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ABSTRACT

Non-alcoholic fatty liver disease (NAFLD) is the most common chronic liver disease in Western
industrialised countries. The prevalence of NAFLD is increasing in parallel with the global rise in
obesity and type 2 diabetes mellitus. NAFLD represents a spectrum of liver disease severity. NAFLD
begins with accumulation of triacylglycerols in the liver (steatosis), and is defined by hepatic fatty
infiltration amounting to greater than 5% by liver weight or the presence of over 5% of hepatocytes
loaded with large fat vacuoles. In almost a quarter of affected individuals, steatosis progresses with
the development of liver inflammation to non-alcoholic steatohepatitis (NASH). NASH is a
potentially progressive liver condition and with ongoing liver injury and cell death can result in
fibrosis. Progressive liver fibrosis may lead to the development of cirrhosis in a small proportion of
patients. With the growing prevalence of NAFLD, there is an increasing need for a robust, accurate
and non-invasive approach to diagnosing the different stages of this condition.

This review will focus on: A) the biochemical tests and imaging techniques used to diagnose the
different stages of NAFLD; and B) a selection of the current management approaches focussing on
lifestyle interventions and pharmacological therapies for NAFLD.

INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is the most common chronic liver disease in Western
industrialised countries and affects around 25% of the European adult population.[1] The
prevalence of NAFLD is increasing in parallel with the global rise in obesity and type 2 diabetes
mellitus (T2DM).[2] NAFLD is predicted to soon be the main indication for liver transplantation
worldwide.[3] The condition is defined by fatty infiltration of the liver amounting to greater than 5%
by liver weight or the presence of over 5% of hepatocytes loaded with large fat vacuoles, in the
absence of other causes of fatty liver disease such as alcohol. The disease is heterogeneous and
develops through different stages to potential hepatocellular carcinoma, and/or cirrhosis with end
stage liver disease that may necessitate liver transplantation to save the patient’s life (Figure 1).

The first stage in the development of NAFLD is isolated hepatic steatosis, defined as fat
accumulation without significant inflammation or hepatocellular injury. In around 10-25% of
subjects, the disease progresses to non-alcoholic steatohepatitis (NASH), characterised by
histological lobular inflammation and hepatocyte ballooning. In 20% of patients with NASH the
condition progresses resulting in liver fibrosis.[4] Accumulation of fibrosis can lead to liver cirrhosis,
and cirrhosis-related complications such as hepatocellular carcinoma.[5] The presence of NAFLD and
liver fibrosis is associated with significant morbidity and an increase in liver-related mortality.[6]
NAFLD is an independent risk factor for T2DM and cardiovascular disease,[7,8] the latter is the most
common cause of death in this group.[9,10]

A. INVESTIGATIONS AND DIAGNOSIS OF NAFLD



A validated approach to the diagnosis of NAFLD does not yet exist. Liver biopsy is heavily relied upon
in clinical trials for diagnosis of NAFLD and for testing the efficacy of the intervention. Hepatic
biopsies are flawed, however, as a specimen only represents ~1/50,000 of the liver volume which
can lead to false negatives due to the heterogeneity of liver disease in NAFLD.[11] In clinical practice
a less invasive and more pragmatic approach is necessary, especially given the growing prevalence of
the disease and because of the need to monitor changes in the liver condition over time. Figure 2
illustrates a pragmatic algorithm for the diagnosis and management of NAFLD. The clinical
importance of NAFLD and the limitations of liver biopsy have increased the need for accurate and
non-invasive investigative techniques. Table 1 summarises the investigations used to diagnose the
different stages of NAFLD.

Clinical features and routine biochemical tests used to diagnose NAFLD

The diagnosis of NAFLD requires evidence of hepatic steatosis in the absence of other causes of liver
fat accumulation. NAFLD is often suspected in clinical practice when an individual with features of
the metabolic syndrome (MetS) is found to have an increase in serum aminotransferase levels.
Almost 80% of patients with NAFLD, however, have no biochemical abnormality, which has several
possible explanations.[13] Reference ranges for alanine transaminase (ALT) often over-estimate the
upper limit of normal (ULN), given they are calculated assuming the general population does not
have undiagnosed liver disease such as NAFLD. A large study that excluded individuals at risk of liver
dysfunction, including those with a BMI >25kg/m?, proposed a ULN for ALT of 30 IU/L for men and 19
IU/L for women.[14] Additionally, aminotransferase levels typically fall as NAFLD progresses and
fibrosis develops, and therefore in the later stages of the disease liver biochemistry may appear
normal.

