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New diagnostic and treatment approaches in non-alcoholic fatty liver
disease (NAFLD)
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Abstract

Non-alcoholic fatty liver disease or NAFLD is a chronic liver condition characterized by hepatic steatosis and associated
with insulin resistance and type 2 diabetes mellitus (T2DM). In many patients fat accumulation leads to steatohepatitis
(NASH) with chronic necrosis, inflammation, and fibrosis, and eventually to the development of cirrhosis. Obese and
T2DM patients are at the greatest risk for NASH and progressive disease. New diagnostic techniques, such as magnetic
resonance imaging and spectroscopy (MRS), have enhanced our way to non-invasively quantify liver fat and suggest that the
epidemic of NAFLD is much larger than previously believed. However, the diagnosis of NAFLD for clinicians remains
difficult due to a number of factors: limited awareness, non-specific symptoms, few laboratory findings, and the need for a
liver biopsy to confirm the diagnosis. Traditional treatment approaches have centered on weight loss, but data are limited on
its long-term efficacy, and the overall compliance is poor. Recently, pioglitazone has been shown to be safe and effective in
patients with NASH and may radically change our approach to the disease. Still, many aspects remain poorly understood.
Taken together, wider use of new diagnostic methods and treatment approaches appears to signal the dawn of a new era in
the management of NAFLD.
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Introduction cardiovascular disease may also be more common,
even when adjusted for traditional risk factors (5,6).
However, until today, clinical awareness among
primary care providers is poor, and many aspects
remain incompletely understood. The worldwide
epidemic of obesity and type 2 diabetes (T2DM)
has driven health care providers to give increasing

attention to the treatment of cardiovascular disease

Ludwig et al. (1) about 30 years ago described a liver
disease that resembled alcoholic hepatitis in its
histopathologic features but without a history of
significant alcohol consumption. Since then, litera-
ture about non-alcoholic fatty liver disease
(NAFLD) has expanded exponentially in attempts
to understand its pathophysiology and treat the

condition. NAFLD is a chronic liver condition that
spans a spectrum of abnormalities ranging from
simple hepatic steatosis to a predominantly lobular
necroinflammation, with or without centrilobular
fibrosis (termed non-alcoholic steatohepatitis or
NASH), which can eventually lead to cirrhosis and
its associated complications. Hepatocellular carci-
noma is also a recognized complication of fatty liver
disease (2—4), and emerging evidence suggests that

and other complications related to obesity and
diabetes, but not until recently has NAFLD been
recognized as another frequent complication that
requires special attention. As discussed below, the
disease can be easily overlooked, as there are
inherent difficulties in making the diagnosis of
NAFLD. There is also a perception among primary
care providers that the disease belongs only to the
realm of specialists in liver disease. This view is likely
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to change with the wider availability of magnetic
resonance imaging and spectroscopy (MRS) to non-
invasively quantify liver fat, combined with the
emergence of thiazolidinediones as a viable thera-
peutic option for NASH.

Epidemiology

There are no exact numbers about the magnitude of
the problem in the United States. The estimated
prevalence varies widely depending on the methods
used for screening, i.e. elevated liver enzymes and/or
imaging techniques such as ultrasound (US), com-
puted tomography (CT), or magnetic resonance
spectroscopy (MRS). In general it is accepted that
NAFLD affects between ~30% and 40% of the
adult population (7-9), with higher prevalence rates
among patients with the metabolic syndrome or
T2DM. It is estimated that about 40% of patients
with NAFLD may actually have NASH, which may
progress to cirrhosis in 10%—-15% of cases (10,11).
With the ensuing epidemic of obesity, dyslipidemia,
and T2DM, the prevalence on NAFLD is expected
only to rise worldwide and acquire epidemic propor-
tions. NAFLD is already the most common cause of
patient referral to specialists for unexplained chronic
liver enzyme elevation in the United States (12).
Table I summarizes the clinical characteristics of
subjects with a higher risk of having NASH in the
general population.

A Dbetter estimate of the true prevalence of
NAFLD is emerging by using MRS. Browning et
al. (9) have carried out the largest population-based
study using MRS to present, reporting an overall
34% prevalence of NAFLD after screening 2,287
subjects by MRS. Ethnic differences were evident, as
steatosis was much more common in Hispanics
(45%) compared to Caucasians (33%) and Afri-
can-Americans (24%). The chances of having
NAFLD increased markedly ( ~2-fold) in subjects
that were obese or had T2DM.

Table I. Clinical characteristics that increase the risk of developing
NASH.

Type 2 diabetes

Central obesity

Hypertension

Metabolic syndrome

Family history of NASH

Hispanic ethnicity

Severe elevation of liver transaminases, 2—3-fold ULN
Older age, long-standing steatosis

Hepatitis C infection

NASH =non-alcoholic steatohepatitis; ULN =upper limit of
normal.

