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ABSTRACT
Non-alcoholic fatty liver disease (NAFLD) affects approximately 8 million Canadians. NAFLD refers to a disease 
spectrum ranging from bland steatosis to non-alcoholic steatohepatitis (NASH). Nearly 25% of patients with NAFLD 
develop NASH, which can progress to liver cirrhosis and related end-stage complications. Type 2 diabetes and obesity 
represent the main risk factors for the disease. The Canadian NASH Network is a national collaborative organization 
of health care professionals and researchers with a primary interest in enhancing understanding, care, education, and 
research around NAFLD, with a vision of best practices for this disease state. At the 1st International Workshop of 
the CanNASH network in April 2021, a joint event with the single topic conference of the Canadian Association for the 
Study of the Liver (CASL), clinicians, epidemiologists, basic scientists, and community members came together to share 
their work under the theme of NASH. This symposium also marked the initiation of collaborations between Canadian 
and other key opinion leaders in the field representative of international liver associations. The main objective is to 
develop a policy framework that outlines specific targets, suggested activities, and evidence-based best practices  
to guide provincial, territorial, and federal organizations in developing multidisciplinary models of care and strategies 
to address this epidemic.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is the 
most frequent liver disease at the global level, 
with an estimated prevalence of 25.24% (1). An 
estimated 7,800,000 Canadians are living with 
NAFLD (2). As the Canadian NASH Network 
(CanNASH), we modelled the burden of disease 

in Canada, demonstrating that NAFLD frequency 
will increase by 20% through 2030, when there will 
be an estimated 9,305,000 cases (2). There will also 
be an increase of 65% in cases of liver cirrhosis and 
hepatocellular carcinoma (HCC) related to NASH 
in the next decade (Figure 1). Despite these striking 
figures, Canada has no national strategy or models 
of care for addressing NAFLD.
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Figure 1: Percentage increase in prevalence of NAFLD, NASH, and associated liver fibrosis stages and complications in Canada 
from 2020 to 2030

Data adapted from: Swain MG, Ramji A, Patel K, et al. Burden of nonalcoholic fatty liver disease in Canada, 2019–2030: a modelling 
study. CMAJ Open 2020;8:E429–36. https://doi.org/10.9778/cmajo.20190212. (2)
HCC = Hepatocellular carcinoma; NASH = Non-alcoholic steatohepatitis; NAFLD = Non-alcoholic fatty liver disease
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Moreover, a recent CanNASH survey showed 
that a significant proportion of Canadian physicians 
and nurses managing patients with liver disease 
are not very familiar with NAFLD, thus emphasiz-
ing the need for provider education, national prac-
tice guidelines, and improved treatment options 
(3) (Figure 2). This commentary summarizes high-
lights from the 1st International Workshop of the 
CanNASH, including insights into epidemiology 
and the association with metabolic syndrome and 
cardiovascular disease (CVD), pathophysiology 
and complications, diagnostics and biomarkers, 
therapeutic approaches, and case-finding in pri-
mary care settings. We also highlight research gaps 
and the need for a national strategy addressing this 
frequent and underdiagnosed disease.

THE CANADIAN NASH NETWORK 
(CanNASH)
CanNASH is a national collaborative NASH 
 research network seeking funding from public agen-
cies and currently supported by industrial, private, 

and community organizations, as well as by non-
governmental organizations (eg, Canadian Liver 
Foundation). It was established in October 2018 as 
a special interest group of the Canadian  Association 
for the Study of the Liver (CASL) (https://cannash.
ca). The network’s overarching goal is to build 
 research capacity, translate evidence into practice 
policy, and promote a global effort against a silent 
killer poised to become one of the most important 
public health problems of the  developed world by 
focusing on the themes of epidemiology, diagnos-
tics, and prevention. The network brings together 
Canadian and international leaders in the field, 
nurses, trainees, community representatives, and 
practitioners at a multidisciplinary level with plan-
ning for progressive expansion.

THE 1ST INTERNATIONAL WORKSHOP 
OF CanNASH 
This 2-day workshop—a joint conference between 
CanNASH and the single topic conference of 
CASL—was held virtually from Montréal,  Québec 
on April 8–9, 2021. The overarching goal was to 

Figure 2: Level of awareness of NAFLD in Canada by specialty status

Data adapted from: Sebastiani G, Ramji A; Swain MG, Patel, K. A Canadian survey on knowledge of non-alcoholic fatty liver disease 
among physicians. Can Liv J. 2021;4:82–92. https://doi.org/10.3138/canlivj-2020-0033. (3)
NAFLD = Non-alcoholic fatty liver disease
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provide a multidisciplinary view of the current 
state of NASH research, treatment, and disease 
burden, both nationally and internationally, and es-
tablish the platform for collaborative research proj-
ects  between Canada and institutional leaders in 
the field. The specific aims of the meeting were to:

1. provide an update on the latest advances in 
epidemiology, diagnostics, therapeutic and 
prevention strategies for NASH in Canada and 
internationally.

2. provide a forum for discussion and for the de-
velopment of a roadmap for action to increase 
effective prevention, diagnostic, and treatment 
strategies for NASH in Canada.

3. identify research priorities and opportunities 
for scaling up the network and for collaborative 
grant applications.

4. disseminate workshop findings to support 
practice change, community awareness, harm 
reduction, and policy development.

5. facilitate transdisciplinary knowledge exchange 
and collaborations between Canadian trainees, 
established researchers, health care practitio-
ners, policy makers, and community-based 
groups.

The presentations are available on the confer-
ence website, at https://event.fourwaves.com/
cannash-casl-2021/pages.

OVERVIEW OF THE PROBLEM: CAUSES 
OF LIPOTOXIC LIVER INJURY AND THE 
BURDEN OF DISEASE
NAFLD represents the most common chronic liver 
disease globally, with one in four adults affected (1). 
The increasing disease burden is driven by the epi-
demic of metabolic conditions, including type 2 dia-
betes (T2D) mellitus and obesity. The umbrella term 
NAFLD includes patients with both non-alcoholic 
fatty liver (NAFL) and NASH. NASH, defined as a 
specific pattern of hepatic steatosis and necroinflam-
matory histologic changes,  affects about 20% of pa-
tients with NAFLD and can lead to progressive liver 
fibrosis, cirrhosis, and associated complications, 
namely liver failure and HCC (4) (Figure 3). NASH 
is the second leading indication for liver transplanta-
tion in North America, projected to become the first 
over the next 10 years (5), although alcoholic liver 
disease is also increasing as an indication for trans-
plant (6,7). Dr Brent A Neuschwander-Tetri (Saint 
Louis University School of Medicine, St. Louis, 
Missouri, USA) opened the workshop by provid-
ing an overview of the burden of NAFLD, NASH, 
and its underlying pathogenesis. The development 
of progressive liver fibrosis is the most worrisome 
consequence of any chronic liver disease. One diag-
nostic goal is to identify NASH among those with 
NAFLD because having NASH increases the risk 

Figure 3: Pathogenesis and progression of NASH and associated liver fibrosis

NASH = Non-alcoholic steatohepatitis; NAFL = Non-alcoholic fatty liver; HCC = Hepatocellular carcinoma

 h
ttp

s:
//c

an
liv

j.u
tp

jo
ur

na
ls

.p
re

ss
/d

oi
/p

df
/1

0.
31

38
/c

an
liv

j-
20

21
-0

03
0 

- 
T

ue
sd

ay
, A

ug
us

t 2
3,

 2
02

2 
5:

31
:0

4 
A

M
 -

 U
ni

ve
rs

ity
 o

f 
B

er
n 

IP
 A

dd
re

ss
:1

30
.9

2.
15

.9
 

https://event.fourwaves.com/cannash-casl-2021/pages
https://event.fourwaves.com/cannash-casl-2021/pages


Canadian Liver Journal Winter 2022     65

Current considerations for clinical management and care of NAFLD

of progression to cirrhosis and helps identify treat-
ment candidates. Because liver-related outcomes are 
much greater in patients with advanced fibrosis, a 
newer diagnostic goal is to identify patients with 
“at-risk” NAFLD, meaning those with F2–F4 fibro-
sis (8). Recent data from the Scientific Registry of 
Transplant Recipients in the United States showed 
that from 2002 to 2019, NASH was the most rapidly 
increasing indication for liver transplantation in pa-
tients without and with HCC (7).

NAFLD without cirrhosis also contributes to the 
increase in NASH-related HCC (7). Markov model-
ling of disease burden, based on increases in T2D 
and obesity, predicts marked increases in decom-
pensation, deaths, and HCC related to NASH by 
2030 in the United States (9). There is a very close 
relationship between NAFLD and insulin resistance 
(IR), and NAFLD likely occurs due to IR rather than 
being its cause. This is supported by the fact that 
polymorphisms in APOB and PNPLA3 genes as-
sociated with hepatic steatosis are not associated 
with IR (10–12). The primary underlying cause of 
IR in the body appears to be adipose tissue that is 
stressed by a supply of nutrients that exceeds its 
storage capacity (13,14). This may  explain why lean 
NAFLD can occur in the setting of poor adipose tis-
sue storage capacity, such as the lipodystrophies, 
leading to metabolic abnormalities despite normal 
BMI. NASH can be viewed as lipotoxic liver injury 
in which free fatty acids (FFAs) in the liver, predom-
inantly derived from insulin-resistant adipose tis-
sue, and to a lesser extent from glucose and fructose 
in the diet, with an even smaller contribution of di-
etary fat intake to liver FFAs, contribute to the phe-
notype of NASH. When FFAs are delivered to the 
liver in excess, they can be metabolized to lipotoxic 
lipids, inducing hepatocyte endoplasmic reticulum 
stress and apoptosis, resulting in inflammation and 
fibrosis in the liver (11,15–19). These pathways can 
be further modified by multiple other factors, such 
as genetic polymorphisms in metabolic and inflam-
matory pathways, the gut microbiome, cholesterol 
levels, and the periodic hypoxia of sleep apnea. This 
complex pathogenesis of NASH helps identify mul-
tiple possible sites for therapeutic intervention in 
drug development (20).

