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A global research priority agenda to advance public health
responses to fatty liver disease

Jeffrey V. Lazarus1,2,3,*,†, Henry E. Mark4,5,†, Alina M. Allen6,†, Juan Pablo Arab7,8,9,†, Patrizia Carrieri10,†, Mazen Noureddin11,†,
William Alazawi12, Naim Alkhouri13, Saleh A. Alqahtani14, Marco Arrese9, Ramon Bataller15, Thomas Berg16, Paul N. Brennan17, Patrizia Burra18,
Graciela E. Castro-Narro19,20,21, Helena Cortez-Pinto22, Kenneth Cusi23, Nikos Dedes24, Ajay Duseja25, Sven M. Francque26,27,
Hannes Hagström28, Terry T.-K. Huang3,29, Dana Ivancovsky Wajcman1, Achim Kautz30, Christopher J. Kopka31, Aleksander Krag32,
Veronica Miller33, Philip N. Newsome34, Mary E. Rinella35, Diana Romero36, Shiv Kumar Sarin37, Marcelo Silva38, C. Wendy Spearman39, Emmanuel
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Background & aims: An estimated 38% of adults worldwide have non-alcoholic fatty liver disease (NAFLD). From individual
impacts to widespread public health and economic consequences, the implications of this disease are profound. This study aimed
to develop an aligned, prioritised fatty liver disease research agenda for the global health community.
Methods: Nine co-chairs drafted initial research priorities, subsequently reviewed by 40 core authors and debated during a three-
day in-person meeting. Following a Delphi methodology, over two rounds, a large panel (R1 n = 344, R2 n = 288) reviewed the
priorities, via Qualtrics XM, indicating agreement using a four-point Likert-scale and providing written feedback. The core group
revised the draft priorities between rounds. In R2, panellists also ranked the priorities within six domains: epidemiology, models of
care, treatment and care, education and awareness, patient and community perspectives, and leadership and public health policy.
Results: The consensus-built fatty liver disease research agenda encompasses 28 priorities. The mean percentage of ‘agree’
responses increased from 78.3 in R1 to 81.1 in R2. Five priorities received unanimous combined agreement (‘agree’ + ‘somewhat
agree’); the remaining 23 priorities had >90% combined agreement. While all but one of the priorities exhibited at least a super-
majority of agreement (>66.7% ‘agree’), 13 priorities had <80% ‘agree’, with greater reliance on ‘somewhat agree’ to achieve
>90% combined agreement.
Conclusions: Adopting this multidisciplinary consensus-built research priorities agenda can deliver a step-change in addressing
fatty liver disease, mitigating against its individual and societal harms and proactively altering its natural history through pre-
vention, identification, treatment, and care. This agenda should catalyse the global health community’s efforts to advance and
accelerate responses to this widespread and fast-growing public health threat.

© 2023 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction
Over the past three decades, the fatty liver disease burden has
increased drastically. An estimated 38% (95% CI 33.71-42.49)
of the global adult population1,2 and around 13% of children
and adolescents,3 now have the disease. Left unmanaged, the
disease can progress through increasing stages of hepatic
fibrosis, leading to cirrhosis and associated complications,
including hepatocellular carcinoma (HCC) (Box 1).4,5 Fatty liver
disease causes quality of life impairments, which worsen with
disease progression and are compounded by comorbidities.6–8

Fatty liver disease is a leading cause of HCC, which is the
second leading cause of years of life lost amongst all cancers.9

Beyond the human toll, the disease has wide-reaching social

and economic implications and yet it remains under-recognised
and under-evaluated.10,11

Through cardiometabolic risk factors, fatty liver disease
shares a complex bi-directional relationship with other common
diseases, including cardiovascular disease, the leading cause
of death in those with fatty liver disease.13 Type 2 diabetes
mellitus, cancer, sarcopenia, and chronic kidney disease are all
commonly associated with fatty liver disease,14,15 with the risk
of extrahepatic complications increasing in parallel with liver
disease severity.15

The multisystem nature of fatty liver disease has important
implications for patient management, including the develop-
ment of multi-disciplinary care models.16 A lack of specific
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symptoms often leads to a clinically relevant delay in diag-
nosis.17,18 Non-invasive tests (NITs) provide a practical and
safe way of assessing fibrosis severity19 and the risk of future
liver-related events.20,21 NITs have been used in the develop-
ment of pathways to identify and stratify patients based on care
needs,22–25 yet such pathways are not implemented in the
majority of healthcare settings.16

Several pharmacological treatments are under development,
with some in late-stageclinical trials.26,27However, India is theonly
country where regulators have approved a pharmacological
treatment for routine use in fatty liver disease (saroglitazar).28 In the
absence of pharmacological treatments approved for NASH,
management is focused on improving insulin resistance and
weight loss, when needed, and on attenuating the pro-
inflammatory milieu of obesity, which are the predominant dis-
ease drivers.29,30

Few outside of the liver community recognise the need to
deliver whole-of-society public health responses to fatty liver
disease.31–33 In 2021, a global consortium of experts set out
consensus recommendations on how to accelerate public health
action on this issue.34 The negative impact of the COVID-19
pandemic on fatty liver disease risk factors35,36 further re-
inforces the urgent attention this public health threat requires.

The liver health community (i.e., the people and organisa-
tions who are largely working to improve liver health) must now
build on past efforts to develop a clear vision and pathway to
reduce the burden and address the individual and societal
impacts of this growing challenge. Research is the central pivot
for these efforts, accelerating the pace of knowledge creation
and its translation into policy and practice.37–39

Materials and methods

Delphi expert panel member sample

The study’s nine co-chairs used an iterative approach involving
purposive, snowball, and targeted sampling to generate a large,
global panel for thisDelphi study.Basedonpublication record and
engagement with the fatty liver disease agenda, the co-chairs
identified 31 experts in clinical care (e.g., liver, diabetes, obesity,
and nutrition), public health, policy, advocacy, and patient repre-
sentation, who collectively formed the core author group (n = 40)
(Table S1). The proposed survey panel (n = 473) was created by

compiling a list of known fatty liver disease experts from around
the world with input from the core group (Fig. 1). Through this
process, an expert paneldiverse indemographic, disciplinary, and
geographical characteristics was obtained (Table 1).

Delphi statement domains

The development of the research priorities started with the core
author group leading the development of evidence notes
around seven topics, summarising the current knowledge base,
envisioning what ‘success’ would look like in the next decade,
identifying key questions, and suggesting research priorities
for: (1) the human and economic burden, (2) defining and
implementing models of care, (3) treatment and care, (4) edu-
cation and awareness, (5) patient and community perspectives,
(6) policy strategies and a societal approach, and (7) leadership
for the fatty liver disease public health agenda. Twenty-six of
the core-group members and 11 co-authors held a three-day
meeting at Wilton Park, UK, in October 2022, co-chaired by
H.E.M and opened by T.B and J.V.L, as part of the process. The
research priorities were subsequently revised by J.V.L and
H.E.M to reflect the Wilton Park discussions, and topics 6 and 7
were combined. The full core group received revised priorities
for review in December 2022, with further revisions made based
on core group feedback ahead of the first Delphi survey round
(21 December 2022 to 15 January 2023).

Delphi method data collection and analysis

The study design consisted of an in-person Wilton Park meeting
(Table S2) and two survey rounds (R1 and R2) wherein panellists
reviewed and voted on the research priorities. The study used
the Qualtrics XM platform to develop and distribute the surveys
(round duration ranged from 2 to 3.5 weeks), which included
four-point Likert-type response categories for measuring the
level of agreement with the draft research priorities (i.e.,�agree�,
�somewhat agree�,�somewhat disagree�, and�disagree�); the survey
included a fifth ‘not qualified to respond’ option to accommo-
date the broad range of knowledge and expertise across panel
participants. Panellists could provide comments and suggest
edits to individual priorities in text boxes, which followed each of
the statements. Both R1 and R2 included a text box allowing for
overall comments at the end of each survey. Demographic data
were collected from participants in R1.

An analytic team comprised of a sub-set of the core group
(J.V.L, H.E.M, P.N.B, C.J.K, D.R, D.I.W, and M.V-R) reviewed
the R1 data, including 600 open-ended comments from the
panellists, and initiated draft revisions. The full core group then
reviewed the revised priorities. In R2 (8-21 February 2023),
panellists voted on the revised priorities, which were accom-
panied by text boxes summarising changes made based on
panellist and core group input from R1. Panellists also ranked
at least half of the priorities within each of the six domains; for
domains with only three priorities panellists ranked all three.