Key messages

e Non-alcoholic fatty liver disease (NAFLD) is
a chronic liver condition characterized by
hepatic fat accumulation, insulin resistance,
and frequently by type 2 diabetes mellitus
(T2DM). T2DM patients are at the greatest
risk for non-alcoholic steatohepatitis (NASH)
and progressive disease.

e New diagnostic techniques, such as magnetic
resonance imaging and spectroscopy, have
enhanced our way to non-invasively quantify
liver fat in NAFLD.

e Pioglitazone has been shown to be safe and
effective in patients with NASH and may
radically change our approach to the disease.

One important gap in our knowledge is the
limited information available on the natural history
of the disease. Only a handful of studies with paired
biopsies are available (3,4,13,14). These studies only
involve from 22 to 103 patients with an average
follow-up ranging from 3.2 years (4) to 13.8 years
(3). In these studies, fibrosis progressed over time in
32%-41% of patients with NAFLD (3,4,13-15).
However, disease remained stable in 34%-50% of
patients and even improved in a minority. This calls
for an urgent need to try to understand better the
factors that lead to disease progression, of which
obesity (3,4,13-15) and T2DM (3,4,13-15) have
been the two most prominent factors of poor
prognosis. In the study with the largest number of
patients and longest follow-up, fibrosis progression
happened more often in those gaining >5 kg over
time, having more liver fat infiltration, and being
more insulin-resistant. Of note, 78% had diabetes
when re-examined after a decade of follow-up, and
89% were overweight or obese.

Hyperglycemia has been identified as a key factor
in disease progression in large early studies by
Marceau et al. (#=551) (16) and Luyckx et al.
(n =505) (17). Dixon et al. (18) reported that 60%
of patients with T2DM and NAFLD had biopsy-
proven NASH, and that advanced fibrosis was
present in 75% of those with diabetes and hyperten-
sion versus 7% without either condition. Of note,
elevated liver enzymes (alanine aminotransferase
(ALT) or aspartate aminotransferase (AST)/alanine
aminotransferase ratio) have been less reliable than
one may have expected to predict those with a worse
prognosis. In general, the presence of elevated liver
enzymes in NAFLD is accepted as evidence of more
advanced disease, but liver transaminase levels may
frequently be normal. Mofrad et al. (19) and
Sorrentino et al. (20) compared NAFLD patients



with persistently elevated to normal ALT levels and
found that the prevalence of advanced fibrosis and
cirrhosis was similar in both groups. Mofrad et al.
(19) also reported that in patients with NAFLD and
normal liver function tests (LFTs), 24% had brid-
ging fibrosis and >10% cirrhosis, concluding that
normal plasma ALT levels do not guarantee freedom
from underlying advanced fibrosis. Sorrentino et al.
(20) reported that in 80 patients with NAFLD and
normal liver transaminases, 65% already had NASH
and 35% fibrosis. The presence of the metabolic
syndrome and long-standing history of obesity were
the strongest predictors of disease (but not plasma
transaminase levels). Gholam et al. (21) reported in
97 obese individuals a 36% prevalence of NASH and
25% of fibrosis, with insulin resistance and the
metabolic syndrome being strongly associated with
NASH and fibrosis. This is consistent with the role
of obesity described in earlier findings by Frantzides
et al. (10), in which the biopsy-proven prevalence of
steatosis in morbidly obese subjects [body mass
index (BMI) >40 kg/m?] was 90%, with 42% of
them also having steatohepatitis.

Others have also reported that in the setting of
diabetes, liver enzymes are poor predictors of disease
activity (22,23), with necroinflammation and fibrosis
being much more common in the presence of long-
standing metabolic syndrome and/or T2DM. Many
studies have confirmed the strong impact of both
factors, but in particular diabetes, to the progression
of disease (e.g. fibrosis) (2-4,13-20,22-25). More
recently, Haukeland et al. (26) reported that the
presence of diabetes or impaired glucose tolerance
increased by 3.8-fold the risk of fibrosis in patients
with an unexplained elevation in LFT, diabetes
being the only independent risk factor for NASH.
Angulo et al. (24) found that diabetes mellitus,
obesity, advanced age and AST/ALT ratio of greater
than 1 to be significant predictors of more severe
liver fibrosis, so that when diabetes and obesity
coexisted 66% of patients had advanced fibrosis.

NASH is now recognized as a plausible explana-
tion for the majority of cases of cryptogenic cirrho-
sis, even when evidence for steatosis disappears with
the progressive development of cirrhosis (4,27). The
potential for mislabeling patients with NASH that
evolve to end stage liver disease as ‘cryptogenic
cirrhosis’ was initially highlighted in a long-term
prospective study by Powell et al. (2) in 42 patients
with NAFLD, as steatosis cleared in many as
patients progressed to cirrhosis. The link between
cryptogenic cirrhosis and NASH also arises from the
fact that both conditions share risk factors such as
obesity, metabolic syndrome, and T2DM (4), sug-
gesting that many cases of cryptogenic cirrhosis may
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just represent an advanced stage of NASH. This was
clearly illustrated in the study by Caldwell et al. (28)
in which obesity or T2DM was present in 73% of the
patients that developed cryptogenic cirrhosis com-
pared to those with hepatitis C-related cirrhosis
(28%) or primary biliary cirrhosis patients (33%).
In the same study, 70% of patients diagnosed with
NASH had T2DM or obesity.