PATHOPHYSIOLOGY AND 
COMPLICATIONS
The pathogenesis of NASH is a complex intersec-
tion between IR, oxidative stress, genetics, and 

environmental factors. This multifactorial process 
leads to both liver-related complications, mostly 
associated with the development of cirrhosis and 
portal hypertension, and to extrahepatic diseases 
such as CVD and non-liver cancer (4). Prof  Massimo 
Pinzani (Institute for Liver and Digestive Health, 
University College London, London, UK) opened 
the session by reviewing the mechanisms of fibro-
genesis in NAFLD while highlighting that there 
may be two parallel disease progressions. Of the 
individuals with NAFLD, 20% will develop NASH, 
and a further 20% of NASH patients will progress 
to cirrhosis (4). However, a smaller proportion of 
patients with NAFL (4%) can progress to cirrhosis 
without showing definite histological evidence of 
NASH (ie, presenting only steatosis and fibrosis 
with no signs of tissue inflammation); this suggests 
a distinct and parallel disease progression that can-
not be diagnosed as NASH but is still important for 
clinical outcomes. The mechanisms of fibrogenesis 
in NAFLD include oxidative stress, altered intesti-
nal permeability, genetic factors, and the complex 
hepatic inflammatory network. In NASH, reactive 
oxygen species derived from various sources, such 
as hepatocyte injury, can lead to lipid peroxidation 
and the formation of reactive aldehydes. Reactive 
aldehydes can directly induce collagen synthesis 
in human hepatic stellate cells (HSC), suggesting 
a direct mechanism through which reactive oxy-
gen species promote fibrogenesis (21). Moreover, 
increased intestinal permeability in obesity allows 
for increased entry of pathogen-associated mo-
lecular patterns (eg, lipopolysaccharides) into the 
portal circulation, which, upon arrival at the liver, 
can activate toll-like receptor 4 on HSCs to in-
duce pro-fibrogenic and pro-inflammatory effects 
(22). An increased risk of NASH, severe fibrosis, 
and HCC is associated with the PNPLA3 variant 
rs738407 C> G (I148M) (23). PNPLA3 expression 
is required for HSC activation, and the variant 
PNPLA3 I148M confers a pro-inflammatory and 
pro-fibrogenic phenotype in human HSCs (24). 
Data from Prof Pinzani’s team show that primary 
human HSCs homozygous for the PNPLA3 I148M 
variant have a dysregulated oxidative stress re-
sponse compared to HSCs heterozygous for the 
variant or homozygous for the wild-type allele. A 
network of immune cell types contributes to HSC 
activation and liver fibrogenesis, and cenicriviroc 
(anti-CCR2/CCR5) is an example of a strategy in 
which the NASH inflammatory network has been 
targeted. Overall, considering the complexity of 
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the fibrogenetic process in NASH, the ideal target 
for treatment should likely be a molecule involved 
in metabolism, inflammation, and liver fibrosis.

NAFLD has been long regarded as a hepatic 
manifestation of metabolic syndrome. However, 
accumulating evidence indicates that the effects 
of NAFLD extend beyond the liver and are nega-
tively associated with a range of chronic diseases, 
most notably CVD, T2D, and cancer. These diseases 
result from the same underlying pathophysiologi-
cal processes associated with metabolic syndrome, 
such as IR, chronic systemic inflammation, and dys-
lipidemia (Figure 4). Dr Salvatore Petta (University 
of Palermo, Palermo, Italy) provided an overview 
of NASH as a multi-organ disease. A recently pro-
posed new nomenclature for the disease would 
move from NAFLD, based on “negative criteria,” to 
metabolic associated fatty liver disease (MAFLD), 
based instead on “positive criteria.” This proposed 

definition of MAFLD is based on the presence of 
hepatic steatosis in addition to one of the three fol-
lowing conditions: overweight/obesity, T2D, or 
metabolic dysregulation (25). This new definition 
would also help emphasize NASH as a multi-organ 
disease and its association with extrahepatic condi-
tions. CVD represents the most frequent cause of 
death in NAFLD patients, followed by non-hepatic 
cancer and complications from end-stage liver dis-
ease (cirrhosis and HCC) (26).

The rate of extrahepatic deaths related to CVD, 
T2D, and cancer in NAFLD patients increased be-
tween 2007 and 2017 (27). Moreover, compared to 
the general population, NAFLD patients have the 
highest relative risk of dying from HCC, followed 
by cirrhosis and CVD (28). Patients with NAFLD 
have a 2.2 higher risk of developing T2D than 
those without (29). In patients with T2D, the pres-
ence and severity of NAFLD increase the risk of 

Figure 4: Association between NAFLD and extrahepatic manifestations

NAFLD = Non-alcoholic fatty liver disease; NASH = Non-alcoholic steatohepatitis; CV = Cardiovascular; IBD = Inflammatory bowel 
disease; IR = Insulin resistance; PCOS = Polycystic ovary syndrome
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early diastolic dysfunction (30). Hepatic steatosis 
is associated with a higher prevalence of carotid 
plaques, with a reported odds ratio of 1.63 (31). 
A genetic contribution to the relationship between 
NAFLD and CVD has been suggested. TM6SF2 
single-nucleotide polymorphism (E167K) associ-
ates with increased NASH but a lower prevalence 
of carotid plaques (32). Patients with this single-
nucleotide polymorphism are at increased risk of 
advanced fibrosis but a reduced risk for carotid 
plaques. TM6SF2 encodes a protein involved in 
lipid export from the liver.

NAFLD patients have a 1.6 times higher risk 
of developing incident cardiovascular events 
compared to those without NAFLD (33). NAFLD 
also increases the risk of HCC and non-hepatic 
cancers, such as colorectal and breast cancer (34). 
The association between NAFLD and metabolic 
 comorbidities is of a bidirectional kind. Indeed, in 
1,051 participants of the Framingham heart study, 
NAFLD increased the risk of developing T2D and 
hypertension, and T2D and hypertension, in turn, 
increased the risk of developing NAFLD (35). 
NAFLD severity also plays a major role in the risk 
of metabolic comorbidities. The incidence of T2D 
increases with increasing stages of liver fibrosis 
in NAFLD (36). The presence of significant liver 
fibrosis also increases the risk of developing arte-
rial hypertension (37). The prevalence of carotid 
atherosclerosis and left ventricular alterations is 
increased with higher liver fibrosis stages (38,39). 
The risk of cardiovascular events is two times 
higher in patients with severe NAFLD compared 
to non-severe (33). A competitive risks approach 
should be used to evaluate the risk of liver-related 
events and extrahepatic events together, as op-
posed to separately, which is currently being done. 
Unpublished data from Dr Petta’s team suggest 
that in patients with mild fibrosis (F0–F1), the risk 
of hepatic events is low while that of extrahepatic 
events is high. In patients with significant fibrosis 
(F2), the risk of hepatic events remains low but 
clinically relevant while that of extrahepatic events 
is high. In patients with advanced liver fibrosis 
(F3–F4), the risk of both hepatic and extrahepatic 
events is high.

Interestingly, patients with fibrosis stage F3 are 
at higher risk of vascular events and extrahepatic 
cancers than liver-related events, while patients 
with fibrosis stage F4 (cirrhosis) are at higher risk 
of liver-related events than vascular events and ex-
trahepatic cancers (40). Overall, NAFLD is highly 

prevalent in the general population, which paral-
lels the epidemic of obesity and T2D. Importantly, 
NAFLD patients are at high risk of both liver-re-
lated and extrahepatic events and death. A mul-
tifactorial mechanism of metabolic comorbidities, 
genetic background, and severity of liver disease 
can modulate the risk of extrahepatic complica-
tions in NAFLD. The impact of investigational 
drugs for NASH should consider both hepatic and 
extrahepatic outcomes.

