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RECOMMENDATION

M) Check for updates

of care for NAFLD

Defining comprehensive models

Jeffrey V. Lazarus

Vincent Wai-Sun Wong

Non-alcoholic fatty liver disease (NAFLD) is a highly
prevalent and potentially progressive illness" as well as
the leading cause of chronic liver disease worldwide’.
Left untreated, non-alcoholic fatty liver (steatosis) can
evolve to non-alcoholic steatohepatitis (NASH), with
increasing hepatic fibrosis eventually leading to cir-
rhosis, liver cancer, end-stage liver disease and death™".
NAFLD is estimated to affect 25% of the global popu-
lation, with NASH affecting up to 20% of people with
NAFLD**¢; however, reliable epidemiological estimates
are scarce.

NAFLD is part of a multisystem disease that affects
extrahepatic organs and is associated with other
diseases’” (BOX 1). The leading cause of death in patients
with NAFLD is cardiovascular disease (CVD) and other
common causes of death include extrahepatic malig-
nancies, type 2 diabetes mellitus (T2DM), chronic
kidney disease and liver-related complications”*'*-"%.
NAFLD is associated with substantial economic losses'
and health-care costs'*~'° and contributes to impaired
health-related quality of life'”.

There are numerous gaps in the current clinical
management of NAFLD. Owing to its comorbid nature,
patients with NAFLD will likely benefit from multi-
disciplinary care'’; however, awareness of the disease
among the general population and non-liver specialist
health-care providers is low'’. The grading, staging and
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Abstract | Non-alcoholic fatty liver disease (NAFLD) is now the leading cause of chronic liver disease
globally. Despite the increased demand placed on health-care systems, little attention has been
given to the design and implementation of efficient and effective models of care for patients with
NAFLD. In many health-care settings, no formal pathways exist and, where pathways are in place,
they are often not standardized according to good practices. We systematically searched the
peer-reviewed literature with the aim of identifying published examples of comprehensive models
of care that answered four key questions: what services are provided? Where are they provided?
Who is offering them? How are they coordinated and integrated within health-care systems?
We identified seven models of care and synthesized the findings into eight recommendations
nested within the ‘what, where, who and how’ of care models. These recommendations, aimed at
policy-makers and practitioners designing and implementing models of care, can help to address
the increasing need for the provision of good practice care for patients with NAFLD.

definitive diagnosis of NASH relies on liver biopsy —
an invasive procedure not practical to conduct in pri-
mary care’?. Coupled with the lack of overt symptoms,
this commonly leads to a clinically relevant delay in the
establishment of a diagnosis with many patients diag-
nosed in an advanced stage, which is associated with
a less favourable prognosis. There are no approved
pharmacological treatments specifically for NASH?;
however, there is a large body of evidence for the effec-
tiveness of non-pharmacological treatments that can halt
the progression of the disease or even cause remission
in the early stages®>.

There are several regional guidelines on the clini-
cal management of NAFLD, including joint guidance
from the European Association for the Study of the
Liver (EASL), the European Association for the Study
of Diabetes (EASD), and the European Association for
the Study of Obesity (EASO)* and from the American
Association for the Study of Liver Diseases (AASLD)”.
However, in many health-care settings, no written
pathway exists for identifying patients and linking
them to care” and, where pathways are in place, they
are often not standardized according to best practices.
Furthermore, there is little information about the ser-
vices that are provided to patients along the NAFLD
spectrum and how services are coordinated and inte-
grated within health-care systems. As a result, health
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EXPERT RECOMMENDATION

Key points

* Non-alcoholic fatty liver disease (NAFLD) places a substantial burden on health-care
systems; however, little attention has been given to the management of patients with
this disease within health-care settings.

* We analysed published examples of models of care for NAFLD and developed a set
of recommendations for health-care providers and policy-makers seeking to improve
NAFLD care models and patient outcomes.

* The eight recommendations detail what services are required by patients, where the
services should be delivered, who should provide them and how services should be
coordinated within health-care systems.

* These recommendations can contribute to filling the dearth of guidance on NAFLD
models of care and help address the increasing need for the provision of best practice
care for patients.

outcomes for patients with NAFLD vary widely, both
within and between health-care settings.

To improve outcomes for people with NAFLD it
is imperative to further our understanding of how to
effectively and efficiently provide care that is centred
around the individual needs of each patient. A model of
care (MoC) is a setting-specific framework that outlines
how patients are managed along the cascade of care”.
Establishing multidisciplinary MoCs tailored to the posi-
tion of each patient on the disease spectrum should be
a priority for policy-makers and health-care providers.
Similar work has proven successful in improving care for
patients with hepatitis C¥.

In this Expert Recommendation, we draw on pub-

lished examples of NAFLD MoCs and the opinions
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of experts in the field to develop a series of recom-
mendations for policy-makers, health-care providers
and other stakeholders looking to improve the clinical
management of this condition in years to come.

Models of care for NAFLD and NASH

To guide the development of our recommendations, we
conducted a literature search to identify published exam-
ples of comprehensive NAFLD MoCs that address four
key questions: what services are provided? Where are the
services provided? Who is providing the services? How
are the services integrated?” (see Review Criteria and
Supplementary Information).

We identified seven comprehensive MoCs (TABLE 1)
and analysed their component parts, making a synthe-
sis across all models. We supplement this with expert
opinions to develop a set of eight recommendations
for health-care providers and policy-makers seeking
to design and implement effective NAFLD care models
(FIG. 1). We clustered the recommendations under the
headings: what, where, who and how (BOX 2). Below, we
discuss each recommendation, drawing on the seven
published examples and supporting this with a summary
of the wider literature.

What services do NAFLD patients require?
Establish care pathways tailored to patient needs. The
intensity of care required for a patient with NAFLD
depends on the disease stage. An estimated 5% of
patients with NAFLD experience advanced hepatic
fibrosis’, with this group having the highest overall and
liver-related mortality. These patients, including those
with oesophageal varices and hepatocellular carcinoma,
require expert management involving hepatologists and
gastroenterologists, whereas patients with lesser degrees
of fibrosis can often be managed in primary care™.
Obesity, T2DM and CVD”%* are common in patients
with NAFLD and, as such, care pathways for NAFLD
need to account for the presence of multiple comorbid
conditions and facilitate the provision of a comprehen-
sive package of care based on each the individual needs
of each patient.