The components of the MetS (see Figure 1) are closely associated with NAFLD. Nearly two thirds of
people with obesity and T2DM, and half the patients with hyperlipidaemia and hypertension have
fat identified on liver ultrasound.[15-19] The presence of multiple features of the MetS is associated
with more severe NAFLD-related liver disease and a higher likelihood of progression to NASH and
liver fibrosis.[20,21]

Scoring systems which utilize the association between NAFLD and the MetS have been developed to
identify those who require investigating for NAFLD. Two common examples are; The Fatty Liver
Index (includes BMI, waist circumference, gamma-glutamyltransferase and triglycerides), and the
NAFLD Liver Fat Score (includes the presence of the MetS, T2DM, fasting serum insulin, aspartate
aminotransferase, and the aspartate aminotransferase/alanine aminotransferase ratio). Both
algorithms are widely available and accurately correlate with more objective measures of fat seen
on ultrasound.[22,23]

NAFLD can develop in those without features of the MetS, which may reflect genetic factors involved
in the pathogenesis of hepatic steatosis and inflammation. Recent focus has fallen on the patatin-
like phospholipase domain-containing protein-3 (PNPLA3) gene which codes for a membrane-
associated protein expressed in hepatocytes and adipocytes. This protein has a role in hepatic
hydrolysis of triglycerides and excretion of VLDL.[24] A single-nucleotide polymorphism in PNPLA3
1148M (or rs738409) is present in around 20% of the population.[25] This variant has a significant
effect on enzymatic activity causing a disruption of triglyceride hydrolysis and subsequently leading
to defective VLDL secretion.[26,27] As a consequence there is an increase in hepatic steatosis and



hepatic inflammation, as seen in homozygous individuals who exhibit twice the level of hepatic fat
content compared to non-carriers of this variant.[28]

When the diagnosis of NAFLD is suspected it is important that alternative causes for hepatic fat
accumulation or liver dysfunction are ruled out. This involves a full history and examination to assess
alcohol intake, medications, family history and risk of exposure to viral hepatitis. Following this a
biochemical liver screen should be performed involving hepatitis B and C serology, liver auto-
antibodies, immunoglobulins, alpha 1 anti-trypsin, ferritin and caeruloplasmin concentrations in
patients <50 years.

Imaging assessment of hepatic steatosis

The diagnosis of NAFLD requires evidence of hepatic steatosis. Various imaging modalities are
available but ultrasound is a pragmatic and widely accepted first line investigation. Ultrasound has
the significant advantage of being non-invasive, radiation free, easily available and low cost.
Additionally this technique can be used to assess the liver structure and identify liver lesions and
other pathologies such as gallstones or liver metastases. Ultrasound has good sensitivity (85%) and
specificity (95%) compared to histology, for identifying moderate and severe steatosis.[29,30] The
main disadvantage is the low sensitivity when less than 20-30% of hepatocytes are steatotic.[31]
Additionally, an accurate quantitative assessment is not performed and an element of operator
dependency is involved.[32] As hepatic fibrosis may increase hepatic echogenicity, the presence of
underlying chronic liver disease can reduce the accuracy in assessing liver fat.[33] To overcome the
limitations of ultrasound in evaluating low levels of hepatic steatosis, more advanced ultrasound
techniques have been developed. Controlled Attenuation Parameter (CAP) uses ultrasound with
vibration-controlled elastography to measure the degree of ultrasound attenuation due to hepatic
fat. CAP can detect milder degrees of steatosis compared to conventional ultrasound and correlates
well with liver biopsies.[34] Computer-assisted quantitative techniques such as combined ultrasound
hepatic/renal echo-intensity ratio and ultrasound hepatic echo-intensity attenuation rate evaluation
can detect <15% hepatic steatosis with a sensitivity and specificity of 81.4% and 100%
respectively.[35]

Like ultrasound, Computer Tomography (CT) is widely available, easy to perform and accurate at
detecting moderate and severe hepatic steatosis.[36] Unfortunately, this technique is also unreliable
at detecting low levels of hepatic steatosis. Additionally, the potential hazard of ionizing radiation
makes CT unsuitable for longitudinal monitoring of patients with NAFLD.

