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Abstract Nonalcoholic fatty liver disease (NAFLD) is
currently the most common cause of chronic liver disease
in industrialized countries worldwide, and has become a
serious public health issue not only in Western countries
but also in many Asian countries including Japan. Within
the wide spectrum of NAFLD, nonalcoholic steatohepatitis
(NASH) is a progressive form of disease, which often develops into liver cirrhosis and increases the risk of
hepatocellular carcinoma. In turn, a large proportion of
NAFLD/NASH is the liver manifestation of metabolic
syndrome, suggesting that NAFLD/NASH plays a key role
in the pathogenesis of systemic atherosclerotic diseases.
Currently, a definite diagnosis of NASH requires liver
biopsy, though various noninvasive measures are under
development. The mainstays of prevention and treatment of
NAFLD/NASH include dietary restriction and exercise;
however, pharmacological approaches are often necessary.

Currently, vitamin E and thiazolidinedione derivatives are
the most evidence-based therapeutic options, although the
clinical evidence for long-term efficacy and safety is limited. This practice guideline for NAFLD/NASH, established by the Japanese Society of Gastroenterology in
cooperation with The Japan Society of Hepatology, covers
lines of clinical evidence reported internationally in the
period starting from 1983 to January 2012, and each clinical question was evaluated using the GRADE system.
Based on the primary release of the full version in Japanese, this English summary provides the core essentials
of this clinical practice guideline comprising the definition,
diagnosis, and current therapeutic recommendations for
NAFLD/NASH in Japan.
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Changes in diet and lifestyle have led to a dramatic increase in the prevalence of obesity and metabolic syndrome
in Western countries and many Asian countries. This has
resulted in a significant increase in the incidence of nonalcoholic fatty liver disease (NAFLD) [1–6]. NAFLD
consists of two clinical entities: nonalcoholic fatty liver
(NAFL) and nonalcoholic steatohepatitis (NASH) [7–11].
NAFLD is currently the most common cause of chronic
liver disease and has become an important public health
issue. An evidence-based clinical practice guideline for
NAFLD/NASH is needed. However, there is currently insufficient evidence available for a clinical practice guideline. Moreover, there is no clear consensus regarding the
alcohol intake threshold to define ‘‘nonalcoholic liver disease,’’ to exclude other liver diseases from NAFLD, and to
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histologically define steatohepatitis. Accordingly, definitions of NAFLD/NASH for this clinical practice guideline
are provided first. This guideline summarizes reports from
1983 to the end of January 2012.

predominantly diagnosed in middle-aged men and in
postmenopausal women.

Definitions

The prevalence of NAFLD increases with the severity of
risk factors. It is 10–20 % in non-obese individuals, approximately 50 % in those with a body mass index (BMI)
more than 25 kg/m2 but less than 30 kg/m2, and approximately 80 % in those with a BMI over 30 kg/m2 [14].
The prevalence of NAFLD is approximately 50 % in patients with type 2 diabetes. High serum cholesterol levels,
low serum high-density lipoprotein, and high serum
triglyceride levels are also risk factors for NAFLD. These
risk factors for NAFLD are likewise risk factors for
metabolic syndrome.
The true prevalences of NASH in cirrhosis and in HCC
are difficult to evaluate because histological evaluation is
required for the diagnosis of NASH, introducing selection
bias. Further, characteristic features of NASH disappear in
the end stage of cirrhosis (‘‘burned-out’’ NASH), making
diagnosis impossible [22, 23]. According to a nationwide
retrospective survey on the etiology of liver cirrhosis,
NAFLD accounts for 2.1 % of all cirrhosis in Japan [24].
NAFLD/NASH-related HCC accounts for 10–24 % of all
HCC in Western countries and 2–5 % in Japan [25]. Pediatric NAFLD is also related to obesity and metabolic
syndromes. The prevalence of NAFLD in the pediatric
population is estimated to be 3 % and may increase with
age. In pediatric NAFLD patients, genetic testing may be
considered [26–29].

NAFLD is characterized by evidence of hepatic steatosis
either by imaging or histology and appropriate exclusion of
other liver diseases such as alcoholic liver disease. Epidemiological studies have shown that alcoholic liver disease can occur when the daily alcohol intake exceeds 20 g
in women and 30 g in men [12, 13]. Therefore, NAFLD is
diagnosed when the alcohol consumption is lower than the
aforementioned amounts. NAFLD is associated with obesity, diabetes mellitus, dyslipidemia, and hypertension, and
is considered the hepatic manifestation of metabolic syndrome. NAFLD is histologically characterized by macrovesicular steatosis and further categorized into NAFL and
NASH. NAFL is mostly a benign, nonprogressive clinical
entity, while NASH can progress to cirrhosis or even
hepatocellular carcinoma (HCC). NASH is histologically
characterized by hepatic steatosis associated with evidence
of liver cell injury (ballooning degeneration) and inflammation [7–11].
Additional comments:
•

•

NAFLD has several etiologies aside from excessive
caloric intake, including endocrine diseases, severe
malnutrition, and drug side effects.
Histologic characteristics of NASH are lost with
progression to end-stage cirrhosis; this is called
‘‘burned-out’’ NASH.