Increased cardiovascular disease (CVD) is also
emerging as an important feature to keep in mind in
the management of these patients. In many studies
involving patients with NAFLD, those with diabetes
had not only increased liver-related mortality but
cardiovascular mortality was increased as well (6,29—
31). A link between CVD and the severity of
NAFLD is suggested from studies in which the
severity of the histological features of NASH can be
predicted based on carotid intima-medial thickness
(CIMT), a marker of atherosclerosis burden (32).
Long-term studies have indicated that CVD is the
most common cause of death of patients with
NAFLD, even after adjusting for classical cardiovas-
cular (CV) risk factors (3). NAFLD may increase
CVD in T2DM by inducing more systemic insulin
resistance, chronic hyperinsulinemia, dyslipidemia
[elevated triglycerides (T'G), low high density lipo-
protein (HDL)-cholesterol, and promoting the for-
mation of small dense low density lipoprotein
(LDL)-cholesterol], and subclinical inflammation,
all risk factors that promote atherosclerosis. Taken
together, the available evidence suggests that
NAFLD should be aggressively pursued in patients
that are either obese and/or have T2DM.

Pathogenesis of fatty liver disease

The mechanisms leading to NAFLD and NASH are
only partially understood and exceed the goals of
this review, so the reader is referred to several
excellent in-depth reviews on the topic (33-37).
However, some aspects are important in order to
understand the mechanism of action of thiazolidi-
nediones, currently the most promising class of
pharmacological agents for the treatment of NASH.

Thiazolidinediones exert their metabolic effects
through binding to peroxisome proliferator-activated
receptors gamma (PPARY). These nuclear receptors
are particularly abundant in adipose tissue and much
less in hepatocytes. They have multiple effects on
adipocyte biology (38), which translate at the clinical
level into a reversal of the severe adipose tissue
insulin resistance so characteristic of patients with
fatty liver disease (39). In NAFLD and NASH,
dysfunctional insulin-resistant adipocytes overload
the liver with free fatty acids (FFA) and also release a
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number of cytokines that promote a state of insulin
resistance and systemic chronic inflammation, both
important determinants of hepatic fat accumulation.
Adipose stores account for about 70% of the FFA
used for hepatic fat synthesis in the setting of obesity
and T2DM (40). Steatosis appears to be way the
liver adapts to excessive FFA supply. There is an
increasing consensus that this excess FFA load
places mitochondria within hepatocytes under severe
functional stress, as their ability to increase fatty acid
oxidation is limited under normal living conditions
in humans. An alternative adaptive mechanism by
the liver in the setting of excessive FFA supply,
chronic hyperinsulinemia, and hyperglycemia (all
factors associated with increased hepatic triglyceride
synthesis) is to increase the very low density lipo-
protein (VLDL) secretion. This is likely an adaptive
mechanism to prevent massive steatosis and helps
explain the frequent association of high triglycerides
and low HDL-C in NAFLD. When hepatic adapta-
tion to chronic FFA supply is overwhelmed, reactive
oxygen species (ROS) stimulate Kupffer cells (local
macrophages) and activate multiple inflammatory
pathways [i.e. c-Jun N-terminal kinases (JNK) and
nuclear factor-kappa beta (NF-kf)]. In this way,
hepatic insulin resistance is exacerbated by the
activation of intracellular proinflammatory signaling
pathways (34,36,37,40,41). Steatohepatitis (NASH)
with progressive liver damage frequently follows the
collapse of mitochondrial function to excessive lipid
accumulation (or more likely of toxic lipid metabo-
lite accumulation) in patients with insulin resistance
and T2DM.

In patients with NASH, insulin stimulates sterol
regulatory element-binding protein-1c (SREBP-1¢)
which promotes hepatic fatty acid synthesis. Insulin-
resistant ob/ob mice and transgenic mice that over-
express SREBP-1c have a clear increase of fatty acid
synthesis and develop hepatic steatosis (42). As a
proof-of-concept, ob/ob mice deficient in SREBP-1
retain their obesity and insulin resistance phenotype,
but had less than one-half of the liver triglyceride
content of the control ob/ob mice (43). Hepatic fatty
acids synthesis is also driven by hyperglycemia as
glucose stimulates the transcription factor carbohy-
drate response element-binding protein (ChREBP)
and a sequence of steps leading to increased liver-
type pyruvate kinase (L-PK). L-PK is involved in the
synthesis of pyruvate from exogenous glucose, which
is converted into citrate within the mitochondria to
be transported to the cytosol to feed fatty acid
synthesis. There is also altered insulin signaling
and diminished activity of key energy regulators
within the hepatocyte, such as adenosine monophos-
phate (AMP)-activated protein kinase (AMPK),

eroxisome proliferator-activated receptor g coactiv-
ator-1 o« (PGC-1a), PPARa, PPARY, and other key
transcription factors in NAFLD (41).

