses using similar exclusion criteria that specifically
focused on patients with NAFLD/NASH ICD-9/10 diagnosis codes and performed similar
assessments of F3 and F4 prevalence. While we utilized objective laboratory criteria to identify
metabolic abnormalities, it is possible that some patients were on lipid-lowering therapies or
diabetes medications that may have contributed to normal laboratory values, which would
have contributed to an underestimation of the prevalence of metabolic abnormalities in this
subset. However, this limitation likely biased our estimates towards a more conservative esti-
mate of prevalence which is preferred over the potential type 1 error of overestimation. Despite
these limitations, our current data provide important generalizable data on prevalence and
predictors of NASH advanced fibrosis among U.S. adults.

In conclusion, among a large nationally representative clinical laboratory database of U.S.
adults, the prevalence of NASH with advanced fibrosis was as high as 6.68% and the prevalence
of NASH with cirrhosis was as high as 2.81%, which represents 5.18 million and 2.75 million
adults, respectively when using an estimate of 75 million U.S. adults with NAFLD.[1] Co-mor-
bid metabolic abnormalities were associated with significantly higher risk of advanced fibrosis
among NASH patients. These data highlight the significant clinical and economic impact that
NASH will play on healthcare systems.

Author Contributions
Conceptualization: Robert ]. Wong, Tram Tran, Harvey Kaufman, Robert Gish.

PLOS ONE | https://doi.org/10.1371/journal.pone.0220612  August 1,2019 8/10


https://doi.org/10.1371/journal.pone.0220612

@ PLOS|ONE

Metabolic factors increase risk of fibrosis in NASH

Data curation: Robert J. Wong, Harvey Kaufman, Justin Niles.

Formal analysis: Robert J. Wong, Tram Tran, Harvey Kaufman, Justin Niles, Robert Gish.
Funding acquisition: Robert J. Wong, Robert Gish.

Investigation: Robert J. Wong, Tram Tran, Robert Gish.

Methodology: Robert J. Wong, Justin Niles, Robert Gish.

Project administration: Robert J]. Wong.

Supervision: Robert Gish.

Writing - original draft: Robert J]. Wong.

Writing - review & editing: Robert J. Wong, Tram Tran, Harvey Kaufman, Justin Niles, Rob-
ert Gish.

References

1. Rinella ME. Nonalcoholic fatty liver disease: a systematic review. Jama. 2015; 313(22):2263-73.
https://doi.org/10.1001/jama.2015.5370 PMID: 26057287

2. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. Global epidemiology of nonalcoholic
fatty liver disease-Meta-analytic assessment of prevalence, incidence, and outcomes. Hepatology (Bal-
timore, Md). 2016; 64(1):73-84. https://doi.org/10.1002/hep.28431 PMID: 26707365.

3. Wong RJ, Aguilar M, Cheung R, Perumpail RB, Harrison SA, Younossi ZM, et al. Nonalcoholic steato-
hepatitis is the second leading etiology of liver disease among adults awaiting liver transplantation in the
United States. Gastroenterology. 2015; 148(3):547-55. https://doi.org/10.1053/j.gastro.2014.11.039
PMID: 25461851.

4. Wong RJ, Cheung R, Ahmed A. Nonalcoholic steatohepatitis is the most rapidly growing indication for
liver transplantation in patients with hepatocellular carcinoma in the U.S. Hepatology (Baltimore, Md).
2014; 59(6):2188-95. https://doi.org/10.1002/hep.26986 PMID: 24375711.

5. Goldberg D, Ditah IC, Saeian K, Lalehzari M, Aronsohn A, Gorospe EC, et al. Changes in the Preva-
lence of Hepatitis C Virus Infection, Nonalcoholic Steatohepatitis, and Alcoholic Liver Disease Among
Patients With Cirrhosis or Liver Failure on the Waitlist for Liver Transplantation. Gastroenterology.
2017; 152(5):1090-9 ef. https://doi.org/10.1053/j.gastro.2017.01.003 PMID: 28088461; PubMed Cen-
tral PMCID: PMC5367965.