Prevalence of NAFLD/NASH in high-risk groups,
in chronic liver diseases, and in the pediatric population

Clinical features
Epidemiology
Incidence and prevalence of NAFLD/NASH
in the general population
The reported prevalence of NAFLD varies widely depending on the population studied and the definition used
[14–18]. Age, gender, and ethnic differences are present in
both the prevalence and severity of NAFLD/NASH [19–
21]. These differences are also seen in the prevalence of
obesity and metabolic syndrome. The prevalence of
NAFLD is 20–40 % in Western countries and 12–30 % in
Asian countries. Annual health checkup data showed that
9–30 % of Japanese adults have ultrasonography (US)-diagnosed NAFLD. NASH is diagnosed in 10–20 % of cases
of NAFLD. The estimated prevalence of NASH is approximately 3–5 % worldwide. NAFLD/NASH is

NAFLD patients are usually asymptomatic until the condition progresses to liver cirrhosis. Therefore, NAFLD is
often detected during routine health checkups or clinical
visits for other diseases. Most patients with NAFLD are
obese, and many have type 2 diabetes, dyslipidemia and/or
hypertension. NAFLD is no longer considered to be a
primary liver disease, but rather a component of metabolic
syndrome.
NAFLD could be the result of insulin resistance. The
development of NASH is thought to initiate from basal
steatosis as the ‘‘first hit,’’ followed by a ‘‘second hit’’ that
induces necroinflammation. This hypothesis is called the
‘‘two-hit theory’’ [30]. The second hit can arise from oxidative stress, especially mitochondrial stress, insulin resistance, inflammatory cytokines, impaired autophagy, or
deleterious microbiota, etc. Recently, a new hypothesis to
explain the pathogenesis of NASH was reported by Tilg
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and Moschen [31], namely the ‘‘multi-parallel hit’’ hypothesis. This hypothesis, based on reports that endoplasmic reticulum stress and cytokine-mediated stress can
induce steatosis as well as necroinflammation, suggests that
multiple hits act together in parallel in the development of
NASH. Steatosis should therefore be considered part of the
liver’s early ‘‘adaptive’’ response to stress, rather than the
first hit in disease progression.
Familial clustering and ethnic differences in susceptibility indicate that genetic factors may be important risk
determinants for development and progression of NAFLD/
NASH [32–36]. Variation in the enzyme adiponutrin
(patatin-like phospholipase domain-containing protein 3;
PNPLA3) is a major genetic determinant of hepatic
steatosis and fibrosis [33–35].
NAFLD/NASH unrelated to obesity or metabolic
syndrome
NAFLD/NASH can be induced by drugs, surgery, or endocrine diseases. Drug-induced mitochondrial damage,
obesity, type 2 diabetes, and/or dyslipidemia cause
NAFLD/NASH [37]. Many patients develop NAFLD/
NASH after pancreaticoduodenectomy. These patients are
neither obese nor insulin resistant. Although the main etiology of NAFLD/NASH after pancreatic resection remains
unclear, intensifying pancreatic enzyme supplementation
may be useful [38]. Patients with short bowel syndrome
also develop NAFLD/NASH due to severe malnutrition.
Many endocrine diseases such as hypothyroidism, hypopituitarism, hypogonadism, and polycystic ovary syndrome are risk factors for the development of NAFLD/
NASH [39–43]. These endocrine diseases can lead to
obesity, insulin resistance, and/or dyslipidemia, which can
in turn result in NAFLD.