Thiazolidinediones are a good fit to counteract
the myriad of abnormalities described by ameliorat-
ing insulin resistance at the level of adipose tissue
(38,39,44), liver (39,45-48), and muscle (39,44,48).
This results in lower plasma FFA, glucose, and
insulin concentrations. Thiazolidinediones reduce
excessive hepatic fat deposition by inhibiting fatty
acid synthesis (i.e. inhibiting SREBP-1c) and by
stimulating fatty acid oxidation via activation of
AMP-activated protein kinase (AMPK) (49,50).
The increase in AMPK and reduction in hepatic fat
accumulation may be also mediated by adiponectin
(51), which is markedly increased during treatment
with thiazolidinediones (39,45,52,53). Adiponectin
is a key regulator of many of these metabolic path-
ways, and plasma levels are abnormally low as the
result of dysfunctional adipose tissue in obesity and
T2DM. Consistent with this, patients with NASH
have low plasma adiponectin levels (54,55) as well as
a reduced adiponectin receptor (adipo RII) expres-
sion in liver tissue (56). Adiponectin may also exert
its beneficial effects in NASH by decreasing elevated
plasma tumor necrosis factor alpha (TNF-o) con-
centrations and its activity within target tissues such
as the liver (34). Against the background of systemic
inflammation, pioglitazone reduces plasma levels of
transforming growth factor (TGF)- and TNF-o in
patients with NASH (39) and antagonizes the effects
of several proinflammatory cytokines in rodent
models of fatty liver (57-59).

Despite the accepted role of excessive fat supply
and inflammation to the pathogenesis of NAFLD,
one must bear in mind that the disease remains
overall poorly understood. The framework offered
above arises largely from observations in animals,
although there is no ideal animal model of NASH.
Results are frequently conflicting, and there are
limited data in humans. Note that the above frame-
work does not satisfactorily explain why there are
some lean subjects that have NASH, or that in many
obese (or T2DM) individuals the disease does not
progress over time or they are even spared comple-
tely from developing the disease. It is likely that
steatosis is the result of the interplay between the
genetic background and the metabolic milieu, so
that a similar degree of hepatic fat accumulation may
develop in two given individuals with a wide range of
metabolic factors, insulin sensitivity, and overall
adiposity. Thus, more work is needed to understand
why hepatic fat accumulates if we are to develop
effective ways to prevent its development.



Table II. Diagnostic considerations in NASH.

® Clinical and laboratory findings:
Few symptoms (i.e. right upper quadrant discomfort)
Most frequently TALT >AST (except if advanced disease)
However, ~2/3 of patients have normal liver ALT/AST
® Imaging:
Ultrasound—CT scan: useful but poor sensitivity in obese
patients
Magnetic resonance imaging (MRS): gold-standard for
diagnosing steatosis, but not widely available
® Liver biopsy:
Needed for definitive diagnosis
Allows staging of the disease and monitoring of treatment

Diagnosis
Chnical and laboratory findings (‘lable 1I)

In making the diagnosis of NAFLD, a careful
medical history is of paramount importance. One
major characteristic and prerequisite for the diag-
nosis of NAFLD or NASH is the absence of
significant alcohol intake. How much alcohol intake
can induce liver steatosis has been a matter of
extensive debate, but it is generally accepted that
alcohol consumption should not exceed 15 g per day
(>360 ml of beer, >150 ml of wine, or >1.5 of
distilled spirits), while others discriminate cut-offs
for males (two standard drinks per day or 140 g/week
of ethanol) and for females (one standard drink per
day or 70 g/week of ethanol) (60). One must also
rule out other culprits of liver steatosis (e.g. medica-
tions like corticosteroids and estrogen, viral hepati-
tis, autoimmune hepatitis, alpha-1 antitrypsin
deficiency, and other conditions (see list in Table
IIT) before labeling a patient with NAFLD.

The symptoms of NASH are non-specific and
frequently overlooked. They include general malaise
and vague right upper abdominal pain. Findings on
physical examination also are sparse with the most
common abnormality being an enlarged liver. In the
late stages of cirrhosis, findings of chronic liver
disease dominate the picture. Obesity and signs of
insulin resistance (e.g. acanthosis nigricans) may
help give consideration to the diagnosis in some
patients (61). As discussed earlier, a high level of
suspicion should be kept when evaluating patients
with T2DM as they are not only at higher risk of
developing NAFLD and NASH, but they also carry
a poorer long-term prognosis. Mild elevations of
alanine aminotransferase (ALT) and aspartate ami-
notransferase (AST), usually in the range of ~1.5—
2-fold above the upper limit of normal, commonly
trigger the work-up in most patients with NAFLD.
While a 2-3-fold elevation in liver transaminases in
the absence of other diagnosis strongly suggests
NASH, relying only on AST and ALT for the
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Table III. Causes of fatty liver (other than NAFLD).

Hepatitis C genotype 3

Autoimmune hepatitis

Primary biliary cirrhosis

Alpha-1 antitrypsin deficiency

Hepatitis B infection

Wilson’s disease

HIV infection

Acute fatty liver of pregnancy

Drugs: corticosteroids, tamoxifen, diltiazem, amiodarone,
methotrexate, valproic acid, anti-retroviral therapy

diagnosis of the disease may be misleading as they
can fluctuate over the course of the disease, and, as
mentioned earlier, may be even normal in end stage
cirrhosis (62). Therefore, mild elevations in liver
enzymes are unreliable for the diagnosis and mon-
itoring of disease activity.

