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ABSTRACT

Introduction: Fatty liver disease affects almost 30% of the adult population worldwide. Most patients
are asymptomatic, and there is not a linear relationship between exposure to risk factors and the risk of
developing fibrosis. The combination of a very large, asymptomatic risk population where only a -
few percent will develop life-threatening liver disease is a growing diagnostic challenge for the health
services. Accurate fibrosis assessment in primary care is limited by poor correlation with liver blood tests
and low availability of elastography. Non-invasive tests are promising tools, but little is known about
their diagnostic accuracy in low-risk populations.

Areas covered: A scoping review was conducted to identify articles that focused on the current use of
biomarkers and algorithms in primary care for the detection of patients with fatty liver disease in need
of referral for further work-up.

Expert opinion: Currently available algorithms for targeted screening for liver fibrosis perform better
than the individual routine liver blood tests or liver ultrasonography. However, primary care physicians
urgently need algorithms with even higher diagnostic accuracies than what is available today. The main
limitation of the existing widely accessible algorithms, such as the FIB-4, is the large number of false-
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positive tests, resulting in overdiagnosis and futile referrals to secondary care.

1. Introduction

Fatty liver disease is an overall term for a range of conditions
caused by an accumulation of fat in the liver. A 29% preva-
lence has been estimated among adults worldwide [1].
Traditionally, fatty liver disease has been associated with
excessive alcohol consumption (alcohol-related liver disease
(ArLD)). In recent decades, the incidence of nonalcoholic
fatty liver disease (NAFLD) is growing in parallel with the
obesity and type 2 diabetes-epidemic [2]. NAFLD has become
the most prevalent chronic liver disease in the world and is
present in up to 75% of at-risk populations, being patients
with type 2 diabetes and obesity [3]. More than one million
deaths annually are attributed to cirrhosis due to fatty liver
disease [4], and NAFLD is the second leading indication for
liver transplantation in the U.S.A. [5].

Fatty liver disease is usually a silent disease with few or no
symptoms, but once the disease advances it can be life threa-
tening. Of patients who reach the stage of cirrhosis, 75% are
not diagnosed until they experience their first decompensat-
ing event [6]. At this stage, median survival is 3 years [6]. ArLD
and NAFLD share common histological liver lesions and often
overlap due to the co-occurrence of lifestyle risk factors [7].

The first step in the development from a healthy liver to
irreversible cirrhosis is simple steatosis, which is the most common
manifestation of both ArLD and NAFLD. Alcoholic steatohepatitis
(ASH) and nonalcoholic steatohepatitis (NASH) are inflammatory
stages, characterized by ballooned hepatocytes and leukocyte
infiltration. The further progression to fibrosis (histological stages
F1 for mild fibrosis, F2 for significant fibrosis, and F3 for advanced
fibrosis) (Figure 1) marks the main events that predict liver-related
morbidity and mortality [8,9] but the disease is still reversible if
timely recognized. Ongoing inflammation and scarring finally lead
to cirrhosis (histological stage F4) (Figure 1). Only 2-5% of ArLD
patients and 1-2% of NAFLD patients ever progress to F3 and F4,
but without a clear linear relationship between exposure to risk
factors and the risk of fibrosis [10].

For decades, liver biopsy has been the reference standard for
the assessment of liver fibrosis, but currently, transient elasto-
graphy is taking over as the new reference standard to measure
liver stiffness as a surrogate marker for liver fibrosis. Both meth-
ods are still primarily restricted to secondary care [11].

In primary care, laboratory tests play an important role in
assessing the liver health of patients. Alanine transaminase
(ALT) is a common blood sample performed. ALT is an indicator
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Article highlights

e NAFLD has become the most prevalent chronic liver disease in the
world and is present in up to 75% of at-risk populations.

e Non-invasive tests and advanced algorithms can enhance the accu-
racy and efficiency of early detection of advanced fibrosis in primary
care.

e A trusting relationship between patients and their primary care
physician can allow for the identification of risk factors beyond
relying solely on abnormal blood test results.

o Existing algorithms used for diagnosis may both lead to delays in
detecting advanced fibrosis and unnecessary referrals, resulting in
harm to healthy individuals and the wastage of healthcare resources.

e A more precise and cost-effective test is needed for identifying
patients requiring specialist care.

of hepatocellular injury, and studies have demonstrated that
high ALT levels are correlated with higher risk of having stea-
tohepatitis [12]. However, the sensitivity of ALT to detect >F3 is
only 53%, making it a poor indicator of today’s challenge [13].

