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NAFLD is a leading cause of chronic liver disease and cirrhosis in the US and is associated
with metabolic syndrome, type 2 diabetes, cardiovascular disease, and all-cause mortality.
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(NAFLD) is the hepatic manifestation

of the metabolic syndrome. NAFLD
also is an independent risk factor for car-
diovascular disease, type 2 diabetes mellitus
(T2DM), chronic kidney disease, cirrho-
sis, liver cancer, and all-cause mortality.!
As the leading cause of liver disease in the
US and globally, NAFLD is strongly associ-
ated with obesity and metabolic syndrome,
with the rising prevalence of NAFLD
closely mirroring the epidemic of obesity
and T2DM.** The unrelenting increase of
NAFLD prevalence has led to a significant
rise in associated health care and economic
burdens, compounded by the boom in
childhood obesity and an aging population.
In this review, we will discuss the epidemi-
ology and economic burden of NAFLD in
the US and how it affects veteran health.

Nonalcoholic fatty liver disease

NAFLD DEFINITION

NAFLD is defined as the presence of > 5%
of hepatic steatosis in the absence of exces-
sive alcohol use, steatosis-inducing medi-
cation, or other concurrent chronic liver
diseases. The disease encompasses a spec-
trum of histopathologic findings (Figure
1) that can be divided into (1) simple liver
steatosis (fat), also called nonalcoholic
fatty liver (NAFL); and (2) inflammation
with liver cell (hepatocyte) injury or death,
also known as nonalcoholic steatohepatitis
(NASH).

Compared with patients with NAFL, pa-
tients with NASH are at a much higher risk
of developing fibrosis (scarring of the liver)
and cirrhosis (significant scarring with dis-
torted liver architecture). Patients with either
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NAFL or NASH, with or without advanced
fibrosis, also can develop hepatocellular car-
cinoma (HCC). Severity of liver fibrosis (ie,
fibrosis stage) is the most important predic-
tor of liver-associated mortality and all-cause
mortality; those with significant fibrosis
(= F2 stage of fibrosis) are more likely to die
of liver disease or to undergo a liver trans-
plant compared with those with earlier
stages of disease (ie, stages 0 to F1). Those
with advanced scarring or cirrhosis (= F3
stage of fibrosis) exhibit an even higher risk
of death or liver transplantation.®

NAFLD is a slow and often progressive
disease. Time to progression between each
stage of fibrosis is about 7 years; however,
there has been a documented subset of pa-
tients with rapid progression to advanced fi-
brosis.” The risk factors associated with this
increased risk of fibrosis progression remain
poorly understood.

PREVALENCE
The prevalence of NAFLD in the US is
about 24% to 26%—about 85 million
Americans. Up to 20% to 30% of these
cases (about 17-25 million Americans) are
thought to have NASH (Figure 2). Future
projections estimate an 18.3% rise in the
prevalence of NAFLD by 2030, affecting
up to 100 million Americans, and an expo-
nential rise in NASH is expected by 2025,
to affect close to 43 million Americans.>®®
These estimates of prevalence vary between
studies and specifically differ based on how
NAFLD was diagnosed in each study.
Although liver biopsy remains the cur-
rent gold standard for diagnosis and histo-
pathologic staging of NAFLD, alternatives to
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FIGURE 1 Spectrum of NAFLD
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Abbreviations: NAFL, nonalcoholic fatty liver; NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis;

HCC, hepatocellular carcinoma.
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Wide spectrum of NAFLD includes simple steatosis (NAFL), steatohepatitis (NASH), NASH-fibrosis which may advance

to cirrhosis. Complications of cirrhosis include HCC and decompensated liver disease (liver failure). Recent studies suggest

that HCC also can arise in those without cirrhosis.

liver biopsy include elastography techniques
(ie, transient elastography using Fibroscan
[Paris, France], shear wave elastography
using Supersonic Image Aixplorer [Weston,
FL], and magnetic resonance elastography),
magnetic resonance spectroscopy, liver en-
zymes, and noninvasive simple and complex
(serologic) scoring systems such as the Fatty
Liver Index. Among these, liver enzymes
and serologic scores are most likely to un-
derestimate NAFLD disease burden. Tran-
sient elastography is widely used because the
test is easy to perform, noninvasive, and re-
liably estimates the degree of liver fibro-
sis in patients with NAFLD by measuring
the speed of a mechanically induced shear
wave using pulse-echo ultrasonic acquisi-
tions in a much larger portion of the tis-
sue (about 100 times more than a liver
biopsy core). Transient elastography also
can objectively quantify the amount of liver
fat by measuring a 3.5 MHz ultrasound co-
efficient of attenuation or controlled attenu-
ation parameter (CAP). This correlates with
the degree of liver fat, and a higher CAP level
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reflects a greater degree of steatosis.