Magnetic resonance (MR) Imaging techniques are highly accurate at detecting hepatic steatosis. The
detection of hepatic steatosis is limited in conventional MR by T1 bias, T2* decay, and signal
interference caused by protons in fat.[37] Several methods have therefore been developed with
superior accuracy over conventional MR imaging. MR spectroscopy (MRS) measures the hepatic
proton density fat fraction (PDFF), which is an objective biomarker of liver fat content. MRS is not
yet widely available, is time consuming, and typically samples only a portion of the liver. MR imaging
PDFF (MRI-PDFF), however, can be used with any clinical MR platform, is more time efficient and
estimates hepatic PDFF across the entire liver.[38] Shortcomings of MRI-PDFF include
underestimation of hepatic steatosis in patients with moderate to severe fatty infiltration or
fibrosis.[39]



Identifying progression of steatosis to NASH

Currently there is no readily available, reliable and non-invasive method to identify the progression
of steatosis to NASH. Identifying NASH has assumed considerable importance in clinical practice,
because NASH is thought to be a progressive condition and efficacy of new drugs to induce
resolution of NASH is a key end-point in clinical trials. It should be noted, however, that the presence
of NASH per se, does not predict liver outcomes, which likely represents the fact that NASH is a
fluctuating disease which may not be assessed accurately on histological examination of a liver
biopsy. Rather, it is the presence of liver fibrosis and specifically advanced fibrosis that predicts liver
outcomes such as liver-related morbidity and mortality. The risk of NASH increases with the number
of metabolic risk factors, which can be used to identify high risk individuals. The search for an
accurate biochemical biomarker of NASH is still ongoing. Current areas of interest include hepatic
markers of apoptosis and cell turnover.[40,41] Unfortunately, the most accurate diagnostic test for
detecting NASH is still liver biopsy and that creates a clinical problem in managing patients with
NAFLD. Undertaking serial liver biopsies over time is very expensive and is completely unacceptable
to most clinicians as well as to patients.

Multiparametric MR Imaging uses conventional MR technology but combines 2 or more quantitative
techniques such as T1, T2* and PDFF to allow more accurate assessment of hepatic inflammation
and fibrosis. LiverMultiScan™ is a multiparametric MR technique which uses an algorithm to
calculate a liver inflammation and fibrosis (LIF) score. The LIF score has shown high diagnostic
accuracy when compared to histology in detecting inflammation and fibrosis.[42] Unlike acoustic-
based techniques, multiparametric MR is unaffected by central adiposity and also has the potential
to demonstrate which parts of the liver are affected.[42] The LIF score has not yet been validated in
large cohorts and a cost-benefit analysis has not been performed.

Identifying progression of NASH to liver fibrosis and cirrhosis

Diagnosing and staging liver fibrosis is essential in all patients with NAFLD to detect those patients
with advanced fibrosis and cirrhosis who should be managed under a gastroenterology or
hepatology service and screened for liver-related complications. Screening involves 6 monthly
ultrasounds (with or without measurement of serum alpha-fetoprotein) as surveillance for
hepatocellular carcinoma, and regular upper gastrointestinal endoscopies to identify and treat
oesophageal varices.[43]

Simple biochemical markers of fibrosis such as low albumin, prolonged prothrombin time and
thrombocytopenia are non-invasive and inexpensive, but have poor reliability and are markers of
advanced cirrhosis. Scoring system such as the NAFLD Fibrosis Score and the FIB-4 Score incorporate
clinical features with simple biochemical results to identify those with liver fibrosis.[44,45] The
Enhanced Liver Fibrosis (ELF™) algorithm is a more specialist biochemical test and has superior
accuracy over other scoring systems. The algorithm combines 3 non-liver specific serum markers of
extracellular matrix remodelling and fibrogenesis: hyaluronic acid, the N-terminal pro-peptide of
collagen type Ill and tissue inhibitor of metalloproteinase-1. These scoring systems are accurate
(above a certain threshold) at predicting advanced fibrosis and accurate (below a certain threshold)
at excluding advanced fibrosis.[46,47] The algorithms can therefore be used to identify patients with
non-advanced liver fibrosis who can be managed in primary care. The intermediate ranges of these
scoring systems have poor diagnostic performances and therefore create difficult management



dilemmas. Generally, in these circumstances, the advice is that the algorithm is repeated every 2-3
years.

Transient Elastography (TE) techniques, such as FibroScan, rely on the reduced elasticity brought on
by deposition of fibrotic tissue in hepatic parenchyma as fibrosis progresses. TE gives a liver stiffness
measurement using pulsed-echo ultrasound as a surrogate marker of fibrosis. The technique has
been validated for several aetiologies of chronic liver disease including NALFD. TE can accurately
detect advanced disease with a sensitivity of 87% and specificity of 91% for detecting cirrhosis.[48]
TE has an accurate negative predictive value and can therefore be useful to reliably exclude
advanced fibrosis; however, the optimum cut-off is yet to be determined. Inaccuracies can be
caused by central obesity, cholestasis, liver congestion and operator inexperience. One study found
that the failure rate (defined as no valid shots during TE) ranged from 1% in patients with a BMI
<25kg/m?, to 41.7% in patients with a BMI >40kg/m?.[49] Similarly, the rate of unreliable results
ranged from 12% in patients with a BMI <25kg/m” to 53.6% in patients with a BMI >40kg/m>.[50]