Quantitative analysis of the R1 and R2 results included fre-
quencies and proportions of the four response categories
spanning�agree�to�disagree�for all research priority statements,
as well as those selecting ‘not qualified to respond’. For the
final R2 Delphi results, we assigned each research priority
statement with a grade to indicate the level of combined

Box 1. The evolution of fatty liver disease nomenclature.12

The relationship between fatty liver disease, obesity, and diabetes was first 
described in the mid-1900s. Until then, the distinction between alcohol-re-
lated and non-alcoholic fatty liver disease (NAFLD) had been uncommon. In 
1980, Ludwig et al. coined the term non-alcoholic steatohepatitis (NASH),12

with NAFLD being a widely used umbrella term describing a histological 
spectrum ranging from steatosis without inflammation, to steatosis with 
varying degrees of inflammation and hepatocellular ballooning, which can 
lead to fibrosis, cirrhosis, and hepatocellular carcinoma. Recently, several 
proposals have been made to change the disease name, moving away from 
the construct of ‘non-alcoholic’ and better reflecting the metabolic founda-
tion of the disease’s aetiology. In 2023, a global consensus process is 
ongoing to reach agreement on the disease nomenclature. In this paper, we 
refer to fatty liver disease which arises in the absence of heavy alcohol 
intake and independently of other liver diseases.
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agreement (�agree�+�somewhat agree�), using a system that has
been used in other Delphi studies34,40,41 in which ‘U’ denotes
unanimous (100%) agreement, ‘A’ denotes 90-99% combined
agreement, ‘B’ denotes 78-89% combined agreement, and ‘C’
denotes 67-77% combined agreement. The data tables report
the proportion who selected ‘not qualified to respond’, who
were removed from the denominator to calculate the levels of
agreement/disagreement from the relevant sample.

For the ranking, scores were calculated and normalised in
Microsoft Excel (v.16.70) to compare rankings within each
domain. Demographic data were analysed descriptively,
including frequencies and proportions. No data were excluded
from any analyses. Instances of missing data were totalled, and
denominators were adjusted as applicable, for any calculations
involving missing datapoints.

Ethical considerations

As this studydoes not includepatients, patient data, or biological
human samples, it received ethical review exemption from the
Hospital Clínic of Barcelona, Spain, ethics committee on 19
December 2022. Each participant was asked to consent to
participating in the study, prior to their inclusion. Adequate
measures to ensure personal data protection and confidentiality
have been taken and data were deidentified for all analyses.

Results
A total of 473 individuals were invited to participate in R1 and
344 (72.7%) completed the survey. These 344 respondents

were invited to participate in R2, of whom 288 (83.7%)
completed the survey. Table 1 details the demographics of all
expert panellists involved in the study. The mean age of re-
spondents was 53.8 (standard deviation: 10.1). Most re-
spondents were male (64.8%), worked in high-income
countries (69.9%) and in the Europe and Central Asia region
(42.2%), were primarily employed in the academic sector
(66.6%), and worked in the clinical research field (79.4%). A
total of 94 countries were represented in terms of respondent
country of origin and 91 in terms of respondent country
of work.

In R1, the study presented 31 initial research priorities to the
panel. During revisions ahead of R2, three priorities were
removed, with key components of these original statements
being merged with existing priorities, leaving 28 priorities for
the panel to review in R2. Across the two Delphi rounds,
consensus increased for all six domains. The mean percentage
of ‘agree’ responses across domains increased from 78.3 in R1
to 81.1 in R2, following the consideration of substantive com-
ments received in R1.

Table 2 presents the final priorities, agreement grades, and
rankings for each of the six domains. Within the final priorities in
R2 (Fig. 2), the panel reached a unanimous combined agree-
ment (‘agree’ + ‘somewhat agree’) with five priorities and >90%
combined agreement with the remaining 23; the mean level of
combined agreement across all priorities was 97.7%. For 13
priorities, ‘agree’ answers were below 80%, with higher reliance
on ‘somewhat agree’ to achieve the high rate of overall com-
bined agreement (Table S3).

Analysis and revision

Ahead of R2:
• Statements revised by 7 

core authors (including 2 
project co-chairs) based 
on R1 responses and 
feedback

• Rest of core group 
reviewed revised 
statements

R1 survey
(n = 344; RR = 72.7%)

• Demographic information

• 31 statements
• Qualitative text boxes:       

→ 600 comments

R2 survey
(n = 288; RR = 83.7%)

• 28 revised and final 
statements

• Qualitative text boxes:       
→ 146 comments

• Within each domain at least 
top ½ of recommendations 
were ranked*

Core group

(n = 40)

Core group co-chairs
(n = 9)

Identified core group members

Population from which panel was drawn

Recommendations from core group
+

Identified from relevant literature
Purposive

Priority drafting

Sample

Data

• Project co-chairs (n = 9) 
drafted initial research 
priorities (statements)

• Wilton park meeting to 
review and debate 
statements (26 core group 
participants)

• Project co-chairs revised 
statements ahead of R1

Targeted

Snowball

Fig. 1. Delphi panel generation and data collection. Study methodology, including sample and data collection. Top, the iterative sampling approach used to
generate a large and diverse Delphi panel (n = 344): nine co-chairs identified a core group of 31 experts in clinical care, public health, policy, and advocacy, who
collectively formed the core authorship group (n = 40), working across 20 countries; the core group identified individuals with expertise in the fatty liver disease field.
Bottom, the iterative digital data-collection process, including priority drafting (by the study co-chairs) and revision (by the co-chairs and other core authors) of the
statements; one survey round (R1) of draft statements; analysis and revision of the statements by the core group; and a revised and final survey round (R2) of the
consensus statements. R1 included text boxes for panellists to provide comments and suggest edits to individual statements; the final round (R2) allowed for overall
comments at the end of each domain. For the final set of statements in R2, panellists ranked at least the top half of recommendations in each of the six domains. *For
domains with three priorities, panellists were required to rank them all. RR, response rate.
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Patient and community perspectives was one of two do-
mains within the study where more than half of the research
priority statements had <80% of the panel ‘agree.’ Five of six
statements (5.1 and 5.3-5.6) illustrated higher reliance on
‘somewhat agree’ to achieve >90% combined agreement.
Leadership and public health policies was the second domain
where more than half of the research priority statements had
<80% of the panel ‘agree.’ Two of three statements (6.1 and
6.3) illustrated higher reliance on ‘somewhat agree’ to achieve
>90% combined agreement.

The priority rankings are explored in the discussion, along-
side a summary of current evidence within each area.

Discussion
This study engaged a multi-disciplinary group of experts and
leaders from around the world to develop a consensus
research agenda that is ambitious and transformational in na-
ture and can deliver a step-change in how fatty liver disease is
prevented and managed. To achieve this change, the study not
only puts forward a shared research vision, but also illuminates
degrees of agreement within the fatty liver disease community
of practice, underscoring the benefit of continued discussion
throughout the community. Here, we explore the importance of
the research priorities for advancing the field with a focus on
the highest ranked priorities across the six fatty liver disease
research domains. The high response rates across both survey
rounds and the substantial, often near-unanimous agreement
of the panellists on all priorities suggests that agreeing on
research priorities, for the first time in the fatty liver disease
field, was a meaningful and important undertaking that builds
on early priority-setting efforts.42,43

Table 1. Delphi panel characteristics (n = 344).

Characteristic n (%)

Gender
Woman 115 (33.7)
Man 221 (64.8)
Non-binary or gender diverse 3 (0.9)
Prefer not to say 2 (0.6)
No response 3 (0.9)

Age
All, mean [SD] 53.8 [10.1]
No response 12 (3.5)

Country of origin, by income level (n = 94)
Low or middle 124 (36.9)
High 212 (63.1)
No response 8 (2.3)

Global regiona of origin
East Asia and Pacific 37 (11.0)
Europe and Central Asiab 142 (42.3)
Latin America and Caribbean 41 (12.2)
Middle East and North Africa 28 (8.3)
North America 52 (15.5)
South Asia 19 (5.7)
Sub-Saharan Africa 17 (5.1)
No response 8 (2.3)

Country of work, by income level (n = 91)
Low or middle 102 (30.1)
High 237 (69.9)
No response 5 (1.5)

Global regiona of work
East Asia and Pacific 36 (10.6)
Europe and Central Asiac 143 (42.2)
Latin America and Caribbean 34 (10.0)
Middle East and North Africa 24 (7.1)
North America 76 (22.4)
South Asia 12 (3.5)
Sub-Saharan Africa 14 (4.1)
No response 5 (1.5)

Primary sector of employmentd

Academic 229 (66.6)
Public 62 (18.0)
Private 38 (11.0)
Civil society 9 (2.6)
Other 3 (0.9)
No response 3 (0.9)

Field(s) of employmentd,e

Clinical research 273 (79.4)
Non-clinical research 81 (23.5)
Healthcare provider 180 (52.3)
Patient/policy advocacy 36 (10.5)
Education 10 (2.9)
Other 7 (2.0)
No response 3 (0.9)

Years working in fatty liver disease field
1 to 11 148 (43.7)
12 to 22 132 (38.9)
23 to 33 49 (14.5)
34 to 44 8 (2.4)
45 to 55 2 (0.6)
No response 5 (1.5)

Publications authored focused on fatty liver disease
<6 103 (30.9)
6 to 25 95 (28.5)
26 to 50 54 (16.2)
51 to 100 42 (12.6)
>100 39 (11.7)
No response 11 (3.2)

(continued)

Table 1. (continued)

Characteristic n (%)

International or regional liver association membership(s)e

AASLD 165 (48.0)
APASL 34 (9.9)
ALEH 30 (8.7)
EASL 191 (55.5)
Other 18 (5.2)
No membership 152 (44.2)

Area of national professional association/society membership(s) in
country of worke

Liver disease 254 (73.8)
Gastroenterology 184 (53.5)
Obesity 42 (12.2)
Diabetes/endocrinology 45 (13.1)
Heart disease 11 (3.2)
Cancer 15 (4.4)
Primary care 5 (1.5)
Other 26 (7.6)
No membership 25 (7.3)

Percentages may sum to >100 due to rounding. Percentages for ‘no response’ are
based on the total number of participants; all other percentages are calculated after
excluding n of no response, unless otherwise indicated. AASLD, American Association
for the Study of Liver Diseases; APASL, Asian Pacific Association for the Study of the
Liver; ALEH, Asociación Latinoamericana para el Estudio del Hígado (Latin American
Association for the Study of the Liver); EASL, European Association for the Study of
the Liver.
aBased on World Bank regions.
bn = 3 participants are originally from Central Asia.
cn = 3 participants work in Central Asia.
dDenominator includes n of no response.
eSum may exceed sample size as participants could choose >1 response.
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Building the case for action: a better understanding of the
human and economic burden

Knowledge of fatty liver disease has advanced tremendously
over the past three decades, including on the predominant risk
factors and disease drivers, yet gaps remain in our under-
standing of its natural history.44 Most studies on its natural
history and clinical progression emerge from tertiary centres,
registries, or are based on biopsy availability,45–47 which in-
troduces disease-spectrum bias, while few are from prospec-
tive unbiased cohorts. As the field seeks to advance
understanding, the panel specifically prioritised cohort studies
that prospectively monitor outcomes in patients with defined
liver disease (priority 1.2; ranked 1st in its domain); such co-
horts will ideally be sampled from the general population.