Standard ultrasonography may be used as a diagnostic tool
in primary care and can detect the two cornerstones of the
disease spectrum, moderate-to-severe steatosis and contrary,
severe cirrhosis, but is less useful in the case of early detection
of mild to advanced fibrosis [14,15]. In contrast, FibroScan,
a noninvasive imaging technique based on transient elasto-
graphy, can provide quantitative measurements of liver stiff-
ness, which correlates with the degree of fibrosis. FibroScan
emerges as a valuable tool for the early detection and mon-
itoring of liver fibrosis but is still not used in primary care.

Nonetheless, to be able to combat the rising burden of
fatty liver disease, we need an investigation strategy for early
detection of liver fibrosis, which is both economically efficient
and acceptable to patients. In recent decades, biomarkers,
algorithms, and machine learning have actively been investi-
gated and may prove useful in primary care, to select the
patients requiring further consultations.

The aim of this scoping review was to summarize the current
evidence regarding biomarkers and algorithms used as diagnos-
tic tools for the detection of fatty liver disease in primary care.

© Reversible
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2. Methods

This scoping review was based on the Preferred Reporting
Items for Systematic Reviews and Meta-analysis Protocols
(PRISMA-ScR) for Scoping Reviews [16]. We included papers
that focused on the current use of biomarkers and algorithms
for the detection of patients with fatty liver disease in primary
care. Studies on at-risk populations and the general popula-
tion were included, together with studies for staging fatty liver
disease in primary care. Any methodology and study design
were accepted.

We chose to limit the search to articles written in English
and German. We searched the following databases: Embase,
Ovid MEDLINE, Cochrane Library, Scopus, and Google Scholar,
to ensure access to a wide spectrum of journals. The search was
made without any restriction on the publication date, and the
most recent search was conducted on 25 May 2022. The search
strategy was drafted by a team discussion and further refined
by an experienced librarian. The Boolean-search-string used is
shown in Appendix, and it resulted in selection of 917 papers.

2.1. Exclusion criteria

Studies based on secondary care were excluded, since the aim
of the review was to extract knowledge from primary care. In
addition, reviews, papers on treatment and prognosis, clinical
guidelines, and pediatric populations were excluded, together
with editorials, conference abstracts, and papers related to
other liver diseases than fatty liver diseases, such as hepato-
cellular carcinoma or viral hepatitis.

Two reviewers independently screened the titles and
abstracts of all retrieved records. The Rayyan.ai online software
was used for the review process. In case of disagreement, the
two reviewers independently examined the abstracts again and
thereafter made a joint agreement. Then, two other reviewers
examined the full text of the studies selected by abstract.
Where a difference in selection occurred, disagreements were
resolved through a discussion between all the four reviewers.

© Reversible © Irreversible (?)
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Figure 1. Fatty liver starts off as simple steatosis, which further can trigger inflammation and damage of the liver cells, potentially resulting in fibrosis of the liver.
Further progression of the disease may lead to the end-stage of irreversible liver cirrhosis.



3. Results

The selection process for the included articles is illustrated in
Figure 2. As shown, we identified 917 manuscripts of which 19
papers met the inclusion and exclusion criteria for the study
(Table 1). The excluded papers were mainly the wrong type of
publications and studies from secondary care. There was an
increase in the number of published papers over the last 2 years.

3.1. The included papers grouped by strategy and
population

Since our focus is the current knowledge of biomarkers and
algorithms used as diagnostic tools in primary care, we have
taken a clinical approach and looked at the heterogenous
NAFLD risk population rather than the histological subgroups
of the disease. An effective investigation strategy should help
us identify patients at intermediate or high risk of established
fibrosis, due to the large proportion of liver steatosis in the
general population.

