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Simple Noninvasive Systems Predict Long-term Outcomes of
Patients With Nonalcoholic Fatty Liver Disease

PAUL ANGULO1, ELISABETTA BUGIANESI2, EINAR S. BJORNSSON3, PHUNCHAI
CHARATCHAROENWITTHAYA4, PETER R. MILLS5, FRANCISCO BARRERA6,
SVANHILDUR HAFLIDADOTTIR3, CHRISTOPHER P. DAY7,§, and JACOB GEORGE6,§

1Division of Digestive Diseases and Nutrition, University of Kentucky Medical Center, Lexington,
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University Hospital, Reykjavik, Iceland 4Faculty of Medicine, Siriraj Hospital, Mahidol University,
Bangkok, Thailand 5Gartnavel General Hospital, Glasgow, UK 6Storr Liver Unit, Westmead
Millennium Institute, University of Sydney and Department of Gastroenterology and Hepatology,
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Abstract
BACKGROUND & AIMS—Some patients with nonalcoholic fatty liver disease (NAFLD)
develop liver-related complications and have higher mortality than other patients with NAFLD.
We determined the accuracy of simple, noninvasive scoring systems in identification of patients at
increased risk for liver-related complications or death.

METHODS—We performed a retrospective, international, multicenter cohort study of 320
patients diagnosed with NAFLD, based on liver biopsy analysis through 2002 and followed
through 2011. Patients were assigned to mild-, intermediate-, or high-risk groups based on cutoff
values for 2 of the following: NAFLD fibrosis score, aspartate aminotransferase/platelet ratio
index, FIB-4 score, and BARD score. Outcomes included liver-related complications and death or
liver transplantation. We used multivariate Cox proportional hazard regression analysis to adjust
for relevant variables and calculate adjusted hazard ratios (aHRs).

RESULTS—During a median follow-up period of 104.8 months (range, 3–317 months), 14% of
patients developed liver-related events and 13% died or underwent liver transplantation. The aHRs
for liver-related events in the intermediate-risk and high-risk groups, compared with the low-risk
group, were 7.7 (95% confidence interval [CI]: 1.4–42.7) and 34.2 (95% CI: 6.5–180.1),
respectively, based on NAFLD fibrosis score; 8.8 (95% CI: 1.1–67.3) and 20.9 (95% CI: 2.6–
165.3) based on the aspartate aminotransferase/platelet ratio index; and 6.2 (95% CI: 1.4–27.2)
and 6.6 (95% CI: 1.4–31.1) based on the BARD score. The aHRs for death or liver transplantation
in the intermediate-risk and high-risk groups compared with the low-risk group were 4.2 (95% CI:
1.3–13.8) and 9.8 (95% CI: 2.7–35.3), respectively, based on the NAFLD fibrosis scores. Based
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on aspartate aminotransferase/platelet ratio index and FIB-4 score, only the high-risk group had a
greater risk of death or liver transplantation (aHR = 3.1; 95% CI: 1.1–8.4 and aHR = 6.6; 95% CI:
2.3–20.4, respectively).

CONCLUSIONS—Simple noninvasive scoring systems help identify patients with NAFLD who
are at increased risk for liver-related complications or death. NAFLD fibrosis score appears to be
the best indicator of patients at risk, based on HRs. The results of this study require external
validation.

Nonalcoholic fatty liver disease (NAFLD) encompasses a wide spectrum of liver pathology
ranging from simple steatosis to nonalcoholic steatohepatitis (NASH), the latter
characterized by steatosis plus features of cellular injury, such as inflammation and
hepatocyte ballooning.1 Some patients with NAFLD develop liver fibrosis, with a
proportion progressing to cirrhosis and its complications of liver failure, portal hypertension,
and hepatocellular carcinoma (HCC).2–4 Currently, cirrhotic-stage NAFLD represents the
third5 or fourth6 most common indication for liver transplantation in the United States, and
the second most common indication for liver transplantation in large transplantation
centers.7 In addition, the prevalence of NAFLD-related cirrhosis has markedly increased in
recent years as the underlying liver disease among patients transplanted for HCC in the
United States.8 These data reflect the high prevalence of NAFLD in the general population,
putting a substantial proportion of individuals at risk for NAFLD-associated morbidity and
mortality.9