In a separate but related priority, the panel unanimously
supported the development and validation of risk prediction
models to forecast progressive hepatic and extrahepatic out-
comes (priority 1.4; ranked 3rd in its domain). The few risk-
prediction models currently in use focus on broad risk fac-
tors, such as diabetes and body mass index. Future efforts will
lead toward more nuanced predictors of outcomes, including
novel biomarkers, as part of the quest towards preci-
sion medicine.43,48

While notable efforts have been made to establish the dis-
ease prevalence in both adults and children,1–3,48 there are
critical knowledge gaps in most countries and regions. The
panel prioritised additional studies to better quantify the overall
burden, including the disease prevalence and the quality of life
impairment, in the general population and in high-risk groups
(priority 1.1; ranked 2nd in its domain).

The panel almost universally agreed that additional studies
are necessary to better quantify both the direct and indirect
costs of fatty liver disease (priority 1.3). Available studies, while
showing substantial costs associated with the dis-
ease,10,11,49,50 are limited to a small number of high-income
countries. Of equal importance to the panel was to advance
understanding of the factors driving inequities in fatty liver
disease (priority 1.5). The limited data in existence highlight
large inequities by social group51 and mirror what is seen more
widely with non-communicable diseases (NCDs).52 Further
elucidating these factors will support the development of more
targeted approaches to prevent and manage the burden of fatty
liver disease.

Advancing health system responses to fatty liver disease

Defining and implementing multidisciplinary models of care
One of the greatest challenges in clinical practice remains the
identification of those with fatty liver disease and subsequent
risk-stratification of those needing aggressive intervention and
close monitoring by a specialist, from those who can be
managed in primary care. Great advances have been made on
the use of NITs in the past decades48,53,54 and there is
increasingly robust evidence of the value of current NITs for
prognostication,20,21 yet substantial challenges remain.55 There
is a critical unmet need when it comes to non-invasive ap-
proaches for monitoring disease progression and assessing
disease resolution or meaningful improvements in
fibrosis.48,56,57 The panel unanimously recognised this imper-
ative and gave a high priority to further validating NITs, with a
focus on enabling early diagnosis, prognosis, and monitoring of

liver disease progression (priority 2.4; ranked 1st in its domain).
Within this, emphasis will be needed on the cost-effectiveness
of different approaches within different resource environ-
ments19,58,59 and the appropriate cut-offs to be used in
different settings and population groups.60

The multisystem nature of fatty liver disease, and the fact
that many patients present with a range of comorbidities, re-
quires a multi-disciplinary approach to management and
care;16,61,62 however, multi-disciplinary care models have not
been widely adopted in most healthcare settings.16 The panel
unanimously called for further studies to determine the effec-
tiveness of different models of care, including the impact on
patient outcomes and their cost-effectiveness (priority 2.1;
ranked 2nd in its domain). As this work advances, emphasis
should be placed on care models that can be adaptable and
implementable based on local resources. Specific consider-
ations are needed around care models for paediatric pop-
ulations (priority 2.2).63–66

Alongside the development of effective care models, the
heterogeneity of patient presentation, coupled with the large
burden of disease, means that tools are needed to support
clinicians to identify those at highest risk of disease progres-
sion and adverse outcomes. The panel stressed the need to
validate risk prediction models in different population groups,
enabling them to be tailored to specific groups (priority 2.3;
ranked 3rd in its domain).

The use of digital technologies in healthcare settings holds
great potential for supporting service delivery,67 yet this is a
relatively new area of research within the field of fatty liver
disease.68–71 The panel supported the exploration of how novel
digital technologies can be utilised within healthcare settings
(priority 2.5) and further exploration of the potential for artificial
intelligence methods to improve diagnosis of fatty liver disease
(priority 2.7). The panel also supported further understanding
how digital health approaches can support patients to achieve
lifestyle behavioural change (priority 2.6). This work can build
upon and complement broader efforts within the NCD and
mental health fields.72,73

Accelerating advances in fatty liver disease treatment
In advancing treatment and care for affected populations, the
panel highly ranked the importance of understanding the role of
NITs in guiding treatment indication, response, and discontin-
uation, as well as predicting outcomes (priority 3.2; ranked 1st
in its domain). This priority speaks to the current gap in evi-
dence on the use of NITs to gain information on therapeutic
responses.48,74 As specific therapeutics are approved, NITs
which can guide treatment decisions will be critical, especially
given the likely long duration and high cost of treatment.

Currently, the central focus of treatment for fatty liver dis-
ease has been lifestyle interventions (e.g., nutrition, exercise,
and weight loss), pharmacological treatment of comorbidities
such as obesity and diabetes, and liver-directed therapies. The
panel acknowledged that the prevention of fatty liver disease-
related cirrhosis or HCC will require multi-pronged strategies
which address an array of risk factors (e.g., social, environ-
mental, behavioural, biological, and genetic) and called for
studies to assess the efficacy and cost-effectiveness of such
strategies (priority 3.1; ranked 2nd in its domain). As fatty liver
disease treatment options expand, patient-centred decision
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Table 2. Consensus statements for a fatty liver disease research priorities agenda.

Statement Grade Rank A
(%)

SA
(%)

A+SA
(%)

SD
(%)

D
(%)

NQ
(%)

N

Domain 1: The human and economic burden

1.1 Implement studies to better quantify the fatty

liver disease burden, including health-related

quality of life, in the general population and in

specific high-risk groups.

A 2 92.7 6.3 99.0 0.7 0.3 0.0 288

1.2 Conduct cohort studies to prospectively

monitor outcomes in patients with defined

liver disease phenotypes (e.g., NASH, NASH

with fibrosis, cirrhosis, hepatocellular

carcinoma).

U 1 93.0 6.6 99.7 0.3 0.0 0.3 287

1.3 Conduct additional studies on the socio-

economic costs of fatty liver disease,

capturing direct and indirect costs.

A 84.3 13.2 97.6 1.7 0.7 0.3 287

1.4 Develop and validate risk prediction models

to forecast progressive hepatic and extrahe-

patic outcomes, to inform clinical

decision making.

U 3 91.6 8.4 100.0 0.0 0.0 0.7 286

1.5 Report all data disaggregated by sex, race,

ethnicity, age, socioeconomic status,

education level, and other variables related to

inequities.

A 74.2 23.3 97.6 2.1 0.3 0.3 287

Domain 2: Defining and implementing models of care

2.1 Determine the effectiveness of different

models of care for fatty liver disease,

including their impact on patient outcomes

and their cost-effectiveness.

U 2 90.6 9.0 99.7 0.0 0.3 0.0 288

2.2 Validate multidisciplinary models of care for

fatty liver disease in paediatric populations.

A 80.7 17.9 98.6 1.4 0.0 2.8 280

2.3 Evaluate how risk prediction models for fatty

liver disease perform in different populations,

so that they can be tailored to specific pop-

ulations and groups.

A 3 85.1 12.8 97.9 1.7 0.3 0.0 288

2.4 Validate non-invasive tests to enable early

diagnosis, prognosis, and monitoring of liver

disease progression.

U 1 93.4 6.3 99.7 0.3 0.0 0.0 288

2.5 Explore how novel digital technologies (e.g.,

artificial intelligence, data-based analytics,

digital health applications and therapeutics)

can be utilised within healthcare settings.

A 73.2 21.3 94.4 4.9 0.7 0.3 287

2.6 Assess how digital health (e.g., applications,

interventions, therapeutics) can support pa-

tients to achieve lifestyle behavioural change.

A 69.8 26.7 96.5 2.8 0.7 0.0 288

2.7 Further explore the use of artificial intelli-

gence to improve diagnostics for fatty

liver disease.

A 63.9 31.2 95.1 3.5 1.4 1.0 285

Domain 3: Treatment and care

3.1 Assess the efficacy and cost-effectiveness of

multi-faceted strategies (e.g., social, envi-

ronmental, behavioural, biological) to prevent

fatty liver-related cirrhosis and hepatocellu-

lar carcinoma.

A 2 84.7 14.3 99.0 0.7 0.3 0.3 287

3.2 Study the role of non-invasive tests in guiding

treatment indication, response, and discon-

tinuation, as well as predicting outcomes.