3.1.1. Identification of patients with NAFLD (specifically
fibrotic NASH) among risk groups

The Fibrotic NASH Index (FNI) was developed to detect
fibrotic NASH (defined as NASH, NAFLD activity score =4
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and >=F2) among individuals at high risk for NAFLD [17].
FNI is based on routine blood tests including aspartate
aminotransferase (AST) and dysmetabolic parameters
(Table 2). The derivation cohort included morbidly obese
individuals and three external validation cohorts included
two high-risk cohorts and participants from a cohort study.
The diagnosis of fibrotic NASH was assessed by liver biopsy,
liver stiffness measurement (LSM), and liver magnetic reso-
nance imaging. The study found that the FNI predicted
fibrotic NASH with an AUROC of 0.78 (95% ClI 0.71-0.85)
and outperformed FIB-4 in predicting fibrotic NASH.

3.1.2. Characterize patients with recognized NAFLD in
primary care

Two studies aimed to characterize patients with recognized
NAFLD in primary care, to estimate the clinical significance of
the disease.

The steatosis-associated fibrosis estimator score (SAFE) con-
sists of age, BMI, status of diabetes, and four standard blood
tests [18] (Table 2). The prediction model was constructed
based on data from patients with biopsy-proven NAFLD. The
model was then evaluated in three validation cohorts, ranging
from selected patients with biopsy-proven NASH, to real-world
patients with NAFLD who underwent LSM by magnetic reso-
nance elastography, to a sample from the general population

[ Identification of studies via databases and registers ]
)
Records identified from:
c Embase n =262 Records removed before screening:
S Ovid MEDLINE n=162
S Cochrane Library n= 24 Duplicate records n =331
E Scopus n =225
E Google Scholar n =240 Other language than
= By hand-searching n=_4 English and German n=15
In total detected n=917 | —»
v
)
Records screened n=571| —5 | Records excluded n =470
=) Reports assessed for eligibility n =101 | __, | Reports excluded:
= Wrong type oif publication
§ (conference abstracts,
8 editorials, review's etc.) n=40
Selected population /
not general practice n=26
Other focus than diagnosis
(i.e. prevalence studies,
guidelines, treatment etc.) n=16
—/
o
B
% Studies included in review N=19
=

Figure 2. Flowchart showing the details of the eligibility process.
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Table 1. Overview of the included papers.

Author Year Journal Country Algorithm N
Grattagliano 2013 Annals of Hepatology Italy Fibromax, FLI 282
[15]
Tavaglione 2022 Clinical Gastroenterology and Hepatology lItaly, FNI 6949
[17] Finland
UK
Sripongpun 2022 Hepatology USA SAFE score 13039
[18]
Cheuk-Fung 2017 Alimentary Pharmacology and Hong Kong NAFLD ridge score 922
Yip [19] Therapeutics
Hydes [20] 2021 BMJ England CIRRUS 594 265
Blanes-Vidal 2022 Nature portfolio Denmark  LiverAID XXS (FIB-4, Forns index, APRI, LSM) 3352
[21]
McLernon [22] 2014 BMJ Scotland ALFI 107 630
Graupera [23] 2022 Clinical Gastroenterology and Hepatology Spain FIB-4, NAFLD Fibrosis Score 5129
Hong Kong
Denmark
England
France
Aberg [24] 2022 Journal of Hepatology Finland, UK CLivD score 33 867
Denmark
Coste [25] 2022 Digestive and Liver Disease Spain FLI, NAFLD Fibrosis score, MS Critieria, Forns index, APRI, 3148
BARD, FIB-4, eLIFT, AST/ALT
Younassi [26] 2021 Clinical and Translational Gastroenterology USA APRI, FIB-4, NAFLD Fibrosis score 7555
LSM
Eslam [27] 2021 The American Journal of Gastroenterology Hong Kong ADAPT, LSM 1032
Germany
Mansour [28] 2021 JHEP Reports England FIB-4, LSM 467
Harman [29] 2015 BM England AST/ALT ratio, BARD score LSM 504
Srivastava [30] 2019 Journal of Hepatology England FIB-4, LSM, ELF 3012
(Anonymized) 2018 Gastroenterology Denmark ELF, FibroTest, LSM 289
[31]
Shaheen [32] 2020 CMAJ Canada 2D Shear-wave elastography, FIB-4 2084
Bedogni [33] 2010 BMC Gastroenterologyltaly Italy LAP 588
Zelber-Sagi 2012 European Journal of Gastroenterology and lIsrael Adiponectin, HDL, Leptin 375
[34] Hepatology Israel

with an ultrasound-diagnosis of liver steatosis. The aim was to
distinguish =F2 from FO/1, and the model yielded AUROC =
0.80, performed consistently higher than FIB-4 and NAFLD-
fibrosis score and presented a negative predictive value in
ruling out =F2 of 88-92%.