The long-term prognosis for individuals with NAFLD is not the same across the spectrum of
the disease. Steatosis not associated with cellular injury or fibrosis follows a relatively
benign clinical course, with an overall mortality similar to the general population of the
same age and sex.10,11 For instance, <1% of patients with simple steatosis progressed to
cirrhosis or died from liver-related complication after a mean follow-up of 15 years in a
pooled analysis of several reported series.12 However, patients with NASH, particularly
those with increased fibrosis, have a worse prognosis as compared with an age- and sex-
matched population.11 The prevalence of cirrhosis and death related to liver complications is
about 11% and 7%, respectively, in patients with NASH during the first 15 years of follow-
up.12 It has become clear that a subgroup of patients with NAFLD are at a higher risk for
development of liver-related complications and death from liver-related causes.
Unfortunately, other than presenting with overt cirrhosis or having a liver biopsy
demonstrating advanced liver fibrosis, there is no accurate way to predict which subgroup of
patients with NAFLD are at a higher risk for development of adverse long-term outcomes,
including liver-related complications, liver transplantation, or death.

Several noninvasive scoring systems composed of routinely measured clinical and
laboratory variables have been proposed to distinguish between patients with NAFLD with
and without advanced liver fibrosis, including the NAFLD fibrosis score (NAFLD-FS),13

the AST/platelet ratio index (APRI),14 the FIB-4 score,15 and the BARD score.16 Most have
been extensively validated for their accuracy in distinguishing between NAFLD patients
with and without advanced fibrosis.17–19 It remains unknown, however, whether these
scores can be used to identify the subgroup of patients with NAFLD who are at a higher risk
for liver-related morbidity and mortality. We sought to determine the accuracy of these 4
scores in predicting the long-term outcomes of patients with NAFLD, including liver-related
complications, transplantation, or overall mortality.

Patients and Methods
This was a retrospective, international, multicenter cohort study of 320 patients with well-
characterized and liver biopsy–confirmed NAFLD. They were untreated, consecutively
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biopsied patients that met the eligibility criteria as described here, and were recruited before
2002 from the following medical centers: University of Kentucky Medical Center,
Lexington, KY; Westmead Hospital, Sydney Australia; Newcastle Hospitals National Health
Service Foundation Trust in Newcastle-upon-Tyne, UK; National University Hospital,
Reykjavik Iceland; Siriraj Hospital, Mahidol University, Bangkok, Thailand; Gart-navel
General Hospital, Glasgow, UK; and Division of Gastroenterology and Hepatology
University of Torino, Torino, Italy. The year 2002 was chosen in order to have up to a
decade of follow-up for the last patient recruited into the study. The first subject included
underwent a liver biopsy in 1984. Patients were retrospectively identified by reviewing the
pathology database at each center of subjects with the pathology diagnosis of steatosis,
steatohepatitis, or fatty liver. After an extensive review of the patients’ medical records, only
those with an unequivocal diagnosis of NAFLD were included in the analysis. The liver
biopsy was performed to confirm the diagnosis of NAFLD after appropriate exclusion of
liver disease of other etiology, such as alcohol-induced or drug-induced liver disease,
autoimmune or viral hepatitis, and cholestatic or metabolic/genetic liver disease. These other
liver diseases were excluded using specific clinical, laboratory, radiographic, and/or
histological criteria. Serology for viral hepatitis B and C was investigated in all subjects and
all tested negative. Serology for hepatitis C virus was investigated either before the liver
biopsy in those biopsied after 1991 when serology for hepatitis C virus became available, or
on subsequent visits for those biopsied before hepatitis C virus testing was available. All
patients had a negative history of alcohol abuse, as indicated by a weekly ethanol
consumption of <140 g in women and <210 g in men. History of alcohol consumption was
specifically investigated by interviewing the patients and, in many cases, by also
interviewing close relatives. No subjects underwent bariatric surgery before or during the
study period, and none received treatment with vitamin E or a glitazone.