A 1 94.1 5.2 99.3 0.3 0.3 0.0 288

3.3 Evaluate patient-centred decision making in

relation to fatty liver disease treatment and

care outcomes.

A 79.5 16.3 95.8 3.5 0.7 0.0 288

3.4 Evaluate the efficacy and cost-effectiveness

of the optimal management of related dis-

eases (e.g., diabetes, obesity) on fatty liver

disease and other liver-related outcomes.

U 3 90.3 9.4 99.7 0.3 0.0 0.0 288

Domain 4: Education and awareness

4.1 Conduct comparative population-based sur-

veys to understand fatty liver disease

knowledge amongst the general population

and high-risk groups specifically, to inform

the development of awareness-

raising approaches.

A 2 82.2 14.6 96.9 2.1 1.0 0.3 287

(continued on next page)
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making will also become increasingly important (priority 3.3), as
seen more broadly in the NCD field.75,76

Recognising the shared metabolic risks inherent in both fatty
liver disease and other highly prevalent co-morbidities, the
panel unanimously highlighted the importance of further eval-
uating the efficacy and cost-effectiveness of optimal manage-
ment of related diseases (e.g., diabetes and obesity) on liver-
related outcomes (priority 3.4; ranked 3rd in its domain).
These factors increase risk of fibrosis progression, which in turn
increases all-cause mortality, with the majority of patients
succumbing to cardiovascular disease and solid organ malig-
nancy,46,77 but further evidence is needed that optimal man-
agement of these comorbidities has a beneficial impact on

hepatic outcomes.78 This evidence will be critical in ongoing
efforts to engage and involve primary care and non-liver spe-
cialities within the multidisciplinary management of fatty
liver disease.

Improving knowledge and awareness
Despite fatty liver disease being highly prevalent, awareness is
generally low amongst non-liver health specialists – most
importantly primary care physicians and diabetologists – with
critical knowledge gaps around risk-factors, diagnosis, and
management approaches79–81 and a lack of tools to support
clinical decision making.79 While important progress is being
made in this area,82 the panel gave prominence to research

Table 2. (continued)

Statement Grade Rank A
(%)

SA
(%)

A+SA
(%)

SD
(%)

D
(%)

NQ
(%)

N

4.2 Conduct research to identify the educational

needs of healthcare providers in key areas,

such as primary care, diabetes/endocri-

nology, obesity medicine, and cardiology,

about fatty liver disease.

A 1 89.6 9.4 99.0 0.7 0.3 0.0 288

4.3 Study the effectiveness of strategies to

impact fatty liver disease knowledge, atti-

tudes, beliefs, and practices (KABPs), priori-

tising KABPs among healthcare professionals

and high-risk groups.

A 3 72.8 25.4 98.3 1.0 0.7 0.3 287

Domain 5: Patient and community perspectives

5.1 Conduct research to understand the needs

and experiences of fatty liver disease patients

and at-risk communities (e.g., perspectives

around prevention, treatment, and care, i

ncluding mental health).

A 2 78.0 19.2 97.2 2.4 0.3 0.3 287

5.2 Study the impact of treatment and care on

overall quality of life, including functional

status (physical, psychological, social), in

fatty liver disease patients.

A 1 81.9 17.4 99.3 0.7 0.0 0.0 288

5.3 Assess if published patient guidelines result

in patients having an improved understanding

of fatty liver disease and taking a more active

role in their disease management.

A 71.9 25.7 97.6 2.1 0.3 0.0 288

5.4 Evaluate the efficacy of patient-led self-care

programmes in improving fatty liver disease

outcomes.

A 74.6 22.0 96.5 3.5 0.0 0.3 287

5.5 Explore the potential of new technologies

(e.g., digital health applications and thera-

peutics, mobile interventions) to foster

patient engagement in treatment and care.

A 3 75.5 21.3 96.9 2.4 0.7 0.7 286

5.6 Evaluate the effect of interventions to reduce

liver disease stigma among patients, the

public, and healthcare providers.

A 74.7 21.2 95.8 2.8 1.4 0.0 288

Domain 6: Leadership and policies for the fatty liver disease public health agenda

6.1 Conduct periodic studies of national and

sub-national policies and guidelines for the

prevention and management of fatty liver

disease, to identify trends and gaps, and

assess their implementation.

A 1 79.4 18.8 98.3 1.0 0.7 0.3 287

6.2 Analyse policy successes and failures in

addressing non-communicable diseases, to

inform the development of fatty liver disease-

specific strategies.

A 2 82.6 14.6 97.2 2.4 0.3 0.3 287

6.3 Monitor, study, and report mentions of fatty

liver disease within patient groups and pro-

fessional societies outside of the field of

hepatology (e.g., at events, in publications).

A 3 66.8 28.0 94.8 3.8 1.4 0.7 286

Mean % agreement 81.1 16.6 97.7

Percentages may add up to >100 due to rounding. Grades are based on the percentage of combined agreement (‘agree’ + ‘somewhat agree’). U, unanimous (100%) agreement; A,
90–99% agreement. Responses to each statement are presented as percentages of the total responses. A, agree; SA, somewhat agree; SD, somewhat disagree; D, disagree; NQ,
the percentage of participants that indicated that they were not qualified to respond; N, total number of responses; NASH, non-alcoholic steatohepatitis.
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aimed at identifying the educational needs of healthcare pro-
viders in key areas, including primary care, diabetes, and
obesity (priority 4.2; ranked 1st in its domain), to inform tar-
geted educational strategies. Studies will also be needed to
assess the effectiveness of such strategies to impact knowl-
edge, attitudes/beliefs, and practices, starting with key
healthcare professionals (priority 4.3; ranked 3rd in its domain).

Many people living with fatty liver disease are unaware of their
fibrosis stage, which has important implications for adherence to
management approaches.83 Equally, within population groups at
high risk of disease progression, including people with type 2
diabetes mellitus and other metabolic diseases, awareness of
fatty liver disease, the health risks posed by it, or how it interacts
with their other diseases, is low.84,85 To inform the development
of awareness-raising approaches, the panel suggests that
comparative population-based surveys are implemented to un-
derstand knowledge amongst the general population and high-
risk groups (priority 4.1; ranked 2nd in its domain).

Delivering whole-of-society responses

Patient and community perspectives
The large prevalence of fatty liver disease and the less severe
effects of steatosis potentially masks that, in advanced stages,
the disease causes substantial impairment in quality of life
which is often compounded in those with multiple morbid-
ities.6–8 Alongside liver-related outcomes, fatigue and depres-
sion are important contributors to reduced quality of life in
people living with fatty liver disease.86,87

While combined agreement on patient-centred orientations
was high, the study’s results noted above suggest that further
discussion within the liver health community on research

priorities for patient and community engagement is warranted.
The panel felt strongly about the need to study the impact of
treatment and care on overall quality of life, including functional
status (priority 5.2; ranked 1st in its domain). Knowledge gaps
remain about patient needs and experiences,88 including per-
spectives around prevention, treatment, and care. The panel
prioritised studies that can advance this understanding (priority
5.1; ranked 2nd in its domain).

In chronic disease management, engaged patients are
shown to have better outcomes,89 while lower engagement
levels are associated with more adverse events.90 Digital ap-
proaches have proven effective at improving patient engage-
ment in NCD management91,92 and initial efforts have been
made to understand the role of technologies in fostering patient
engagement in fatty liver disease treatment and care.93,94 The
panel prioritised further exploration in this novel area of research
(priority 5.5; ranked 3rd in its domain). In the area of patient
engagement, the panel also agreed that assessing the impact of
patient care guidelines95 will be important (priority 5.3).

In other areas, the panel agreed on further evaluating the
efficacy of patient-led self-care programmes in improving fatty
liver disease outcomes (priority 5.4) and evaluating the effect of
interventions to reduce liver disease stigma among patients,
the public, and healthcare providers (priority 5.6).

Leadership and public health policies

From the local to the global level, public health policy re-
sponses to fatty liver disease have, to date, not stemmed the
increase in fatty liver disease morbidity or mortality.31,34,96 A
global review of policies, strategies, and guidelines conducted
in 2020 found that of 102 countries assessed, around one-third

Treatment and care 

Patient and community
perspectives

Defining and implementing
models of careHuman and economic burden

Education and awareness Leadership and policies for the fatty
liver disease public health agenda

Research priorities agenda for fatty liver disease

1. Implement studies to better quantify the fatty liver disease 
burden, including health-related quality of life, in the general 
population and in specific high-risk groups.

2. Conduct cohort studies to prospectively monitor outcomes in 
patients with defined liver disease phenotypes (e.g., 
non-alcoholic steatohepatitis [NASH], NASH with fibrosis, 
cirrhosis, hepatocellular carcinoma).

3. Conduct additional studies on the socio-economic costs of 
fatty liver disease, capturing direct and indirect costs.

4. Develop and validate risk prediction models to forecast 
progressive hepatic and extrahepatic outcomes, to inform 
clinical decision making.

5. Report all data disaggregated by sex, race, ethnicity, age, 
socioeconomic status, education level, and other variables 
related to inequities.

1. Determine the effectiveness of different models of care for fatty 
liver disease, including their impact on patient outcomes and 
their cost-effectiveness.

2. Validate multidisciplinary models of care for fatty liver disease 
in paediatric populations.

3. Evaluate how risk prediction models for fatty liver disease 
perform in different populations, so that they can be tailored to 
specific populations and groups.