The end-stage liver complications occurring 
in NASH are those associated with sequelae of 
portal hypertension and HCC, two conditions 
driving most of the prognosis in NASH. Dr An-
nalisa Berzigotti (University of Bern, Bern, Swit-
zerland) showed that the risk of decompensation 
in NASH cirrhosis is lower compared to that of 
hepatitis C  virus (HCV)-related cirrhosis, but once 
decompensation occurs, survival is the same for 
both etiologies (41). Cirrhotic patients (stage F4) 
have increased hepatic venous pressure gradient 
(HVPG). The presence of clinically significant por-
tal hypertension (defined as HVPG ≥10 mmHg)  
predicts clinical events and progression to de-
compensation, HCC risk, and development of 
varices and ascites (42). Some liver function tests 
(albumin), MELD score, and obesity can also inde-
pendently predict this progression (43,44). Inter-
estingly, HVPG values in NASH patients are lower 
than those in HCV patients when matched by 
 fibrosis stage (45). In NASH, there is an increased 
risk of liver-related events per 1 mmHg increase in 
HVPG over time (42). While there is good agree-
ment between wedged hepatic venous pressure 
and portal pressure in alcoholic and HCV-related 
cirrhosis, one-third of patients with NASH-related 
cirrhosis show a disagreement between wedged 
hepatic venous pressure and portal pressure 
(mostly underestimation). In NASH, there may 
be a presinusoidal component to portal hyperten-
sion, at least in some cases, that is not captured by 
HVPG (46). This was important in the simtuzumab 
studies, a monoclonal antibody directed against 
lysyl oxidase-like 2, as 14% of patients with HVPG 
≤10 mmHg developed portal hypertension-related 
complications, which did not occur in the timolol 
study (for patients with alcoholic and HCV-related 
liver disease) (42). Non-invasive tests can be used 
to predict the risk of liver-related events. For ex-
ample, a liver stiffness measurement (LSM) of 
>21 kPa by transient elastography (TE) using Fi-
broScan (Echosens, Paris, France) combined with 
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the fibrosis biomarker Fibrosis-4 (FIB-4) >2.67 can 
be used to identify patients at risk for liver-related 
events (47). The Baveno criteria and the slightly 
more expanded NAFLD cirrhosis criteria, based on 
platelet count and LSM, can rule out varices need-
ing treatment while missing less than 5% of varices 
that do need treatment (48). Portal vein thrombo-
sis occurs more frequently in NASH compared 
to HCV-related cirrhosis (49). Moreover, renal 
dysfunction is usually more severe in NASH cir-
rhosis and requires more often renal replacement 
therapy, while NASH cirrhosis is an independent 
risk factor for renal replacement therapy after tran-
sjugular intrahepatic portosystemic shunt (50,51). 
Sarcopenia and myosteatosis are common in pa-
tients with NASH cirrhosis and are independently 
associated with higher mortality (52). As for HCC, 
the incidence in patients with NASH cirrhosis is 
lower than other etiologies of liver disease, such 
as chronic hepatitis B (53). However, because the 
burden of NAFLD is much higher than chronic 
hepatitis B, NASH is the major indication for HCC 
requiring liver transplant (54). HCC can develop 
in both cirrhotic NASH (incidence 0.3%–2.6% per 
year) and in non-cirrhotic NAFLD/NASH (unclear 
incidence, but estimates 0.04%–0.3% per year) (55). 
HCC in NAFLD occurs more often in the absence 
of cirrhosis compared to other etiologies of liver 
disease (34.6% of HCC cases are on a non-cirrhotic 
background, while in HCV, HBV, and alcohol ≥88% 
occurs on a cirrhotic background) (56). Moreover, 
patients with NAFLD-related HCC are less likely 
to undergo HCC surveillance in the 3 years lead-
ing up to the diagnosis compared to those with al-
cohol or HCV-related HCC (56,57). Ultimately, this 
results in a delay in diagnosing HCC as compared 
to HCV: 54% of patients with NAFLD-related HCC 
are diagnosed at a stage beyond a curative option, 
compared to 44% of patients with HCV-related 
HCC (57). In patients with liver cirrhosis, the main 
factors associated with increased risk of HCC are 
male sex, obesity, and T2D (58). In the specific set-
ting of NAFLD-related liver cirrhosis, an increased 
risk of HCC has been observed with older age, 
presence of T2D, and low albumin (59).

DIAGNOSTICS AND BIOMARKERS
Liver biopsy is considered the gold standard of 
reference for diagnosing NASH and associated 
liver fibrosis (60). Despite many research efforts to 
identify an accurate serum biomarker, a diagnosis 
of NASH is still based on the histologic coexistence 

of hepatic steatosis, necroinflammatory changes, 
and hepatocyte ballooning. However, liver biopsy 
is invasive, costly, and prone to sampling error 
(61,62). Although histology is still necessary for a 
definitive diagnosis of NASH, the coexistence of 
hepatic steatosis and liver fibrosis may indicate the 
presence of NASH. Several non-invasive tools for 
the diagnosis of NAFLD and associated liver fibro-
sis have been extensively studied. These methods 
rely on two different approaches: a biological ap-
proach based on the quantification of biomarkers 
in the serum, and a physical approach based on 
LSM by either ultrasonographic elastography tech-
niques or magnetic resonance elastography (MRE) 
(Figure 5) (63). Prof Elizabeth M Brunt (Washing-
ton School of Medicine, St. Louis, Missouri, USA) 
provided a detailed overview of the role of liver 
biopsy and histology in NAFLD. NASH is a driver 
of liver fibrosis, but whether NAFL as steato-
sis itself can progress to fibrosis directly remains 
unknown. In 2005, the NASH CRN pathology 
committee published the scoring system that is 
now well-known (64). The lesions for activity are 
known as grade and are referred to as the NAFLD 
activity score (NAS). The score ranges from 0 to 8 
and is comprised of steatosis (0–3), lobular inflam-
mation (0–3), and ballooning (0–2). Stage refers to 
fibrosis, but it is not just matrix; it also includes the 
location of fibrosis as well as parenchymal remod-
elling. Bridging fibrosis and cirrhosis are the most 
important stages and are therefore referred to as 
advanced fibrosis, associated with the risk of end-
stage liver complications and HCC. The diagnostic 
categories that are used by pathologists for NASH 
include the following: not NAFLD, NAFL, definite 
steatohepatitis, borderline steatohepatitis with 
either zone 1 or zone 3 accentuation, and crypto-
genic cirrhosis. Although tarnished, liver biopsy 
is still the gold standard for diagnosing NASH, 
as its diagnosis is more than a simple addition of 
lesions. In a histologic study of 934 non-cirrhotic 
adults, the NASH CRN demonstrated that 25% of 
definite steatohepatitis diagnosed by the patholo-
gist had an NAS score <4, which would have been 
missed by the simple use of the NAS score (65). 
Interestingly, while both an NAS score ≥5 and a 
steatohepatitis diagnosis were associated with 
alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), and homeostatic model as-
sessment (HOMA)-IR on regression analysis, only 
steatohepatitis (but not an NAS score ≥5) was sig-
nificantly associated with diabetes and metabolic 
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syndrome. These results indicate that pathologists 
see something in NASH that is important and not 
represented only by NAS. As with other scoring 
systems in chronic liver diseases, NAS was created 
to evaluate lesions of significance for semi-quan-
titative assessment and assign relative, graduated 
values to represent severity. None of these scores 
were developed to replace diagnosis. Pathology 
diagnoses are not made by simple addition, al-
though existing lesions are important parts of the 
composite. As such, NAS and steatohepatitis di-
agnosis serve two important purposes—they are 
related but not interchangeable. Scoring is indeed 
different from diagnosis. The descriptors include 
steatosis, lobular inflammation, ballooning, and 
fibrosis; however, the diagnosis also includes the 
pattern of injury. The initial injury pattern usually 
occurs in zone 3. There are several patterns of liver 
fibrosis in the adult liver: stage 1 (zone 3 perisinu-
soidal fibrosis), with stage 1a versus 1b depending 
on the density of the fibres in zone 3; stage 2 (com-
bination of zone 3 perisinusoidal fibrosis and por-
tal/periportal fibrosis); stage 3 (bridging fibrosis 

between any vascular structures); and stage 4 (cir-
rhosis, which may or may not retain features of ac-
tive steatohepatitis). Another important concept is 
that not all clinical NASH turns out to be NASH 
on liver biopsy. A study of 354 patients with unex-
plained liver test abnormalities found that 66% had 
fatty liver (of which 32% had steatohepatitis with 
liver fibrosis), but about 13% could be explained 
by other liver diseases, 9% were cryptogenic, and 
nearly 6% had normal liver histology (66). Biopsy 
is also helpful when NASH occurs concurrently 
with other forms of chronic liver disease, such as 
chronic hepatitis B and C, hepatotoxicity caused 
by drugs or occupational toxins, and primary bili-
ary cholangitis. A major diagnostic complication is 
the alcohol conundrum, which occurs when there 
are risk factors for NASH, namely obesity and 
T2D, and significant alcohol intake. Histologically, 
macro, mixed, and large droplet steatosis occur 
in both alcoholic liver disease and NAFLD. How-
ever, sclerosing hyaline necrosis, venocclusive-
like lesions, acute cholestasis in the non-cirrhotic 
liver, and alcoholic foamy degeneration are lesions 

Figure 5: Use of non-invasive tests for the diagnosis of liver fibrosis in clinical practice

APRI = AST-to-platelet ratio index; FIB-4 = Fibrosis-4 score; NAFLD = Non-alcoholic fatty liver disease; ELF = Enhanced liver fibrosis 
score; SWE = Shear-wave elastography; TE = Transient elastography; ARFI = Acoustic radiation force impulse; MRE = Magnetic 
resonance elastography; HCV = Hepatitis C virus; IQR = Interquartile range
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occurring only in alcoholic liver disease (67). Liver 
biopsy has also been helpful to show that the spec-
trum of NAFLD is two-way, as it can show the 
progression of NAFL/NASH, documented in 30% 
of cases, as well as regression, documented in 20% 
of cases (68,69). Regression of NAFL/NASH has 
been shown in clinical trials, especially in the pla-
cebo arms, and the strongest correlate for fibrosis 
improvement was NASH improvement (69). Liver 
biopsy evaluation is also very important in treat-
ment trials as it is a surrogate for hard outcomes, 
namely cirrhosis, HCC, liver transplant, and death. 
Both the US Food and Drug Administration (FDA) 
and the EU Medicines Agency (EMA) require his-
tologic efficacy for late phase II and phase III regis-
tration trials, but specific lesion requirements have 
proven challenging. These lesions were based on 
initial evaluations of glass slides, but now digi-
tized images are used in trials. Poor pathologist 
agreement may affect enrolment and evaluation of 
efficacy in clinical trials (70). The insulin sensitizer 
MSDC-0602K did not demonstrate a significant 
 effect on primary and secondary liver histology 
end points in a phase IIb NASH trial; however, 
46% of re-read entry biopsies did not meet entry 
criteria (70,71). Prof Brunt commented on the im-
portance of involving pathologists from the begin-
ning of the trial and having consensus reads (72). 
Another possible approach may be to assess for 
improvement instead of insisting on calculating an 
algorithmically determined resolution. Artificial 
intelligence (AI) and machine learning approaches 
have been proposed (73,74). The value of AI in 
NASH may lie beyond replicating NAS and fibro-
sis stage as a guide for less experienced patholo-
gists/hepatologists for lesion location and help 
with the actual diagnosis. It may also be helpful 
for quantitative analysis of features, particularly 
the intersection of stages 3–4 and pre-/post-treat-
ment comparisons, and for deeper analysis of 
qualitative features, such as ballooning. Overall, 
AI allows to see things not available to the human 
eye and to improve reproducibility. On the posi-
tive side, non-invasive tests continue to improve.