Extensive clinical and laboratory data were collected at the time the liver biopsy was
performed. A complete medical history and physical examination were completed in all
patients. The ethnicity (Hispanic or Latino, and not Hispanic or Latino) and race (white,
Asian, black or African American, American Indian/Alaska native, Native Hawaiian or
other Pacific Islander) of the patients were determined based on the categories proposed by
the US Department of Health and Human Services Public Health Service.20 Body mass
index (BMI) was calculated using the formula: weight (in kilograms)/height (in meters2).
Waist circumference (to the nearest half centimeter) was measured at the midpoint between
the lower border of the rib cage and the iliac crest. Laboratory evaluation included routine
liver biochemistry (alanine aminotransferase [ALT] and aspartate aminotransferase [AST]
levels, total bilirubin, albumin, alkaline phosphatase, and γ-glutamyl transpeptidase);
complete blood count; total cholesterol, low-density lipoprotein cholesterol, high-density
lipoprotein cholesterol, and triglycerides; fasting glucose; serum ferritin; transferrin
saturation; viral serology for hepatitis B and C infection; autoantibodies; α1 antitrypsin
levels and phenotype; and ceruloplasmin levels. Components of the metabolic syndrome21

were recorded, including central obesity (waist circumference >102 cm for men and >88 cm
for women; or ≥90 cm Asian men and ≥80 cm in Asian women), obesity (BMI ≥30 or ≥25
in Asians) and overweight (BMI 25–29.9 or 23–24.9 in Asians), hyperglycemia (fasting
blood glucose ≥6.1 mmol/L or previously diagnosed type 2 diabetes), hypertriglyceridemia
(triglycerides ≥1.7 mmol/L or under treatment for this lipid abnormality), hypertension
(blood pressure ≥130/≥85 mm Hg or treatment of previously diagnosed hypertension), and
low high-density lipoprotein cholesterol (<1.04 mmol/L in men or <1.3 mmol/L in women).
The presence of diabetes mellitus (fasting glucose ≥7.0 mmol/L or treatment with
antidiabetic drugs) was also recorded. Data on the use of statins during the study period
were collected from review of medical records.

ANGULO et al. Page 3

Gastroenterology. Author manuscript; available in PMC 2014 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Four validated noninvasive scoring systems that were originally created to distinguish
between patients with and without advanced (stage 3–4) liver fibrosis were calculated using
the original reported formulas.13–16 They were the NAFLD-FS formula: –1.675 + 0.037 ×
age (years) + 0.094 × BMI + 1.13 × hyperglycemia or diabetes (yes = 1, no = 0) + 0.99 ×
AST/ALT ratio – 0.013 × platelet ( × 109/L) – 0.66 × albumin (g/dL); the APRI formula:
AST (× upper limit of normal) / platelet (109/L)] × 100; the FIB-4 score formula: [age
(years) × AST (U/L) platelet(109/L) × √ ALT (U/L)]; the BARD score, scale 0–4: BMI ≥28
= 1 point, AST to ALT ratio ≥0.8 = 2 points; diabetes mellitus = 1 point. The values for the
upper limit of normal for AST were set according to the International Federation of Clinical
Chemistry, that is, 35 U/L for men and 30 U/L for women. The values for the upper limit of
normal for ALT were 19 U/L in women and 30 U/L in men.22 Three risk categories (low,
intermediate, high) for each score were created and based on the 2 cut points described in
the original publications.13–15 They are – 1.455 and 0.676 for the NAFLD-FS13; 0.5 and 1.5
for the APRI14; and 1.30 and 2.67 for the FIB-4 score15; a scale of 0/1, 2/3, and 4 was
created for the BARD score.