4. Validate non-invasive tests to enable early diagnosis, 
prognosis, and monitoring of liver disease progression.

5. Explore how novel digital technologies (e.g., artificial 
intelligence, data-based analytics, digital health applications 
and therapeutics) can be utilised within healthcare settings.

6. Assess how digital health (e.g., applications, interventions, 
therapeutics) can support patients to achieve lifestyle 
behavioural change.

7. Further explore the use of artificial intelligence to improve 
diagnostics for fatty liver disease.

1. Conduct research to understand the needs and experiences of 
fatty liver disease patients and at-risk communities (e.g., 
perspectives around prevention, treatment, and care, including 
mental health).

2. Study the impact of treatment and care on overall quality of 
life, including functional status (physical, psychological, social), 
in fatty liver disease patients.

3. Assess if published patient guidelines result in patients having 
an improved understanding of fatty liver disease and taking a 
more active role in their disease management.

4. Evaluate the efficacy of patient-led self-care programmes in 
improving fatty liver disease outcomes.

5. Explore the potential of new technologies (e.g., digital health 
applications and therapeutics, mobile interventions) to foster 
patient engagement in treatment and care.

6. Evaluate the effect of interventions to reduce liver disease 
stigma among patients, the public, and healthcare providers

1. Conduct comparative population-based surveys to understand 
fatty liver disease knowledge amongst the general population 
and high-risk groups specifically, to inform the development of 
awareness-raising approaches.

2. Conduct research to identify the educational needs of 
healthcare providers in key areas, such as primary care, 
diabetes/endocrinology, obesity medicine, and cardiology, 
about fatty liver disease.

3. Study the effectiveness of strategies to impact fatty liver 
disease knowledge, attitudes, beliefs, and practices (KABPs), 
prioritising KABPs among healthcare professionals and 
high-risk groups.

1. Assess the efficacy and cost-effectiveness of multi-faceted 
strategies (e.g., social, environmental, behavioural, biological) 
to prevent fatty liver-related cirrhosis and hepatocellular 
carcinoma.

2. Study the role of non-invasive tests in guiding treatment 
indication, response, and discontinuation, as well as predicting 
outcomes.

3. Evaluate patient-centred decision making in relation to fatty 
liver disease treatment and care outcomes.

4. Evaluate the efficacy and cost-effectiveness of the optimal 
management of related diseases (e.g., diabetes, obesity) on 
fatty liver disease and other liver-related outcomes.

1. Conduct periodic studies of national and sub-national policies 
and guidelines for the prevention and management of fatty 
liver disease, to identify trends and gaps, and assess their 
implementation.

2. Analyse policy successes and failures in addressing 
non-communicable diseases, to inform the development of 
fatty liver disease-specific strategies.

3. Monitor, study, and report mentions of fatty liver disease within 
patient groups and professional societies outside of the field of 
hepatology (e.g., at events, in publications).

Fig. 2. Research priorities agenda for fatty liver disease.
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of countries scored zero on an associated preparedness in-
dex.96 Fatty liver disease is also absent in otherwise broad,
global strategies and guidelines, including the World Health
Organization’s NCD strategies.97,98 Building on past efforts, the
panel near unanimously called for periodic studies to assess
national and sub-national policies and guidelines for the pre-
vention and management of fatty liver disease, to identify
trends and gaps and assess their implementation (priority 6.1;
ranked 1st in its domain).

Agreement was also reached on the need to analyse policy
successes and failures in addressing NCDs, to inform the
development of fatty liver disease-specific strategies (priority
6.2; ranked 2nd in its domain). This will require a greater focus
within the liver heath community on the commercial de-
terminants driving the increasing burden of fatty liver disease.99

The multidisciplinary and multi-sectoral nature of the public
health responses to fatty liver disease require further engage-
ment and collaboration with those outside of the field of hep-
atology. In an effort to guide and inform such engagements,
and assess their impact, the panel recommends efforts to
monitor, study, and report mentions of fatty liver disease within
patient groups and professional societies (priority 6.3; ranked
3rd in its domain).

Study strengths and limitations

The major strength of this study is its novelty as the first global
effort to propose a comprehensive research agenda for fatty
liver disease utilising the rigorous Delphi consensus method-
ology. Additionally, within this methodology, the ability to
illustrate degrees of agreement by breaking-out ‘agree’ and
‘somewhat agree’ responses may assist decision makers and
researchers. We suggest that the breadth of issues covered,
combined with the relatively focused priorities, makes the

outcome both aspirational and practical. While this process did
not consider how to operationalise these research priorities,
including the resource requirements to do so, the findings can
guide the investment decisions of research funders.

The Delphi methodology used in this study is an effective
approach in consensus building, yet building consensus is not
without challenges. In this study we used purposive sampling
to develop a core group. To mitigate the biases of purposive
sampling, we used snowballing and targeted sampling to yield
a panel of 344 people diverse in both expertise and
geographical representation. We do, however, acknowledge
that the characteristics of the final group (e.g., predominantly
based in high-income countries and employed in the academic
sector), will have been reflected within the agreement levels of
the research priorities. For instance, the lower levels of agree-
ment on the more patient centric and policy-oriented priorities
likely reflects the smaller proportion of the panel working in
patient/policy advocacy. While 10.5% (n = 36) of the panel
reported some engagement in patient/policy advocacy, this
was the primary area of work for only 4.7% (n = 16). Conducting
the survey in the English language may have also influenced
who accepted the invitation to contribute.

Conclusions

Delivering comprehensive health system and public health re-
sponses to fatty liver disease will require the global health
community to re-envision the landscape, grow the fatty liver
disease community of practice, and place greater emphasis on
collective and collaborative thinking and action. This global
multidisciplinary effort has, for the first time, developed a
consensus fatty liver disease research agenda that can serve
as the foundation for turning the tide on this silent public
health threat.
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Endocrinology, Metabolism and Diabetes, Istanbul, Turkey
287Department of Gastroenterology and Hepatology, Koç University, Istan-
bul, Turkey
288MAFLD Research Center, Department of Hepatology, the First Affiliated
Hospital of Wenzhou Medical University, Wenzhou, China

Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/
j.jhep.2023.04.035.

References

Author names in bold designate shared co-first authorship.

[1] Younossi ZM, Golabi P, Paik JM, Henry A, Van Dongen C, Henry L. The
global epidemiology of nonalcoholic fatty liver disease (NAFLD) and nonal-
coholic steatohepatitis (NASH): a systematic review. Hepatology
2023;77(4):1135–1347.

[2] Riazi K, Azhari H, Charette JH, Underwood FE, King JA, Afshar EE, et al. The
prevalence and incidence of NAFLD worldwide: a systematic review and
meta-analysis. Lancet Gastroenterol Hepatol 2022;7(9):851–861.

[3] Sweeny KF, Lee CK. Nonalcoholic Fatty Liver Disease in Children. Gastro-
enterol Hepatol (N Y) 2021;17(12):579–587.

[4] Araújo AR, Rosso N, Bedogni G, Tiribelli C, Bellentani S. Global epidemi-
ology of non-alcoholic fatty liver disease/non-alcoholic steatohepatitis: What
we need in the future. Liver Int 2018;38(Suppl 1):47–51.

[5] Kanwal F, Kramer JR, Mapakshi S, Natarajan Y, Chayanupatkul M,
Richardson PA, et al. Risk of Hepatocellular Cancer in Patients With Non-
Alcoholic Fatty Liver Disease. Gastroenterology 2018;155(6):1828–1837.e2.

[6] McSweeney L, Breckons M, Fattakhova G, Oluboyede Y, Vale L, Ternent L,
et al. Health-related quality of life and patient-reported outcome measures in
NASH-related cirrhosis. JHEP Rep 2020;2(3):100099.

[7] Sayiner M, Stepanova M, Pham H, Noor B, Walters M, Younossi ZM.
Assessment of health utilities and quality of life in patients with non-alcoholic
fatty liver disease. BMJ Open Gastroenterol 2016;3(1):e000106.

[8] Younossi Z, Aggarwal P, Shrestha I, Fernandes J, Johansen P, Augusto M,
et al. The burden of non-alcoholic steatohepatitis: A systematic review of
health-related quality of life and patient-reported outcomes. JHEP Rep
2022;4(9):100525.

[9] Global Burden of Disease Cancer Collaboration. Global, Regional, and Na-
tional Cancer Incidence, Mortality, Years of Life Lost, Years Lived With
Disability, and Disability-Adjusted Life-Years for 29 Cancer Groups, 1990 to
2017: A Systematic Analysis for the Global Burden of Disease Study. JAMA
Oncol 2019;5(12):1749–1768.

[10] Schattenberg JM, Lazarus JV, Newsome PN, Serfaty L, Aghemo A,
Augustin S, et al. Disease burden and economic impact of diagnosed non-
alcoholic steatohepatitis in five European countries in 2018: A cost-of-illness
analysis. Liver Int 2021;41(6):1227–1242.

[11] Younossi ZM, Blissett D, Blissett R, Henry L, Stepanova M, Younossi Y, et al.
The economic and clinical burden of nonalcoholic fatty liver disease in the
United States and Europe. Hepatology 2016;64(5):1577–1586.

[12] Ludwig J, Viggiano TR, McGill DB, Oh BJ. Nonalcoholic steatohepatitis:
Mayo Clinic experiences with a hitherto unnamed disease. Mayo Clin Proc
1980;55(7):434–438.