Dr Keyur Patel (University Health Network, 
Toronto, Ontario, Canada) provided an update 
on serum biomarkers to diagnose NASH and ad-
vanced fibrosis. Among these, several blood-based 
biomarkers have been evaluated for the differen-
tiation of NASH from simple steatosis, including 
various acute-phase proteins and cytokines, along 
with markers of apoptosis, metabolic signalling, 

and oxidative stress. A systematic review of 122 
studies that included 219 different blood markers 
(107 single markers, 112 scoring systems) to differ-
entiate simple steatosis from NASH concluded that 
no single test or combinations of tests met the min-
imum benchmark for a diagnostic test with pooled 
sensitivity or specificity of ≥80% (75). Measuring 
keratin 18 fragments (CK-18), either as the cleaved 
fragment M30 or intact protein M65, as a marker 
of hepatocyte apoptosis has been proposed as a 
marker for diagnosis of NASH. Pooled data from 
15 studies for M30, and 5 studies for M65,  indicated 
sensitivity and specificity for NASH diagnosis of 
68% and 74% for M30, and 76% and 74% for M65, 
respectively (75). At the current time, no blood 
marker can be recommended for differentiating 
simple steatosis from NASH. Newer combinations 
of markers for diagnosis of fibrotic NASH (NAS ≥4 
and F ≥2) have been proposed but require further 
validation and are not yet readily available. These 
include FibroScan–AST (FAST) score (LSM by TE, 
controlled attenuation parameter [CAP], AST) (76), 
MACK 3 (AST, HOMA-IR, CK-18 M30) (77), and 
NIS4® (GENFIT SA, Nord, France) (miR-34a-5p, 
YKL-40, alpha-2-macroglobulin, hemoglobin gly-
cosylated) (78). Several patented and non-patented 
combined serum biomarker algorithms have been 
developed to predict advanced fibrosis in NAFLD 
patients. The NAFLD Fibrosis Score and FIB-4 are 
the most validated of the non-proprietary tests 
due to the use of simple, readily available tests 
and free online calculators. The AASLD Guidance 
statement on NAFLD stated that NAFLD Fibrosis 
Score or FIB-4 are clinically useful tools for iden-
tifying NAFLD patients with a higher likelihood 
of advanced fibrosis (4). However, these tests are 
associated with “indeterminate” range scores with 
poor diagnostic performance in one-third of cases. 
Patented marker panels such as Enhanced Liver 
Fibrosis (ELF) (Siemens Healthineers, Erlangen, 
Germany) are available in Europe for screening 
NAFLD patients and recommended by the UK’s 
National Institute for Health and Care Excellence 
(NICE) guidance for diagnosing  advanced fibro-
sis in patients incidentally identified with NAFLD 
(79). However, the thresholds for F3–4 recom-
mended by NICE (ELF ≥10.51) differ from the assay 
manufacturer (ELF >9.8). A  recent meta-analysis of 
11 studies that evaluated ELF indicated a high sen-
sitivity, but limited specificity for excluding F3-4 
at ELF <7.7. The diagnostic performance of ELF at 
higher thresholds was limited in low prevalence 
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settings (positive predictive value of 0.26 at ELF 
≥10.51 for F3–4 prevalence of 5%) (80). Data from 
phase III NASH clinical trials have further high-
lighted the limitations of serum markers as single 
tests for advanced fibrosis. In the screening co-
hort from the phase III study, selonsertib (inhibi-
tor of apoptosis signal-regulating kinase 1), with 
>70% prevalence of F3–4, ELF was associated with 
indeterminate rates of 45%, with an additional 
misclassification rate of 19% (81). In the phase III 
REGENERATE study (Randomized Global Phase 3 
Study to Evaluate the Impact on NASH With Fibro-
sis of Obeticholic Acid, OCA, a farnesoid X recep-
tor agonist, FXR), screening cohort data with ELF 
available in n = 1,170 patients at F3–4 prevalence 
of 43%, also noted high indeterminate rates of 59% 
(82). Given these diagnostic limitations of single 
markers, sequential algorithms are being applied 
to indeterminate results from simple tests such as 
FIB-4 to improve test specificity in low prevalence 
cohorts. In a Canadian study of 541 biopsy-proven 
NASH patients from two tertiary centre cohorts, 
sequential FIB-4 followed by NAFLD fibrosis score 
significantly reduced indeterminates and avoided 
biopsy for F3–4 in 27%–29% of patients (83). In a 
low prevalence cohort, sequential application of 
FIB-4 and ELF in a UK primary care NAFLD popu-
lation reduced referrals to specialist care by 80% 
(84). Currently available serum markers for fibro-
sis assessment were developed in cross-sectional 
cohorts and appear to have limited diagnostic util-
ity in following changes in fibrosis. A systematic 
review of 6 studies with variable time to follow-up 
in assessing NAFLD fibrosis progression or regres-
sion indicated AST-to-platelet ratio index (APRI), 
FIB-4, and NAFLD fibrosis scores had inconsistent 
performance for predicting change in the fibrosis 
stage (85). Data from a phase II study of simtu-
zumab that enrolled stage F3–4 patients but failed 
to achieve histologic end points of treatment effi-
cacy has provided useful information on the asso-
ciation of serum markers with the natural history 
of disease progression or regression. In this study, 
higher ELF scores in F3 patients at baseline were 
associated with progression to cirrhosis at week 96. 
Conversely, lower baseline ELF, FIB-4, NFS, and 
APRI scores in F4 patients, but no change in index 
scores, were associated with cirrhosis regression 
at the week 96 biopsy follow-up (42). Pooled data 
from the simtuzumab and selonsertib trials that 
enrolled F4 patients have indicated that cirrhosis 
regression is associated with reduced liver-related 

events, and baseline ELF, FIB-4, and NAFLD fi-
brosis score, were associated with risk of clinical 
events during median follow-up of 16 months (86). 
These results require further validation to define 
optimal serum test thresholds predictive of his-
tologic change or clinical outcomes in real-world 
cohorts. Emerging future diagnostic biomarker 
tools for NASH and fibrosis include the highly 
multiplexed SOMAScan proteomic assay (Som-
aLogic Inc., Boulder, Colorado, USA). These newer 
technologies appear promising to develop the next 
generation of blood biomarkers as part of a liquid 
biopsy, but still require further validation.

Ultrasound-based generation of shear waves 
can be used to non-invasively measure liver stiff-
ness, as outlined by Dr Mark Swain (University of 
 Calgary, Calgary, Alberta, Canada). Increasing liver 
stiffness, in general, correlates with increasing liver 
 fibrosis severity. Elastography-based approaches 
are being increasingly used to direct many aspects 
of NAFLD patient care. In the context of NAFLD 
clinical care pathways, especially within primary 
care, elastography can be used for patient case 
identification strategies to better find those NAFLD 
patients with an increased likelihood of having 
more advanced liver disease (ie, >F2) and who may 
potentially benefit from specialist referral/care. 
Within this patient care paradigm, those NAFLD 
patients who are found to have lower LSM and 
therefore lower risk for having significant liver fi-
brosis (ie, with low risk of progressive disease; <F2), 
could be cared for within their primary care home 
(and not referred to a liver specialist). This NAFLD 
patient group could be re-tested, at designated in-
tervals (~3 years), to ensure a lack of liver disease 
progression. In addition, elastography techniques 
can be used by specialists as a therapeutic decision-
making tool. They will likely become a mainstay 
for patient-related decisions regarding starting (or 
stopping) directed NAFLD therapies when they 
become clinically available in the next few years. 
Three main elastography techniques are currently 
clinically available. TE has been widely available 
for clinical use for some years (more recently in the 
United States). This technique uses a freestanding 
dedicated machine to generate shear waves, mea-
suring the propagation of low frequency (50  Hz) 
shear waves through the liver to define liver stiff-
ness: the faster the shear-wave propagation, the 
stiffer the liver. Importantly, for larger patients with 
a skin-to-liver capsule distance of >25 mm, an XL 
probe is required to obtain accurate results using the  
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FibroScan. Point shear-wave elastography (such as 
acoustic radiation force impulse) is another tech-
nology with the advantage that it can be integrated 
into most commercially available (ie, community-
based) ultrasound machines by software upgrade. 
This technique measures liver stiffness by apply-
ing a single acoustic pulse after identification of 
a region of interest within the liver using B-mode 
visualization. 2D shear-wave elastography tech-
nology can also be readily added to commercially 
available ultrasound machines. This technique 
generates multiple shear waves, and their propa-
gation through the liver can be visualized and 
measured in real time. Importantly, all the elasto-
graphic techniques sample a relatively small area 
of liver tissue for measuring liver stiffness (<2 cm). 
Optimal liver fibrosis threshold cut-offs are being 
better defined (87); however, the technique fail-
ure rate is known to increase with increasing BMI  
(especially >40 kg/m2), and this will become pro-
gressively problematic as the world population 
gets larger with each passing year. Primary care-di-
rected 2D shear-wave elastography-based NAFLD 
case-finding pathway was implemented in Cal-
gary, Alberta, Canada, in 2016 (88). This pathway 
employed a 2D shear-wave result of <8  kPa as a 
decision point to define NAFLD patients at low 
risk for significant liver fibrosis and who could be 
managed within their primary care home. Impor-
tantly, the use of this pathway showed that >90% of 
NAFLD patients had a shear-wave value of <8 kPa 
and did not require specialist referral. Moreover, 
in this pathway, a BMI of >37 kg/m2 increased 
the likelihood of a shear-wave value of >8 kPa, as 
did the presence of hypertension and a hemoglo-
bin glycosylated result of >6.2%. Interestingly, the 
presence of abnormal serum transaminases (ALT, 
AST) within 2 years prior to the shear-wave assess-
ment was not linked to a finding of an elevated 
shear-wave result of >8 kPa. CAP is an additional 
variable that can be generated by the FibroScan 
technology, and it allows for the quantification of 
liver fat content (89). To do this, the machine gener-
ates an acoustic impulse that passes through liver 
tissue. Fat within the liver attenuates the acous-
tic impulse signal, and the more fat present, the 
higher the attenuation. The degree of attenuation 
is reported as a CAP score that varies from normal 
(~220) to a maximum score of 400 (severe steato-
sis). In summary, elastography-based techniques 
are increasingly being employed as tools for case-
finding of NAFLD patients with significant liver 

fibrosis in the general population and for clinical 
decision-making processes within liver specialty 
care, including the decision to undertake a liver bi-
opsy and/or to define patient treatment strategies.