Liver Histology
Liver biopsies were routinely stained with H&E, Masson's trichrome, and special stains for
iron and copper. Liver biopsies were read by a single liver pathologist in each participating
center. The stage of fibrosis (stage 0 to stage 4) was recorded based on the scoring system
proposed by Kleiner et al.23 Liver biopsy features, such as grade of steatosis, inflammation
and cellular ballooning,23 and presence of NASH24 were also recorded. All biopsies were of
appropriate size and included enough portal tracts for a confident pathological grading and
staging of the histological features.

Of the 320 liver biopsies, 221 were reviewed again by a local liver pathologist for staging
and grading. In the remaining 99 liver biopsies, data were obtained from the final biopsy
report maintained in the medical records, which had enough, and accurate, descriptions of
the severity and distribution of the histological lesions.

Follow-up
Patients were followed-up at variable intervals ranging from 3 to 12 months after the
diagnosis of NAFLD. The follow-up was extended until the end of 2009 in 3 participating
centers and until the end of 2011 in 4 centers. Patients were considered lost to follow-up
when their health status was unknown within the last 24 months. At each visit, a complete
medical history and physical examination were performed along with routine laboratory
workup to follow their liver disease. Patients with cirrhosis underwent endoscopy screening
for gastroesophageal varices and screening for HCC at regular intervals after standard of
care recommendations or guidelines in place at specific times as proposed by liver
societies.25,26 However, the decision to perform an upper gastrointestinal endoscopy and
imaging of the abdomen in noncirrhotic patients was left up to the treating physician in each
center. We did an extensive review of the medical records of all subjects; development of
liver-related events was captured from the medical records when such events had been
captured in the records by the treating physician. Given the lack of approved treatment for
NAFLD, treatment recommendations specifically for NAFLD during the study period were
similar in all centers and consisted of the standard recommendation to achieve and maintain
appropriate body weight with increased physical activity and diet changes. However, there
was no particular treatment regimen with a specific diet composition or specific type of
physical activity used in all centers. At the end of the follow-up, the BMI was essentially
unchanged and varied from 33.0 at baseline to 33.5 at the end of the follow-up (P = .2).
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Statistical Analysis
Data are presented as median (interquartile range) or number (percentage) of patients with a
condition, or otherwise specified. Standard parametric and nonparametric statistics were
used for comparison of variables. The outcomes analyzed were liver-related events (ascites,
gastroesophageal varices/bleeding, portosystemic encephalopathy, hepatopulmonary
syndrome, HCC, spontaneous bacterial peritonitis, hepatorenal syndrome) and overall
mortality (death from any cause or liver transplantation, whichever occurred first). The
diagnostic accuracy of the 4 scoring systems to distinguish between patients with and
without increased risk for the outcomes was investigated by determining the area under the
receiver operating characteristic (ROC) curves (c statistics). We use a leave-one-out
validation procedure or jackknife with all areas under the ROC curve computed and the
mean area under the ROC curve calculated for each score. Cumulative liver-related events
and overall mortality/liver transplantation during follow-up among the 3 risk categories were
calculated using Kaplan–Meier analysis and compared by log-rank testing. Adjusted hazard
rate ratio (aHR) estimates (relative risk) for outcomes were calculated by Cox proportional
hazard regression analysis to control for the effect of potential risk factors (confounder),
while taking into consideration varying lengths of follow-up. The Cox hazard regression
models were adjusted by variables chosen a priori that were not included already in the
scores, such as age, sex, race, BMI, diabetes, hypertension, use of statins for at least 6
months, and fibrosis stage. Time at risk (T0) was from the date of liver biopsy to the date of
outcome or last follow-up. Patients known to have, or who developed, any of the outcomes
within 3 months of the liver biopsy procedure were eliminated a priori from the database.
Only 11 of the 320 patients developed a liver-related event within 3 months of liver biopsy
and they were not included in the analysis of liver-related outcomes. P < .05 was considered
to indicate statistical significance. Statistical analyses were performed using IBM SPSS
Statistics version 20.0 (IBM Corporation, Armonk, NY) software. The study was approved
by appropriate regulatory bodies at all centers.