In the second study, steatosis was semi-quantitatively
assessed using ultrasound and a scale from 0 to 4 (absent,
mild, moderate, severe) [15]. Then, Fibromax (Table 2) and
Fatty Liver Index (FLI) (Table 2) were applied to patients with
clinical and ultrasonographic features of NAFLD. The Fibromax
algorithm provides information on the whole disease spec-
trum of disease, including liver fat infiltration (scored 0-3 (with
Steatotest)), grade of inflammation (scored absent, borderline,
present (with NASHtest)), and stage of fibrosis (scored 0-4
(with Fibrotest)).

The study concluded that ultrasound (US) poorly defined
the grade of fat infiltration compared to Steatotest, since 30%
of patients with Steatotest 3 were graded mild-to-moderate
steatosis at ultrasound. Furthermore, ultrasound showed poor
accuracy for diagnosing fibrosis (sensitivity 77%, specificity
89%). An important finding was that only 60% of the enrolled
patients had hypertransaminasemia.

3.1.3. Screen for NAFLD in low-prevalence populations

Six studies were identified with the target of screening for NAFLD
in low-prevalence populations. A common denominator for this
target is the use of routinely collected blood samples. The NAFLD
ridge score (Table 2) originates from Hong Kong and consists of

the presence of hypertension and five standard blood tests [19].
It was developed and tested with the purpose of identifying
patients with and without NAFLD, distinguished by intrahepatic
fat content of more or less than 5%, determined by proton-
magnetic resonance spectroscopy. The NAFLD ridge score had
an AUROC of 0.88 (95% Cl 0.84-0.91). The study concluded that
the score was comparable to existing NAFLD scores in the ability
to exclude NAFLD, based on its NPV of 96%, but the study did not
directly compare the NAFLD ridge score to other existing NAFLD
prediction models.

The CIRRhosis Using Standard tests (CIRRUS) (Table 2) was
created in the UK, from patients who underwent upper gastro-
intestinal endoscopy [20]. CIRRUS predicted a first serious
liver-related event within 5 years from the performed tests,
with an AUROC of 0.90 (95% Cl 0.88-0.92) in the mixed cohort
from primary and secondary care and an AUROC of 0.84 (95%
Cl 0.82-0.86) in the cohort from primary care alone.

A Danish study aimed to predict significant liver fibrosis,
defined as LSM > 8 kPa, using routinely available patient data
and artificial intelligence [21]. The study population consisted of
subjects at risk of NAFLD or ArLD or subjects randomly selected
from the general population. Six LiverAlD-models (XXS-4XL)
with different complexities appropriately identified patients
with elevated liver stiffness with AUROC 0.86-0.94 and NPV >
0.98. LiverAID XXS (Table 2) showed an AUROC of 0.86 and NPV
0.98 in a head-to-head comparison with FIB-4, Forns index, and
APRI. Compared to LSM, LiverAID showed a good ability to rule
out significant biopsy-assessed fibrosis stages.
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Table 2. Overview of algorithms for the diagnosis of fatty liver disease and their characteristics and performance.

Algorithms Characteristics Performance reporting
ADAPT [27] Age, T2D, Plasma Pro-C3 (N-terminal type Ill collagen propeptide), platelets >F3 AUROC .88 (95% Cl .77-.95)
ADAPT = exp (log10 (WEWJ%S’)) + Diabetes >F2 AUROC 0.81 (95% Cl 0.76-0.86)
ALFI model Bilirubin, albumin, ALP, GGT, either ALT or AST Risk of having a liver disease
(The Algorithm for Liver Model not available diagnosis AUROC 0.78
Function Investigations) (95% Cl 0.72-0.84)
[22]
APRI AST, platelets >F2 AUROC 0.71 (95% Cl 0.64-0.85)

(The AST to Platelet Ratio APRI = (AST in IU/L)/(AST Upper Limit of Normal in 1U/L)/(Platelets in 10°/L)

Index) [21,25,26]