While liver biopsy is the definitive test for NASH 
diagnosis and for the staging of liver fibrosis, it is 
neither practical nor feasible to perform for NAFLD 
considering that it affects 20%–30% of the adult 
North American population. Imaging offers the 
possibility to sample the liver using different mo-
dalities. While dual-energy computed tomography 
(CT) has been studied for fat quantification and 
imaging of liver fibrosis, ultrasound and magnetic 
resonance imaging (MRI) are more commonly used 
for assessment of chronic liver disease, especially 
for assessment of liver fibrosis. Dr An Tang (Uni-
versité de Montréal, Montréal, Québec, Canada) 
focused on the role of MRI for assessment of the 
NAFLD spectrum. Histopathological changes are 
accompanied by changes in physical properties of 
the liver that can be  measured to quantitate liver 
fat, inflammation, and fibrosis. Unlike biopsy sam-
pling, MRI can cover the entire liver and account 
for disease heterogeneity. The interest in using 
MRI to assess the NAFLD spectrum stems from 
the potential for a comprehensive diagnostic test 
to quantitate each hallmark feature of NAFLD; it 
does so by leveraging different physical concepts 
and including a larger area than possible with 
liver biopsy. MRI can be used to assess liver fat for 
four purposes: detection, grading, assessment of 
distribution, and determining the composition of 
triglycerides. While MR spectroscopy was the non-
invasive reference standard and considered the 
most accurate technique for fat quantification due 
to its spectral resolution, it has limited availabil-
ity, is time-consuming, and  requires spectroscopy 
 expertise. Over time, MRI proton density fat frac-
tion (PDFF) has become more popular because it is 
in close agreement with MR spectroscopy (minimal 
bias: –0.13% and 95% limits of agreement: ± 4%), 
rapid to perform, and covers the entire liver (90). 
However, it currently does not permit the assess-
ment of the type of triglycerides. MRI-PDFF pro-
vides good classification accuracy for grading liver 
steatosis compared to histopathology (91). Interest-
ingly, patients with NAFLD have liver triglycerides 
that become more saturated as PDFF increases (92). 
In other words, patients with a lot of liver fat also 
have bad fat. In general, elastography techniques 
cannot measure stiffness  directly; rather, they as-
sess stiffness indirectly by measuring the speed of 
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shear waves propagating in the tissue of interest. 
The underlying concept is that shear-wave speed 
is related to tissue stiffness: shear waves travel 
slowly in soft tissues and faster in stiff tissues. 
MR elastography (MRE) requires phase-contrast 
pulse sequences synchronized with a mechanical 
driver system to generate wave images and elasto-
grams (ie, stiffness maps) of the liver (93). A recent 
 Japanese study performed a head-to-head com-
parison of MRE, shear-wave elastography, and TE 
in patients with NAFLD (94). The key finding was 
that all techniques provide excellent diagnostic ac-
curacy in  detecting liver fibrosis in patients with 
NAFLD. MRE demonstrated the highest  diagnostic 
accuracy for stage 4 detection and higher intra- 
and inter- observer  reproducibility. The key points 
from a meta-analysis on the diagnostic perfor-
mance of MRE in NAFLD are that MRE has high 
diagnostic accuracy for the staging of liver fibrosis 
in NAFLD (95). BMI does not significantly affect 
the accuracy of MRE in NAFLD (provided the pa-
tient can enter the MR bore to undergo the MRE 
examination), and  inflammation had no significant 
influence on MRE performance in NAFLD for fi-
brosis. Inflammation may act as a confounder on 
liver fibrosis staging using traditional elastogra-
phy techniques. There are at least three investiga-
tional techniques for assessing liver inflammation 
using MR: magnetic resonance viscoelastography, 
corrected T1, and diffusion-weighted imaging. 
Preliminary results in a dietary animal model of 
NASH suggest that the addition of a damping ra-
tio (which is related to the ratio of viscosity over 
elasticity) increases with inflammation (96). Fur-
ther studies in humans are needed to examine the 
exact utility and applicability of these approaches 
in the assessment of NAFLD severity. McDonald 
et al have proposed measuring the corrected T1 to 
detect the presence of inflammation (97). The ra-
tionale is that corrected T1 increases with the modi-
fied Ishak score but is also higher in the presence 
of inflammation but without fibrosis. Lefebvre et 
al have proposed a variant of diffusion-weighted 
imaging known as intravoxel incoherent motion 
to assess liver  inflammation (98). Preliminary re-
sults indicate that perfusion fraction increases in 
patients with higher inflammation grades, provid-
ing classification accuracy ranging from 0.84 to 0.88 
for non-invasive grading of inflammation. These 
techniques for assessing liver inflammation must 
be further validated in prospective, multicentre  
human cohorts.

This session closed with a debate on the impor-
tant topic of screening to be done by primary care 
(pro versus con), featuring Prof Jeremy  Cobbold 
(Oxford University Hospitals, Oxford, UK) and 
Prof Vlad Ratziu. Liver fibrosis screening in the pri-
mary care population is a significant health issue. 
Among the causes of liver fibrosis, NAFLD is not 
only highly prevalent but typically asymptomatic, 
and therefore most of the patients remain undiag-
nosed. Populations at risk for NAFLD-associated 
liver fibrosis, such as patients with T2D, are mostly 
seen in primary care and endocrinology clinics; 
as such, the development of clinical pathways to 
identify patients with advanced fibrosis is a key 
point for debate in NAFLD management.

THERAPEUTIC APPROACHES
The current therapeutic management of NASH 
 relies on a three-tiered approach: lifestyle inter-
ventions, specific pharmacotherapy, and metabolic 
risk management. The guidelines recommend a 
program based on dietary change, weight loss, and 
structured exercise intervention. Pharmacother-
apy should instead be reserved for patients with 
NASH and liver fibrosis. Given the strong and bi-
directional association between NASH and T2D, 
there is emerging interest in pharmacotherapies 
used in T2D, with a need to address body weight. 
Several antifibrotic drugs are in phase II and phase 
III  development through global clinical trials.

A healthy lifestyle, including diet and exercise 
for maintaining a healthy weight, is the cornerstone 
of NAFLD and NASH management ( Figure 6). Be-
fore discussing nutritional treatment approaches, 
Dr Stéphanie Chevalier (McGill University, Mon-
tréal, Canada) stressed the importance of nutri-
tional assessment. Although NAFLD and NASH 
are strongly associated with excess weight, pa-
tients may present with malnutrition or sarcopenia 
and should be screened, as both are predictors of 
morbidity and mortality (99). The Nutritional Risk 
Screening (2002) is a validated tool recommended 
for the malnutrition aspect (100), and sarcopenia 
(low muscle mass) may be assessed using dual X-ray  
absorptiometry or from abdominal cross-sectional 
CT images when available (101). In patients with 
overweight and obesity, an intensive lifestyle 
intervention leading to weight loss has shown 
the greatest benefits and is recommended as the 
first-line treatment (99). While a modest 5%–10% 
weight loss reduce steatosis, a more significant loss 
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of >10% is needed for substantial  fibrosis regres-
sion and NASH resolution (102). Few patients can 
achieve and maintain such loss in the long term. 
A multidisciplinary approach is recommended for 
sustainable lifestyle changes, which should include 
behaviour modification, education on weight cy-
cling and hunger management, and self-monitor-
ing in addition to physical activity and medications 
(103). Personalized hypo-energetic diets, irrespec-
tive of macronutrient composition, should be pro-
moted for sustainability. Diets that are relatively 
high in protein are shown to preserve lean mass 
during weight loss (104) and combined with a low 
glycemic index to maintain weight after loss (105). 
While regular physical activity only achieves small 
amounts of weight loss, aerobic and resistance ex-
ercise have shown benefits in reducing visceral and 
hepatic fat even in the absence of weight loss, and 
on weight maintenance (106).  Further, resistance 
training promotes the maintenance of muscle mass 
(107). Among different dietary patterns, the Medi-
terranean diet has been the most widely studied 
through observational and interventional studies 
and is recommended to reduce steatosis and im-
prove insulin sensitivity (99). Similar plant-based 
dietary patterns should be further studied as they 
may lead to similar benefits. To date, only vitamin 
E supplements (800 IU alpha-tocopherol/d) are 
recommended, specifically in non-diabetic adults 
with histologically confirmed NASH for improve-
ment of liver enzymes and histology (99). Although 
omega-3 fatty acid intake has shown benefits in 
reducing liver enzymes and steatosis, an optimal 
dose-response is unknown, and efficacy data are 
lacking to support a recommendation to take sup-
plements. Likewise, antioxidant supplements are 
not recommended due to a lack of efficacy data. 
Given the potential involvement of the intestinal 
microbiome in NAFLD, supplements containing 

probiotics or synbiotics have been tested. Though 
data are limited, these may be used to improve 
liver enzymes (99). Regular coffee consumption 
(3–4 cups/d) was associated with reduced fibrosis 
in patients with NAFLD and is thought to most 
likely benefit, rather than harm. A high fructose 
intake, namely from beverages containing high 
fructose corn syrup, may contribute to NAFLD 
from the well-known role of fructose on de novo 
lipogenesis and potentially through an altered gut 
microbiome (108). Fructose may increase the risk 
of advanced fibrosis and NASH when in excess 
calories. Last, patients with NAFLD and NASH 
should abstain from alcohol to improve liver his-
tology and reduce the risks of comorbidity (99). In 
conclusion, multimodal strategies are important 
and should include diet and lifestyle behaviours, 
medications, and bariatric surgery (as needed), as 
part of NAFLD and NASH treatment.