6. Angulo P, Kleiner DE, Dam-Larsen S, Adams LA, Bjornsson ES, Charatcharoenwitthaya P, et al. Liver
Fibrosis, but no Other Histologic Features, Associates with Long-term Outcomes of Patients With Non-
alcoholic Fatty Liver Disease. Gastroenterology. 2015. https://doi.org/10.1053/j.gastro.2015.04.043
PMID: 25935633.

7. Vilar-Gomez E, Calzadilla-Bertot L, Wai-Sun Wong V, Castellanos M, Aller-de la Fuente R, Metwally M,
et al. Fibrosis Severity as a Determinant of Cause-Specific Mortality in Patients With Advanced Nonal-
coholic Fatty Liver Disease: A Multi-National Cohort Study. Gastroenterology. 2018; 155(2):443-57
e17. https://doi.org/10.1053/j.gastro0.2018.04.034 PMID: 29733831.

8. Angulo P, Bugianesi E, Bjornsson ES, Charatcharoenwitthaya P, Mills PR, Barrera F, et al. Simple non-
invasive systems predict long-term outcomes of patients with nonalcoholic fatty liver disease. Gastroen-
terology. 2013; 145(4):782-9 e4. https://doi.org/10.1053/j.gastro.2013.06.057 PMID: 23860502;
PubMed Central PMCID: PMC3931256.

9. WongRJ, Liu B, Bhuket T. Significant burden of nonalcoholic fatty liver disease with advanced fibrosis
in the US: a cross-sectional analysis of 2011-2014 National Health and Nutrition Examination Survey.
Alimentary pharmacology & therapeutics. 2017; 46(10):974-80. https://doi.org/10.1111/apt.14327
PMID: 28914448.

10. Kabbany MN, Conjeevaram Selvakumar PK, Watt K, Lopez R, Akras Z, Zein N, et al. Prevalence of
Nonalcoholic Steatohepatitis-Associated Cirrhosis in the United States: An Analysis of National Health
and Nutrition Examination Survey Data. The American journal of gastroenterology. 2017. https://doi.
org/10.1038/ajg.2017.5 PMID: 28195177.

11.  Sanyal AJ. Putting non-alcoholic fatty liver disease on the radar for primary care physicians: how well
are we doing? BMC medicine. 2018; 16(1):148. hitps://doi.org/10.1186/s12916-018-1149-9 PMID:
30139362; PubMed Central PMCID: PMC6108106.

PLOS ONE | https://doi.org/10.1371/journal.pone.0220612  August 1,2019 9/10


https://doi.org/10.1371/journal.pone.0220612
http://www.ncbi.nlm.nih.gov/pubmed/26057287
https://doi.org/10.1002/hep.28431
http://www.ncbi.nlm.nih.gov/pubmed/26707365
https://doi.org/10.1053/j.gastro.2014.11.039
http://www.ncbi.nlm.nih.gov/pubmed/25461851
https://doi.org/10.1002/hep.26986
http://www.ncbi.nlm.nih.gov/pubmed/24375711
https://doi.org/10.1053/j.gastro.2017.01.003
http://www.ncbi.nlm.nih.gov/pubmed/28088461
https://doi.org/10.1053/j.gastro.2015.04.043
http://www.ncbi.nlm.nih.gov/pubmed/25935633
https://doi.org/10.1053/j.gastro.2018.04.034
http://www.ncbi.nlm.nih.gov/pubmed/29733831
https://doi.org/10.1053/j.gastro.2013.06.057
http://www.ncbi.nlm.nih.gov/pubmed/23860502
https://doi.org/10.1111/apt.14327
http://www.ncbi.nlm.nih.gov/pubmed/28914448
https://doi.org/10.1038/ajg.2017.5
https://doi.org/10.1038/ajg.2017.5
http://www.ncbi.nlm.nih.gov/pubmed/28195177
https://doi.org/10.1186/s12916-018-1149-9
http://www.ncbi.nlm.nih.gov/pubmed/30139362
https://doi.org/10.1371/journal.pone.0220612

@ PLOS|ONE

Metabolic factors increase risk of fibrosis in NASH

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

Patel PJ, Banh X, Horsfall LU, Hayward KL, Hossain F, Johnson T, et al. Underappreciation of non-alco-
holic fatty liver disease by primary care clinicians: limited awareness of surrogate markers of fibrosis.
Internal medicine journal. 2018; 48(2):144-51. https://doi.org/10.1111/imj.13667 PMID: 29083080.

Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella M, et al. The diagnosis and manage-
ment of nonalcoholic fatty liver disease: Practice guidance from the American Association for the Study
of Liver Diseases. Hepatology (Baltimore, Md). 2018; 67(1):328-57. https://doi.org/10.1002/hep.29367
PMID: 28714183.

McPherson S, Hardy T, Dufour JF, Petta S, Romero-Gomez M, Allison M, et al. Age as a Confounding
Factor for the Accurate Non-Invasive Diagnosis of Advanced NAFLD Fibrosis. The American journal of
gastroenterology. 2017; 112(5):740-51. https://doi.org/10.1038/ajg.2016.453 PMID: 27725647
PubMed Central PMCID: PMC5418560.

Holmberg SD, Lu M, Rupp LB, Lamerato LE, Moorman AC, Vijayadeva V, et al. Noninvasive serum
fibrosis markers for screening and staging chronic hepatitis C virus patients in a large US cohort. Clinical
infectious diseases: an official publication of the Infectious Diseases Society of America. 2013; 57
(2):240-6. https://doi.org/10.1093/cid/cit245 PMID: 23592832; PubMed Central PMCID: PMC5672918.

Gordon S OA, Parker E, Korrer S, Wong R. Fibrosis-4 Score (FIB-4) Provides Consistent Assessment
of Healthcare Costs and Healthcare Resource Utilization (HCRU) Among Nonalcoholic Fatty Liver Dis-
ease/Nonalcoholic Steatohepatitis (NAFLD/NASH) Patients with Advanced Fibrosis. Hepatology (Balti-
more, Md). 2018; 68 (Suppl 1):617A-8A.

Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, et al. Harmonizing the meta-
bolic syndrome: a joint interim statement of the International Diabetes Federation Task Force on Epide-
miology and Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World
Heart Federation; International Atherosclerosis Society; and International Association for the Study of
Obesity. Circulation. 2009; 120(16):1640-5. https://doi.org/10.1161/CIRCULATIONAHA.109.192644
PMID: 19805654.

Aguilar M, Bhuket T, Torres S, Liu B, Wong RJ. Prevalence of the metabolic syndrome in the United
States, 2003—-2012. Jama. 2015; 313(19):1973—4. https://doi.org/10.1001/jama.2015.4260 PMID:
25988468.

Le MH, Devaki P, Ha NB, Jun DW, Te HS, Cheung RC, et al. Prevalence of non-alcoholic fatty liver dis-
ease and risk factors for advanced fibrosis and mortality in the United States. PloS one. 2017; 12(3):
e€0173499. https://doi.org/10.1371/journal.pone.0173499 PMID: 28346543.

Ekstedt M, Hagstrom H, Nasr P, Fredrikson M, Stal P, Kechagias S, et al. Fibrosis stage is the strongest
predictor for disease-specific mortality in NAFLD after up to 33 years of follow-up. Hepatology (Balti-
more, Md). 2015; 61(5):1547-54. https://doi.org/10.1002/hep.27368 PMID: 25125077.

Stepanova M, Rafig N, Younossi ZM. Components of metabolic syndrome are independent predictors
of mortality in patients with chronic liver disease: a population-based study. Gut. 2010; 59(10):1410-5.
Epub 2010/07/28. https://doi.org/10.1136/gut.2010.213553 PMID: 20660697

Younossi ZM, Otgonsuren M, Venkatesan C, Mishra A. In patients with non-alcoholic fatty liver disease,
metabolically abnormal individuals are at a higher risk for mortality while metabolically normal individu-
als are not. Metabolism: clinical and experimental. 2013; 62(3):352—60. Epub 2012/09/25. https://doi.
org/10.1016/j.metabol.2012.08.005 PMID: 22999011.