Diagnosis
Diagnostic strategies for NAFLD/NASH
Diagnosis of NAFLD is based on the following three criteria: detection of steatosis either by imaging or histology,
the exclusion of alcoholic liver disease, and appropriate
exclusion of other liver diseases such as viral hepatitis,
autoimmune liver diseases, and metabolic or hereditary
liver diseases [10, 11] (Fig. 1). The criterion for ‘‘nonalcoholic’’ is that daily alcohol consumption be lower than
20 g in women and 30 g in men. NASH is diagnosed from
a liver biopsy on the basis of the presence of
steatohepatitis.
Blood chemistry shows mild elevation of transaminases.
Serum transaminase levels are helpful in screening for
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NAFLD, but do not indicate NAFLD severity. It is important to consider that a substantial number of NAFLD
patients have normal transaminase levels [44, 45]. In
patients with NAFLD, it is reasonable to assess the patient for metabolic syndrome, glucose intolerance, and
dyslipidemia, because NAFLD may indicate the presence
of these diseases. In stage 3 fibrosis, fibrosis markers
such as hyaluronic acid are elevated, and in the cirrhotic
stage, platelet counts are low with evidence of liver
dysfunction such as elevation of serum bilirubin and
ammonia [46–49].
A liver biopsy has several drawbacks. It is an expensive
and invasive procedure and there is potential for sampling
error and variability in interpretation by pathologists.
Moreover, given the high prevalence of NAFLD, liver
biopsy is poorly suited as a diagnostic test for NASH. Liver
biopsies may only be advocated in NAFLD patients who
are considered to be at increased risk for NASH with advancing fibrosis, or are suspected of having coexisting
chronic liver diseases where there is a need to distinguish
NASH from other chronic liver diseases.
Noninvasive assessment of NASH and advanced
fibrosis in NAFLD
There has been intense interest in the development of
biochemical markers and scoring systems for predicting
NASH or fibrosis [50–53]. Circulating levels of cytokeratin-18 (CK18) fragments have been investigated most
extensively as a novel biomarker for the diagnosis of
NASH [50]. However, there are no practically useful surrogate markers for diagnosing NASH. The NAFLD fibrosis
score [52] and the Enhanced Liver Fibrosis (ELF) panel
[53] are scoring systems for predicting fibrosis. In general,
the accuracy of these scoring systems for the diagnosis of
mild fibrosis is weak. The NAFLD fibrosis score is a
widely validated scoring system for predicting the severity
of fibrosis. It is based on six readily assessable clinical
variables that include platelet count, albumin, and the aspartate transaminase/alanine transaminase (AST/ALT) ratio, and is calculated using a published formula (http://
nafldscore.com).
Imaging modalities
Imaging modalities can detect fatty changes. Abdominal
US is currently the most common method for assessing
hepatic steatosis [54]. Computed tomography and magnetic
resonance imaging (MRI) seem to be more objective and
more sensitive techniques for the quantification of steatosis, but MRI is still less widely available and much more
expensive [55, 56]. Unfortunately, no imaging modality is
useful for the diagnosis of NASH. US-based transient
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Fig. 1 Flowchart for diagnosis
of NAFLD/NASH. Patients
with hepatic steatosis and/or
abnormal liver biochemistries
are tested as follows: First,
check hepatitis B virus surface
antigen (HBsAg), antihepatitisC virus (anti-HCV),
and autoantibodies for exclusion
of other liver diseases; second,
check alcohol consumption to
differentiate alcoholic
andnonalcoholic liver diseases;
third, diagnose NAFL or NASH
on the basis of histology

Fatty liver and/or
Liver dysfunction
HBsAg, Anti-HCV,
Auto-antibodies

Negative

Positive

Alcohol
intake
Negative

Viral hepatitis,
Autoimmune liver diseases

Positive

NAFLD

Alcoholic liver disease

Liver biopsy

NASH

elastography or FibroScan, which measures liver stiffness
noninvasively, has shown promising results for assessing
the severity of liver fibrosis [57, 58].
Pathological diagnosis of NASH
NAFL (or non-NASH) is histologically defined as the
presence of hepatic steatosis with no evidence of hepatocellular injury (no ballooning degeneration). NASH is defined as the presence of hepatic steatosis and inflammation
together with hepatocyte injury (ballooning degeneration)
[10, 11].
There are three important pathological classifications of
NAFLD/NASH, which are the Matteoni classification [59],
the Brunt classification [60], and the NAFLD activity score
(NAS) [61]. In 1999, Matteoni et al. [59] described a
classification system that served to distinguish between
NASH and non-NASH. They divided 132 NAFLD patients
into four categories: type 1, steatosis alone; type 2,
steatosis with lobular inflammation only; type 3, steatosis
with hepatocellular ballooning, and type 4, type 3 plus
either Mallory-Denk bodies or fibrosis. They confirmed the
benign clinical course of patients with type 1 or 2 NAFLD
and the progressive course of patients who had either
type 3 or 4 NAFLD. As a result of these differences, these
authors defined type 1 and 2 histological forms of NAFLD
as ‘‘non-NASH’’ and type 3 and 4 as NASH. However, this
classification did not include an assessment of the severity
or pattern of NASH.