Prof Quentin M Anstee (Newcastle University, 
Newcastle upon Tyne, UK) provided a detailed 
overview of the current management options for 
NAFLD. NAFLD prevalence increases in the obese 
(94%) and those with greater IR and T2D. As such, 
NAFLD is best thought of as part of a multisystem 
disease driven by obesity, which interlinks with 
metabolic stress, systemic inflammation, and fi-
brogenesis. Ideally, interventions should therefore 
be beneficial not only to the liver but also to other 
organ systems that may be impacted by the meta-
bolic syndrome, such as the vasculature, heart, and 
kidney. Many factors contribute to today’s complex 
obesogenic environment, including physiologic, 
economic, social, cultural, and political factors. 
Thus, obesity and NAFLD are  major societal chal-
lenges, and to truly address fatty liver disease, it is 
important to support individuals to make healthy 
lifestyle choices and develop personalized behav-
iour interventions. However, there is generally a 
poor public health readiness to respond to the chal-
lenges of NAFLD. A survey of 29 European coun-
tries showed that no participating country had 
written national strategies or a national action plan 
for NAFLD (109). There are four principles of treat-
ment for targeting NAFLD: (1) target the obeso-
genic lifestyle by addressing obesity itself (dietary 
change and/or bariatric surgery) and sedentary be-
haviours (physical activity, exercise), (2) target the 
metabolic syndrome to reduce cardiovascular risk, 
ideally using agents with secondary liver-directed 
benefits, (3) target the liver itself by ameliorating 
steatohepatitis (and prevent progression to fibrosis 

Figure 6: Multimodal treatment strategies for NAFLD
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and cirrhosis), and (4) minimize downstream com-
plications such as HCC. The obesogenic Western 
diet is high in saturated fat, trans fat, salt, and re-
fined ingredients as well as processed options (fast 
food), while it is low in plant-based options (60). 
There is evidence of the importance of weight loss 
to treat NAFLD. Weight reduction through a calorie 
restriction of a 500–1,000 kcal deficit per day should 
be recommended to patients with NAFLD as part 
of a holistic therapeutic approach because, if sus-
tained, it improves cardiovascular risk profile, ste-
atosis, steatohepatitis, and fibrosis (110). However, 
the intervention alone is not always effective: many 
individuals who attain these weight loss targets do 
not exhibit a complete histologic improvement. As 
such, there is a need to find better therapeutic op-
tions. Weight reduction should be recommended 
because, if sustained, it improves cardiovascu-
lar risk profile, steatosis, steatohepatitis (7%–9% 
weight loss), and fibrosis (>10% weight loss). One 
way to achieve this, which can be even better than 
simple calorie restriction, is the adoption of the 
Mediterranean diet—a diet that is high in planted-
based foods, uses olive oil as the main source of 
added fat, and has moderate intakes of fish, sea-
food, eggs, white meat, and dairy products while 
including limited intakes of red/processed meats 
and sweets, and a moderate intake of red wine (102). 
An 18-month randomized controlled trial (RCT) 
with the Mediterranean diet versus an isocaloric 
low-fat diet in 278 sedentary adults with abdomi-
nal obesity or dyslipidemia showed a reduction in 
both weight and intrahepatic fat content (111). An-
other recent RCT showed that the Mediterranean 
diet, when supplemented with additional polyphe-
nols, may have further benefits to reduce weight 
and hepatic fat content (112). Short-duration, very 
low-calorie diets can also have a beneficial effect on 
NAFLD by reducing weight and improving liver 
biochemistry (113). Bariatric surgery is the surgi-
cal equivalent of a very low-calorie diet. Indeed, 
weight loss through bariatric surgery, if sustained, 
leads to histologic improvements in all NASH com-
ponents, including hepatocyte ballooning, lobular 
inflammation and steatohepatitis, although the im-
provement on  fibrosis is more modest (114). Exer-
cise also has beneficial effects in reducing liver fat 
content, as well as positive cardiovascular and psy-
chological effects. Aerobic exercise at 150–300 min-
utes of moderate-to- vigorous-intensity >3 days per 
week has hepatic benefits. Resistance exercise 2–3 
times per week improves insulin sensitivity and 

muscle strength/function. Vigorous-intensity aero-
bic exercise improves cardiorespiratory fitness and 
glycemic control (115). Many patients may need to 
be supervised and supported to introduce these 
changes, which need to be tailored to the individ-
ual patient due to frequent comorbidities. Of note, 
exercise alone does not adequately induce weight 
loss; while beneficial, it needs to be combined with 
a caloric restriction diet. It is important to integrate 
structured care delivery covering the major areas of 
management, including assessing the patient, look-
ing for evidence of obesity, assessing comorbidities 
and how well the metabolic risk is being managed, 
and what lifestyle modifications are recommended. 
Partnering with patients also helps inform them 
such that they can make lifestyle changes. Deliv-
ering lifestyle changes encompasses helping the 
patient understand the NAFLD– lifestyle relation-
ship, determining their weight status, exploring 
their dieting history, and assessing their readiness 
to change.

As for pharmacological therapy for NAFLD, 
there are currently no licensed medications for its 
treatment. Available drugs target either IR or oxida-
tive stress. Considering agents that address IR first, 
there is little evidence that metformin is beneficial 
for NASH or fibrosis, although there are some data 
that it may reduce the HCC risk (116,117). Some 
phase II trial data supports the use of pioglitazone, 
liraglutide, and (more recently) semaglutide, al-
though further studies are needed before firm 
recommendations can be made on the use of insu-
lin-sensitizing agents to treat NAFLD in patients 
without T2D (118,119). Vitamin E targets oxidative 
stress. The PIVENS (Pioglitazone versus Vitamin 
E versus Placebo for the Treatment of Nondiabetic 
Patients with Nonalcoholic Steatohepatitis) study 
published in 2010 was a 96-week RCT of 247 non-
diabetic non-cirrhotic adults with NASH random-
ized to either pioglitazone, vitamin E, or placebo 
(120). Both pioglitazone and vitamin E improved 
steatosis and inflammation, while only vitamin E 
reduced ballooning. Neither vitamin E nor pio-
glitazone reduced fibrosis. Based on these results, 
vitamin E has been increasingly used in North 
America but less so in Europe. Some subsequent 
studies in pre-diabetic and diabetic adults with 
NASH showed that pioglitazone resolved NASH 
but did not improve fibrosis when combined with 
a calorie-restricted diet (121). Safety and tolerabil-
ity issues with vitamin E and pioglitazone should 
be acknowledged. Overall, these agents should be 
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personalized for selected patients with histologi-
cally confirmed NASH after careful consideration 
of the risk/benefit ratio. The phase IIb LEAN (Li-
raglutide safety and efficacy in patients with non-
alcoholic steatohepatitis) study, which included 45 
patients with NASH randomized to either liraglu-
tide or placebo for 48 weeks, showed that liraglu-
tide improved NASH with no worsening of fibrosis 
(118). However, it was unclear to what extent these 
effects were entirely independent of weight loss. 
Recently, semaglutide also showed improvements 
in steatohepatitis but less in histologically assessed 
fibrosis (119). Overall, increasing evidence sup-
ports the use of glucagon-like peptide-1 (GLP-1) 
agonists in NASH, whether their effect is due to 
weight loss or a liver-specific effect.

In summary, the recommendations with cur-
rently available treatments include lifestyle change, 
treatment of the metabolic syndrome because more 
NAFLD patients will die from CVD than from liver 
cirrhosis. In this respect, it is also important to note 
that NAFLD does not compound the risk of statin-
induced drug-induced liver injury, and as such, 
statin therapy should be actively considered to re-
duce the cardiovascular risk profile. Pioglitazone 
and GLP-1 agonists show some evidence of benefit 
for NASH, as does vitamin E and so these agents 
may be considered on an individual patient basis.