Imaging

A non-invasive test to diagnose liver steatosis is
useful to aid in the evaluation of patients with
NAFLD. Abdominal ultrasound commonly detects
changes in liver parenchyma as increased echogeni-
city when compared to the spleen or the kidney and
is the most frequently used tool in clinical practice.
Advantages of ultrasound include no radiation
exposure and being relatively inexpensive and widely
available. Depending on the studies, its sensitivity
ranges from 60% to 94% with a specificity between
88% and 95% (25,63—66). The major drawbacks of
ultrasonography are being operator-dependent and
affected considerably by enlarging body mass.
The sensitivity of ultrasound improves considerably
to ~80% when liver fat exceeds 30%, but drops to
~50% in morbid obesity or when liver fat content is
less than 20% (65-67). Thus, ultrasonography
leaves many patients undiagnosed, as steatosis of
<20% is common in many patients with NAFLD
(9,39,52,55). It may also lead to an incorrect
diagnosis of NAFLD in 10%-30% of cases (64).

Computed tomography provides a better picture
when estimating liver fat. Estimation of liver fat
content is based on the comparison between hepatic
and splenic attenuations. The characteristic finding
on a non-contrast CT scan is a decrease in liver
attenuation which makes it appear darker than the
spleen. It can predict moderate to severe degrees of
steatosis (68) with greater sensitivity when steatosis
is above 33% of liver parenchyma (69). Both
ultrasound and CT are considered ‘qualitative’ tests,
best suited to detect liver steatosis, but not to
quantify the amount of fat or to be used to follow
disease progression or patients’ response to treat-
ment.
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Magnetic resonance imaging and spectroscopy
(MRS) takes non-invasive testing of liver fat a step
further, being a highly sensitive and reproducible
technique to measure liver fat (70). The test can
usually be performed within 20-30 minutes. This
technique uses the same MRI technology available in
magnets devoted to clinical care, but data acquisition
and analysis are different requiring specially trained
personnel. It uses the localized 'H spectra of water
relative to that of fat obtained by magnetic resonance.
MRS is currently limited to academic centers,
although this is likely to change in the near future.
The upper limit of hepatic triglycerides content is
considered to be ~5% of the liver wet weight (9).
This is in agreement with studies we have performed
in our laboratory in recent years (39,52,55,71). MRS
has a very good correlation with the amount of liver
fat estimated by liver biopsy (72) and has been
extensively validated in the Dallas Heart Study, a
large (n =2,287) multiethnic population-based study
(9,73). This is in agreement with our own experience,
in which the correlation with steatosis as compared
within a given individual with liver biopsies is very
good (r>0.80, P <0.0001, unpublished). In fact, at
lower fat content levels, it quantifies liver triglyceride
content even before macrovesicular steatosis may be
detected by microscopic exam (72-74). In our hands,
we typically measure three areas of interest (upper
right lobe, lower right lobe, and left lobe) each
covering 3 cm X 3 cm. The liver fat correlation among
the three areas is extremely high (r>0.90, P<
0.0001, unpublished), a reason why just imaging
one area may be considered an acceptable approach
to reduce scanning time and overall cost. Because
MRS samples a larger area of liver tissue than a liver
biopsy does, it is likely that it provides even a more
accurate estimate of fat content.

By MRS we have found in the predominantly
Hispanic population of San Antonio, Texas, that
NAFLD is present in >75% of unselected patients
with T2DM, although it lacks good sensitivity and
specificity for the presence of necroinflammation or
fibrosis. This may improve in the near future with
the combination of contrast agents with MRI to this
end (75,76). Systematic screening for hepatic stea-
tosis by MRS in subjects at the highest risk of
progressive disease (i.e. obese patients with T2DM)
is a novel approach for early intervention being
under investigation in research settings to prevent
progressive liver damage in high-risk subjects.

Role of liver biopsy

As can be appreciated, the diagnosis of NAFLD is
not straightforward in many patients, requiring a

rigorous medical history and laboratory evaluation.
In the absence of solid clinical features or laboratory
abnormalities in NASH patients, the diagnosis al-
most always mandates a liver biopsy. A liver biopsy
should be considered to confirm the diagnosis and
grade the liver abnormalities, including the presence
and stage of fibrosis, and to assess response to
treatment during follow-up. In 2005, Kleiner et al.
(77) proposed a scoring system of the pathologic
features of fatty liver disease to grade its severity that
is currently widely used to assess disease activity and
progression or regression of this condition in pro-
spective studies. The invasive nature of a liver biopsy
is its major drawback which explains the reluctance
by physicians and patients to undergo the procedure,
in particular, given the limited therapeutic options
beyond life-style modification. This may change in
the future if thiazolidinediones establish themselves
as safe and effective for long-term use. In the
meantime, efforts have been made to combine
clinical, metabolic, and plasma biomarkers of disease
activity to allow a non-invasive diagnosis of NASH
and discriminate between patients with simple
steatosis that follow an indolent and rather benign
course, from those evolving to severe steatohepatitis
and fibrosis (reviewed by Wieckowska et al. (8) and
Adams et al. (78)). Different scoring systems have
met variable success in terms of accuracy and
predictive value, being particularly helpful to sepa-
rate the extremes of the disease spectrum, benign
from fairly advanced disease. Unfortunately, they
have not been tested to monitor response to treat-
ment interventions and have been largely tested in
non-diabetic Caucasian populations, awaiting vali-
dation in different ethnic groups and in patients with
T2DM. So far no test has completely fulfilled the
ideal criteria of a non-invasive test (i.e. simple,
inexpensive, not affected by co-morbidities, able to
closely mirror histological changes, sensitive, and
reproducible), but this is a rapidly evolving area
likely to change in the near future.