The European Pathway Association defines a care
pathway as “a complex intervention for the mutual
decision-making and organisation of care processes for
a well-defined group of patients during a well-defined
period”* For NAFLD, the first step in such a pathway
is the risk stratification of patients, enabling a determi-
nation of their disease stage and the level and intensity
of care required. This stratification not only ensures
that patients in need of specialist care can be linked to
services but also avoids the utilization of resources on
unnecessary referrals.

Four of the seven MoCs we identified provided a
detailed summary of their care pathways and approach
to risk stratification (TABLE 2). In Nottingham, UK,
a community pathway was developed for the identifi-
cation and risk stratification of liver diseases, includ-
ing NAFLD, with clearly defined criteria for referring
patients to secondary care for further assessment®.
In both Oxfordshire, UK, and Camden & Islington, UK,
care pathways were developed through collaborative
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processes between liver specialists and local clinical
commissioning groups, with the aim of identifying
and referring patients at high risk of advanced liver
disease to specialist clinics*>”. In North East England,
where Newcastle upon Tyne Hospitals NHS Foundation
Trust (NUTH) is located, a defined referral pathway for
patients with abnormal liver blood tests has been in place
since 2014, including assessment with Fibrosis-4 (FIB-4)
score or NAFLD fibrosis score (NFS) prior to secondary
care referral®®. However, a recent audit showed that only
16% of patients referred to secondary care had FIB-4
or NFS completed prior to clinic referral®, highlighting
the challenges of implementing such pathways at scale.

We identified several additional examples of care
pathways that have been implemented in routine prac-
tise. In Calgary, Canada, a NAFLD care pathway was
jointly developed by hepatologists, radiologists and
primary care physicians to facilitate the stratification of
patients with NAFLD risk factors in primary care and
to guide referrals to specialist hepatology services*.
In Dundee, UK, an automated investigation algorithm
termed ‘intelligent liver function testing” has been devel-
oped to optimize the investigation of abnormal liver
function tests in a cost-effective manner and to guide
referral and management decisions*'.

Clear pathways that direct patients to the appropriate
clinical services are essential for managing the burden of
NAFLD, providing clarity for both patients and health-care
providers while ensuring the efficient and effective utili-
zation of resources. The primary aim of these pathways
is to identify patients and guide clinical decisions about
the services they require. The local and national context,
including health system structures and funding and reim-
bursement systems, need to be considered when develop-
ing such care pathways. The cited examples also highlight
the need for collaboration across disciplines and between
primary and secondary care throughout the design and
implementation process. Moving forward, stakeholders
should prioritize developing the evidence base around
effective care pathways, including assessing clinical
and patient-reported outcomes, such as health-related
quality of life’>", and the cost-effectiveness of different
approaches. This process can start with the evaluation of
existing practices.

Box 1| Understanding the association between NAFLD, metabolic syndrome
and common comorbidities

The association between non-alcoholic fatty liver disease (NAFLD) and other chronic
conditions is thought to be mediated, in part, by metabolic inflammation arising in

the liver®. NAFLD is strongly associated with obesity, with the prevalence increasing
proportionally with increases in BMI**, although the disease also occurs in individuals
without overt metabolic risk factors, especially in Asian populations'®™. In the majority of
patients, NAFLD emerges in the context of metabolic syndrome, with insulin resistance
being the common pathophysiological mechanism®. NAFLD shares a bidirectional
relationship with metabolic syndrome, worsening insulin resistance and predisposing
for atherogenic dyslipidaemia®. The prevalence of NAFLD is higher in patients with type
2 diabetes mellitus than in the general population, while the incidence of type 2 diabetes
mellitus is about twofold higher in patients with NAFLD®!?%*1%! Furthermore, several
studies and meta-analyses have shown an increased risk of cardiovascular disease in
people with NAFLD’=. There is some evidence that the risk of a cardiovascular event
increases with fibrosis stage’*'"*; however, other studies have shown no independent
association between histological markers and the risk of a cardiovascular event'®.

Develop guidance on screening and testing with
non-invasive tests. Diagnosing NAFLD remains an
enduring challenge, with diagnoses often incidental fol-
lowing the identification of abnormal liver enzymes or
steatosis on imaging®. A lack of consensus on whether
to screen for NAFLD in high-risk patients further com-
plicates this issue, with national guidelines differing on
these points. Joint guidance developed by EASL, EASD
and EASO recommends screening for NAFLD in peo-
ple with obesity, metabolic syndrome and, in particular,
T2DM*. Guidelines from the Asian Pacific Association
for Study of the Liver”, the Asia—Pacific Working Party
on NAFLD* and the Latin American Association for the
Study of the Liver" note that screening should be con-
sidered in high-risk populations, including those with
T2DM and obesity. The American Diabetes Association
has recommend screening for NASH and advanced
fibrosis in patients with elevated liver function tests or
hepatic steatosis on ultrasound®. In contrast, AASLD
does not recommend systematic screening in high-risk
groups — namely people living with diabetes or obesity
— attending primary care, diabetes or obesity clinics,
citing a lack of evidence on the cost-effectiveness of this
approach”.

Liver biopsy remains the reference standard diag-
nostic for determining NASH and the stage of hepatic
fibrosis but the procedure is resource intensive and
impractical in primary care and many secondary care
settings. The advent of high negative predictive value
non-invasive tests (NITs) targeting the detection of
advanced liver fibrosis (but not specifically NASH) has
promoted the development and implementation of care
pathway innovations such as those outlined in TABLE 2.
Fibrosis stage is the best surrogate for long-term patient
outcomes and therefore the ability to rule out advanced
fibrosis is highly valuable in clinical settings"’.