Prof Vlad Ratziu (Sorbonne University, Paris, 
France) discussed emerging therapy for advanced 

NAFLD (Figure 7). Unfortunately, there are several 
failed phase IIb and phase III trials for NASH and 
a recent success with the phase III trial of OCA 
(REGENERATE trial). The objective of NASH trials 
in non-cirrhotic patients is to prevent progression 
to cirrhosis to avoid associated deadly complica-
tions. It is important to select a population with a 
reasonable chance of progressing to cirrhosis: pa-
tients with steatohepatitis and some degree of fi-
brosis. These patients will also be eligible for novel 
pharmacotherapy once available on the market. 
For cirrhotic patients with NASH, the objectives 
are to prevent the occurrence of decompensation 
and to achieve fibrosis reversal (F ≤3), especially in 
those who have early cirrhosis. The difficulty is to 
select the right population; that is, whether those 
patients can reverse fibrosis or can progress to 
 decompensation. If the wrong population is cho-
sen, the effect during the trial will be missed. 
 Selecting the right population is difficult because it 
is not known how to classify patients when they 
reach the cirrhotic stage in terms of both their re-
maining ability to have a reversal of fibrosis and 
their risk of progressing fast enough to decompen-
sation within the trial. The classical indicators, 
such as Child–Pugh classification, MELD classifi-
cation, portal pressure (HVPG), presence of vari-
ces, history of decompensation, and stiffness value 
are not accurate. The use of imperfect classification 
tools may explain why some trials fail: the right 

Figure 7: Targets of NASH therapy

NASH = Non-alcoholic steatohepatitis; OCA = Obeticholic acid; FXR = Farnesoid X receptors; FGF19 = Fibroblast growth factor 19; 
GLP-1 = Glucagon-like peptide 1; SGLT-2 = Sodium-glucose transport protein 2; THR = Thyroid hormone receptor; PPAR = Peroxisome 
proliferator-activated receptors
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patients had not been selected. The hepatic events 
to be prevented in the cirrhotic population include 
gastrointestinal hemorrhage due to ruptured vari-
ces, ascites, encephalopathy, liver transplant. 
 Significant biological changes may include a MELD 
increase from <12 to >15 and a Child–Pugh in-
crease >2 points. It is also not known whether the 
occurrence of varices, or increase in their size, or 
HVPG reduction are sufficient indicators of a clini-
cal event. Based on these considerations, the regu-
latory framework of phase III trials was based on 
two steps: the first step, histological improvement, 
is measured early within 1–1.5 years (if this step 
succeeds with ad interim analysis, the drug gets 
conditional approval); the second step is to con-
tinue the trial to assess if patients who improved 
histologically also achieve clinical benefits. The 
second step, the longer part of the study, implies 
continuing the trial with an outcome phase, long 
enough to measure clinical events or progression 
to cirrhosis (if this step succeeds, the drug receives 
definitive approval). During the second step of the 
trial, there are major issues pertaining to patients’ 
retainment and being on placebo for a long period. 
In the REGENERATE study (non-cirrhotic NASH), 
2,200 patients from 23 countries were enrolled 
(122). The first analysis, at 18 months, was per-
formed in almost 1,000 patients, and OCA had a 
positive dose-response effect on improving fibrosis 
(reversal of fibrosis by one stage or more) in 23% 
patients versus 12% in patients on placebo. These 
results confirm the phase II trial, making this drug 
the only one that achieved this level of demonstra-
tion. The issue is not only how many people have a 
reversal of fibrosis but also how many people do 
not progress. With OCA, there were more people 
improving fibrosis and fewer people worsening 
 fibrosis. In the high dose arm, there was a three-
fold higher probability of having an improvement 
of fibrosis than a worsening, which likely means a 
real antifibrotic effect. When looking at two-stages 
fibrosis improvement, the response was lower, but 
still significant, in the active arm compared to pla-
cebo. The resolution of NASH was not formally 
achieved in the analysis, but OCA may be able to 
reduce steatohepatitis since, in the high dose arm, 
ballooning and lobular inflammation improved. In 
the phase II trial, a robust decrease in ALT at week 
24 was a good predictor of histological response, 
so this finding might help predict who will  respond 
(123). In terms of safety and tolerability, OCA 
causes pruritis and lipid abnormalities. The FXR 

agonists fibroblast growth factor 19 (FGF19)  impact 
on lipids, with an increase in LDL cholesterol, a 
 reduction in HDL, and a reduction in triglycerides. 
The effect seems dependent on the dose of OCA. 
A way to control this undesirable effect is to use 
statins. A question to consider is whether this in-
crease in LDL translates to increased cardiovascu-
lar risk. Some drugs developed for NASH target 
specifically patients with liver cirrhosis. REVERSE 
(Randomized Phase 3 Study Evaluating the Effi-
cacy and Safety of Obeticholic Acid in Subjects 
with Compensated Cirrhosis Due to Nonalcoholic 
Steatohepatitis) is a 2-year trial of OCA in patients 
with compensated NASH cirrhosis with both his-
tological end point (reversal of fibrosis) and a clini-
cal end point (clinical events). Second-generation 
FXR agonists are in development that would po-
tentially have fewer side effects than OCA while 
preserving the same efficacy. Among them, the 
cilofexor was reported to have less potency due to 
pharmacokinetics reasons, although pruritus and 
dyslipidemia were less frequent (124). Biochemical 
response in terms of liver transaminases was not 
significant and mainly occurred in patients with a 
decrease in MRI-PDFF. Tropifexor is another sec-
ond-generation FXR agonist. The phase IIb trial 
showed no effect on NASH resolution or fibrosis 
improvement, although there was a positive re-
duction in collagen deposits within septa. In a 
phase IIa trial, EDP-305 showed a strong effect in 
terms of engaging the target, inducing FGF19, and 
reducing biliary excretion. EDP-305 reduced both 
MRI-PDFF and ALT, but it produced an increase of 
LDL, although of lower magnitude than OCA, and 
pruritus in almost 50% of patients. Overall, all FXR 
agonists have the same side effects; as such, it is 
important to find the right dose with histological 
efficacy but no tolerability issues. FGF19 drugs 
modify the FGF19 molecule to retain the bile acid 
effect without inducing the tumours described in 
rodents. Aldafermin retains the FGF19 bile acid ef-
fects but loses the tumorigenic effects. A 6-month 
phase II trial of aldafermin showed a potent reduc-
tion in bile acid synthesis, liver fat, and ALT (125). 
Despite the small numbers, the study showed his-
tological benefits (22% versus 0% in placebo) for a 
composite outcome of fibrosis improvement and 
NASH resolution. As a side effect, there is a strong 
increase in LDL, which could be controlled with a 
statin. Another drug that showed positive effects is 
lanifibranor, a pan peroxisome proliferator-acti-
vated receptor agonist. Although the alpha, delta, 
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or gamma effect is relatively weak, when all three 
subtypes are targeted, there are significant benefits 
in terms of improving inflammation and fibrosis 
compared to dual agonists (126). In a 6-month 
phase II trial of 247 patients, lanifibranor showed 
significant resolution of NASH and fibrosis im-
provement. GLP-1 receptor agonists like semaglu-
tide have a clear central effect, but there is no clear 
hepatic effect. The liver effect is carried through 
weight loss due to central satiety induction (119). 
GLP-1 agonists are more complicated drugs being 
injectable and requiring dose escalation to avoid 
side effects. However, they induce important 
weight loss with consequent histological improve-
ment (59% resolution of NASH versus 17% in 
 placebo, but interestingly no dose-response). There 
was also ALT improvement, a 12% decrease in 
body weight, and a strong effect on hemoglobin 
glycated. Although this was an 18-month study, it 
did not demonstrate an improvement in fibrosis, 
but it may take longer to show an effect on fibrosis. 
GLP-1 glucose-dependent insulinotropic polypep-
tide dual agonists may achieve an even higher rate 
of weight loss than semaglutide, which likely will 
have an added benefit for histological improve-
ment (127). Aramchol is an inhibitor of steroyl-CoA 
desaturase-1, a key enzyme in hepatic lipogenesis 
that converts saturated fatty acids into monoun-
saturated fatty acids. Preclinical models show that 
inhibition of steroyl-CoA desaturase-1 results in 
less weight gain, reduced IR, less steatosis. In a 
phase IIb trial, aramchol showed significant ALT 
reduction, and a signal for improvement in fibrosis 
and NASH resolution (128). Resmetirom is an oral, 
liver-directed, first in class thyroid hormone ago-
nist beta selective agonist which lowers LDL cho-
lesterol, triglycerides, liver fat, potentially reducing 
lipotoxicity and NASH. The phase II trial showed 
strong antisteatogenic effect, with many patients 
achieving the threshold of more than 30% liver fat 
reduction, reduction in ALT, steatohepatitis resolu-
tion (129). There was also improvement in lipid 
profile, while no effect on the glycemic side.

METABOLIC SYNDROME AND CVD
Heather Watson provided a heart-warming patient 
perspective of her journey to liver transplantation. 
Retrospectively, she recognized that the journey 
of her liver disease truly started in her youth and 
with a history of obesity. Just prior to age 40 years, 
she started feeling unwell with non-specific as-
pects of fatigue, which can often be overlooked. It 

was presumed that her busy lifestyle as a working 
mother with young children was responsible for 
her fatigue and general unwellness. There was no 
consideration that this may have been due to liver 
disease. It was not until Heather was admitted to 
hospital with a suspicion of gallstone disease that, 
based on lab-findings, she was diagnosed with liver 
disease. This was believed to be the underlying is-
sue secondary to NASH. Heather was not aware 
that NASH even existed up to this point. This situ-
ation did highlight the lack of overall awareness of 
NASH and the importance of increasing awareness 
in the public domain and the medical field. A liver 
biopsy diagnosed advanced fibrosis. Therefore, 
Heather was provided with a new diagnosis of 
NASH and informed that she also had an advanced 
disease—all before the age of 40 years! Heather de-
scribed feeling overwhelmed as she continued to 
feel unwell. There was a recognition of the uncon-
trollable progressive liver disease and an increasing 
MELD score, with consideration of liver transplan-
tation as the only long-term option. She described 
her challenges with the additive symptoms of de-
compensated disease, which required weekly para-
centesis and an increasing need for medical care. 
Heather recognized her own challenges, but also 
those for her family and friends. She described the 
challenges of staying in hospital, with complica-
tions of nausea, epistaxis, encephalopathy; as well, 
she had already developed diuretic-resistant asci-
tes. Heather described in a very touching manner 
saying farewell to family, including her father, chil-
dren, and siblings, along with the challenges that 
would continue in her poor health. She described 
aspects of losing hope as she was so unwell—in 
particular, a touching discussion with her father 
and a conversation with her children about her not 
returning home from the hospital.

Incredibly, that very day she was informed that 
a liver transplant would be available. This was a 
highly emotional time of joy given the potential for 
a transplant, but she also recognized that her fam-
ily was suffering through the process and further, 
that the donor family was suffering from a signifi-
cant loss. A surreal mix of joy and sorrow and ex-
tremes of emotion were made more challenging by 
the effects of encephalopathy on her memories.