Interventions in NAFLD

The view of a patient with NAFLD has changed over
the years from being considered an innocent condi-
tion of ‘just fat in the liver’, to a current view of a
serious finding associated with a myriad of metabolic
abnormalities that may carry considerable morbidity
and a risk of increased mortality ranging from liver-
related conditions (e.g. cirrhosis, liver cancer) to
increased cardiovascular disease (5). This calls for a
concentrated effort to find more effective strategies
in NAFLD, combining life-style changes with safe
and effective pharmacological interventions.



Life-style intervention

Diet and exercise have been considered the standard
of care for fatty liver disease for many years; still no
long-term large multicenter controlled trials have
been conducted to date. Early studies showed that
weight loss led to the resolution of liver steatosis
(79). These early reports also suggested that it could
exacerbate portal inflammation in patients with
higher fatty infiltration and faster weight loss (80).
However, this concern is much less now as massive
weight loss following bariatric surgery in recent
series report significant reduction in steatosis,
although less of inflammation or fibrosis (81-84).
Large, long-term studies have shown that bariatric
surgery is associated with a significant decrease in
overall and diabetes-related mortality (85,86),
although similar studies in NASH are unavailable.

The caveat about bariatric surgery studies is that
patients are severely obese and probably do not
reflect the majority of patients suffering from
NAFLD. While weight reduction in NAFLD is felt
to be beneficial, there has been a wide range of
responses, and treatment success has been usually
limited to an improvement in liver transaminases
and in hepatic fatty infiltration (87-89). In a meta-
analysis of 13 weight reduction studies, Wang et al.
(87) reported that most studies were small (only 3
had more than 50 patients, while 9 had 25 or fewer),
uncontrolled (10 were case series), and frequently
used a surrogate primary end-point (i.e. liver amino-
transferase levels instead of liver histology in 8 of the
13 trials). In the few studies that performed a liver
biopsy before and after weight loss, only steatosis
improved, but not necroinflammation or fibrosis.
Moreover, improvement in aminotransferase levels
did not necessarily translate into improved liver
histologic scores, something well documented in
our recent trial in patients with NASH (39). Overall,
intervention studies in patients with NAFLD face
the same kind of difficulties in achieving and
maintaining weight loss that clinicians face in clinical
practice.

A few studies have included exercise as part of
their treatment program (87,90-94), but again,
studies have typically been small, of short duration
(less than 16 weeks), and only used surrogate end-
points such as liver transaminases and/or liver
ultrasound. Reduction in steatosis has also been
reported in recent short-term (2-12 weeks), small
studies (m=7-10), as assessed by MRS (95-97).
Only Ueno et al. (92) performed liver biopsies
before and after diet and exercise for 3 months. He
reported only a reduction in steatosis, but not in
liver inflammation or fibrosis. Similarly, Huang
et al. (98) reported a trend toward a histologic
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improvement but not a significant benefit after a
year-long, intense nutritional counseling program in
patients with non-alcoholic steatohepatitis. Another
study examined the effects of exercise in 14 patients
with T2DM after 2 weeks of hypocaloric diet with
or without moderate exercise (30-minute exercise
program, 5-6 times per week) (95). Such an
exercise program led to a modest reduction in liver
fat but not beyond that of diet alone. However, the
metabolic effects of such a short intervention were
rather modest.

Finally, low-carbohydrate diets are of particular
benefit to reduce steatosis and hepatic transaminases
in subjects with NAFLD (99,100). Ryan et al. (101)
compared the effect of two hypocaloric diets con-
taining either 60% carbohydrate/25% fat or 40%
carbohydrate/45% fat (15% protein) for 16 weeks in
52 insulin-resistant obese subjects. While both diets
resulted in significant decreases in weight, insulin
resistance, and serum transaminases, the low-carbo-
hydrate diet improved all three parameters much
more than the high-carbohydrate diet.