Results
Baseline Characteristics

Table 1 describes the baseline characteristics of the 320 patients. Median age was 52 years
(interquartile range, 43 61 years) with a similar distribution of men and women. There was a
predominance of white race and overweight or obese individuals, and about one third to
more than a half of patients suffered from diabetes, hypertension, or dyslipidemia. Mean
ALT and AST were about twice normal, and there was a uniform distribution of patients
across the stages of fibrosis. Mean values of each of the 4 scores increased significantly
from fibrosis stage 0 to stage 1 2 to stage 3 4 (Figure 1). During the study duration, 43 of
309 (14%) patients developed a total of 60 liver-related events and 41 of 320 patients (13%)
died (36 patients) or underwent liver transplantation (5 patients).

Long-term Follow-up
Median duration of follow-up of the 320 patients was 104.8 months (range, 3–317 months).
Complete follow-up was achieved in 80% of patients, with 20% considered lost to follow-
up. Type and number of outcomes are described in Table 2. Development of
gastroesophageal varices with or without bleeding, ascites, and portosystemic
encephalopathy were the predominant liver-related events. Cardiovascular events followed
by non-liver malignancy, including breast (n = 5), gastric (n = 2), colon (n = 1), pancreas (n
= 1), kidney (n = 1) and cancer with unknown primary (n = 1), and complications of
cirrhosis were the most common causes of death.
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The diagnostic accuracy of the 4 scores to distinguish between patients with and without risk
for the outcomes as indicated by ROC analysis is described in Table 3. For either outcome
analyzed, the NAFLD-FS had the highest area under the ROC curve as compared with the
other 3 scores.

Long-term Outcomes Based on the Score Risk Categories
The cumulative probability (unadjusted) obtained by Kaplan–Meier analysis of liver-related
events and death/ liver transplantation was significantly different among the 3 risk
categories for each of the 4 scores, as illustrated in Table 4 and Supplementary Figures 1A,
B, C, and D and Supplementary Figures 2A, B, C, and D.

Kaplan–Meier analysis of the data showed a significantly shorter cumulative survival free of
the outcome death/liver transplantation in patients with more advanced fibrosis when
comparing fibrosis stage 0 vs 1/2 vs 3 /4 (log rank = 24.2; P < .001). Results were the same
when patients were grouped into stage 0–2 vs 3–4 (log rank = 24.6; P < .001). There was no
significant difference among grades of steatosis (grade 1 vs 2 vs 3; log rank = 0.52; P = .8)
or between patients with and without definitive NASH (log rank = 0.40; P .5). As for the
outcome of liver-related events, again there was a significant difference among stages of
fibrosis (0 vs 1–2 vs 3–4; log rank = 51; P < .001) and between stage 0–2 vs 3–4 (log rank
7.7; P .005); but among grades of steatosis (log rank = 4.0; P .26) or between those with and
without definitive NASH (log rank = 3.2; P .07).

The multivariate aHR for the outcomes of the 3 risk categories of each score are described in
Table 5 (and detailed in Supplementary Tables 1 and 2). As compared with the low-risk
category, both the intermediate-risk and high-risk categories of the NAFLD-FS, APRI, and
BARD score were significantly associated with a higher likelihood to develop liver-related
events; as for the FIB-4 score, only the high-risk category increased the likelihood to
develop liver-related events as compared with the low-risk category. Both the intermediate-
risk and high-risk categories of the NAFLD-FS significantly increased the likelihood to
reach the outcome of death/liver transplantation as compared with the low-risk category; as
for the APRI score and FIB-4 score, only the high-risk category increased significantly the
likelihood of this outcome, whereas there was no difference among the 3 risk categories of
the BARD score for the outcome of death/liver transplantation.