The journey continues, as Heather describes 
the importance of post-transplant rehabilitation 
and the effort to return to skills of “regular liv-
ing.” Heather describes, in conclusion, the con-
tinued challenges of understanding the root cause 
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of weight issues and the overall lack of people’s 
recognition of the same. She also underlines her 
gratitude to the donor family and the medical com-
munity for a second chance at life. Heather’s jour-
ney advocates for awareness of NASH, given the 
lack of recognition of this disease state and the risk 
factors in the general population—and to some 
degree, even in the medical field. Others should 
understand her story to try and affect a positive 
change and, in particular, to be evaluated early.

Obesity and NAFLD are linked through IR, with 
metabolic syndrome as a central theme. Central 
obesity is a key aspect and linked to metabolic syn-
drome with the development of T2D. Indeed, over 
80% of NASH patients suffer from obesity, and 40% 
from T2D. These are converging themes with the 
commonality of metabolic syndrome. Dr Harpreet 
Bajaj (LMC Healthcare, University of Toronto, To-
ronto, Ontario, Canada) suggests considering other 
end-organ aspects, including sleep apnea, coronary 
artery disease, hypertension, T2D, nephropathy, 
dyslipidemia, and osteoporosis (130). The patho-
genesis of metabolic syndrome is likely related to IR. 
This may be secondary to high calorie intake, par-
ticularly high fructose foods, and excess saturated 
fats, coupled with a sedentary lifestyle, leading to 
obesity, T2D, and NAFLD (131). An alternate theory 
is the “Twin Cycle” hypothesis, with ectopic deposi-
tion of fat in the pancreas and liver, leading to T2D 
and NAFLD (132). Complications of T2D can be 
classified as microvascular, microvascular, and other 
non-classical ones to include dementia, NAFLD, 
sleep apnea, and depression, which are often not 
recognized. Thus, one must think from a more di-
verse perspective and include these additional com-
plications seen in T2D. There is a clear increased 
risk of NAFLD by two- to three-fold in persons 
with T2D, increased progression of liver disease, 
and development of cirrhosis with an increased risk 
of HCC (133,134). The National Health and Nutri-
tion Examination Survey (NHANES) dataset shows 
that T2D is the strongest predictor of progression 
of NASH. At present, there are no clear consensus 
guidelines on screening for NAFLD in T2D; further, 
the modality used for diagnosis also needs to be 
clarified (135). Investigations to diagnose NAFLD 
may include biochemical or imaging options, for 
which we would need to consider availability and 
cost-effectiveness. Case-finding may be reasonable 
given the higher prevalence of NAFLD in T2D and 
the increased morbidity and mortality. Therapeutic 
options for NASH are challenging, with no specific 

pharmacological option available. Presently, life-
style changes and weight loss should be a mainstay. 
However, the challenge of lifestyle modifications is 
the maintenance of weight loss. One should aim for 
10% weight loss and maintain this for 52 weeks, but 
a low proportion (10%) of persons can achieve this. 
When sustained weight loss is achieved, there is im-
provement in NASH steatosis, inflammation, and 
fibrosis (102). Dr Bajaj discussed an initiative with 
the Canadian Diabetes Prevention Program, a pilot 
study with online coaching to enrol 2,000 persons 
(see www.LMC.ca/diabetes-prevention@lmc.ca).

Pharmacological agents used to treat T2D may 
benefit liver disease. There are ongoing clinical tri-
als with GLP-1 agonists and sodium-dependent 
glucose cotransporters 2 (SGLT-2) inhibitors. There 
is a known significant benefit on weight loss with 
GLP-1 agonists with improvement in NASH (119). 
Presently, the ESSENCE trial for semaglutide for 
F2–3 fibrosis is ongoing. More potent SGLT2 in-
hibitors such as tirzepatide are used in phase II 
studies, such as the SYNERGY study (clinicaltrials.
gov NCT04166773). SGLT2 inhibitors can result in 
increased ALT reduction independent of weight 
loss (136). The evolution of treatment in T2D will 
likely lead to more individualized targets. Agents 
initially aimed at glycemic control, such as GLP-1 
agonists and SGLT2 inhibitors, also aim to improve 
cardiovascular and renal end points in high-risk 
subpopulations. This evolution may have simi-
larities with NAFLD. The overall approach should 
include individualization of care, utilization of a 
multidisciplinary team (to include primary care 
and metabolism specialists earlier in the disease), 
and consideration of future combination pharma-
cologic therapy.

Overall, an increasing proportion of people with 
NAFLD are affected by coronary artery disease, 
with NAFLD being an independent risk factor for 
it. Notably, the severity of coronary artery disease 
is increased in proportion to the severity of NAFLD 
(137). There is a role for systemic inflammation in the 
pathogenesis of coronary artery disease and NAFLD. 
Data suggest that NAFLD may be a driver of hyper-
tension, and the pathophysiology may be secondary 
to systemic inflammation, IR, effects of oxidative 
stressors, and vasoconstriction (138). There are vari-
ous CVD associations with NAFLD. Dr James Stone 
(University of Calgary, Canada) discussed the con-
cept of considering orders of magnitude when dis-
cussing associations of conditions. The prevalence 
of obesity is linked to NAFLD and CVD. Patients 
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with NAFLD are five-fold more likely to develop 
T2D, compared to those without T2D (139). Serum 
cholesterol, including a higher LDL cholesterol in the 
normal range, increases the risk of NAFLD (140). In 
essence, the severity of liver disease affects the se-
verity of CVD risk factors, and vice versa. The or-
der of magnitude in associations is important when 
considering the various risk factors described. There 
is an association between increased CVD mortality 
and increasing severity of NAFLD, which is corre-
lated to increasing level of steatosis and mortality 
(141). In persons with NASH, increasing fibrosis is 
correlated with an increased risk of all-cause mortal-
ity (8). Overall, severity is a good predictor of prog-
nosis. In a prospective cohort study, NAFLD persons 
had a two-fold increased risk of CVD, and if fibrosis 
is present, they would have a four-fold increased 
risk of CVD (142). There may be a debate between 
NAFLD and CVD outcomes—who is the driver and 
who is the passenger? In essence, it is one and the 
same, as the natural history is similar. The underly-
ing systemic inflammation and alteration in vascu-
lar milieu—with overall pathogenesis linked to the 
metabolic syndrome—is similar. There are several 
common CVD complications noted in persons with 
NAFLD. Heart failure is more common in NAFLD 
due to its relationship to cardiomyopathies; that is, 
increasing hepatic steatosis is linked to increased 
diastolic dysfunction (30). Dysrhythmias are also 
more frequently noted, with atrial fibrillation three-
fold higher in people with NAFLD (143). Ventricular 
ectopy is also more common in those with NAFLD. 
Coronary artery disease is more frequent in persons 
with NAFLD and increases in severity in those with 
more advanced NAFLD (144).

Various therapeutic strategies can be considered 
in people with NAFLD. Suggested health behav-
iour modifications generally include nutritional 
and weight management, physical activity, and 
attention to mental health. Specifically, caloric re-
striction is suggested, including low carbohydrate 
diets, Mediterranean diets, and intermittent fast-
ing. A person would need a sustained 10% reduc-
tion in body weight to reduce inflammation and 
fibrosis in NAFLD (102). Physical activity can also 
be effective and should be initiated. Mental health 
may also be affected by a systemic inflammatory 
process. People with NAFLD do have increased 
rates of depression and anxiety, suggesting the 
possibility of a similar pathway (145).

In summary, NAFLD and CVD are both chronic 
inflammatory diseases with a pathogenesis of 

systemic inflammation. Persons with NAFLD are 
very likely to have CVD and vice versa. A dynamic 
debate entitled “Why do I care about NAFLD if pa-
tients will suffer heart disease (heart versus liver)?” 
closed the session by featuring Dr James Stone for 
heart and Dr Alnoor Ramji (University of British 
Columbia, Vancouver, Canada) for liver.

OUTCOMES OF THE 1ST 
INTERNATIONAL WORKSHOP OF 
CanNASH
The 1st International Workshop of CanNASH was 
an interdisciplinary meeting of scientists, clinicians, 
and community members. The pathophysiology 
and complications session presentations described 
the complexity of the fibrogenetic process driving 
NASH pathogenesis, which should be considered for 
developing therapeutic targets. Moreover, it clearly 
demonstrated the different natural history of the dis-
ease compared to other etiologies of liver disease and 
the need for dedicated, large-scale studies to answer 
open questions on complications and outcomes. Fi-
nally, it underlined the importance of considering 
NASH as a multisystem disease, where extrahepatic 
manifestations should be contemplated for clinical 
management and comprehensive therapeutic strate-
gies. The diagnostics and biomarkers presentations 
demonstrated that liver biopsy is still required for a 
definitive diagnosis of NASH, although non-invasive 
tests can help identify patients with significant liver 
fibrosis.

Moreover, non-invasive tests could help develop 
referral pathways to hepatology by identifying 
patients at risk of having advanced liver fibro-
sis. The therapeutic management session showed 
that treatment of NASH relies on three essential 
components: lifestyle interventions, specific phar-
macotherapy, and metabolic risk management. 
While weight loss can achieve significant fibrosis 
regression, the optimal dietary approach and the 
optimization of sustained weight loss, remain not 
well established. Moreover, pharmacotherapy is 
still suboptimal, while several therapeutic targets 
are being developed in global clinical trials. Given 
the strong and bidirectional association between 
NASH and T2D, pharmacotherapies used in T2D 
will likely become of more common use in the fu-
ture. This meeting and CanNASH are committed 
to putting Canada at the forefront of research and 
policy changes by contributing to the global effort 
into NASH as a silent killer.
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