NAFL

In the same year as the Matteoni classification system
was published, Brunt et al. [60] proposed a semiquantitative grading and staging system for NASH. This classification was applicable only to NASH.
In 2005, the NASH Clinical Research Network Pathology Committee developed and validated NAS, which is a
histological scoring system based on Brunt’s classification,
as a semiquantitative instrument by which to judge treatment responses or disease progression in clinical studies
[61]. The NAS system addresses the full spectrum of
NAFLD, and is applicable to both adult and pediatric
NAFLD patients. The score is determined as the unweighted sum of the scores for steatosis (0–3), lobular inflammation (0–3), and ballooning degeneration (0–2). A
score of greater than or equal to 5 correlated with the diagnosis of NASH made independently by an experienced
pathologist without using the score. Likewise, scores less
than 3 correlated with ‘‘non-NASH,’’ and scores of 3 or 4
were regarded as borderline. With regard to fibrosis,
stage 1 referred to perisinusoidal fibrosis in the perivenular
area (stage 1A, delicate; and stage 1B, dense). Detection
of portal fibrosis without perisinusoidal fibrosis was defined as stage 1C. Stage 2 was characterized by perisinusoidal and portal/periportal fibrosis. Stage 3 was defined as
bridging fibrosis, and stage 4 as cirrhosis. The authors
emphasized that the definitive diagnosis of NASH did not
always correlate with threshold values of NAS. Therefore,
clinical pathologists should be encouraged not to use NAS
as a categorical approach for the diagnosis of NASH.
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Treatment of NAFLD/NASH
NAFLD is usually associated with metabolic disturbance
such as visceral obesity, insulin resistance, type 2 diabetes
mellitus, and dyslipidemia, and these underlying conditions
play crucial roles in its pathogenesis. In addition, Tilg and
Moschen proposed the ‘‘parallel hit hypothesis’’ [31] in
which many hits derived from gut and visceral adipose
tissue may act in parallel to produce liver inflammation,
subsequently leading to steatohepatitis. Therefore, it makes
sense to treat not only liver disease itself but also these
associated metabolic morbidities, and it is also essential to
prevent the ‘‘hits’’ for the management of NAFLD/NASH.
The effectiveness of several regimens for the treatment of
NAFLD/NASH have been investigated, which include
lifestyle intervention, surgical treatment, and pharmacotherapy. Among them, lifestyle modification, weight loss,
and increased physical activity have been proved to be effective in many studies and represent the cornerstone of
treatment. Given the important role of insulin resistance in
the pathophysiology of NAFLD/NASH, several studies
have attempted to investigate the effect of insulin-sensitizing agents, e.g., pioglitazone potentially improved serum
ALT levels and histological features in NASH when administered over a short duration [62]. However, its safety
regarding cardiovascular disease, congestive heart failure,
and bladder cancer over the long term has not been fully
assessed in any studies. Furthermore, many other medications including vitamin E, antioxidants, angiotensin II receptor blockers, statins, fibrates, ezetimibe, and
hepatoprotective agents have also been investigated using
animal models and in preliminary pilot studies. Vitamin E,
an antioxidant, resulted in histological improvements,
though the safety of long-term administration and the risk of
excess usage still need to be discussed [63]. Bariatric surgery may be another option for treatment of NAFLD/NASH
[64]. However, the benefit and harm, especially in patients
with advanced liver disease, should be further evaluated.
The most important problem in these studies is that the
majority of them were non-randomized, performed over
relatively short durations, and they each had different endpoints and follow-up terms, which makes it difficult to
construct firm evidence for the treatment of NAFLD/NASH.
Lifestyle-related interventions and weight loss surgery
CQ: Does body weight reduction have a beneficial effect
on NAFLD/NASH?
•

We recommend implementing body weight reduction
through diet and exercise therapies for a period of
3–12 months to improve liver function and histology in
NAFLD/NASH. (Evidence level A, strength 1.)
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CQ: What dietary regimens are beneficial for improving NAFLD/NASH?
•

Body weight reduction using a low-calorie diet improves liver function and fatty changes in the liver in
patients with NAFLD. For improving NAFLD/NASH,
we recommend prioritizing the optimization of energy
intake and restricting lipids in terms of the proportions
of nutrient intake. (Evidence level C, strength 2.)

CQ: Is exercise beneficial for improving NAFLD/
NASH?
•

Although the effects of exercise on liver histology have
not been clarified, we recommend implementing exercise therapy because, even alone, it improves liver
function and fatty changes in the liver in patients with
NAFLD. (Evidence level B, strength 2.)

CQ: Is bariatric surgery effective for improving
NAFLD/NASH?
•

In patients with NAFLD/NASH complicated by severe
obesity, weight loss surgery is effective for improving
the fatty changes in the liver and inflammation
associated
with
NASH.
(Evidence
level B,
strength N/A.)