NITs fall into two complementary groups: surrogate
scores and ratios based on indirect and/or direct serum
biomarkers, such as aspartate aminotransferase (AST) to
alanine aminotransferase (ALT) ratio and FIB-4 score,
and liver stiffness measured by ultrasound or magnetic
resonance-based elastography techniques®. The perfor-
mance of these NITs is strongly influenced by pre-test
probability, with the negative predictive value of NITs
for predicting advanced fibrosis being generally high in
primary care settings where there is a low population
prevalence of advanced disease, whereas the positive
predictive value is lower™*'. However, there is growing
evidence that combinations of NITs used in sequen-
tial algorithms can help to detect advanced fibrosis in
primary and secondary care™".

All of the care pathways we identified that utilize NITs
for the risk stratification of patients follow a sequential
approach that relies on the high negative predictive value
of the tests to rule out the presence of advanced fibrosis.
The optimal choice of NIT and the corresponding cut-offs
are being explored in a number of prospective studies to
determine an acceptable balance between health-care
spending and favourable clinical outcome. Within these
discussions, important consideration is being given to the
need for specific cut-offs in subpopulations, including
patients with diabetes™.
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Table 1| Summary of seven comprehensive models of care for patients with NAFLD who outline what services are provided, where the
services are provided, who provides the services, and how these services are integrated and coordinated within the health-care system

Study

Ahmed
etal.
(2017)%

Armstrong
etal.
(2014)*°

Chalmers
etal.
(2020)*

DeVore
etal.
(2013)*’

Mantovani
etal.
(2019)%¢

Where
(setting)

Metabolic
clinic at
Milton Keynes
University
Hospital, UK

NAFLD clinic

at Queen
Elizabeth
University
Hospital,
Birmingham, UK

Primary care
clinics and

the TE clinic

at Queen’s
Medical Centre,
Nottingham
University
Hospitals, UK

CCSC,
Cincinnati, USA

Primary care
clinics and the
multidisciplinary
NAFLD clinic

at the Royal
Free Hospital,
Camden &
Islington,
London, UK

What (services)

Clinic provides services
for the management of
diabetes, dyslipidaemia,
CVD, NAFLD, obesity,
hypogonadism, and
osteoporosis and low
vitamin D

Routine clinical assessment
and observations, full liver
aetiology screen and an
abdominal ultrasound
scan; TE for patients
diagnosed with NAFLD;
ultrasound-guided liver
biopsy where required;
diagnostic tests for type 2
diabetes; dietary and
lifestyle assessment

and guidance

GPs: Liver disease risk
assessment, referral to the
TE clinic and hepatologist

TE clinic: NAFLD risk
assessment and TE
(FibroScan, Echosens);
brief lifestyle intervention
including signposting to
local alcohol and weight
management services

Consultation with
gastroenterologist,
nurse and registered
dietitian; dietary
and exercise advice;
referral to intensive
weight management
programme where
required; evaluation
of obesity-related
comorbidities and
referral to relevant
specialties

GPs: fibrosis assessment
with FIB-4 followed by ELF
if FIB-4 indeterminate;
management of
cardiovascular risks

and diabetes

NAFLD clinic:
comprehensive
hepatological consultation,
cardiovascular risk
assessment and

dietetic counselling;
anthropometric
measurements, blood
pressure and blood tests
with lipid, hepatic and
glycaemic profiles

Who (providers)

Metabolic
medicine
specialist,
infectious disease
physician and
dietitian

Hepatologists,
endocrinologist,
diabetes specialist
nurses, specialist
dietitian (with

an interestin

liver disease) and
rotating clinic
research fellows

GPs, nurses and
health-care
assistants trained
to perform TE
and deliver a
brief lifestyle
intervention;
hepatologist
(referrals)

Gastroenterologist,

dietitian and nurse

Hepatologists,
dietitians,
cardiovascular
expert, specialist
nurse

How
(integration
approach)

Multidisciplinary
team within the
metabolic clinic

Multidisciplinary
team within a
NAFLD clinic

Anintegrated
referral pathway
between
primary and
secondary care,
linkages to local
services

A
multidisciplinary
programme

of dietary and
exercise advice

Multidisciplinary
clinic for
management

of NAFLD and
cardiovascular
risk factors

Evaluated
population

NA

95 new patient
referrals were
seen between
1January
2010and 31
December 2010

968 patients
attending
the TE clinic
between
September
2016 and
August 2017

108 children
enrolled in the
programme
between
November 2007
and April 2011

273 patients
referred to a
multidisciplinary
NAFLD clinic
(no dates
reported)

Outcomes

NA

65/95 (68.4%) patients
referred were newly
diagnosed with

NAFLD; during median
follow-up of 98 days,
significant reduction

in weight and BMl and
significant improvement
in ALT, AST and GGT were
observed

941/968 (97.2%) of patients
met one or more of the
referral criteria; TE results
showed elevated liver
stiffnessin 222/968

(22.9%) patients, 63/222
(38.2%) patients with TE
8-14.9kPa and 45 (78.9%)
patients with TE of 215kPa
were referred to hepatology
services; incremental
cost-effectiveness ratio for
the risk stratification pathway
of £1,895 to £7,032/QALY
with an 85% probability of
cost-effectiveness at the UK
willingness-to-pay threshold
of £20,000/QALY*"

Analysis of 39 patients

who returned to clinic
within 1 year of their

initial visit showed mean
ALT, AST, total cholesterol
levels and LDL levels were
significantly lower at 1-year
follow-up

Over median follow-up

of 18 months statistically
significant improvements
were observed in ALT, AST,
systolic and diastolic blood
pressure, total cholesterol,
LDL and glycated
haemoglobin in diabetic
patients; sequential use of
NITs lowered secondary
care referral rates, with
90% of patients managed
in primary care and cost
savings of over 40%"'
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Table 1 (cont.) | Summary of seven comprehensive models of care for patients with NAFLD who outline what services are provided, where
the services are provided, who provides the services, and how these services are integrated and coordinated within the health-care system

Study

Moolla
etal.
(2019)*’

Neilson
etal.
(2021)*

Where
(setting)

Primary

care clinics

and Oxford
University
Hospitals
metabolic
hepatology
clinic,
Oxfordshire, UK

Specialist
NAFLD clinic
and general
hepatology
clinics in the
Newcastle upon
Tyne Hospitals
NHS Foundation
Trust (NUTH),
Newcastle, UK