[13] Anstee QM, Targher G, Day CP. Progression of NAFLD to diabetes mellitus,
cardiovascular disease or cirrhosis. Nat Rev Gastroenterol Hepatol
2013;10(6):330–344.

[14] Li AA, Kim D, Ahmed A. Association of sarcopenia and NAFLD: an overview.
Clin Liver Dis (Hoboken) 2020;16(2):73–76.

[15] Targher G, Tilg H, Byrne CD. Non-alcoholic fatty liver disease: a multisystem
disease requiring a multidisciplinary and holistic approach. Lancet Gastro-
enterol Hepatol 2021;6(7):578–588.

[16] Lazarus JV, Anstee QM, Hagström H, Cusi K, Cortez-Pinto H, Mark HE, et al.
Defining comprehensive models of care for NAFLD. Nat Rev Gastroenterol
Hepatol 2021;18(10):717–729.

[17] Hussain A, Patel PJ, Rhodes F, Srivastava A, Patch D, Rosenberg W.
Decompensated cirrhosis is the commonest presentation for NAFLD pa-
tients undergoing liver transplant assessment. Clin Med (Lond)
2020;20(3):313–318.

[18] Newton JL. Systemic symptoms in non-alcoholic fatty liver disease. Dig Dis
2010;28(1):214–219.

[19] Castera L. Non-invasive tests for liver fibrosis in NAFLD: creating pathways
between primary healthcare and liver clinics. Liver Int 2020;40(Suppl
1):77–81.

[20] Boursier J, Hagström H, Ekstedt M, Moreau C, Bonacci M, Cure S, et al.
Non-invasive tests accurately stratify patients with NAFLD based on their
risk of liver-related events. J Hepatol 2022;76(5):1013–1020.

[21] Loomba R, Huang DQ, Sanyal AJ, Anstee QM, Trauner M, Lawitz EJ, et al.
Liver stiffness thresholds to predict disease progression and clinical out-
comes in bridging fibrosis and cirrhosis. Gut 2023;72(3):581–589.

[22] Chalmers J, Wilkes E, Harris R, Kent L, Kinra S, Aithal GP, et al. The
Development and Implementation of a Commissioned Pathway for the
Identification and Stratification of Liver Disease in the Community. Frontline
Gastroenterol 2020;11(2):86–92.

[23] Moolla A, Motohashi K, Marjot T, Shard A, Ainsworth M, Gray A, et al.
A multidisciplinary approach to the management of NAFLD is associated
with improvement in markers of liver and cardio-metabolic health. Frontline
Gastroenterol 2019;10(4):337–346.

[24] Neilson LJ, Macdougall L, Lee PS, Hardy T, Beaton D, Chandrapalan S, et al.
Implementation of a care bundle improves the management of patients with
non-alcoholic fatty liver disease. Frontline Gastroenterol 2021;12(7):578–585.

[25] Srivastava A, Gailer R, Tanwar S, Trembling P, Parkes J, Rodger A, et al.
Prospective evaluation of a primary care referral pathway for patients with
non-alcoholic fatty liver disease. J Hepatol 2019;71(2):371–378.

[26] Dufour JF, Anstee QM, Bugianesi E, Harrison S, Loomba R, Paradis V, et al.
Current therapies and new developments in NASH. Gut
2022;71(10):2123–2134.

[27] Harrison SA, Allen AM, Dubourg J, Noureddin M, Alkhouri N. Challenges and
opportunities in NASH drug development. Nat Med 2023;29(3):562–573.

[28] Duseja A, Singh SP, De A, Madan K, Rao PN, Shukla A, et al. Indian National
Association for Study of the Liver (INASL) Guidance Paper on Nomenclature,
Diagnosis and Treatment of Nonalcoholic Fatty Liver Disease (NAFLD). J Clin
Exp Hepatol 2023;13(2):273–302.

[29] Romero-Gómez M, Zelber-Sagi S, Trenell M. Treatment of NAFLD with diet,
physical activity and exercise. J Hepatol 2017;67(4):829–846.

[30] Viveiros K. The Role of Life Style Modifications in Comprehensive Non-
Alcoholic Fatty Liver Disease Treatment. Clin Liver Dis (Hoboken)
2021;17(1):11–14.

[31] Díaz LA, Fuentes-López E, Ayares G, Idalsoaga F, Arnold J, Márquez-
Lomas A, et al. The establishment of public health policies and the burden of
non-alcoholic fatty liver disease in the Americas. Lancet Gastroenterol
Hepatol 2022;7(6):552–559.

[32] Lazarus JV, Colombo M, Cortez-Pinto H, Huang TTK, Miller V, Ninburg M,
et al. NAFLD – sounding the alarm on a silent epidemic. Nat Rev Gastro-
enterol Hepatol 2020;17(7):377–379.

[33] Lazarus JV, Mark HE, Colombo M, Demaio S, Dillon JF, George J, et al.
A sustainable development goal framework to guide multisectoral action on
NAFLD through a societal approach. Aliment Pharmacol Ther
2022;55(2):234–243.

[34] Lazarus JV, Mark HE, Anstee QM, Arab JP, Batterham RL, Castera L, et al.
Advancing the global public health agenda for NAFLD: a consensus state-
ment. Nat Rev Gastroenterol Hepatol 2022;19(1):60–78.

632 Journal of Hepatology, September 2023. vol. 79 j 618–634

Global research priority agenda for fatty liver disease

https://doi.org/10.1016/j.jhep.2023.04.035
https://doi.org/10.1016/j.jhep.2023.04.035
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref1
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref1
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref1
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref1
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref2
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref2
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref2
http://refhub.elsevier.com/S0168-8278(23)00323-9/optm1LSIK03JM
http://refhub.elsevier.com/S0168-8278(23)00323-9/optm1LSIK03JM
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref5
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref5
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref5
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref6
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref6
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref6
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref7
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref7
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref7
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref8
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref8
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref8
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref9
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref9
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref9
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref9
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref10
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref10
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref10
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref10
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref10
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref11
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref11
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref11
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref11
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref12
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref12
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref12
http://refhub.elsevier.com/S0168-8278(23)00323-9/optMrBRYM7l0A
http://refhub.elsevier.com/S0168-8278(23)00323-9/optMrBRYM7l0A
http://refhub.elsevier.com/S0168-8278(23)00323-9/optMrBRYM7l0A
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref13
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref13
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref13
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref14
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref14
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref15
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref15
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref15
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref16
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref16
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref16
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref17
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref17
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref17
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref17
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref18
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref18
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref19
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref19
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref19
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref20
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref20
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref20
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref21
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref21
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref21
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref22
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref22
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref22
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref22
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref23
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref23
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref23
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref23
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref24
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref24
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref24
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref25
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref25
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref25
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref26
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref26
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref26
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref27
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref27
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref28
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref28
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref28
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref28
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref29
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref29
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref30
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref30
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref30
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref31
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref31
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref31
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref31
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref32
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref32
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref32
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref33
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref33
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref33
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref33
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref34
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref34
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref34


[35] Jafri A, Mathe N, Aglago EK, Konyole SO, Ouedraogo M, Audain K, et al.
Food availability, accessibility and dietary practices during the COVID-19
pandemic: a multi-country survey. Public Health Nutr 2021;24(7):
1798–1805.

[36] Mattioli AV, Sciomer S, Cocchi C, Maffei S, Gallina S. Quarantine during
COVID-19 outbreak: Changes in diet and physical activity increase the risk of
cardiovascular disease. Nutr Metab Cardiovasc Dis 2020;30(9):1409–1417.

[37] Grebely J, Bruneau J, Lazarus JV, Dalgard O, Bruggmann P, Treloar C, et al.
Research priorities to achieve universal access to hepatitis C prevention,
management and direct-acting antiviral treatment among people who inject
drugs. Int J Drug Pol 2017;47:51–60.

[38] Eyre H, Kahn R, Robertson RM. Preventing cancer, cardiovascular disease,
and diabetes: a common agenda for the American Cancer Society, the
American Diabetes Association, and the American Heart Association. Dia-
betes Care 2004;27(7):1812–1824.

[39] McKinnon RA, Orleans CT, Kumanyika SK, Haire-Joshu D, Krebs-Smith SM,
Finkelstein EA, et al. Considerations for an obesity policy research agenda.
Am J Prev Med 2009;36(4):351–357.

[40] Lazarus JV, Safreed-Harmon K, Kamarulzaman A, Anderson J, Leite RB,
Behrens G, et al. Consensus statement on the role of health systems in
advancing the long-term well-being of people living with HIV. Nat Com-
mun 2021;12(1):4450.

[41] Rubino F, Puhl RM, Cummings DE, Eckel RH, Ryan DH, Mechanick JI, et al.
Joint international consensus statement for ending stigma of obesity. Nat
Med 2020;26(4):485–497.

[42] Karlsen TH, Sheron N, Zelber-Sagi S, Carrieri P, Dusheiko G, Bugianesi E,
et al. The EASL-Lancet Liver Commission: protecting the next generation of
Europeans against liver disease complications and premature mortality.
Lancet 2022;399(10319):61–116.