AST/ALT-ratio [25,29] AST/ALT >F2 AUROC 0.51 (95% Cl 0.50-0.74)
BARD score [25,29] AST/ALT-ratio, BMI, T2D >F2 AUROC 0.71 (95% Cl 0.58-0.85)
Model not available
CIRRUS Albumin, creatinine, bilirubin, MCV, Na, platelets, protein Liver-related event within 5 years
(The CIRRhosis Using Predicted risk (PR)=exp (alb*—0.210+cr*—0.010+tb* 0.015+mcv *0.083+na*-0.067+plt* AUROC 0.84 (95% Cl 0.82-0.86)
Standard tests) [20] —0.018+tp*0.145 + 0.886)/(1+exp (alb*—0.210+cr*—0.010+tb* 0.015+mcv *0.083+na*

—0.067+plt*~0.018+tp* 0.145 + 0.886))

Albumin (alb), g/L; CIRRUS, CIRRhosis Using Standard tests; creatinine (cr), umol/L; total
bilirubin (tb), umol/L; mean corpuscular volume (mcv), fL; sodium (na), mmol/L; platelet

count (plt), 109/L; total protein, g/L.

CLivD Age, gender, alcohol-use, waist-hip-ratio, diabetes, smoking, (GGT) Advanced liver disease

(The Chronic Liver Disease Model not available
score) [24]

AUROC 0.78 (95% Cl 0.68-0.87)

ELF Hyaluronic acid, procollagen I, amino-terminal peptide, tissue inhibitor of matrix >F3 AUROC 0.92 (95% Cl 0.89-0.96)
(Enhanced Liver Fibrosis test) metalloproteinase |
[30,31] ELF score = 2.494 + 0.846*In(HA) + 0.735*In(PIlINP) + 0.391*In(TIMP-1)
eLIFT [25] Age, gender, GGT, AST, platelet count, prothrombin time >F2 AUROC 0.62 (95% Cl 0.50-0.74)
Model not available
FIB-4 Age, AST, platelets, ALT =F2 AUROC 0.65 (95% Cl 0.53-0.78)
(Fibrosis-4) FIB-4 = (age x AST-level)/(Platelet count x vALT)

[21,23,25,26,28,30,32]

Fibromax* *haptoglobin, bilirubin, gamma-GT, A1-apolipoprotein, alpha2-macroglobulin >F3 AUROC 0.90 (95% Cl 0.86-0.94)

(*original content, updated  Model not available
to NASH FibroTest) [15]

(Fibrotest)

AUROC 0.89 (95%Cl 0.84-0.95)

AUROC 0.78 (95% Cl 0.71-0.85)

FLI Waist circumference, BMI, TG, GGT
(Fatty Liver Index) [15,25] Fl — £0-953xloge(riglycerides) +0.139 BMI+0.718 x loge(GGT) +0.053 x waistcircumference—15.745 % 100
=\ 750953 xToge{triglycerides)+0.139 < BMI-0.718Toge(GGT) +0.053 x waistcircumference—15.745
FNI AST, HDL, HbA1c
(The Fibrotic NASH Index) ~ FNI = ;&0
e Fibrotic naex = @
[17] a=-10.33

B = +2.54 x In (AST[U/L]);

y = +3.86 X In (HbA1c[%)]);

6 = —1.66 x In (HDL[mg/dL));
Forns Index [21,25] Age, platelets GGT, cholesterol.

>F2 AUROC 0.78 (95% Cl 0.67-0.88)

Forns index = (7.811 - 3.131.In(PLT count) + 0.781.In(gamma glutamyl-transferase (GGT)) +

3.467.In(age) - 0.014.(cholesterol))
GGT to platelet ratio [31]  GGT/platelets

LAP Waist circumference, fasting TG, sex Severe steatosis OR 4.28
(Lipid accumulation product) LAP=[waist circumference (cm) — 58] X triglycerides (mmol/l) (95% Cl 3.28-5.58)
[33]
Liver Aid XXS [21] GGT, platelets, ALT, AST, cholesterol, albumin, ALP, INR, Na LSM >8 kPa AUROC 0.86
Model not available
NAFLD Fibrosis score Age, hyperglycemia, BMI, platelets, alboumin, AST/ALT-ratio >F2 AUROC 0.82 (95%CI 0.74-0.90)
[23,25,26] NAFLD fibrosis score = —1.675 + 0.037 x age (year) + 0.094 x BMI (kg/mz) + 1.13 X IFG/

diabetes (yes =1, no=0) + 0.99 X AST/ALT ratio — 0.013 X platelet count (x10°/L) —