Discussion
Our study demonstrates that simple baseline noninvasive scores allow appropriate
identification of patients with NAFLD at a higher risk of developing liver-related
complications, or the outcome of death/liver transplantation. Given the ready availability of
the data and the simplicity of the calculation, along with the relatively high accuracy in
separating patients’ risks, these scores seems to be valuable and practical tools that can be
used clinically for patient counseling and monitoring. The ability of these scores to predict
outcomes of liver-related events and death/liver transplantation was controlled in a
multivariate Cox regression analysis for the stage of fibrosis on liver biopsy and for the use
of statins as well as other variables not included in the individual scores that can potentially
affect long-term outcomes.

The accuracy of the scores in separating patients’ risk for long-term outcomes can be
explained by the variables included in the scores. Low albumin level included in the
NAFLD-FS is an indirect measurement of hepatic synthetic reserve and low platelet count
included in all, but the BARD score is an indication of more advanced liver disease and
portal hypertension.27 The AST and ALT, included in all scores either as an AST/ALT ratio
or AST/platelet ratio, are good indicators of more advanced fibrosis and cirrhosis not only in
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NAFLD,28 but also in other liver diseases, such as hepatitis C infection.29 Having low
values of albumin and platelets and high AST/ALT ratio or AST/platelet ratio will increase
the scores, allowing the identification of patients with a higher risk for liver-related
complications and liver-related death or need for liver transplantation. Other variables
included in the scores, such as diabetes or hyperglycemia, older age, and greater BMI are
well-known risk factors for mortality from cardiovascular disease30 and malignancy.31

Suffering from diabetes, being older, and having more adiposity would increase the scores,
allowing for the identification of patients with NAFLD with a higher risk of developing and
dying from non liver-related complications, such as cardiovascular disease and cancer.

Although the study was not aimed at comparing the accuracy of one score vs another, the
NAFLD-FS had the highest area under the ROC curve for either outcome, and it was the
only 1 of the 4 with an aHR for both intermediate-risk and high-risk categories significantly
greater than for the low-risk category in both outcomes analyzed (Table 5). The most
common causes of death in our cohort were, by frequency order, cardiovascular, non-liver
cancer, and cirrhosis complications. However, if both complications of cirrhosis and liver
transplantation are counted together (Table 2), then liver-related causes would be the
number one in our cohort.

The study has several strengths, including the large patient population with the diagnosis of
NAFLD established by liver biopsy; the ability to adjust the accuracy of the scores in
predicting outcomes by the severity of liver fibrosis; and the long follow-up of the cohort
averaging almost a decade, and almost 3 decades in some cases. Having the diagnosis of
NAFLD confirmed by a liver biopsy avoids the uncertainty of results and the conclusions of
studies using ultrasonography for NAFLD diagnosis, given the well-known poor sensitivity
of ultrasound in detecting fat infiltration of the liver when less than a third of the liver
parenchyma has steatosis32 and in individuals with a BMI >40.33 In addition, considering
the close follow-up of the patients during the course of the disease, the study was able to
determine the risk of not only overall mortality and liver transplantation, but also the
development of liver-related events, which, on their own, contribute significantly to the
disease morbidity.

We recognize that our study has some limitations, most of which are inherent in
retrospective studies, including selection bias. There was no specific protocol developed a
priori to routinely monitor patients for the development of liver-related events, such as
gastroesophageal varices and HCC. Development of liver-related events was captured from
the medical records when such events were recorded. It is possible that additional cases of
varices, HCC, and other liver-related events were developed by some subjects but not
identified. The figures reported in our article are most likely an underestimate. There was no
unique specific protocol for NAFLD treatment and subjects were recommended to achieve
appropriate weight control with lifestyle modifications, such as diet and increased physical
activity. The intensity and composition of that lifestyle intervention was left up to the
treating physician without uniformity among centers. This lifestyle intervention, however,
was disappointing, with a BMI at the end of the study similar to that at baseline. Another
limitation of our study is the use of a racial/ethnicity grouping,20 which might not be
applicable worldwide, and the need for external cross validation of our results. In addition,
given the small number of Hispanics and African Americans included, our results cannot be
extrapolated to these racial groups. Despite these limitations, however, we believe the results
are reasonably robust and demonstrate that currently available noninvasive clinical decision
aids (ie, scores) can predict long-term outcomes in patients with NAFLD.