Acoustic Radiation Force Impulse (ARFI) is another ultrasound-based imaging technique, which relies
on wave propagation speed to assess tissue stiffness and therefore the degree of liver fibrosis. The
technique uses a standard ultrasound probe and relies on no external compression, therefore
reducing operator dependency. ARFl is accurate in assessing moderate to severe fibrosis in patients
with chronic liver disease. Unfortunately, in patients with NAFLD, the associated steatosis and
inflammation can cause interference and inaccuracies.[50,51]

MR elastography (MRE), particularly 3D-MRE, has shown superiority over ultrasound-based
techniques in the evaluation of fibrosis in NALFD.[52] The technique is restricted to specialist
centres, which makes it largely unsuitable for widespread use. As discussed previously,
Multiparametric MR, and the calculated LIF score can also be used to quantify hepatic fibrosis.
Although initial results are promising further validation of the LIF score in larger cohorts is
required.[53]

Role of liver biopsies in the diagnosis and monitoring of NAFLD

Liver biopsy is the gold standard for diagnosing hepatic steatosis, NASH and liver fibrosis. Despite the
associated risks and expense, biopsy still has a role in the diagnosis of NAFLD. Liver biopsy should be
considered in all patients in whom the diagnosis remains uncertain. Additionally, in those with a high
probability of liver fibrosis a biopsy can be used to confirm the diagnosis. Liver biopsies are still used
when treatment is being considered and to monitor the histological response to pharmacological
therapies, not least because all the drugs that have shown to be effective in causing NASH
resolution, are only effective in a proportion of treated patients.

NAFLD Investigation | Findings consistent with NAFLD Advantages Disadvantages
stage stage
Hepatic Biopsy e  Steatosis in >5% of e  Gold standard for diagnosis of hepatic e  False negatives
steatosis hepatocytes steatosis . Expensive
e  Used if diagnostic uncertainty e |nvasive
Fatty liverindex | e  >60 predicts hepatic steatosis e  Non-invasive e  Not validated against
e Inexpensive liver histology
e  Widely available
e Validated against ultrasound
NAFLD Liver Fat | e  >0.640 predicts hepatic e  Non-invasive e  Requires serum




Score steatosis (sensitivity 84%, Inexpensive insulin
specificity 69%) [23] Validated against ultrasound Not validated against
histology
Ultrasound Liver echogenicity > renal Accurate if >30% hepatic steatosis Poor sensitivity if
cortex and spleen echogenicity Non-invasive <30% hepatic
Loss of definition of the Inexpensive steatosis (improved
diaphragm Widely available by CAP and computer
Poor delineation of the Can rule out other pathologies software technology)
intrahepatic architecture
CT Liver attenuation < spleen Accurate if >30% hepatic steatosis Poor sensitivity if
attenuation (by > 10 Can rule out other pathologies <30% hepatic
Hounsfield units) Widely available steatosis
Liver attenuation < 40 Radiation exposure
Hounsfield units [54]
MR imaging Estimation of liver fat %: High accuracy at detecting even low Time consuming
(MRS, MRI- Fraction of MR-visible protons levels of hepatic steatosis Expensive
PDFF) bound to fat in relation to all MRS: samples 1
MR-visible protons in liver.[55] portion of liver
MRI-PDFF: reduced
accuracy if fibrosis or
moderate/ severe
hepatic steatosis
present
NASH Biopsy Lobular inflammation Gold standard for diagnosis of NASH False negatives
Hepatocyte ballooning Used if diagnostic uncertainty Expensive
Used before and during Invasive
pharmacological intervention
Multi- LIF score >1.4 (sensitivity 91%, High diagnostic accuracy Not yet widely
parametric MR specificity 52%) [42] Non-invasive available
Uses conventional MR technology LIF score requires
further validation
Fibrosis Biopsy FO: No fibrosis Gold standard for diagnosis of liver Expensive
and F1: Perisinusoidal/pericellular fibrosis and cirrhosis Invasive
Cirrhosis fibrosis OR portal/periportal Not suitable for long-

fibrosis

F2: Perisinusoidal/pericellular
fibrosis AND portal/periportal
fibrosis

F3: Bridging fibrosis

F4: Cirrhosis

term monitoring

NAFLD Fibrosis

Advanced fibrosis: >0.676 [56]