0.66 x albumin (g/dL)
NAFLD Ridge score [19] ALT, HDL, TG, HbA1c, WBC, hypertension

Intrahepatic fat content 5%

NAFLD ridge score = —0.614 + 0.007 x ALT —0.214 x HDL — C+ 0.053 x Triglyceride +0.144 AUROC .88 (95% Cl 0.84-0.91)

X HbA1c+
0.032 x WBC +0.132 x HT.
SAFE Age, BMI, T2D, platelets, ALT, AST, globulins Distinguish >F2 from F0/1
(The steatosis associated SAFE = (2. 97 xage) + (5. 99x BMI BMI > 40 set to 40]) AUROC =0.80

fibrosis estimator score) + (62.85xdiabetes |0 if absent, 1 if present)
[18] + (154. 85 x Ln(AST)) - (58.23 XLn(ALT))

+ (195.48 x Ln(globulins, g/dL))

(141.61 x Ln(platelets, 10%/L)) — 75.

In another study from the UK, patients had their liver
function tests (bilirubin, albumin, ALP, GGT, ALT, or AST)
performed in primary care and were followed for 2 years
[22]. The study population was initially derived from
a laboratory database, and the validation cohort contained

all patients registered in 19 practices in primary care. The
ALFI model (Table 2) is a prediction model to estimate the
risk of having a liver disease diagnosis, based on the tests
performed. In the external cohort, 0.5% were diagnosed
with liver disease within 2 years from the test. Given the
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low prevalence of liver disease, the negative predictive
values were high (almost 100%). Positive predictive values
were low but increased to 20-30% for high-risk patients
when this model was used. The AUROC for the final
model applied to the external cohort was 0.78 (95% ClI
0.72-0.84).

In one study FIB-4 (Table 2) and NAFLD Fibrosis score
(Table 2) were tested for their ability to detect hepatic fibrosis
in low-prevalence populations [23]. The participants were from
the general population and from at-risk cohorts due to alco-
hol, diabetes, or obesity. They found that LSM was correlated
with FIB-4 and NAFLD Fibrosis score, but as many as 28-29%
of elevated FIB-4 and NAFLD Fibrosis scores were false-
positives. Eleven percent of patients had LSM > 8 kPa, though
43% of these had a normal FIB-4 and 31% had a normal
NAFLD Fibrosis score. The proportion of false negatives was
higher in at-risk patients than in the general population (8-9%
vs 2-4%). For screening purposes, both tests turned out to be
suboptimal because of futile and missed referrals.

A Finnish study extracted data from national health exam-
ination surveys to develop a risk-prediction model for chronic
liver disease in the general population, the Chronic Liver
Disease Score (CLivD) [24] (Table 2). The prediction model
includes age, sex, alcohol use, waist-hip ratio, diabetes, and
smoking, with or without GGT, and it was externally validated
in population studies in Denmark and the UK. Study endpoints
were fatal and non-fatal advanced liver disease. The 15-year
AUROC for the model that included GGT was 0.84 (95% Cl
0.75-0.93) in the derivation cohort, and 0.78 (95% Cl 0.68-
0.87) in the validation cohort from Denmark.

3.1.4. Sequential testing of high-risk populations
The following seven studies used sequential testing based on
a preselection of patients with an increased risk of liver fibrosis.

A Spanish population-based cohort study evaluated the
accuracy of nine NITs (FLI, NAFLD Fibrosis score, metabolic
syndrome criteria (MS criteria), Forns index, APRI, BARD, FIB-4,
eLIFT, and AST/ALT) (Table 2) to detect =F2 (LSM cut off >9.2/
7.8 for M/XL probe) in the general population [25]. Medical
history, fasting blood tests, metabolic comorbidities, and alco-
hol risk consumption were registered, and LSM was performed.
FLI and NAFLD Fibrosis score were the best performing tests,
with AUROCs for >F2 of 0.89 (95% Cl 0.84-0.95) and 0.82 (95%
Cl 0.74-0.90), respectively. AST/ALT had the lowest AUROC for
prediction of >F2 (0.51 (95% Cl 0.50-0.74)). The LSM >F2 esti-
mate was 1.9% of which 75% of the subjects showed normal
transaminases. A staged risk-stratification model improved the
detection of =F2 and reduced unnecessary referrals.