The largest study of US veterans utilized
abnormal (ie, elevated) liver enzymes as
the diagnostic criteria and reviewed nearly
10 million veterans who were followed be-
tween 2003 and 2011. Investigators reported
a NAFLD prevalence of 13.6% in this popula-
tion and noted an overall increase in NAFLD
prevalence from 6.3% in 2003 to 17.6% in
2011, which highlights the continued growth
in NAFLD clinical burden.'® This study, how-
ever, is likely to have underestimated the
prevalence of NAFLD among veterans be-
cause liver enzymes are often normal among
those with NAFLD (ie, low sensitivity), and
the prevalence of obesity and T2DM are sig-
nificantly higher in the veteran population vs
the general population.

INCIDENCE

There are limited studies on NAFLD inci-
dence. The largest study of US veterans to
date used liver enzymes as its diagnostic cri-
teria and reported an annual NAFLD in-
cidence of 2 to 3 per 100 persons (over
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NAFLD Burdens

FIGURE 2 Burden of NAFLD
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Abbreviations: NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis.
NAFLD affects up to 24% to 26% of Americans, with the majority having simple steatosis, while 20% to 30% of those with NAFLD have NASH.
About 4% to 6% of those with NASH have cirrhosis.

9 years from 2003 to 2011).'° There are a
few studies from Asia and Europe, and a re-
cent pooled meta-analysis of these studies re-
ported the incidence of NAFLD in Asia to be
52.3 per 1,000 person-years; the incidence in
Western countries was 28 per 1,000 person-
years.® These variances may be explained, in
part, to disparities in race/background. For
example, Hispanics and South Asians (e,
people from Bangladesh, India, or Pakistan)
are at higher risk for NAFLD/NASH.!! These
findings reinforce the need for further stud-
ies to better estimate the true incidence of
NAFLD among veterans.

Chronic Liver Disease, Cirrhosis, and
Hepatocellular Carcinoma

The prevalence of NASH cirrhosis also
has been evaluated using serologic scores,
such as aspartate aminotransferase to
platelet ratio index (APRI). The National
Health and Nutrition Examination Survey
(NHANES) database was reviewed, and
data for adults in 2 separate periods were
analyzed (1999-2002 and 2009-2012)
and the prevalence of NASH cirrhosis
was noted to have increased 2.5-fold over
the period (0.072% vs 0.178%, P < .05)."
Based on data from the HealthCore Inte-
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grated Research Database from 2006 to
2014, about 15% of cirrhosis cases were
attributed to NAFLD, and about 24% each
were attributed to hepatitis C virus (HCV)
and alcoholic liver disease.'? A review of
about 60,000 veterans with cirrhosis be-
tween 2001 and 2013 revealed a preva-
lence of NAFLD-related cirrhosis of about
15%, while 48% were attributed to HCV."?
In contrast to the continued increase in
NAFLD prevalence, the number of pa-
tients with HCV-associated liver disease
has been in gradual decline since the ad-
vent of direct acting antiviral medications
in 2011."2

Based on data from the United Network
for Organ Sharing (UNQOS), the number
of patients awaiting liver transplant due to
NAFLD nearly tripled from 2004 to 2013,
and in 2013 NAFLD became the second lead-
ing disease among waitlisted patients for liver
transplantation.'* Dynamic Markov modeling
predicts that cases of decompensated NASH
cirrhosis (ie, liver failure) will rise by 161%,
from about 144,000 to 376,000 cases over
the next 15 years.® These projections pre-
dict that NAFLD will overtake HCV as the
leading cause of chronic liver disease among
patients awaiting a liver transplant and will
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pose a significant clinical and economic
burden in the coming years.

Aside from cirrhosis due to NAFLD,
NAFLD-related HCC has been on the rise
and has overtaken HCV-related HCC. UNOS
data from 2003 to 2015 have shown a 2-fold
decline in liver transplantation for HCV-
associated HCC; however, the same period
saw a 10-fold increase in liver transplanta-
tion for NAFLD-associated HCC.''® This
trend in NAFLD-related HCC is expected
to grow from 5,000 to 6,000 cases in 2005
to 45,000 cases by 2025.° More surprisingly,
studies from the US veteran population have
reported that patients with NAFLD-related
HCC are less likely to have cirrhosis com-
pared with patients with HCV- or alcohol-
related HCC."” Among all US veterans who
developed HCC in the absence of cirrhosis
between 2005 and 2010, NAFLD and met-
abolic syndrome seemed to be the leading
risk factors for development of HCC.'® These
trends raise concern for the rise in noncir-
rhotic HCC in the NAFLD population and
highlight the need to improve current screen-
ing guidelines for this subset of patients.