Widely available

Intermediate score

Score Different thresholds based on Above threshold: accurate at range: poor diagnostic
age to exclude advanced predicting advanced fibrosis performance
fibrosis [56] Below threshold: accurate at ruling out Inaccurate in those
advanced fibrosis <35 years of age [57]
FIB-4 Score Advanced fibrosis: >2.67 [45] Widely available Intermediate score
Different thresholds based on Above threshold: accurate at range: poor diagnostic
age to exclude advanced predicting advanced fibrosis performance
fibrosis [57] Below threshold: accurate at ruling out Inaccurate in those
advanced fibrosis <35 years of age [57]
ELF test Advanced fibrosis: > 10.51 [46] Widely available Intermediate score

Above threshold: accurate at
predicting advanced fibrosis

Below threshold: accurate at ruling out
advanced fibrosis

range: poor diagnostic
performance




TE (FibroScan) e  Advanced fibrosis: >7.6 Kpa e  Above threshold: accurate at e  Obesity can cause
[58] predicting advanced fibrosis inaccuracy

e  Cirrhosis >13kPA [59] e Below threshold: accurate at ruling out |

advanced fibrosis

Intermediate score
range: poor diagnostic

performance
Acoustic e  Advanced fibrosis: 1.63 m/s e  Above threshold: accurate at e  Steatosis and
radiation force [60] predicting advanced fibrosis inflammation can
impulse e  Cirrhosis: 1.94 m/s [60] e Non-invasive cause inaccuracy
Multi- e  Cirrhosis: LIF score > 3.0 [42] e High diagnostic accuracy e Notyet widely
parametric MR e  Non-invasive available
e  Uses conventional MR technology e LIF score requires

further validation

Table 1. Invasive and non-invasive techniques for diagnosing the different stages of NAFLD.

B. TREATMENT OF NAFLD: LIFESTYLE AND DRUGS
Lifestyle Interventions for the management of NAFLD

Current management of NAFLD is largely focussed on lifestyle interventions to try and achieve
weight loss (where appropriate) and to ameliorate underlying metabolic and cardiovascular risk
factors. Even relatively small amounts of weight loss can result in significant reductions in liver fat
percentage, improved insulin sensitivity, improvements in cardio-metabolic risk factors and better
long-term outcomes. A small randomised control trial showed that 7% weight loss led to histological
improvements including reduced steatosis, fewer ballooned hepatocytes and less lobular
inflammation.[61] In general, calorie restriction, as opposed to alteration of macronutrient
composition, seems to be the most important dietary intervention and has the biggest impact on
reducing weight and improving the liver condition.[62] Increased physical activity has also been
shown to reduce hepatic steatosis, visceral adipose tissue and plasma free fatty acids, therefore
decreasing the likelihood of developing NASH and liver fibrosis.[63] Various mechanisms, involving
adipocyte pro-inflammatory cytokines (e.g. IL-6 and TNF-a), contribute to the important relationship
between adipose tissue and the development and progression of NAFLD.[64]

Although weight loss is considered the most important intervention in NAFLD management, a weight
neutral Mediterranean diet has also been shown to produce benefit in reducing liver steatosis and
improving insulin sensitivity.[65] It has been speculated that via the increased intake of
monounsaturated and polyunsaturated fatty acids and the decreased intake of saturated fatty acids,
the Mediterranean diet may decrease hepatic lipogenesis and reduce hepatic steatosis.[65]

The disadvantage of lifestyle interventions is the difficulty associated with implementing and
maintaining a calorie restricted diet and increased physical activity. In order to achieve good
compliance, lifestyle goals should be realistic for each patient. Given the association between
NAFLD, the MetS and cardiovascular disease it is important that cardiovascular risk is assessed and
co-morbidities such as T2DM, dyslipidaemia and hypertension are treated in order to decrease
cardiovascular risk in patients with NAFLD.




Pharmacological treatment of NAFLD

Many pharmacological interventions to limit the development and progression of NAFLD have been
tested, although none are to date specifically licensed for the treatment of NAFLD. Table 2
summarises the medications currently recommended and a selection of drugs which may play a
future role.