In a study conducted on patients from both primary care and
endocrinology practices, patients with either the diagnosis of
type 2 diabetes or two other metabolic risk factors were included
[26]. Three NITs (APRI, FIB-4, and NAFLD Fibrosis Score) (Table 2)
were calculated to identify patients with high risk of fibrosis, and
those who met the noninvasive test criteria were referred for
LSM. The criterion for high-risk NAFLD (presumed high-risk
NASH) was to have at least two NITs above certain thresholds
(APRI > 1, NFS >-1.45, and FIB-4 >1.45). The study found that 60%
of the included patients had LSM<6 kPa and could be

considered at minimal risk of adverse outcomes, and 8% had
an LSM =12 kPa, indicating potentially advanced liver fibrosis.
The study concluded that each single NIT had a limited accuracy,
but a stepwise application of an algorithm using NITs and LSM
could be used to identify patients with high-risk NAFLD.

Another study developed and tested an algorithm, called
ADAPT (Table 2), consisting of age, type 2 diabetes, platelets,
and plasma Pro-C3 (N-terminal type Ill collagen propeptide)
[27]. Pro-C3 is a new collagen biomarker, used to predict
fibrogenesis and monitor disease progression. In the hospi-
tal-based cohorts, Pro-C3 increased with fibrosis stage (P <
0.0001). ADAPT showed AUROC of 0.88 (95% Cl 0.77-0.95) for
>F3 and AUROC 0.81 (95% Cl 0.76-0.86) for =F2, which was
superior to the existing fibrosis scores (APRI (P=0.001), FIB-4
(P=0.001), BARD (P =0.001), NAFLD Fibrosis score (P=0.04),
and comparable with LSM (AUC 0.83 95% Cl 0.77-0.88, P=
0.1). Serial combination of ADAPT with LSM had diagnostic
accuracy of 93% and NPV of 100% for excluding =F3, improv-
ing risk stratification and decreasing the need for liver
biopsy.

A study integrated a pathway of liver fibrosis assessment
into the routine annual review of all patients with diabetes
type 2 in primary care, using FIB-4 and LSM [28]. Diabetics
with a FIB-4 above the threshold >1.3/2.0 (age below/above
65 years) underwent LSM and were reviewed in secondary
care if LSM was >8 kPa. Out of the 12% that were referred
for LSM, 43% had an LSM >8 kPa and 22% had an LSM >15
kPa. Following a specialist review, 4.5% were found to have
advanced liver fibrosis. From a cohort of 475 patients, 20 new
cases of advanced liver disease were identified because of the
pathway, representing almost a 7-fold increase from standard
of care. Another important finding was that almost half of
patients diagnosed with advanced liver disease had a normal
ALT level, and only one in five patients with an abnormal ALT
level were identified as having advanced liver disease.

Another study developed a two-step algorithm from parti-
cipants with one or more risk factors identified as 1) hazardous
alcohol use, 2) type 2 diabetes, and 3) persistently elevated
ALT (other causes of chronic liver disease were excluded) [29].
The biomarker AST/ALT-ratio was performed in group 1 and
BARD-score (Table 2) in groups 2 and 3; subsequently, liver
stiffness was measured using LSM. Clinically significant liver
disease was defined as LSM =8 kPa. A normal biomarker was
found in 12%, which required no further investigation and
27% showed LSM =8 kPa. Importantly, 72% of patients with
elevated liver stiffness had normal liver enzymes and would be
missed by traditional investigation algorithms, and 91% diag-
nosed with fibrosis had normal ALT. There was also a 140%
increase in new patients with cirrhosis.

A pathway was tested for patients with an ultrasound-
diagnosis of NAFLD. Participants were first screened with FIB-
4 and those with values >3.25 were recommended for referral
to secondary care [30]. Intermediate values (=1.30 and <3.25)
had second tier testing with an Enhanced Liver Fibrosis test
(ELF test) (Table 2). Patients with ELF = 9.5 were recommended
for referral to secondary care. Use of the pathway reduced
unnecessary referrals to secondary care by 81% and detected
5 times more cases of >F3. Still, 70% of referrals were consid-
ered unnecessary.