Lifestyle-related interventions such as diet and exercise
therapies have been reported to improve serum transaminase levels as well as fatty changes in the liver as measured
using US and MRI in patients with NAFLD. However, a
meta-analysis of research papers published up to the year
2000 showed that many of the studies were non-randomized, and no histological improvements had been confirmed, and therefore no clear conclusions could be drawn
as to the effectiveness of lifestyle-related interventions for
NAFLD [65]. In a recent study, 31 patients with histologically confirmed NASH were randomly allocated to a
group undergoing diet and exercise therapies for 48 weeks
or a control group, and a mean decrease in body weight of
9.3 % and improvements in NAS were reported in the
former group. In addition, stratified analysis showed that a
decrease in body weight of at least 7 % was necessary for
improving the NAS [66]. These findings indicate the effectiveness of body weight reduction for patients with
obesity-related NAFLD/NASH.
In almost all reports of dietary interventions for patients
with obesity-related NAFLD, a low-calorie diet is prescribed, and in terms of dietary contents, the proportions of
energy intake from carbohydrates and lipids are often restricted to 50–60 and 20–25 %, respectively. This proportion of intake from carbohydrates can also be considered
appropriate from the perspective of ensuring compliance,
but its adjustment is considered according to the disease
state. In addition, it is known that low-fat diets decrease
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body weight, that combination of such diets with lowcalorie diets promotes weight loss, and that caloric restriction is more important than the proportions of carbohydrates and lipids for weight loss [67]. Exercise therapy is
another useful lifestyle-related intervention for NAFLD/
NASH. Continuation of aerobic exercise in 30- to 60-min
sessions held 3–4 times weekly for 4–12 weeks primarily
in patients with NAFLD complicated by obesity has been
shown to improve fatty changes in the liver, even without
accompanying body weight reduction [68, 69]. While these
reports do not use histological changes as endpoints and
show only short-term outcomes, fatty changes in the liver
are thought to improve even with exercise therapy alone.
In cases of NASH complicated by severe obesity, weight
loss surgery may be expected to be effective. A metaanalysis regarding weight loss surgery for 434 cases of
NASH reported between 1998 and 2007 showed percentages of patients improving with regard to fatty changes in
the liver (91.6 %), inflammation (81.3 %), and fibrosis
(65.5 %) [64]. While weight loss surgery for severe obesity
has also been performed in Japan, no reports exist regarding NAFLD/NASH, and this is an issue requiring future investigation.
Therefore, while body weight reduction using lifestylerelated interventions involving diet and exercise therapies
or weight loss surgery is thought to be useful for patients
with NAFLD/NASH, the intervention periods were
relatively short, and investigation of effects over longer
observation periods that also include hepatic fibrosis and
hepatocarcinogenesis is desired in the future.

Insulin resistance is considered to be related to pathogenesis and progression of NAFLD/NASH, and several
studies have investigated the effect of thiazolidinediones,
such as pioglitazone and rosiglitazone on aminotransferases
and hepatic histology in patients with NASH; however,
rosiglitazone is no longer marketed in Europe and its use is
highly restricted in the USA because of increased risk of
coronary diseases and, moreover, this drug is not sold in
Japan. In regard to the effect of thiazolidinediones, there
have been four RCTs, three for pioglitazone [62, 63, 70] and
one for rosiglitazone [4], and both drugs have had their
efficacy against NASH confirmed by assessment of hepatic
pathologic changes including steatosis, ballooning, and
lobular inflammation. The largest and longest-term RCT
was reported by Sanyal et al. [63]. They found that 96-week
pioglitazone treatment induced improvement in serum
biochemical indices and hepatic pathologic changes. In
addition, there are two meta-analyses on thiazolidinediones
[71, 72]. Both reports showed the efficacy of pioglitazone
against hepatic fibrosis. The long-term effect of pioglitazone remains to be determined, and pioglitazone’s effects
regarding hard endpoints, such as prevention of cirrhosis
and long-term survival, have not been evaluated. Since pioglitazone has several side effects, including weight gain,
heart failure, bone fracture, and bladder carcinoma, careful
attention should be paid to long-term pioglitazone use.

Pharmacologic intervention

•

Pharmacologic treatments for NAFLD/NASH are targeted
at underlying metabolic syndrome-related diseases, such as
obesity, type 2 diabetes mellitus, dyslipidemia, and hypertension, as well as liver dysfunction itself. To date,
many drugs and supplements have been assessed for the
treatment of NAFLD/NASH; however, fully proven
medications for the diseases do not exist. On the other
hand, the effects of several drugs and supplements on
NAFLD/NASH have been evaluated by high quality clinical trials, such as randomized controlled trials (RCTs), and
the evidence for the efficacy of some drugs and supplements is gradually accumulating.
Thiazolidinediones
CQ: Are thiazolidinediones effective for patients with
NAFLD/NASH?
•

Pioglitazone is recommended for NASH patients with
insulin resistance. (Evidence level A, strength 2.)

Vitamin E
CQ: Is vitamin E effective for patients with NAFLD/
NASH?
Vitamin E improves hepatic biological and histological
parameters in patients with NASH, and we recommend
it for NASH patients. (Evidence level A, strength 2.)

Although much clinical, epidemiological, and basic research has aimed to clarify the mechanisms underlying development of NAFLD and NASH, the pathogenesis of
NAFLD and NASH is not fully understood; however, oxidative stress is considered to be one of the main players in the
development and progression of NAFLD/NASH [72–74].
Vitamin E is known as a free radical scavenger, and a chainbreaking antioxidant in free radical reactions, such as lipid
peroxidation. Vitamin E is thought to act on TGF-b1, peroxisome proliferator-activated receptors, and apoptosisregulating genes. Two initial observational trials demonstrated the efficacy of vitamin E against NASH. Lavine et al.
[73] gave vitamin E (400–1200 IU/day) to 11 obese NASH
children for 4–10 months and found normalization of serum
aminotransferase; however, they did not evaluate histological efficacy. Hasegawa et al. [74] chose 12 adult patients
with biopsy-proven NASH and gave vitamin E (300 IU/day)
for 12 months, and then the improvements in hepatic
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inflammation and fibrosis as well as serum aminotransferase
were observed. Since then, several open label studies and
RCTs on vitamin E and NASH have been conducted. Comparison between these trials is difficult because of the varying
criteria for entry into the study, different doses of vitamin E,
and unclear formulations of vitamin E used which could affect its bioavailability. Two large RCTs, the PIVEN study
and the TONIC study, have were recently presented [63, 75].
In the largest clinical trial reported (PIVEN), vitamin E was
administered orally at a dose of 800 IU/day for 96 weeks,
and it was confirmed that vitamin E has beneficial efficacy
against NASH by improving serum biochemical indices and
hepatic pathologic changes [63]. The long-term effect of
vitamin E remains to be determined and its effects regarding
hard endpoints, such as prevention of cirrhosis and long-term
survival, have not been evaluated. Since some meta-analyses
have reported an increase in all-cause mortality with high
dose vitamin E, careful attention should be paid to the largedose and long-term use of vitamin E.
Metformin
CQ: Are biguanides effective for patients with NAFLD/
NASH?
•