ECONOMIC BURDEN

With such a heavy clinical burden and a
projected increase in volume over the next
decade, NAFLD is expected to have a sim-
ilarly exponential impact on the economic
burden. A review of 976 Medicare bene-
ficiaries with NAFLD who were hospital-
ized from January 1, 2010 to December
31, 2010, noted a median annual total pay-
ment of about $11,000, with significantly
lower payment for patients without cir-
rhosis compared with those with cirrhosis
($10,146 vs $18,804, P < .01)."” Another
review of 29,528 Medicare beneficiaries
with NAFLD who sought outpatient care
between 2005 and 2010 saw a rise in mean
yearly charges in 2005 of $2,624 + 3,308 to
$3,608 + 5,132 in 2010 (P < .05).%

To place these costs in perspective, Allen
and colleagues reviewed a large national
claims database of individuals enrolled
with private and Medicare advantage health
plans.?! Comparing patients with NAFLD
with a control matched group with simi-
lar metabolic comorbidities the study re-
vealed annual median outpatient care costs
of $5,363 for the patients with NAFLD with
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FIGURE 3 Metabolic Conditions and Complications
Associated With NAFLD
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Abbreviations: CKD, chronic kidney disease; CVD, cardiovascular disease; HLD,
hyperlipidemia; HTN, hypertension; NAFLD, nonalcoholic fatty liver disease; OSA, obstructive
sleep apnea; PCOS, polycystic ovary syndrome; T2DM, type 2 diabetes mellitus.

Medicare advantage plans, which was sig-
nificantly higher than $4,111 for the con-
trol group. Projection models based on
similar Medicare beneficiaries estimate a rise
in annual US economic burden to $103 bil-
lion from direct medical care costs alone and
another $188 billion in societal costs related
to NAFLD.*” New NASH/antifibrotic thera-
pies are being evaluated in clinical trials and
are expected to lead to even higher costs.
Given the similarities in the trends of NAFLD
prevalence between veterans and the gen-
eral population, it is anticipated that a similar
growth and burden in health care utilization
cost will affect the VHA.

ASSOCIATION WITH OTHER CHRONIC
MEDICAL CONDITIONS

NAFLD is closely associated with metabolic
syndrome (Figure 3). Concurrent diagnosis
of NAFLD in patients with existing T2DM
is associated with poor glycemic control,
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progressive diabetic retinopathy, diabetic ne-
phropathy, increased risk of cardiovascular
complications, and a 2-fold increase in all-
cause mortality.'? Additionally, a significant
number of asymptomatic individuals with
T2DM have undiagnosed advanced NAFLD
fibrosis.? NAFLD also is independently as-
sociated with new onset T2DM. In a 14-year
follow-up study of biopsy-proven patients
with NAFLD, 58% developed T2DM and
another 20% developed impaired glucose
tolerance.* Similarly, NAFLD is indepen-
dently associated with coronary artery dis-
ease (CAD) after adjusting for known
cardiovascular disease risk factors; further-
more, CAD is the leading cause of mortality
among NAFLD patients."??" Large popu-
lation-based studies also have reported that
obstructive sleep apnea is independently as-
sociated with NAFLD and is an independent
risk factor for significant hepatic fibrosis
among those with NAFLD.*-30

Similar associations have been described
between NAFLD and other metabolic condi-
tions such as obesity, hypertension, hypothy-
roidism, polycystic ovarian syndrome, and
chronic kidney disease.>! Identifying patients
with NAFLD may help with screening for the
above metabolic diseases because patients
with NAFLD (by comparison with patients
with non-NAFLD) are at higher risk for di-
abetic, cardiovascular, and pulmonary com-
plications and may warrant a more intensive
treatment approach.

CONCLUSION

A leading cause of chronic liver disease and
cirrhosis in the US, NAFLD is indepen-
dently associated with metabolic syndrome
and all-cause mortality. The number of vet-
erans with NAFLD is expected to grow sig-
nificantly over the coming years given the
ongoing epidemic of adult and childhood
obesity and T2DM. It is associated with
many other medical conditions, includ-
ing cardiovascular disease and complica-
tions, incident metabolic diseases, and may
progress to liver cirrhosis and cirrhosis as-
sociated complications like HCC and liver
failure. The current lack of any approved
drug treatment for NASH/fibrosis and the
shortage of organs for liver transplant em-
phasize the need for comprehensive pri-
mary prevention measures to reduce the
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future health and economic costs associated
with NAFLD.

There is a growing need to address the ep-
idemic of metabolic syndrome, as heralded
by the World Health Organization in its 2013
global action plan. To address this multifac-
eted disease, initial approach should be to
improve NAFLD education among veterans,
beginning with the primary care teams and
extending to specialty care, including hep-
atologists. Future steps also should include
the development of a comprehensive meta-
bolic/NAFLD clinic in all US Department of
Veterans Affairs medical centers that inte-
grates multidisciplinary care, point-of-care
evaluation (eg, elastography staging of dis-
ease), and access to clinical trials, and have
NAFLD care/outcome as a key performance
target for all providers.
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