In summary, our study demonstrates that simple noninvasive scoring systems, which are free
and easy to calculate, can identify patients with NAFLD at higher risk for development of
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liver-related complications and higher overall mortality. The scores can assist practicing
clinicians in patient counseling and monitoring. Among the 4 scores analyzed, the NAFLD-
FS seems the most accurate based on both ROC analysis and separating patient risk for long-
term outcomes of liver-related complications and death or liver transplantation.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Values of the scores by fibrosis stage. Bars represent the mean values (P < .001 for each
score).
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Table 1

Baseline Characteristics of the Patient Population

Variable Total (n = 320)

Age, y, median (IQR) [100] 52 (43 to 61)

Sex, n (%) [100]

    Female 182 (57)

    Male 138 (43)

Ethnic group, n (%) [100]

    Hispanic 2 (0.6)

    Non-Hispanic 318 (99.4)

Race group, n (%) [100]

    White 294 (92)

    Asian 16 (5)

    Black or African American 6 (2)

    American Indian/Alaska Native 4 (1)

    Native Hawaiian or other Pacific Islander 0

Body mass index, median (IQR) [100] 33 (29.4 to 36)

BMI category, n (%) [100]

    Normal 15 (4.7)

    Overweight 70 (21.9)

    Obese

        BMI 30–34.9 135 (42.2)

        BMI 35–39.9 62 (19.4)

        BMI ≥40 38 (11.9)

Waist circumference, cm, median (IQR) [23] 106 (98 to 115)

Diabetes, yes, n (%) [100] 116 (36.2)

Hypertension, yes, n (%) [100] 152 (47.5)

Hypertriglyceridemia, yes, n (%) [98] 190 (59.4)

Hypercholesterolemia, yes, n (%) [97] 85 (26.6)

Low-HDL cholesterol, yes, n (%) [91] 177 (55.3)

Statins use, yes [100] 32 (10)

ALT, IU/L, median (IQR) [100] 61 (38 to 85)

AST, IU/L, median (IQR) [100] 50 (37 to 78)

AST/ALT ratio, median (IQR) [100] 1.0 (0.6 to 1.1)

Total bilirubin, μmol/L, median (IQR) [98] 12 (8.5 to 20.5)

Albumin, g/L, median (IQR) [100] 43 (40 to 45)

Alkaline phosphatase, IU/L, median (IQR) [63] 160 (127 to 227)

γ-Glutamyltransferase, IU/L, median (IQR) [36] 123 (93 to 168)

INR, median (IQR) [45] 1.0 (1.0 to 1.0)

Platelet, ×109/L, median (IQR) [100] 218 (165 to 265)

Glucose, mmol/L, median (IQR) [100] 5.9 (5.3 to 7.6)

Triglycerides, mmol/L, median (IQR) [98] 2.0 (1.4 to 2.8)
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Variable Total (n = 320)

Total cholesterol, mmol/L, median (IQR) [97] 5.3 (4.6 to 6.1)

HDL-cholesterol, mmol/L, median (IQR) [91] 1.1 (0.9 to 1.3)

LDL-cholesterol, mmol/L, median (IQR) [43] 2.6 (2.0 to 3.2)

Ferritin, pmol/L, median (IQR) [75] 292 (133 to 593)

NAFLD-FS, median (IQR) [100] −0.904 (−2.07 to 0.46)

APRI, median (IQR) [100] 0.74 (0.47 to 1.26)

FIB-4, median (IQR) [100] 1.70 (1.04 to 2.89)

BARD, median (IQR) [100] 2 (1 to 3)

Steatosis, grade, n (%) [100]

    1 134 (42)

    2 137 (43)

    3 49 (15)

NASH, definitive, n (%) [100] 158 (49)

Fibrosis stage, n (%) [100]

    0 92 (29)

    1/2 65 (20)

    3/4 163 (51)

NOTE. Numbers in brackets are percentage of subjects with the variable measured.