Metformin has no significant effect on liver histology
and we do not recommend it as a specific treatment for
liver disease in patients with NASH. (Evidence level B,
strength 2.)

Several studies investigated the effect of metformin on
NASH. Four RCTs have been reported. The first RCT by
Uygun et al. [76] showed that metformin induced only
modest improvement in serum biochemical indices, but not
hepatic histology. Nar and Gedik [77] reported no significant efficacy of metformin against NAFLD as assessed
by US in patients with concurrent NAFLD and type 2
diabetes mellitus. Haukeland et al. [78] reported a similar
lack of efficacy in a larger RCT. Other studies also failed to
show any major benefit of metformin on serum biochemical indices aside from improvement of arterial resistance [79]. Four recent meta-analyses were unable to
conclude that metformin is beneficial for NAFLD/NASH
[80–83]. On the basis of these studies, metformin is not
recommended for the treatment of NAFLD/NASH.
Ursodeoxycholic acid (UDCA)
CQ: Are conventional doses of ursodeoxycholic acid
effective for patients with NAFLD/NASH?
•

We do not recommend UDCA at conventional dose
levels for the treatment of NAFLD or NASH.
(Evidence level B, strength 2.)
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UDCA is used in a wide variety of liver diseases including primary biliary cirrhosis and viral chronic hepatitis
because of its hepatic cytoprotective effect. Several studies
investigated UDCA with conventional and high doses to
improve serum biochemical indices and hepatic histology
in patients with NAFLD/NASH. An RCT for UDCA at
conventional doses for NASH was reported in 2004, and
conventional doses of UDCA did not show any beneficial
effects on serum biochemical indices and hepatic histology
in patients with NASH [84]. An RCT for high doses of
UDCA on NASH was published in 2010, but did not show
overall improvement in serum biochemical indices and
hepatic histology aside from modest improvement in serum
c-GTP levels [85]. A meta-analysis also revealed that
UDCA induced only modest improvement in serum ALT,
but overall improvement was not observed [86]. In 2011,
an RCT for high dose UDCA treatment of NASH was
published, and the results were very negative [87]. On the
basis of these studies, conventional dosing of UDCA is not
recommended for the treatment of NAFLD/NASH.
Lipid-lowering agents
CQ: Are HMG-CoA reductase inhibitors effective for
patients with NAFLD/NASH?
•

HMG-CoA reductase inhibitors (statins) are recommended for NAFLD/NASH patients with hypercholesterolemia. (Evidence level B, strength 2.)

CQ: Is ezetimibe effective for hypercholesteremic
patients with NAFLD/NASH?
•

Ezetimibe is recommended for NAFLD/NASH patients
with hypercholesterolemia. (Evidence level C,
strength 2.)

Two types of lipid-lowering agents have been tried for
the treatment of NAFLD/NASH, namely HMG-CoA reductase inhibitors (statins) and ezetimibe. Statins are inhibitors of hepatic cholesterol synthesis and widely used
for patients with hypercholesterolemia.
Statins are also known to act as PPAR-c-like components, and several clinical trials have attempted to determine the efficacy of statins against NAFLD/NASH. Three
RCTs were published in regard to statins and NAFLD/
NASH. Samy et al. [88] showed the beneficial efficacy of
atorvastatin, but unfortunately they did not estimate hepatic
histology. Foster et al. [89] conducted an RCT using
atorvastatin plus antioxidants in NAFLD patients, and thus
in their study it is not possible to evaluate the effect of
statins alone. Likewise, Athyros et al. [90] reported an RCT
for statins on NAFLD/NASH, but administered statins together with hypertensive drugs and insulin sensitizers,
which may have beneficial effects on NAFLD/NASH. Only
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two pilot studies reported the efficacy of monotherapy with
statins against NASH by evaluating the change in hepatic
histology, but these studies both involved very small
populations [91, 92].
Ezetimibe is an antagonist of Niemann-Pick C1-like
protein, which is a key player in cholesterol absorption
from the small intestine. Ezetimibe was released onto the
market in the USA in 2002. Three Japanese groups reported pilot studies for estimating the effect of ezetimibe
and they showed the clinical efficacy of ezetimibe against
NAFLD/NASH by evaluating serum biochemical indices
and hepatic histology [93–95].
Angiotensin II receptor antagonist (ARB)
CQ: Are angiotensin II receptor antagonists effective
for hypertensive patients with NAFLD/NASH?
•

We recommend angiotensin II receptor antagonists
(ARB) for NASH patients with hypertension. (Evidence level C, strength 2.)
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•

Betaine has no significant effect on liver function, and
we do not recommend it as a specific treatment for liver
disease in patients with NASH. (Evidence level B,
strength 1.)