[43] Iruzubieta P, Bataller R, Arias-Loste MT, Arrese M, Calleja JL, Castro-
Narro G, et al. Research Priorities for Precision Medicine in NAFLD. Clin Liver
Dis 2023;27(2):535–551.

[44] Ekstedt M, Nasr P, Kechagias S. Natural History of NAFLD/NASH. Curr
Hepatol Rep 2017;16(4):391–397.

[45] Hagström H, Nasr P, Ekstedt M, Hammar U, Stål P, Hultcrantz R, et al.
Fibrosis stage but not NASH predicts mortality and time to development of
severe liver disease in biopsy-proven NAFLD. J Hepatol
2017;67(6):1265–1273.

[46] Sanyal AJ, Van Natta ML, Clark J, Neuschwander-Tetri BA, Diehl A,
Dasarathy S, et al. Prospective Study of Outcomes in Adults with Nonal-
coholic Fatty Liver Disease. N Engl J Med 2021;385(17):1559–1569.

[47] Younossi ZM, AnsteeQM,WongVWS, TraunerM, Lawitz EJ, Harrison SA, et al.
The Association of Histologic and Noninvasive Tests With Adverse Clinical and
Patient-Reported Outcomes in Patients With Advanced Fibrosis Due to Nonal-
coholic Steatohepatitis. Gastroenterology 2021;160(5):1608–1619.e13.

[48] Anstee QM, Castera L, Loomba R. Impact of non-invasive biomarkers on
hepatology practice: Past, present and future. J Hepatol
2022;76(6):1362–1378.

[49] Allen AM, Lazarus JV, Younossi ZM. Healthcare and socioeconomic costs of
NAFLD: A global framework to navigate the uncertainties. J Hepatol 2023.
S0168-8278(23)00079-X.

[50] Hagström H, Nasr P, Ekstedt M, Hammar U, Widman L, Stål P, et al. Health
Care Costs of Patients With Biopsy-Confirmed Nonalcoholic Fatty Liver
Disease Are Nearly Twice Those of Matched Controls. Clin Gastroenterol
Hepatol 2020;18(7):1592–1599.e8.

[51] Talens M, Tumas N, Lazarus JV, Benach J, Pericàs JM. What Do We Know
About Inequalities in NAFLD Distribution and Outcomes? A Scoping Review.
J Clin Med 2021;10(21):5019.

[52] Di Cesare M, Khang Y-H, Asaria P, Blakely T, Cowan MJ, Farzadfar F, et al.
Inequalities in non-communicable diseases and effective responses. Lancet
2013;381(9866):585–597.

[53] Eslam M, Wong GL, Hashem AM, Chan HL, Nielsen MJ, Leeming DJ, et al. A
Sequential Algorithm Combining ADAPT and Liver Stiffness Can Stage
Metabolic-Associated Fatty Liver Disease in Hospital-Based and Primary
Care Patients. Am J Gastroenterol 2021;116(5):984–993.

[54] Majumdar A, Campos S, Gurusamy K, Pinzani M, Tsochatzis EA. Defining
the Minimum Acceptable Diagnostic Accuracy of Noninvasive Fibrosis
Testing in Cirrhosis: A Decision Analytic Modeling Study. Hepatology
2020;71(2):627–642.

[55] Vali Y, Lee J, Boursier J, Petta S, Wonders K, Tiniakos D, et al. Biomarkers
for staging fibrosis and non-alcoholic steatohepatitis in non-alcoholic fatty
liver disease (the LITMUS project): a comparative diagnostic accuracy study.
Lancet Gastroenterol Hepatol 2023. S2468-1253(23)00017-1.

[56] Castera L, Friedrich-Rust M, Loomba R. Noninvasive Assessment of Liver
Disease in Patients With Nonalcoholic Fatty Liver Disease. Gastroenterology
2019;156(5):1264–1281.e4.

[57] Gidener T, Dierkhising RA, Mara KC, Therneau TM, Venkatesh SK, Ehman RL,
et al. Change in serial liver stiffness measurement by magnetic resonance
elastography and outcomes in NAFLD. Hepatology 2023;77(1):268–274.

[58] Crossan C, Majumdar A, Srivastava A, Thorburn D, Rosenberg W, Pinzani M,
et al. Referral pathways for patients with NAFLD based on non-invasive
fibrosis tests: Diagnostic accuracy and cost analysis. Liver Int
2019;39(11):2052–2060.

[59] Vilar-Gomez E, Lou Z, Kong N, Vuppalanchi R, Imperiale TF, Chalasani N.
Cost Effectiveness of Different Strategies for Detecting Cirrhosis in Patients
With Nonalcoholic Fatty Liver Disease Based on United States Health Care
System. Clin Gastroenterol Hepatol 2020;18(10):2305–2314.e12.

[60] Lazarus JV, Castera L, Mark HE, Allen AM, Adams LA, Anstee QM,
et al. Real-world evidence on non-invasive tests and associated cut-offs
used to assess fibrosis in routine clinical practice. JHEP Rep
2022;5(1):100596.

[61] Glass LM, Hunt CM, Fuchs M, Su GL. Comorbidities and Nonalcoholic Fatty
Liver Disease: The Chicken, the Egg, or Both? Fed Pract 2019;36(2):64–71.

[62] Kumar S, Wong R, Newberry C, Yeung M, Peña JM, Sharaiha RZ. Multi-
disciplinary Clinic Models: A Paradigm of Care for Management of NAFLD.
Hepatology 2021;74(6):3472–3478.

[63] Mencin AA, Loomba R, Lavine JE. Caring for children with NAFLD and
navigating their care into adulthood. Nat Rev Gastroenterol Hepatol
2015;12(11):617–628.

[64] Mitrani R, Kohut T, Panganiban J, Carr RM. Transition of Care Model for
Pediatric Patients With Nonalcoholic Fatty Liver Disease. Clin Liver Dis
(Hoboken) 2021;18(1):30–36.

[65] Nobili V, Svegliati-Baroni G, Alisi A, Miele L, Valenti L, Vajro P. A 360-degree
overview of paediatric NAFLD: recent insights. J Hepatol
2013;58(6):1218–1229.

[66] DeVore S, Kohli R, Lake K, Nicholas L, Dietrich K, Balistreri WF, et al.
A multidisciplinary clinical program is effective in stabilizing BMI and
reducing transaminase levels in pediatric patients with NAFLD. J Pediatr
Gastroenterol Nutr 2013;57(1):119–123.

[67] World Health Organization. WHO guideline: recommendations on digital in-
terventions for health system strengthening. Geneva: WHO; 2019.

[68] Lazarus JV, Villota-Rivas M, Jiménez-González C, Santos-Laso A,
Iruzubieta P, Arias-Loste MT, et al. Physicians’ Use of Digital Health In-
terventions in the Management of Nonalcoholic Fatty Liver Disease. Clin
Liver Dis 2023;27(2):515–533.

[69] Lim SL, Johal J, Ong KW, Han CY, Chan YH, Lee YM, et al. Lifestyle
Intervention Enabled by Mobile Technology on Weight Loss in Patients With
Nonalcoholic Fatty Liver Disease: Randomized Controlled Trial. JMIR
Mhealth Uhealth 2020;8(4):e14802.

[70] Sato M, Akamatsu M, Shima T, Ikegami T, Yanase M, Mikami S, et al. Impact
of a Novel Digital Therapeutics System on Nonalcoholic Steatohepatitis: The
NASH App Clinical Trial. Am J Gastroenterol 2023. https://doi.org/10.14309/
ajg.0000000000002143.

[71] Stine JG, Rivas G, Hummer B, Duarte-Rojo A, May CN, Geyer N, et al. Mobile
health lifestyle intervention program leads to clinically significant loss of
body weight in patients with NASH. Hepatol Commun 2023;7(4):e0052.

[72] Chatterjee A, Prinz A, Gerdes M, Martinez S. Digital Interventions on Healthy
Lifestyle Management: Systematic Review. J Med Internet Res
2021;23(11):e26931.

[73] Zhang Y, Pratap A, Folarin AA, Sun S, Cummins N, Matcham F, et al. Long-
term participant retention and engagement patterns in an app and wearable-
based multinational remote digital depression study. NPJ Digit
Med 2023;6(1):25.

[74] Allen AM, Shah VH, Therneau TM, Venkatesh SK, Mounajjed T, Larson JJ,
et al. Multiparametric Magnetic Resonance Elastography Improves the
Detection of NASH Regression Following Bariatric Surgery. Hepatol Com-
mun 2019;4(2):185–192.

[75] Paudel S, Sharma N, Joshi A, Randall M. Development of a Shared Decision
Making Model in a Community Mental Health Center. Commun Ment Health
J 2018;54(1):1–6.

[76] Tamhane S, Rodriguez-Gutierrez R, Hargraves I, Montori VM. Shared Deci-
sion-Making in Diabetes Care. Curr Diab Rep 2015;15(12):112.

[77] Vilar-Gomez E, Calzadilla-Bertot L, Wong VWS, Castellanos M, Aller-de la
Fuente R, Metwally M, et al. Fibrosis Severity as a Determinant of Cause-
Specific Mortality in Patients With Advanced Nonalcoholic Fatty Liver Disease:
A Multi-National Cohort Study. Gastroenterology 2018;155(2):443–457.e17.