What (services)

Primary care:
risk-stratification with the
NAFLD fibrosis score

Metabolic hepatology
clinic: TE (FibroScan)
medical consultation;
where clinically
appropriate, blood
testing, imaging, liver
biopsy and screening for
hepatocellular carcinoma;
lifestyle and medical
interventions

Assessment of
anthropometry,

metabolic risk factors

and liver fibrosis stage and
provision of lifestyle advice
and weight reduction
targets, metabolic risk
factor management and
specific NAFLD treatment

Who (providers)

Hepatologists,
diabetologists/
metabolic
physicians and
specialist nurses

Hepatologists, gas-
troenterologists,
specialist dietician
and exercise
physiotherapist

How
(integration
approach)

Local
risk-stratification
and referral
pathways,
multidisciplinary
clinic, linkages
to community
services

Care bundle
check list

and NAFLD
management
algorithm

to guide
decision-making
and care

Evaluated
population

165 patients
managed
through the
clinic between
March 2014 and
May 2017

50 consecutive
patients
attending
hepatology
clinics following
implementation
of the care
bundle

Outcomes

During a median follow-up
of 13.3 months median
values for ALT, AST,
glycated haemoglobin,
liver TE and weight
reduced significantly;

in patients with poorly
managed type 2 diabetes
mellitus the incremental
cost-effectiveness ratio
cost per QALY was £6.1k
(95% CI £0.3k to £59.3k)
with 91% of model
bootstrap runs falling
below a cost per QALY
threshold of £20, 000

Audit of 50 consecutive
patients with NAFLD
attending four NUTH
hepatology clinics showed
that the care bundle
resulted in substantially
better documentation
and implementation of
several aspects of patient
management

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CCSC, Cincinnati Children’s Steatohepatitis Centre; CVD, cardiovascular disease; ELF, enhanced
liver fibrosis; FIB-4, Fibrosis-4; GGT, y-glutamyl transferase; GP, general practitioner; NAFLD, non-alcoholic fatty liver disease; NITs, non-invasive tests; QALY,
Quality Adjusted Life Year; TE, transient elastography.

The NITs used in four models, their cuts-offs and
the management decisions based on the test results
are summarized in TABLE 2. In the absence of a sin-
gle optimum biomarker, each model represents an
exemplar of how this common challenge is addressed
and the inherent compromises due to the trade-off
between diagnostic performance and the feasibility of
implementation.

The Nottinghamshire care pathway screens patients
in primary care, referring those at high risk of advanced
liver disease to a secondary care facility for further assess-
ment by transient elastography. Of 813 patients referred
to the transient elastography clinic, 812 (99.9%) under-
stood the reason for their appointment, 731 (89.9%) knew
what to expect during their visit and 804 (98.9%) said
they would recommend the service to others”. The North
East England pathway uses the FIB-4 score followed by
transient elastography in a two-step process, with clearly
defined age-specific cut-offs to guide decisions about the
need for further assessments and how patients should be
managed in both primary and secondary care settings™*.

In the Camden & Islington pathway, patients are
first screened using FIB-4 to increase pre-test probabil-
ity. Based on the results, patients are either managed in
primary care, referred to a specialist clinic or undergo
further assessment with the enhanced liver fibrosis test.
An evaluation of this pathway between March 2014 and
May 2015 showed that it resulted in the detection of
five times more cases of advanced fibrosis and cirrhosis
while reducing unnecessary secondary care referrals by

81%, although the number of cases missed could not be
determined™.

The Nottingham, Camden & Islington and North East
England pathways recommend re-assessing for advanced
fibrosis risk in patients not meeting the criteria for a spe-
cialist referral within 3-5 years****, Repeat assessment
with FIB-4 within 5 years has been shown to improve the
identification of patients at risk of severe liver disease;
however, the sensitivity is relatively low**, which points to
the need for improved, low cost and easily implementable
assessment tools for use in primary care settings.

The Oxfordshire pathway utilized the NFS to screen
patients in primary care prior to referral to the specialist
hepatology clinic. Patients with indeterminate (>-1.445
to <0.676) or high-risk scores (20.676) were referred
while those with low scores remained in primary care.
For patients referred to the specialist clinic without prior
risk stratification, the assessment was conducted at the
hepatology clinic. Within the hepatology clinic, patients
with an indeterminate NFS score were assessed by FIB-4,
NES and transient elastography (FibroScan, Echosens)”.
This pathway was subsequently updated in November
2017, incorporating the enhanced liver fibrosis test in
place of the NFS¥.

Patients referred to a NAFLD clinic in Birmingham,
UK, undergo a full liver aetiology screen and an
abdominal ultrasound scan. Patients with a diagnosis of
NAFLD subsequently received transient elastography
(FibroScan) and where indicated an ultrasound-guided
liver biopsy®’.
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What

* Develop guidance on screening
and testing with non-invasive tests

e Establish patient-centred pathways
tailored to the disease stage

e Outline actions to prevent
disease progression

* Develop guidance on treatment
strategies related to disease stage

Who

Where

e Articulate the roles
of and interactions
between primary,
secondary and tertiary
care providers

e Establish where
co-location of services
for the treatment of
NAFLD and common
comorbidities is feasible

¢ Define the composition and structure
of the multidisciplinary team responsible
for managing patients with NAFLD

How

e Establish systems for coordinating
and integrating care across the
health-care system

Fig. 1| The road to comprehensive models of care for NAFLD. To achieve the best possible outcomes for patients with
non-alcoholic fatty liver disease (NAFLD), we need comprehensive care models that outline how patients are managed
along the cascade of care, from diagnosis to treatment. This requires a clear understanding of what services are required,
who should provide them, where they should be provided and how they will be integrated within health-care systems.
The figure highlights the importance of care pathways and early diagnosis as the first step in the care cascade. Primary
care and secondary care providers play key roles in the identification of patients and linking them to appropriate care.
Many patients can be managed in primary care, while those with advanced fibrosis and cirrhosis need specialist

care delivered by a multidisciplinary team. Integration and coordination within different health-care systems is critical,
including effective communication between specialists, primary care providers and patients.