In the pathogenesis of NAFLD/NASH, oxidative stress
and inflammatory cytokines play central roles, and pentoxifylline is considered to have both antioxidant and
anti-TNF-a effects. Thus, several studies tried to test the
efficacy of pentoxifylline against NAFLD/NASH. Two
RCTs and two meta-analyses were conducted, and these
studies found that pentoxifylline improved serum biochemical indices and hepatic histological change [86,
99–101]; however, this drug is no longer marketed in
Japan, because its initial efficacy for treating aftereffects
of brain stroke was reevaluated and found to be
insufficient.
Betaine is also considered to be an antioxidant, and is
widely used for NAFLD/NASH mainly in the form of
supplements. Two RCTs were conducted to confirm the
effect of betaine on NAFLD/NASH; however, one involved a combination therapy with other drugs, and in the
other, betaine monotherapy did not show beneficial efficacy against NAFLD/NASH [102].

ARBs are widely used for patients with hypertension,
and are known to inhibit fibroblast activity, resulting in
inhibition of tissue fibrosis in several organs. In the liver,
stellate cells have angiotensin II type 1 receptors on their
surface, and angiotensin binds to these receptors and activates stellate cells. In 2004, a clinical pilot study revealed
the beneficial efficacy of losartan, one of the ARBs, against
NASH by evaluating serum biochemical indices and hepatic histology [96]. Moreover, the effect of ARB on NASH
was shown to be through the inhibition of activated hepatic
stellate cells in NASH patients [97]. After this pilot study,
many animal and in vitro studies confirmed the beneficial
efficacy of ARBs against NASH, but clinical studies were
very limited. Only one RCT was published in 2009 [98];
however, this RCT was conducted with two treatment
groups, and each group of patients was given a different
ARB. This RCT reported that both telmisartan and valsartan have beneficial efficacy against NASH, but there
was no placebo treatment group [98]. Thus, it is difficult to
assess whether the beneficial efficacy against NASH is
specific to ARBs or whether other antihypertensive agents
might also have the same effect on NASH.

Several cohort studies were conducted to confirm the
usefulness of liver transplantation for end-stage NASH
cirrhotic patients. An RCT for liver transplantation cannot
be conducted for ethical reasons. Overall results of reported
cohort studies indicated that survival after liver transplantation for NASH patients was approximately the same as
for liver transplant patients with other causes of hepatic
failure [103–108].

Other drugs

Iron reduction therapy

CQ: Are there any other drugs effective for patients
with NAFLD/NASH?

CQ: Is phlebotomy effective for improving NAFLD/
NASH?

•

•

Pentoxifylline is recommended for NASH patients;
however, pentoxifylline is not commercially available
in Japan. (Evidence level A, strength N/A.)

Liver transplantation
CQ: Is liver transplantation effective for advanced
NASH patients with hepatic failure?
•

We recommend liver transplantation for advanced
NASH patients with hepatic failure, because overall
survival after transplantation is approximately identical
with patients who receive liver transplants for hepatic
failure caused by other liver diseases. (Evidence
level B, strength 2.)