Pioglitazone is a licensed drug for the treatment of T2DM. Pioglitazone targets both adipose tissue
metabolism and inflammation, acting through the transcription factor peroxisome proliferator
activated receptor gamma (PPARy). Pioglitazone reduces hepatic steatosis through increased uptake
of fatty acids by adipocytes, and therefore reduces the flux of fatty acids to other organs, such as the
liver.[63] Pioglitazone also up-regulates adiponectin, an adipokine with anti-steatogenic and insulin-
sensitizing properties.[66] In a significant proportion of individuals with NASH these effects lead to a
reduction in hepatic steatosis, inflammation and histopathological ballooning.[67,68] Current
evidence suggests the maximal metabolic improvements are achieved within 1 year of therapy.[69]
Unfortunately the role of Pioglitazone in NAFLD is limited by its side effect prolife, particularly
weight gain. Additionally, the evidence that this class of medication benefits fibrosis is
conflicting.[67,68] This is important, considering that fibrosis is the only histological determinant
that can predict both all-cause mortality and liver-related mortality.[70]

The pathogenesis of NAFLD is thought to involve oxidative stress which contributes to inflammation
and hepatocyte damage. Given the anti-oxidative and anti-inflammatory effects of Vitamin E, its role
as a therapeutic agent has been explored.[71] Trials have shown an improvement in steatosis,
inflammation and hepatocyte ballooning, often accompanied by a fall in aminotransferase levels.[61]
Concerns have been raised regarding the association between long term therapy with all-cause
mortality, haemorrhagic stroke and prostate cancer.[72] Currently Vitamin E is recommended as a
treatment option for selected patients with biopsy proven NASH. There is no convincing evidence
that Vitamin E improves liver fibrosis.

Several pharmaceutical agents, including Obeticholic acid (OCA), Elafibranor, Selonsertib and
Cenicriviroc, are currently in phase Il of randomised controlled trials to assess their potential role in
the management of NAFLD. OCA activates the farnesoid X nuclear receptor (FXR) in the liver, leading
to improved hepatic insulin sensitivity and decreased gluconeogenesis, inflammation, lipogenesis
and fibrosis.[73] Unfortunately, with treatment there is a rapid rise in low density lipoprotein
cholesterol (LDL-C) and although this side effect can be treated effectively with statin medication,
the cardiovascular consequences of OCA treatment are unknown.[74] Elafibranor is an agonist of the
peroxisome proliferator activated receptor a (PPARa) and & (PPARS). Elafibranor improves insulin
sensitivity and reduces hepatic inflammation in mouse models.[75] Initial results have shown some
promise in resolving moderate to severe NASH (although not mild) and improving cardiometabolic
risk factors.[76] Selonsertib acts to inhibit Apoptosis signal-regulating kinase 1 (ASK1), which is
involved in hepatocyte apoptosis and fibrosis.[77] During the phase Il trial patients receiving
Selonsertib demonstrated improvements in several measures of liver disease severity, including
fibrosis stage and liver fat content.[78] Cenicriviroc, a C—C motif chemokine receptor-2/5 (CCR2/5)
antagonist, reduces inflammation, has antifibrotic effects and improves insulin sensitivity. A phase I
trial found a significant improvement in hepatic fibrosis after 1 year of treatment in 20% compared
with 10% in the placebo group.[79]



Given the close association between T2DM and NAFLD, the effect of anti-diabetic drugs in the

management of NAFLD has been investigated. Although Pioglitazone is the only approved anti-

diabetic medication for NASH, glucagon-like-peptide-1 (GLP-1) agonists, such as Liraglutide, have

also shown promise. These agonists have a longer half-life than endogenous GLP-1 but produce the

same effects of: stimulating insulin secretion, inhibiting glucagon secretion, decreasing hepatic

glucose production and delaying gastric emptying.[80] Additionally, GLP-1 agonists promote weight

loss, which is thought to be through inducing satiety, although it may in part be through increased

thermogenesis in brown adipose tissue.[81] The response rate to Liraglutide, in terms of resolution

of NASH, is 30% above placebo.[80] These agents have additional benefit on metabolic risk factors

including weight, glucose levels and lipid profiles.[80] Although current data is promising, the

findings from larger randomised control trials is awaited. Sodium-glucose cotransporter-2 (SGLT2)

inhibitors have demonstrated in several pilot studies to significantly reduce ALT levels, body weight,
and the fatty liver index in patients with NAFLD.[82,83] The impact of SGLT2 inhibitors on liver
histology is not confirmed, and therefore further trials are ongoing. Other anti-diabetic agents,

including metformin and Dipeptidyl Peptidase-4 inhibitors, have no reliable data regarding beneficial
effects in NAFLD.