The Calgary pathway employs shear wave elasto-
graphy (SWE) to assess patients with probable NAFLD.
Of 2,084 patients with suspected NAFLD, 1,958 (94%)
received a confirmed diagnosis by ultrasonography. Of the
patients with NAFLD, 1,791 had SWE values of <8.0kPa
(91.5%), 167 (3.4%) had SWE values of >8.0kPa and were
referred to a hepatologist, and a further 100 (5.1%) patients
with indeterminate SWE results were also referred*.

NITs provide opportunities to design and imple-
ment risk stratification strategies that ensure patients
are linked with the expertise and services they require.
Importantly, care pathways utilizing NITs have been
shown to be cost-effective, especially when employed
in a step-wise algorithm, lowering health-care costs
by reducing unnecessary specialist care referrals while
ensuring patients are linked with the services they
require®~*’. Clear guidance on which test should be
used to assess patients at different points of the health
system, which population groups should be specifically
targeted and how patients progress through the care
pathway based on test results are critical considerations
for the development and implementation of effective and
efficient MoCs. We recommend the routine testing of
patients with T2DM using NITs to detect the presence
of advanced fibrosis. This well-defined population
group is known to have a high prevalence of NAFLD
and ensuring timely diagnosis and linkages to care holds
promise for improving patient outcomes.

The care pathways we identified differ substan-
tially in terms of their referral methods and processes.

The availability of different NITs and the choices for
their inclusion within pathways will vary among settings
and might not necessarily reflect the optimum testing
strategies but rather a compromise based on what can be
implemented in a particular setting at the time of initial
presentation. When developing pathways and selecting
which NITs to incorporate, the local context, including
availability of tools, must be considered. Systems also
need to be put in place to facilitate the implementation
of the agreed pathways: automating the calculation of
NIT scores (for example, FIB-4) and providing clear
guidance to care providers on what actions should be
taken are simple yet effective ways to support the effi-
cient delivery of these pathways. Primary care provid-
ers, who play a central role in identifying and referring
patients with NAFLD requiring specialist care, have
competing priorities and limited resources®** and they
should be engaged and involved early in the guideline
development process, as should patient organization
representatives.

Develop guidance on treatment strategies related to
disease stage. Management strategies for patients with
NAFLD need to be tailored to the disease stage. The
management of patients with NASH and advanced
fibrosis is an enduring challenge given the limited
number of pharmacological treatments currently avail-
able. Interventions to address modifiable risk factors,
including diet, body weight and physical activity, and
the management of associated comorbidities remain the
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cornerstone of treatment for all patients. For patients
with advanced disease, more aggressive management,
including with pharmacotherapy, may be required. In
patients who have progressed to cirrhosis, surveillance
for hepatocellular carcinoma is critical’™®.

The Cincinnati Children’s Steatohepatitis Centre
delivers a multidisciplinary programme of diet and exer-
cise advice for paediatric patients with NAFLD. Patients
meet with a gastroenterologist, nurse and dietitian every
3 months, with an initial 60-minute consultation to set
individualized goals and 30-minute follow-up meetings
to monitor progress and make changes to the inter-
vention. Referrals are made to an intensive weight-loss
programme where needed. Data from 39 patients who
attended multiple visits within 1 year of their initial
presentation showed that, at baseline, all patients had
obesity, 91% were insulin resistant and 54% had clini-
cally significant dyslipidaemia. At the 1-year follow up,
levels of ALT (-36 U/L), AST (-22 U/L), total cholesterol
(-11 mg/dL) and low-density lipoproteins (-9 mg/dL)
were all significantly lower (P< 0.05) and 69% of patients
had a decreased BMI®".

The Newcastle care bundle includes a NAFLD man-
agement algorithm to support decision-making regard-
ing what assessments and services a patient requires. The
bundle provides a short, structured checklist to support
the delivery of services and appropriate recording of
key information. The bundle aims to ensure that patient
needs are addressed comprehensively, from establishing
the metabolic risk factors and liver fibrosis stage to deliv-
ery of lifestyle advice, setting of weight reduction targets
and metabolic risk factor management®.

At the Oxford University Hospital metabolic hepa-
tology clinic, lifestyle and medical interventions
are provided with the aim of improving liver and
cardiovascular-related health. Emphasis is placed on

Box 2 | Eight recommendations for developing comprehensive models of care
for NAFLD and NASH

What services should be provided?

1. Establish clearly defined care pathways that are tailored to assessing the stage of
disease, the presence of comorbidities and the optimal health outcome for the patient.

2. Develop guidance on screening and testing with non-invasive tests.

3. Develop guidance on treatment strategies for patients, related to their disease stage.

4. Outline actions for preventing disease progression in primary care for patients with
early-stage disease not requiring specialist hepatology care.

Where should these services be provided?

5. Articulate and define the roles and interactions between primary, secondary and
tertiary care providers.

6. Establish where services for NAFLD can be co-located with services for the treatment
of common comorbidities.

Who should these services be provided by?

7. Define the composition and structure of the multidisciplinary team responsible for
managing patients.

How can these services be integrated and coordination provided?

8. Establish effective systems for coordinating and integrating care across a health-care

system.

NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis. Adapted from
REF.?” and available under the Crown copyright agreement.

weight management and meaningful weight reduction
in patients with overweight and obesity. Medications
are provided for the management of cardiovascular
risk and diabetes. Analysis of data from 165 patients
followed from baseline to their latest visit (median
13.3 months between first and latest visit; median of two
follow-up visits per patient) showed a statistically sig-
nificant reduction in median AST (-7 IU/L; P=0.011)
and ALT (-11 IU/L; P < 0.0001) levels and in transient
elastography (1.3 kPa; P = 0.0097)".