We do not recommend iron reduction therapy for
NAFLD/NASH at present. (Evidence level C,
strength 2.)
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Although several therapeutic trials including diet, antioxidants, and approaches that improve insulin resistance
have been tried for NAFLD/NASH, no optimal therapy
has been established. It has been reported that elevated
serum iron levels and increased hepatic tissue iron deposit
are relatively common in NAFLD/NASH. More importantly, elevated iron levels were associated with hepatic
inflammation, fibrosis progression, and insulin resistance
in patients with NAFLD/NASH [109], suggesting iron
reduction therapy as an attractive and potentially
promising therapeutic modality for NAFLD/NASH. Facchini et al. [110] have shown improvement in liver enzyme levels in 17 NAFLD patients with impaired glucose
tolerance undergoing serial phlebotomy. According to
Fargion et al. [111], in 42 NAFLD patients, serum
transaminase levels were significantly decreased after a
4-month hypocaloric diet, and a further reduction was
observed after phlebotomies. Sumida et al. [112] also
reported that phlebotomy decreased serum transaminase
activities in Japanese patients with biopsy-proven NASH.
Riquelme et al. [113] reported that a 52-year-old nonobese woman with biopsy-proven NASH obtained not
only improvement in transaminase activities but also
complete resolution of fatty infiltration and inflammatory
changes in liver histology after iron depletion therapy
(long-term phlebotomy with a low-iron diet). According
to a case–control study [114], iron depletion produced a
significantly larger decrease in ALT activities compared
with nutritional counseling alone, independent of changes
in BMI and the presence of the metabolic syndrome.
Since the sample sizes of these studies were relatively
small and the durations were short, further validation
studies are required.
Principles of therapy for NAFLD/NASH
Therapy for NAFLD depends on the histological findings
(Fig. 1). If biopsy histology shows the patient to have
simple hepatic steatosis without steatohepatitis or liver
fibrosis, lifestyle modification, weight loss, and increased
physical activity are recommended, though bariatric
surgery may be another option if the patient is severely
obese. In cases with NASH, the treatment should vary
according to the underlying disease. If the patient does
not have associated disease, simple weight loss by lifestyle modification and increased physical activity should
be sufficient, as in cases with simple steatosis. If the
patient has another underlying metabolic disturbance
such as insulin resistance, type 2 diabetes mellitus, dyslipidemia, and hypertension, therapies for these associated diseases will be necessary in addition to weight
loss.
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Future prospects
Recently, several lines of evidence have shown that
NAFLD/NASH affects both life-span and quality of life.
According to several population-based cohort studies, individuals with NAFLD/NASH have a shorter life expectancy than the general population [115–122]. Some
cohort studies have shown that the prevalence of NAFLD/
NASH is a risk factor independent of cardiovascular disease even after correction for such factors as metabolic
disease and age [123, 124], and a meta-analysis demonstrated that NAFLD almost doubles the risk of cardiovascular events compared with the normal population (odds
ratio = 2.05) [125]. The liver disease-related mortality rate
for NASH is worse than that for NAFL and the general
population [115–117, 125]. In a cohort study involving
biopsy-based diagnoses distinguishing 173 non-NASH
from 72 NASH patients, the hazard ratio for liver-related
death in NASH patients compared with non-NASH was as
high as 13.9 [117].
The incidence of HCC in patients with NASH appears to
be lower than in patients with chronic hepatitis C, although
the exact rate for NAFLD overall remains unknown. A
cohort study has shown that HCC incidence in NASHbased cirrhosis is 2.6 %/year whereas HCC incidence in
chronic hepatitis C-based cirrhosis is 4.0 %/year [126].
Characteristics of patients with NASH-based HCC according to case reports are advanced age and liver cirrhosis
with complications of metabolic syndrome [127]. Type 2
diabetes mellitus in particular contributes to liver carcinogenesis in NASH. In a large controlled trial involving
173,643 patients with type 2 diabetes and 650,620 people
without diabetes in the USA, the hazard ratio for liver
carcinogenesis among diabetic patients was 2.16 [128].
The prognosis for NASH-based HCC is equal to or better
than hepatitis C-based HCC [129]. Preventing the progression of NAFLD promises to improve not only liverrelated complications but also extra-liver complications.
However, we have yet to achieve strong evidence for
specific treatments for NAFLD/NASH as described above.
Obviously, further studies (RCTs) with concurrent endpoints and longer follow-up periods, and assessment of
both efficacy and safety over the long term are necessary
for each treatment in the near future. In addition, new
modalities/biomarkers are needed that can monitor the
progression/regression of the disease as well as the effect
of the therapy.
In considering how to develop the present guideline, the
priorities were to establish a clinically useful and internationally accepted guideline. NAFLD/NASH are relatively
new disease concepts, so it was important to clearly define
the diseases and set a goal for their treatment. Next, we
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assessed currently available evidence therapy by therapy
and presented the process of treatments as a decision tree to
avoid exclusive treatments based on uncertain evidence.
The outcome of our analysis is that vitamin E and thiazolidinedione derivatives are the most evidence-based
therapeutic options, although the clinical evidence for
long-term efficacy and safety is limited. Statins/ARBs are
also recommended therapies depending on the complications. Elucidating the pathogenesis of NAFLD/NASH and
developing therapies are now worldwide issues, and so
Japanese medical studies of NAFLD/NASH need to advance together with those in other countries. For that
purpose, this guideline was prepared by globally searching
for relevant evidence worldwide without regard to ethnic
characteristics, and this evidence was summarized from a
Japanese perspective. Of course, ethnic differences are
correlated with susceptibility to metabolic syndrome-related diseases including NAFLD/NASH [130], possibly as
a result of genomic polymorphism in genes for PPAR-c
[131], insulin receptor signaling [132], or lipid metabolism
[133]. Therefore, it is also important to develop Japanesebased clinical research work and interpret other countries’
evidence in light of ethnic considerations.
Surely the present guideline should be updated in the
future in response to new evidence, because the study of
NAFLD/NASH is a constantly advancing field. Actually,
some promising clinical trials for treatment of NAFLD/
NASH by molecularly targeted therapies are ongoing. The
present guideline not only summarizes the current clinical
state of NAFLD/NASH but also indicates future directions
for study.
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