Journal of Hepatology, September 2023. vol. 79 j 618–634 633

Research Article

http://refhub.elsevier.com/S0168-8278(23)00323-9/sref35
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref35
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref35
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref35
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref36
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref36
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref36
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref37
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref37
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref37
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref37
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref38
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref38
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref38
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref38
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref39
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref39
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref39
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref40
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref40
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref40
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref40
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref41
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref41
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref41
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref42
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref42
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref42
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref42
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref43
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref43
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref43
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref44
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref44
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref45
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref45
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref45
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref45
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref46
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref46
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref46
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref47
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref47
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref47
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref47
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref48
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref48
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref48
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref49
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref49
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref49
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref50
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref50
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref50
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref50
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref51
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref51
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref51
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref52
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref52
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref52
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref53
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref53
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref53
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref53
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref54
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref54
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref54
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref54
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref55
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref55
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref55
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref55
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref56
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref56
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref56
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref57
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref57
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref57
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref58
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref58
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref58
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref58
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref59
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref59
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref59
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref59
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref60
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref60
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref60
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref60
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref61
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref61
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref62
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref62
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref62
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref63
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref63
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref63
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref64
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref64
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref64
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref65
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref65
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref65
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref66
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref66
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref66
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref66
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref67
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref67
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref68
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref68
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref68
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref68
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref69
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref69
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref69
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref69
https://doi.org/10.14309/ajg.0000000000002143
https://doi.org/10.14309/ajg.0000000000002143
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref71
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref71
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref71
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref72
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref72
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref72
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref73
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref73
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref73
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref73
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref74
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref74
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref74
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref74
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref75
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref75
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref75
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref76
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref76
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref77
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref77
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref77
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref77


[78] Polyzos SA, Kechagias S, Tsochatzis EA. Review article: non-alcoholic fatty
liver disease and cardiovascular diseases: associations and treatment con-
siderations. Aliment Pharmacol Ther 2021;54(8):1013–1025.

[79] Islam KB, Brandman D, Chu JN, Goldman ML, Fox RK. Primary Care Pro-
viders and Nonalcoholic Fatty Liver Disease: A Needs Assessment Survey.
Dig Dis Sci 2023;68(2):434–438.

[80] Vidal-Cevallos P, Ordóñez-Vázquez AL, Procopio-Mosso O, Cardoso-
Arias R, Uribe M, Chávez-Tapia NC. Cross-sectional pilot study to assess
primary healthcare workers’ knowledge of nonalcoholic fatty liver disease in
a marginalized community in Mexico. Sci Rep 2021;11(1):12100.

[81] Wessels DH, Rosenberg Z. Awareness of non-alcoholic steatohepatitis and
treatment guidelines: What are physicians telling us? World J Hepatol
2021;13(2):233–241.

[82] ElSayed NA, Aleppo G, Aroda VR, Bannuru RR, Brown FM, Bruemmer D,
et al. Introduction and Methodology: Standards of Care in Diabetes-2023.
Diabetes Care 2023;46(Suppl 1):S1–S4.

[83] Carrieri P, Mourad A, Marcellin F, Trylesinski A, Calleja JL, Protopopescu C,
et al. Knowledge of liver fibrosis stage among adults with NAFLD/NASH
improves adherence to lifestyle changes. Liver Int 2022;42(5):984–994.

[84] Alemany-Pagès M, Moura-Ramos M, Araújo S, Macedo MP, Ribeiro RT, do
Ó D, et al. Insights from qualitative research on NAFLD awareness with a
cohort of T2DM patients: time to go public with insulin resistance? BMC
Public Health 2020;20(1):1142.

[85] Wieland AC, Mettler P, McDermott MT, Crane LA, Cicutto LC, Bambha KM.
Low awareness of nonalcoholic fatty liver disease among patients at high
metabolic risk. J Clin Gastroenterol 2015;49(1):e6–e10.

[86] Assimakopoulos K, Karaivazoglou K, Tsermpini EE, Diamantopoulou G,
Triantos C. Quality of life in patients with nonalcoholic fatty liver disease: A
systematic review. J Psychosom Res 2018;112:73–80.

[87] Golubeva JA, Sheptulina AF, Yafarova AA, Mamutova EM, Kiselev AR,
Drapkina OM. Reduced Quality of Life in Patients With Non-Alcoholic Fatty
Liver Disease May Be Associated With Depression and Fatigue. Healthcare
(Basel) 2022;10(9):1699.

[88] Shea S, Lionis C, Atkinson L, Kite C, Lagojda L, Chaggar SS, et al. Support
Needs and Coping Strategies in Non-Alcoholic Fatty Liver Disease (NAFLD):
A Multidisciplinary Approach to Potential Unmet Challenges Beyond Phar-
macological Treatment. Livers 2023;3(1):1–20.

[89] Remmers C, Hibbard J, Mosen DM, Wagenfield M, Hoye RE, Jones C. Is
patient activation associated with future health outcomes and healthcare
utilization among patients with diabetes? J Ambul Care Manage
2009;32(4):320–327.

[90] Weingart SN, Zhu J, Chiappetta L, Stuver SO, Schneider EC, Epstein AM,
et al. Hospitalized patients’ participation and its impact on quality of care and
patient safety. Int J Qual Health Care 2011;23(3):269–277.

[91] Gershkowitz BD, Hillert CJ, Crotty BH. Digital Coaching Strategies to
Facilitate Behavioral Change in Type 2 Diabetes: A Systematic Review. J Clin
Endocrinol Metab 2021;106(4):e1513–e1520.

[92] Milani RV, Lavie CJ, Bober RM, Milani AR, Ventura HO. Improving Hyper-
tension Control and Patient Engagement Using Digital Tools. Am J Med
2017;130(1):14–20.

[93] Hallsworth K, McPherson S, Anstee QM, Flynn D, Haigh L, Avery L. Digital
Intervention With Lifestyle Coach Support to Target Dietary and Physical
Activity Behaviors of Adults with Nonalcoholic Fatty Liver Disease: Sys-
tematic Development Process of VITALISE Using Intervention Mapping. J
Med Internet Res 2021;23(1):e20491.

[94] Mazzotti A, Caletti MT, Brodosi L, Di Domizio S, Forchielli ML, Petta S, et al.
An internet-based approach for lifestyle changes in patients with NAFLD:
Two-year effects on weight loss and surrogate markers. J Hepatol
2018;69(5):1155–1163.

[95] Francque SM, Marchesini G, Kautz A, Walmsley M, Dorner R, Lazarus JV,
et al. Non-alcoholic fatty liver disease: A patient guideline. JHEP
Rep 2021;3(5):100322.

[96] Lazarus JV, Mark HE, Villota-Rivas M, Palayew A, Carrieri P, Colombo M,
et al. The global NAFLD policy review and preparedness index: Are countries
ready to address this silent public health challenge? J Hepatol
2022;76(4):771–780.

[97] World Health Organization. Global action plan for the prevention and control
of NCDs 2013–2020. Geneva: WHO; 2013.

[98] World Health Organization. Political declaration of the third high-level
meeting of the General Assembly on the prevention and control of non-
communicable diseases, and mental health. Geneva: WHO; 2023.

[99] Gilmore AB, Fabbri A, Baum F, Bertscher A, Bondy K, Chang H-J, et al.
Defining and conceptualising the commercial determinants of health. Lancet
2023;401(10383):1194–1213.

634 Journal of Hepatology, September 2023. vol. 79 j 618–634

Global research priority agenda for fatty liver disease

http://refhub.elsevier.com/S0168-8278(23)00323-9/sref78
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref78
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref78
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref79
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref79
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref79
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref80
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref80
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref80
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref80
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref81
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref81
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref81
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref82
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref82
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref82
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref83
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref83
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref83
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref84
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref84
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref84
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref84
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref85
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref85
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref85
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref86
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref86
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref86
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref87
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref87
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref87
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref87
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref88
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref88
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref88
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref88
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref89
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref89
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref89
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref89
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref90
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref90
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref90
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref91
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref91
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref91
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref92
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref92
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref92
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref93
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref93
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref93
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref93
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref93
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref94
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref94
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref94
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref94
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref95
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref95
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref95
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref96
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref96
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref96
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref96
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref97
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref97
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref98
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref98
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref98
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref99
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref99
http://refhub.elsevier.com/S0168-8278(23)00323-9/sref99

	A global research priority agenda to advance public health responses to fatty liver disease
	Introduction
	Materials and methods
	Delphi expert panel member sample
	Delphi statement domains
	Delphi method data collection and analysis
	Ethical considerations

	Results
	Discussion
	Building the case for action: a better understanding of the human and economic burden
	Advancing health system responses to fatty liver disease
	Defining and implementing multidisciplinary models of care
	Accelerating advances in fatty liver disease treatment
	Improving knowledge and awareness

	Delivering whole-of-society responses
	Patient and community perspectives

	Leadership and public health policies
	Study strengths and limitations
	Conclusions

	Abbreviations
	Financial support
	Conflict of interest
	Authors’ contributions
	Data availability statement
	Supplementary data
	References