At the Birmingham NAFLD clinic, tailored dietary
and lifestyle advice is provided with the aim of achieving
monthly weight loss of 1-2kg, with advice on glycae-
mic control also given to patients with T2DM. Between
January and December 2010, 65 patients were diagnosed
with NAFLD at the clinic, 55 of whom attended a second
visit (median time between visits 98 days; IQR 70-182)
with statistically significant reductions in median weight
(-0.8kg; P< 0.05), BMI (-0.38; P< 0.05), ALT (-12.5
IU/L; P<0.001) and y-glutamyl transferase (-13.0 IU/L;
P<0.001) between visits®,

Patients referred to the NAFLD clinic at the Royal
Free Hospital (Camden & Islington) undergo a com-
prehensive hepatological consultation, cardiovascu-
lar risk assessment and dietary counselling. Data for
273 patients attending the clinic showed that, between
baseline and the latest follow-up visit (median duration
18 months), statistically significant improvements were
seen in ALT, AST, systolic and diastolic blood pressure,
and total cholesterol and 142 (52%) patients achieved
weight loss during follow-up®. For patients who remain
in primary care, focus is placed on controlling metabolic
syndrome, promoting weight loss and regularly assess-
ing for advanced fibrosis*. In the Nottingham model,
patients visiting the nurse-led transient elastography
clinic are provided with a brief lifestyle intervention that
includes signposting to community services, including
for weight management™.

At the Milton Keynes University Hospital metabolic
clinic, services are provided to patients with HIV with
metabolic complications who meet a pre-defined crite-
rion. NAFLD is one of the seven conditions managed
through the clinic, with patients having consultations
with a metabolic specialist and a dietitian®.

In addition to the seven comprehensive MoCs, we
identified two examples from conference proceedings.
At a single community hepatology centre in Colorado,
USA, patients with a confirmed NAFLD diagno-
sis are placed into nurse-led clinics and seen every
1-3 months to assess changes in anthropometrics and to
discuss nutrition and mental health, with focus groups
on diet and exercise being provided”. In an integrated
health-care system in San Diego, USA, patients with
vibration-controlled transient elastography values of
>8kPa are referred to a hepatologist, whereas patients
earlier in the disease spectrum are referred to a wellness
centre for a weight management intervention and/or are
enrolled in an education intervention”.

In addition to managing liver-related complications,
five of the models explicitly addressed common comor-
bid conditions, including CVD and T2DM, highlight-
ing the importance of recognizing the complex needs
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Table 2 | Non-invasive tests used for the risk stratification of patients in NAFLD models of care and cut-offs
for referral between primary and secondary care

Cut-offs Action

>0.8 GP refers to TE clinic

>60 GP refers to TE clinic

Evidence of NAFLD GP refers to TE clinic

<8kPa Repeat TE in 5 years if still indicated

8-14.9kPa GP to consider referral to
hepatology services; if not referred,
repeat TE in 3 years if still indicated

>15kPa GP advised to refer to hepatology

>-1.4451t0<0.676
(intermediate risk)
>0.676 (high risk)

<8kPa
<—1.445 (low risk)
<1.3 (low risk)

service

Refer to metabolic hepatology
clinic

Considered for discharge from
clinic;

recommended for repeat risk
stratification in 3 years

Model of care NIT used Setting or
hospital
Nottinghamshire*>  AST:ALT ratio General
Fatty liver index practice
Ultrasound
TE (FibroScan, Nurse-led TE clinic
Echosens) at asecondary
hospital
Oxfordshire®’= NFS Primary care
TE (FibroScan) Metabolic
hepatology
NFS clinic
FIB-4
Camden & FIB-4 Primary care
Islington®®
ELF test
Newcastle upon FIB-4 Primary care
Tyne Hospitals
NHS Foundation
Trust (NUTH)*
TE Secondary care

<1.3 (for <65 year olds);
<2.0 (for 265 year olds)

>1.3 (for <65 year olds);

<13 Manage in primary care
1.3-3.25 Perform ELF test

>3.25 Refer to hepatology
<9.5 Manage in primary care
>0.5 Refer to hepatology

Manage in primary care. Reassess
FIB-4/TE in 3 years

Refer to secondary care for TE

>2.0 (for 265 year olds)

<8kPa Manage in primary care; reassess
FIB-4/TE in 3 years

>8kPa NAFLD-directed therapy

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ELF, enhanced liver fibrosis; FIB-4, Fibrosis-4; GP, general
practitioner; NAFLD, non-alcoholic fatty liver disease; NFS, NAFLD fibrosis score; NIT, non-invasive test; TE, transient elastography.
“The Oxfordshire pathway was updated in 2017 incorporating the ELF test in place of the NFS*°.

of patients with NAFLD when designing care models.
Diet and lifestyle modification play a critical role in
the prevention and treatment of NAFLD and all of the
models we identified incorporated some form of die-
tary intervention. The delivery of lifestyle interven-
tions in clinical settings is more effective when driven
by behavioural change approaches provided within
a long-term comprehensive lifestyle modification
programme’” rather than by unsolicited advice. This
approach requires the availability of clinical dietitians
familiar with NAFLD and its comorbidities as well as
specific training for clinicians and health-care providers
to equip them with the necessary skills and resources to
provide at least initial nutritional advice and to promote
patient motivation for lifestyle modification”. Overall,
the evidence supports the reduction of saturated fat,
refined carbohydrates, and red and processed meats in
patients with NAFLD*. Specific diets have been shown
to have some benefit in patients with NAFLD, namely
the Mediterranean diet and the Dietary Approaches to
Stop Hypertension**.

Patients with NAFLD require treatment strategies
related to their position on the disease spectrum. Having

clear guidance on treatments helps to facilitate efficient
and effective linkages to care, based on the individual
needs of each patient. Interventions aimed at altering
lifestyle-related risk factors, namely diet and physi-
cal activity, remain the cornerstone of treatment for
all patients. With the expectation that NASH-specific
pharmacological treatments will be available in the near
future, clear guidance will also be needed on which
patients can benefit from such treatments and how they
will be able to access these.