Pharmacological treatments

Weight loss remains the standard of care in
NAFLD. In part, this is because no pharmacologi-
cal therapy (until recently) conclusively proved to
be effective in NASH. Agents tested that have
showed modest benefit included pentoxifylline,
orlistat, vitamin E, cytoprotective agents, urso-
deoxycholic acid, and lipid-lowering agents (102).
The anti-TNF-a properties of pentoxifylline
prompted its use in NASH (103,104) in small 6—
12 month open-label trials with some improvement
in liver enzymes and TNF-a levels, but overall
minimal clinical effects. Antioxidants such as vita-
min E and C gained interest as a means to reduce
oxidative stress causing liver cell injury and death.
In a well designed study in 49 patients by Harrison
et al. (105) there was no significant effect of
vitamin E and C on necroinflammation or fibrosis
compared to the placebo group. Orlistat is an agent
approved for weight loss that inhibits gastric and
pancreatic lipases and impairs fat absorption. How-
ever, there was only a small reduction in hepatic
steatosis in a pilot study in 10 patients with NASH
(106). The efficacy of orlistat therapy plus a
hypocaloric diet was minimal when compared to
dietary management alone in a double-blind, ran-
domized, placebo-controlled trial (107). Both con-
trol and active treatment groups lost weight in
comparable magnitudes. In those patients who
agreed to undergo a repeat liver biopsy (n=22),
steatosis improved by ~50% without significant
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differences between the groups and no significant
change in inflammation. Ursodeoxycholic acid
(108,109) is a popular medication in the liver field
due to its possible cytoprotective effect on liver
cells. However, in a 2-year large randomized trial in
166 patients with liver biopsy-proven NASH,
ursodeoxycholic acid did not demonstrate any
significant advantage over placebo on repeat liver
biopsies (110).

Another pilot trial evaluating betaine (111) (a
metabolite of choline) as a therapy for NASH
reported some improvement in liver enzymes and
histology, but the lack of a control group and the
small number of patients did not bring this agent to
focus in the NAFLD field. The renin-angiotensin
system plays an important role in modulating insulin
resistance as angiotensin receptor blockers (ARBs)
may lower insulin resistance (112). ARBs may
reduce the number of active hepatic stellate cells,
the cells responsible for the synthesis of collagen and
hepatic fibrosis when activated (113), as reported in
a pilot study of 7 patients with NASH in which
losartan (50 mg/d) reduced hepatic inflammation
(n =5) and fibrosis (z =4), although there was no
change in steatosis (114).

The strong association of NASH with insulin
resistance and glucose intolerance led to the con-
sideration of the insulin-sensitizer metformin as a
treatment for NAFLD. Metformin is a biguanide
that lowers hepatic, and to a lesser extent muscle,
insulin resistance (115,116). In addition, as dis-
cussed earlier, it is a known activator of hepatic
AMPK, a key metabolic target for the inhibition of
hepatic lipogenesis (117). When first used in a small
group of non-diabetic patients with NAFLD, there
was a reduction in liver transaminases over a period
of 4 months of treatment (118), and a similar effect
was noted in another open-label randomized trial
(119). However, no significant improvement in
hepatic inflammation was found on histology. In
another small open-label study, a 1-year metformin
trial, hepatic steatosis improved in 3 and inflamma-
tion in 2 out of the 15 patients (120). The largest
study with metformin was an open-label trial of 110
patients randomized to receive either metformin
2 g/day (55 patients), vitamin E 800 IU/day (28
patients), or prescriptive weight-reducing diet (27
patients) for 12 months (121). Liver transaminases
improved more with metformin than in the other
arms. Steatosis, and to a lesser extent inflammation,
also improved in a subset of 17 patients that under-
went a liver biopsy before and after metformin
treatment. Taken together, the effect of metformin
has been rather modest and overall disappointing in
improving liver histology in patients with NASH.

Use of thiazolidinediones in NASH

Thiazolidinediones (TZDs) have gained significant
attention in recent years due to their beneficial
metabolic effects in patients with T2DM. As men-
tioned earlier, TZDs exert positive changes on
adipocytes (i.e. increasing plasma adiponectin levels,
restoring insulin sensitivity, reducing excessive lipo-
lysis and plasma FFA levels, among others) and
improve hepatic and peripheral (muscle) insulin
sensitivity. Troglitazone (later withdrawn due to its
idiosyncratic hepatotoxic effect) was the first agent
to be tested in humans with NASH. In a pilot study
of 10 patients with NASH (122), ALT was normal-
ized in 7 subjects by the end of the study (6 months).
However, necroinflammation was essentially un-
changed and histological benefit was minimal.
Neuschwander-Tetri et al. (46) tested rosiglitazone
in an uncontrolled open-label study in 22 subjects
with biopsy-proven NASH. All of the patients were
overweight, and 50% had impaired glucose tolerance
(IGT). There was a significant reduction in liver
enzymes and in steatosis, ballooning, and inflamma-
tion scores, but no effect on liver fibrosis. Pioglita-
zone was reported in two small uncontrolled studies
to be of benefit as well. In 18 non-diabetic patients
with biopsy-proven NASH, pioglitazone normalized
liver enzymes and led to a significant histological
response in approximately two-thirds of subjects
(47). Sanyal et al. (123) compared pioglitazone to
daily vitamin E supplementation in another pilot
study of 20 non-diabetic subjects. Both treatment
groups had reduction in liver steatosis, but reduction
in inflammation was only significant in the pioglita-
zone plus vitamin E group. No significant effect was
seen on hepatic fibrosis.