Mechanism of action

Benefit

Indications

Limitations and side effects

Pioglitazone

Vitamin E

Obeticholic
acid

Elafibranor

Selonsertib

Cenicriviroc

GLP-1
agonist e.g.
Liraglutide

SGLT2
inhibitors

Stimulates PPARYy:

e  Reduces hepatic fatty acid
uptake due to an increase
uptake by adipocytes

e  Upregulates adiponectin

e  Anti-oxidative
e Anti-inflammatory

FXR agonist:
e Improves hepatic insulin
sensitivity

e  Decreases gluconeogenesis
Stimulates PPARa and PPARS:

. Improves insulin sensitivity
e Anti- inflammation

ASK1 inhibitor:
e Inhibits hepatocyte apoptosis
e Anti-fibrotic

CCR2/5 antagonist:

e  Anti-fibrotic

e Anti-inflammatory
Improves insulin sensitivity
Inhibits glucagon secretion
Decreases hepatic glucose
production

° Delays gastric emptying

° Promotes satiety

Inhibit SGLT-2 in the proximal
convoluted tubule:

{ Hepatic steatosis
{ Inflammation

{ Hepatocyte
ballooning
Improved glycaemic
control

{ Hepatic steatosis
{ Inflammation

{ Hepatocyte
ballooning

J Aminotransferase
levels

{ Inflammation

{ Hepatic
lipogenesis
Improved fibrosis
{ Inflammation
Improved
cardiometabolic
risk factors

{ Hepatic steatosis
Improved fibrosis

Improves glycaemic
control
Improves fibrosis

{ inflammation

{ Steatosis

{ Fibrosis

Weight loss
Improved glycaemic
control

J Aminotransferase
levels

Treatment of
biopsy proven
NASH in
patients with
or without
T2DM

Treatment of
biopsy proven
NASH in
patients with
or without
T2DM.

Not currently
recommended
to specifically
treat NAFLD
Not currently
recommended
to specifically
treat NAFLD
Not currently
recommended
to specifically
treat NAFLD
Not currently
recommended
to specifically
treat NAFLD
Not currently
recommended
to specifically
treat NAFLD

Not currently
recommended

Weight gain

Reported increase of:
congestive cardiac failure,
bladder cancer,
osteoporosis

Unclear if improves
fibrosis

Reported increase in risk
of: all-cause mortality,
haemorrhagic stroke,
prostate cancer

Has not been investigated
in diabetic individuals
Raises LDL-C

Pruritis

Results from Phase Ill trial
awaited (REGENERATE).
No benefit shown in mild
NASH

Results from Phase lll trial
awaited (RESOLVE-IT)
Results from Phase lll trial
awaited (STELLAR 4)

Asymptomatic rise in
Amylase

Results from Phase lll trial
awaited (AURORA)

Gl upset

Results from further trials
awaited.

Benefits only verified in
small pilot studies




e  Glucosuria e Weight loss to specifically e  Results from further trials
e Altered lipid metabolism { Fatty liver index treat NAFLD awaited.
e Improved glycaemic
control

Table 2. Selected pharmacological treatments with evidence of efficacy in the treatment of NASH.

CONCLUSION

There is a growing epidemic of NAFLD in many developed countries because of the high prevalence
of obesity in ageing populations. Features of the MetS or abnormal liver biochemistry should prompt
healthcare professionals to consider a potential diagnosis of NAFLD. Although many investigative
approaches exist, ultrasound is a simple and inexpensive first line imaging technique to diagnose
hepatic steatosis, and together with simple biochemical and immunological tests can rule out
alternative pathologies. More specialist investigations, such as the ELF™ test and TE scans are
becoming available in primary care to diagnose liver fibrosis and use of these tests help the non-
specialist identify those patients with NAFLD at higher risk of liver morbidity and mortality who
require specialist referral and input.[84] In patients with NAFLD, there is increased morbidity and
mortality from T2DM and cardiovascular disease, therefore it is important that NAFLD is considered
as a common chronic liver disease with frequently occurring extra-hepatic complications. As more
accurate imaging techniques become widely available, the need for invasive and expensive liver
biopsies will decrease. Lifestyle interventions focussed around weight loss still provide the mainstay
for management although new agents such as GLP-1 agonists that promote weight loss are showing
promise in the treatment of NASH. Increased availability of more advanced imaging techniques and
further research into novel pharmacological treatments, will surely improve the investigative and
management approach towards NAFLD in the very near future.
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5 True/False questions:

1. The majority of individuals who have T2DM have hepatic steatosis? True

2. Abnormal liver biochemistry, such as raised aminotransferase levels, is a reliable early
marker of NAFLD? False

3. The diagnosis of NAFLD can be made with imaging alone? False
4. Ultrasound has a good sensitivity for detecting mild hepatic steatosis? False
5. The only drugs currently recommended for the treatment of NASH are Pioglitazone and

Vitamin E? True
3 research questions:

a) How can the spectrum of liver disease (liver fat, inflammation and fibrosis) be diagnosed in
NAFLD?

b) What treatments are recommended for non alcoholic steatohepatitis (NASH) and which patients
with NASH require regular surveillance for complications of NAFLD?

c) If patients with NASH are treated with a recommended therapy, how should treatment response
be monitored over time?