Outline primary care and community services to pre-
vent disease progression. The majority of patients with
NAFLD do not require intensive, specialist-led interven-
tions to manage the hepatic component of the disease.
Four of the models we identified specifically noted the
role of primary care providers for patients not requir-
ing specialized care. For patients with non-alcoholic
fatty liver or early-stage fibrosis, the focus should be
on preventing disease progression and the develop-
ment or exacerbation of metabolic comorbidities. This
aim can be achieved through a set of health-promoting
actions that address a range of risk factors associated
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with NAFLD, metabolic syndrome and other common
non-communicable diseases, including diet and physical
activity counselling as part of structured programmes.
Monitoring of progression of the disease can be tailored
according to risk profiles’*”® — in particular consider-
ing age and disease stage at initial presentation””” —
in order to maximize outcomes.

Systems for monitoring liver disease progression in
specific population groups and ensuring linkage to care
are beneficial. The Nottingham, Camden & Islington,
North East England and Oxford care pathways all rec-
ommend repeat risk stratification of patients within
3-5 years if still indicated**. Given the burden of
NAFLD and the limited health-care resources, a prag-
matic approach to monitoring disease progression is
likely needed and such an approach could be guided
by patient prognosis. Regular monitoring might be
less beneficial and cost-effective in older patients
with early-stage fibrosis where the risk of develop-
ing cirrhosis is considered low whereas, for younger
patients, more-regular monitoring to determine disease
progression might be warranted.

Access to high-quality primary care preventive
interventions is critical to reducing the burden of
non-communicable diseases and addressing the inher-
ent inequalities associated with these diseases™. With
obesity, T2DM, CVD and NAFLD sharing several
common risk factors, including poor diets and physical
inactivity”, there are opportunities for delivering public
health and clinical interventions that collectively address
these conditions. However, as of now, little attention is
being given to such strategies. Of 29 European coun-
tries surveyed in 2019, none had a strategy for diet and
lifestyle interventions that mentioned NAFLD*.

Integrating services for non-communicable dis-
eases within primary care presents numerous chal-
lenges, including overcoming the competing priorities
and time constraints on general practitioners. For pri-
mary care interventions to be feasible, efficient and
effective systems are needed to identify patients who
would benefit and then link them to the relevant pri-
mary care or community services. Structured disease
management programmes are likely to deliver more
benefit than general advice. In this context, established
management programmes for high-risk patient popula-
tions, for example, patients with diabetes, can serve as
examples®. Integrating other health professionals into
primary care systems, namely dieticians, should be con-
sidered. Decentralizing the provision of care, including
through community-based care models, can also be an
effective approach®. Adequate training and resourcing
are key to the implementation of effective programmes
in primary care. Ensuring synergies between stakehold-
ers with mutual goals is also key and developing local
communities of practice that go beyond health-care pro-
viders to include other stakeholders, such as community
groups, businesses and sports bodies, can be an effective
approach™.

Liver health specialists will need to collaborate
with primary care providers, public health experts and
other disciplines, including non-communicable disease
experts, to identify the package of interventions and

to determine which patients will benefit from access-
ing these services. It will also be important to evaluate
the effectiveness of these approaches, including the
cost-effectiveness of early intervention in patients with
NAFLD.

Where should the services be provided?
Articulate the roles of and interactions between differ-
ent care providers. Given the differing clinical needs
of patients with NAFLD, care is delivered across the
health-care system with services delivered by primary,
secondary and tertiary care providers. Patients with-
out advanced fibrosis can generally be managed in pri-
mary care, whereas those with advanced fibrosis and
cirrhosis require more aggressive management led by
specialists in secondary care’*, with a proportion
of these requiring tertiary care such as for transplant
surgery*>®.

Although the distribution of services across a
health-care system will depend on the local context, fun-
damental to the implementation of a good MoC is a clear
articulation of where different services will be provided
and how patients will navigate between different parts of
the health system. Building systems that enable close col-
laboration and effective communication between service
providers, especially between primary and secondary
care, is essential. This requirement reaffirms the need
for collaborative approaches during the development of
care pathways, as observed with the Nottingham, Oxford
and Camden & Islington examples™".

The Nottingham, Newcastle, Oxford and Camden &
Islington models all outline the critical role of primary care
providers, both in screening and risk stratification and
in the management of care for those without advanced
disease®™ % Despite the critical role of primary care
providers, the condition remains largely under-recognized
in primary care settings and primary care providers have
limited knowledge of the disease and their role in man-
aging it'>*". The example from San Diego specifically
incorporated education from primary care physicians,
including creating awareness of high-risk population
groups who might require screening’’.

Establish where to co-locate services for NAFLD and
NASH comorbidities. The co-location of screening ser-
vices in strategic locations, such as diabetes clinics, can
assist in the identification of previously undiagnosed
NAFLD cases and ensure linkages to care**. Analysis
of referrals to the Birmingham NAFLD clinic showed
that 28% came from secondary care settings, highlight-
ing the importance of incorporating other secondary
care disciplines within NAFLD care pathways®. As
previously noted, a lack of consensus remains among
professional bodies on the effectiveness of systemic
screening in high-risk populations, including those
with diabetes**””. However, there is growing evidence of
the cost-effectiveness of NAFLD screening in patients
with T2DM and growing calls from experts to routinize
screening in this group™.

With NAFLD sharing a complex relationship with
several highly prevalent metabolic diseases, includ-
ing CVD and T2DM, and the growing evidence of

NATURE REVIEWS | GASTROENTEROLOGY & HEPATOLOGY




EXPERT RECOMMENDATION

bidirectional influences on the natural history of these
comorbidities, there is a strong case for providing a
comprehensive range of services tailored to patient
needs™. At the endocrinology clinic at a tertiary hospi-
tal in Sweden, patients with T2DM (n=91) underwent a
4-day personalized treatment programme that, in addi-
tion to improving glycated haemoglobin levels, resulted
in a reduction in liver steatosis and stiffness after
3 months”. Evidence suggests that knowledge of NAFLD
among patients with T2DM, including the association
with metabolic conditions, is low”’, indicating the need
for targeted approaches to increase awareness.