It was not until a larger controlled trial in NASH
was conducted that TZDs received wider attention
as a potential treatment in NASH (124,125). In the
first double-blind, placebo-controlled trial testing
the full spectrum of metabolic and histological
effects of pioglitazone, our group treated 55 subjects
with NASH (39). In the wake of the liver toxicity
associated with troglitazone and uncertainties relat-
ing to the response to treatment in patients with
already chronic liver disease such as in NASH (the
study was started in 2002), we felt at the time that
exposure to a TZD would be only justified in
patients with either IGT or T2DM, who would
eventually also benefit from improved glycemic
control. Therefore, all patients underwent a screen-
ing oral glucose tolerance test (OGTT). It was only
after this systematic OGTT screening that we found
that most patients with NASH had IGT or T2DM,
most patients being previously unaware. At study
entry, 8 out of 25 patients were first diagnosed with



T2DM (5 in the pioglitazone and 3 in the placebo
group), and of the 23 patients with IGT only 2 had a
fasting glucose >110 mg/dL (in which one would
more readily suspect IGT or diabetes). The propor-
tion of patients with IGT and T2DM was evenly
distributed with 13 and 14 in the pioglitazone arm
and 12 and 9 in the placebo arm, respectively.
Histology scores at base-line as well as the response
to pioglitazone were similar whether patients had
IGT or T2DM.

Both groups received identical nutritional coun-
seling to mimic accepted standards of care for
patients with NASH, and it was against this back-
ground that placebo versus pioglitazone were com-
pared. The study design included before and after
treatment a double-tracer OGTT (administration of
oral glucose radio-labeled with *C to assess its
absorption and intravenous “H glucose to measure
hepatic glucose production), a total body fat mea-
surement by dual X-ray absorptiometry (DXA), liver
fat measured by MRS, and a repeat liver biopsy after
6 months of treatment. Pioglitazone significantly
lowered liver transaminases (Figure 1). The TZD
markedly improved fasting and postprandial insulin
levels and insulin resistance, as well as glucose
tolerance. Liver fat content measured by MRS was
not changed in the diet plus placebo group, but was
reduced by 54% in the pioglitazone group despite a
statistically significant weight gain (2.5+0.5 kg) in
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the pioglitazone group. However, visceral fat was
significantly reduced. Pioglitazone reduced the
plasma levels of inflammatory markers such as
tumor necrosis factor (TNF)-o and transforming
growth factor (TGF)-B and increased plasma adi-
ponectin levels, while all were unchanged in the
placebo group. Hepatic insulin sensitivity improved
by 48% (P <0.01 versus placebo). All histology
scores improved significantly with pioglitazone
(Figure 2). Liver fibrosis improved in the pioglita-
zone group when compared to base-line, but did not
reach statistical significance when compared to
placebo. The combined overall necroinflammation
score was reduced by 85% with the TZD
(P <0.0001). The results of this study have gener-
ated a substantial interest in the use of pioglitazone
for the treatment for NASH (124,125). Larger
clinical trials of longer duration are under way in
both non-diabetics (e.g. PIVENS trial) and in
patients with T2DM (at our center) to gain insights
about the overall safety and efficacy of TZDs in
NASH.

Conclusion and future directions

Non-alcoholic fatty liver disease is a disease of large
magnitude and potentially very serious outcomes.
The presence of obesity, diabetes, and Hispanic
ancestry are factors associated with the highest risk
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Figure 1. Effect of diet plus pioglitazone compared to diet alone (plus placebo) on liver transaminases. Note that during the run-in, dietary
advice rapidly lowers AST and ALT. However, pioglitazone compared to modest weight reduction has a much more significant impact in
improving AST and ALT levels, normalizing both enzymes with 6 months of treatment. Shaded area represents pioglitazone or placebo

administration period.
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Figure 2. Mean scores for inflammation, ballooning necrosis, steatosis, and fibrosis in liver biopsy specimens before and after treatment with
a hypocaloric diet (-500 kcal per day) plus pioglitazone, or a hypocaloric diet plus placebo, in 55 patients with impaired glucose tolerance or
T2DM and liver biopsy-confirmed NASH. Between-group differences were compared by means of the Wilcoxon rank-sum test. Within-
group differences (before versus after treatment) were compared by means of the Wilcoxon signed-rank test. Reproduced, with permission,

from Belfort R et al. (39).

of developing NASH and end stage liver disease.
The availability of MRS has uncovered an epidemic
demanding new diagnostic and treatment algo-
rithms, although the best approach remains con-
troversial given the gaps in our knowledge about its
natural history, factors related to disease progres-
sion, and efficacy of long-term pharmacological
treatment with a TZD. Awareness by health care
providers is an essential starting-point for early
diagnosis. The epidemic of T2DM call for fatty liver
disease be included into our routine work-up of such
patients, in the same way as we do for microvascular
complications such as retinopathy, nephropathy, and
neuropathy, or for cardiovascular disease. Although
the data on the efficacy of diet and exercise are
limited, it is essential for the successful management
of fatty liver disease and its related metabolic
conditions. Thiazolidinediones are emerging as a
promising therapy in NASH, but a better under-
standing of their long-term safety and efficacy is

mandatory before TZDs can be routinely incorpo-
rated into clinical practice.
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