HDL, high-density lipoprotein; INR, international normalized ratio; IQR, interquartile range; LDL, low-density lipoprotein.
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Table 2

Liver-Related Events and Causes of Death

Outcome n Source

Liver-related events

    Ascites 17 Australia 5; Glasgow 1; Iceland 1; Newcastle 2; United States 8

    Gastroesophageal varices/bleeding 20 Australia 4; Glasgow 1; Iceland 2; Newcastle 10; Thailand 1; United States 2

    Portosystemic encephalopathy 15 Australia 2; Glasgow 1; Newcastle 4; United States 8

    Spontaneous bacterial peritonitis 2 Australia 1; United States 1

    Hepatocellular cancer 4 Newcastle 2; United States 2

    Hepatopulmonary syndrome 1 United States 1

    Hepatorenal syndrome 1 United States 1

Death or OLT

    Cardiovascular disease 13 Australia 2; Glasgow 1, Iceland 2; Thailand 1; United States 7

    Cirrhosis complications 10 Australia 5; Iceland 1; United States 4

    Liver transplantation 5 Newcastle 2; United States 3

    Non-liver cancer deaths 11 Iceland 3; Glasgow 1; United States 7

    Other 2 Glasgow 1; United States 1

NOTE. Some patients developed more than one liver-related event.

OLT, Orthotopic liver transplantation.
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Table 3

Area Under the ROC Curve of Four Scoring Systems to Predict Outcomes

Area under the ROC curve ± SE (95% CI) [P value]

Score Liver-related events Death/liver transplantation

NAFLD fibrosis score 0.86 ± 0.03 (0.80–0.92) [<.001] 0.70 ± 0.04 (0.62–0.78) [<.001]

APRI 0.80 ± 0.03 (0.73–0.86) [<.001] 0.63 ± 0.05 (0.53–0.72) [.006]

FIB-4 0.81 ± 0.03 (0.76–0.87) [<.001] 0.67 ± 0.05 (0.58–0.76) [.01]

BARD 0.73 ± 0.04 (0.66–0.80) [<.001] 0.66 ± 0.04 (0.58–0.74) [.001]

NOTE. P value in square bracket is the comparison of the area under the ROC curve of each model with the reference line (null hypothesis) of .5.
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Table 5

Multivariate Adjusted Hazard Ratios and 95% CIs of Outcome by Risk Score Category

NAFLD-FS APRI FIB-4 BARD

Outcome HR (95% CI)
a,b P value HR (95% CI)

a,c P value HR (95% CI)
a,d P value HR (95% CI)

a,e P value

Liver events (n =
309)

    Low risk 1.0 1.0 1.0 1.0

    Intermediate risk 7.7 (1.4–42.7) <.02 8.8 (1.1–67.3) <.04 0.92 (0.2–4.8) .9 6.2 (1.4–27.2) <.02

    High risk 34.2 (6.5–180.9) <.001 20.9 (2.6–165.3) .004 14.6 (4.1–52.6) <.001 6.6 (1.4 –31.1) <.02

Mortality (n = 320)

    Low risk 1.0 1.0 1.0 1.0

    Intermediate risk 4.2 (1.3–13.8) <.02 1.1 (0.4–2.7) .9 2.3 (0.8–6.6) .1 1.8 (0.6–5.1) .3

    High risk 9.8 (2.7–35.3) <.001 3.1 (1.1–8.4) .03 6.9 (2.3–20.4) .001 1.6 (0.5–4.9) .4

a
Estimated using Cox proportional hazard regression analysis.

b
Adjusted by sex, hypertension, race, use of statins, and fibrosis stage.

c
Adjusted by age, sex, diabetes, body mass index, hypertension, race, use of statins, and fibrosis stage

d
Adjusted by sex, diabetes, body mass index, hypertension, race, use of statins, and fibrosis stage.

e
Adjusted by age, sex, hypertension, race, use of statins, and fibrosis stage.
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