The co-location of services can reduce the burden on
patients by removing the need for multiple visits to differ-
ent specialists, while also creating efficiencies within the
health system. Several of the models we identified were
multidisciplinary clinics that, in addition to managing
NAFLD, provide services for other common comorbid
conditions. The Camden & Islington model provides com-
prehensive hepatological consultation and cardiovascular
risk assessment, with patients seeing different clinical
specialists on the same day®®. The ‘multidisciplinary met-
abolic hepatology clinic’ in Oxford aims to improve both
liver-related and cardiovascular health, providing services
for lifestyle modifications and medications for hyperten-
sion, dyslipidaemia and diabetes”. At the Birmingham
NAFLD clinic, a multidisciplinary team assesses patients
for diabetes and reviews current medications®.

Decisions about the co-location of services will be
specific to the local content. In large urban settings,
specialized clinics that provide a range of services that
address the hepatic component of the disease and com-
mon comorbidities might be feasible and cost-effective,
whereas in less densely populated areas such approaches
might not be practicable. For certain services where a
patient does not need to be physically present, virtual
co-location can also be considered, for example, multi-
disciplinary team consultations or dietary and lifestyle
interventions delivered through teleconferencing”.

Who should the services be provided by?

Define the composition and structure of the multidiscipli-
nary team. The delivery of a comprehensive package of
services for individuals with NAFLD requires the estab-
lishment of multidisciplinary teams'®. TABLE 1 shows the
professionals involved in the delivery of care in each of
the seven identified models. Five of the models included
a hepatologist (71%), two included a gastroenterologist
(29%) and one included a specialist in “metabolic medi-
cine” (14%). Five models included a dietician (71%), two
included an endocrinologist or diabetes physician (29%),
one a cardiovascular expert (14%), and one an exercise
physiotherapist (14%).

Based on their experiences of developing the multi-
disciplinary NAFLD clinic in Birmingham, the authors
suggest that inputs are required from hepatologists, dia-
betes specialist, weight-loss experts, diabetes specialist
nurses, dietitians and practitioners proficient in the use
of non-invasive diagnostic tools”. In all seven of the mod-
els, nurses and allied health professionals played a central
role, including in providing diagnostic services and deliv-
ering lifestyle interventions. At the metabolic clinic for

individuals with HIV, NAFLD is only one of seven condi-
tions being managed; in this setting, the team is comprised
of a metabolic medicine specialist and a dietician who
liaise with the HIV consultant to discuss cases. Other pro-
fessionals who might be engaged in the delivery of care for
patients with NAFLD are psychologists and pharmacists.
The composition of the multidisciplinary teams will
be guided by the specific aims of a clinic and the local
health system context, including the available human and
financial resources. Understanding the local health sys-
tem barrier to the delivery of integrated, multidisciplinary
MoCs, such as siloed ways of working, and developing
active strategies to overcome these will be critical to suc-
cess. Given the competing priorities for liver health spe-
cialists and general practitioners, NASH nurse’-led MoCs
might provide an effective way to deliver care at scale.

How can these services be integrated and
coordination provided?

Determine how to coordinate and integrate care across
the health-care system. Actively engaging patients and
considering their perspectives when designing care
models is critical given that patient experiences reflect
their perceptions around the quality of care they are
receiving” and patient satisfaction is linked to better
adherence and clinical outcomes®.

Developing patient-centric structures and systems
that facilitate the coordination and integration of ser-
vices delivered at different levels of the health-care sys-
tem (primary, secondary and tertiary) and by different
specialities (for example, general practitioners, hepatol-
ogy, endocrinology, cardiology and dietetics) is central
to the development of successful NAFLD models of care.
Patients and patient advocates (such as patient groups)
should be actively engaged in the development of each
aspect of care models and patient-reported outcome data
can inform continuous improvements to existing mod-
els. Efforts are needed to expand the number of tools
that can be used to assess patient needs and outcomes
in different health-care settings*.

Five of the seven models we identified were multi-
disciplinary clinics that provide comprehensive services
and care at one location®*>*"-%, This ‘one-stop shop’
approach has numerous benefits for ensuring that care
is coordinated and integrated, enabling patient needs
to be holistically assessed and addressed. Importantly,
the reduction in stigmatization and discrimination
in specialized clinics will enable patients to engage
more actively in diagnostic and treatment decisions
and empower them to manage their disease from an
informed standpoint.

Health information technology provides oppor-
tunities for further improving the coordination and
integration of services for patients with chronic dis-
ease and enabling greater levels of collaboration
between patients and providers®. An example comes
from the Nottingham model, where the care pathway
was accessed through an electronic system called the
‘Integrated Clinical Environment, facilitating communi-
cation between primary and secondary care providers®.

Considerations about how best to integrate and coor-
dinate care will be highly contextualized to the specific
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health-care system. Implementation research will play
an important role in expanding the evidence base.
In addition to expanding our understanding of what
works for patient outcomes, we also need to establish the
cost-effectiveness of different coordination and integra-
tion approaches in different health-care settings and how
the information needs of different stakeholder groups (for
example, care providers, patients and patient groups, and
payers) can be adequately met.

Recommendations and conclusions

Our review identified only seven examples of compre-
hensive models of care for NAFLD: six from the UK and
one from the USA, highlighting the lack of attention
given to this issue. We supplemented the seven examples
with expert opinion and wider literature to develop a set
of eight recommendations that are relevant for a broad
range of settings and stakeholders (BOX 2).

practitioners and policy-makers seeking to improve care
for people with NAFLD. As such, they were structured
in a way that aids their operational relevance, yet it is
important to note that they are neither mutually exclusive
nor chronological but should be considered holistically.
We acknowledge the limitations of the existing evidence
and suggest that the recommendations be reviewed and
updated periodically as we learn more about NAFLD
MoCs, including the effect on clinical outcomes and the
cost-effectiveness of different approaches.
Nevertheless, given the increasing prevalence of
NAFLD and the low percentage of diagnosed cases, health
systems need to start reorienting to ensure that care can
be delivered efficiently and effectively to address this pro-
gressive condition and reduce its wide-reaching health
implications. The eight recommendations we set out
herein contribute to filling the dearth of guidance on how
best to address the gaps in care for patients with NAFLD.

The eight recommendations are not intended as

a checklist but rather as a framework to help guide
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