Main messages of the article:

e Features of the metabolic syndrome or abnormal liver biochemistry should prompt healthcare
professionals to consider a potential diagnosis of NAFLD.

e Liver ultrasound is a pragmatic first line test to diagnose hepatic steatosis in NAFLD and to
exclude other liver pathology such as liver metastases or gallstones that may also cause
relatively small changes in biochemical liver tests.

e Inthose with confirmed hepatic steatosis, use simple non-invasive markers of fibrosis, such as
the ELF score or FIB-4 score and a test of liver stiffness such as a 'FibroScan' to investigate for
liver fibrosis.



e Lifestyle interventions focussed around weight loss provide the mainstay for management of
patients with hepatic steatosis and/or mild liver fibrosis

e Pioglitazone and Vitamin E (where not contraindicated) are currently recommended for patients
with NASH, but new agents such as GLP-1 agonists that promote weight loss are showing
promise.

Figures

Figure 1: Common risk factors for NAFLD and characteristics and spectrum of liver disease in
NAFLD.

NASH; Non-alcoholic steatohepatitis, PNPLA3; patatin-like phospholipase domain-containing
protein-3.

Figure 2: An algorithm for the diagnosis and management of NAFLD
GLP-1; Glucagon-like-peptide-1, SGLT2; Sodium-glucose cotransporter-2

*GLP-1 agonists and SGLT2 inhibitors may be considered to treat hyperglycaemia in patients with
T2DM and NAFLD, but further evidence is needed before such drugs can be advised specifically to
treat NAFLD.
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Features of the Metabolic Syndrome:
* Abdominal Obesity: Waist circumference: men:2102 cm, women:288cm

*  Hypertriglyceridemia: 21.7 mmol/L
®  Low HDL: men:<1.04 mmol/dL, women:<1.30 mmaol/dL
* Hypertension
* High fasting glucose: >6.1 mmol/L
STEATOSIS NASH FIBROSIS
A Histology: Histology:
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Complications:
*  Hepatocellular carcinoma Histology:

®  Regenerative nodules

surrounded by fibrous
¢ Decompensated liver disease bands

e Portal hypertension

Figure 1: Common risk factors for NAFLD and characteristics and spectrum of liver disease in
NAFLD.

NASH; Non-alcoholic steatohepatitis, PNPLA3; patatin-like phospholipase domain-containing
protein-3.



Clinical Suspicion of NAFLD
Features of the MetS
- Abnormal liver biochemistry

History & Examination ﬁ

Exclude alternative causes
e.g. alcohol excess

P

Findings consistent with NAFLD
- Blood tests exclude alternative pathology
Liver ultrasound demonstrates steatosis
INITIATE MANGEMENT FOR HEPATIC
STEATOSIS

Non-invasive liver screen
- Blood tests: hepatitis serology,
liver auto-antibodies,
immunoglobulins, alpha 1 anti-
trypsin, ferritin, caeruloplasmin
- Liver ultrasound

- 3

Assess if liver fibrosis

present:

ELF test
- FIB4 score
NAFLD fibrosis score

High risk: -
ELF test >10.5
FIB4 score >2.67
NAFLD fibrosis score >0.676

Low /
intermediate risk:
Repeat test every 2-

3 years

Refer to secondary care for:
- Hepatology expertise
- Further imaging e.g. Fibroscan, Ultrasound
CAP, MR imaging techniques
- Biopsy if diagnosis uncertain
- Management decisions

MANAGEMENT

HEPATIC STEATOSIS

NASH & FIBROSIS

NAFLD & T2DM CIRRHOSIS

Lifestyle interventions: _
Weight Loss _

Surveillance:
Ultrasound & Upper

Pioglitazone -
Vitamin E _

Pioglitazone
Vitamin E -

Exercise

CVD risk assessment
Statin if 10-year risk
>10% [12]
Manage other risk
factors

Consider:

- GLP-1 agonists*

- SGLT2
inhibitors*

Figure 2: An algorithm for the diagnosis and management of NAFLD

GLP-1; Glucagon-like-peptide-1, SGLT2; Sodium-glucose cotransporter-2

gastrointestinal

endoscopies
Review medications that
undergo hepatic
metabolism

*GLP-1 agonists and SGLT2 inhibitors may be considered to treat hyperglycaemia in patients with T2DM and
NAFLD, but further evidence is needed before such drugs can be advised specifically to treat NAFLD.