Petta S, Amato MC, Di Marco V, Camma C, Pizzolanti G, Barcellona MR, et al. Visceral adiposity index
is associated with significant fibrosis in patients with non-alcoholic fatty liver disease. Alimentary phar-
macology & therapeutics. 2012; 35(2):238—47. https://doi.org/10.1111/j.1365-2036.2011.04929.x
PMID: 22117531.

Petta S, Eslam M, Valenti L, Bugianesi E, Barbara M, Camma C, et al. Metabolic syndrome and severity
of fibrosis in nonalcoholic fatty liver disease: An age-dependent risk profiling study. Liver international:
official journal of the International Association for the Study of the Liver. 2017; 37(9):1389-96. https://
doi.org/10.1111/liv.13397 PMID: 28235154.

Fracanzani AL, Valenti L, Bugianesi E, Andreoletti M, Colli A, Vanni E, et al. Risk of severe liver disease
in nonalcoholic fatty liver disease with normal aminotransferase levels: a role for insulin resistance and
diabetes. Hepatology (Baltimore, Md). 2008; 48(3):792-8. https://doi.org/10.1002/hep.22429 PMID:
18752331.

Fujii H, Imajo K, Yoneda M, Nakahara T, Hyogo H, Takahashi H, et al. HOMA-IR is an independent pre-
dictor of advanced liver fibrosis in nondiabetic nonalcoholic fatty liver disease. Journal of gastroenterol-
ogy and hepatology. 2019. https://doi.org/10.1111/jgh.14595 PMID: 30600551.

Nakahara T, Hyogo H, Yoneda M, Sumida Y, Eguchi Y, Fuijii H, et al. Type 2 diabetes mellitus is associ-
ated with the fibrosis severity in patients with nonalcoholic fatty liver disease in a large retrospective
cohort of Japanese patients. Journal of gastroenterology. 2014; 49(11):1477-84. https://doi.org/10.
1007/s00535-013-0911-1 PMID: 24277052.

PLOS ONE | https://doi.org/10.1371/journal.pone.0220612  August 1,2019 10/10


https://doi.org/10.1111/imj.13667
http://www.ncbi.nlm.nih.gov/pubmed/29083080
https://doi.org/10.1002/hep.29367
http://www.ncbi.nlm.nih.gov/pubmed/28714183
https://doi.org/10.1038/ajg.2016.453
http://www.ncbi.nlm.nih.gov/pubmed/27725647
https://doi.org/10.1093/cid/cit245
http://www.ncbi.nlm.nih.gov/pubmed/23592832
https://doi.org/10.1161/CIRCULATIONAHA.109.192644
http://www.ncbi.nlm.nih.gov/pubmed/19805654
https://doi.org/10.1001/jama.2015.4260
http://www.ncbi.nlm.nih.gov/pubmed/25988468
https://doi.org/10.1371/journal.pone.0173499
http://www.ncbi.nlm.nih.gov/pubmed/28346543
https://doi.org/10.1002/hep.27368
http://www.ncbi.nlm.nih.gov/pubmed/25125077
https://doi.org/10.1136/gut.2010.213553
http://www.ncbi.nlm.nih.gov/pubmed/20660697
https://doi.org/10.1016/j.metabol.2012.08.005
https://doi.org/10.1016/j.metabol.2012.08.005
http://www.ncbi.nlm.nih.gov/pubmed/22999011
https://doi.org/10.1111/j.1365-2036.2011.04929.x
http://www.ncbi.nlm.nih.gov/pubmed/22117531
https://doi.org/10.1111/liv.13397
https://doi.org/10.1111/liv.13397
http://www.ncbi.nlm.nih.gov/pubmed/28235154
https://doi.org/10.1002/hep.22429
http://www.ncbi.nlm.nih.gov/pubmed/18752331
https://doi.org/10.1111/jgh.14595
http://www.ncbi.nlm.nih.gov/pubmed/30600551
https://doi.org/10.1007/s00535-013-0911-1
https://doi.org/10.1007/s00535-013-0911-1
http://www.ncbi.nlm.nih.gov/pubmed/24277052
https://doi.org/10.1371/journal.pone.0220612