A study, on a population which was at the limit of our
scope, was included due to important findings relevant for
primary care. The patients were recruited from municipal alco-
hol rehabilitation centers and hospital liver clinics [31]. All
patients were at a significant risk of fibrogenic ArLD, which
justified performing a liver biopsy. The study did
a comparison of the ELF-test, the FibroTest, LSM, two-
dimensional shear wave elastography, and six indirect serum
markers (Age-platelet index, AST/ALT ratio, APRI, FIB-4, Forns
index, and GGT-to-platelet ratio), in the detection of >F3. The
ELF test identified patients with >F3 with an AUROC of 0.92
(95% Cl 0.89-0.96). The ELF test was more accurate than indir-
ect markers, but ELF test and FibroTest had comparable diag-
nostic accuracies (AUROC of FibroTest, 0.90 (95% Cl 0.86-0.94)).
The results from the ELF test and FibroTest (Table 2) did not
differ significantly from those of LSM (AUROC 0.89 (95% ClI
0.83-0.96)). Adding a serum marker to LSM did not increase
the accuracy. For patients in primary care, ELF values below
10.5 and FibroTest values below 0.58 had negative predictive
values for advanced liver fibrosis of 98% and 94%, respectively.

3.1.5. Usage of two-dimensional shear wave elastography
for staging NAFLD in primary care

One study used two-dimensional shear wave elastography in
primary care to risk-stratify patients with suspected NAFLD and
compared it to FIB-4 [32]. Most patients (92%) with NAFLD had
an LSM value <8.0 kPa and were not referred to secondary care.
Elevated liver stiffness was found in 8.5%, and they were subse-
quently referred for further diagnosis. Screening of the same
population with FIB-4 (cutoff >1.3) would have led to a referral
rate of 32%.

3.1.6. Association between biomarkers and fatty liver
disease

Two studies tested markers for the detection of fatty liver
disease. One study found that the calculation of the Lipid
Accumulation Product (LAP) (Table 2) was helpful to select
subjects for ultrasound [33]. The odds of more severe steatosis
increased for increasing values of LAP (OR 4.28 95% Cl 3.28-
5.58). Another study considering Fibromax as the gold standard
showed that adiponectin was an independent negative corre-
late of borderline NASH (OR: 0.92 95% ClI 0.86-0.98/1 ug/ml),
together with high-density lipoprotein, and leptin was
a positive correlate (OR: 1.03; Cl 1.01-1.06/1 ng/ml) [34].

4. Discussion
4.1. General summary of main findings

This scoping review highlights the lack of efficient and stan-
dardized pathways for timely detection of advanced fatty liver
disease. The current diagnostic tools used in primary care
demonstrate low accuracy, emphasizing the need for a more
precise first-tier test to correctly identify patients requiring
further referral to specialist care. Existing algorithms used for
diagnosis may lead to delays in detecting treatable yet life-
threatening conditions and unnecessary referrals, resulting in
harm to healthy individuals and the wastage of healthcare
resources [35,36].
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However, the utilization of noninvasive tests and algo-
rithms offers promising solutions to address these challenges.
These tests and algorithms can play a crucial role in reducing
secondary care referrals by accurately identifying patients who
truly require specialized intervention. By implementing effi-
cient and accurate diagnostic tools, such as noninvasive bio-
markers and advanced algorithms, primary care physicians can
optimize the allocation of limited secondary care resources
and provide timely interventions for individuals with fatty
liver disease.

While only a small proportion of individuals with fatty
liver disease progress to end-stage cirrhosis, the literature
acknowledges the anticipated increase in the burden of
liver disease and supports the identification of patients
with fatty liver disease in primary care. General practi-
tioners, who encounter most at-risk patients, commonly
request liver function tests as part of routine screening.
However, it is important to note that alanine transaminase
(ALT) alone is not a reliable predictor of fibrosis or cirrhosis
[13]. Several studies included in this review reveal that
patients with normal transaminase levels, but elevated
liver stiffness measurements (LSM) would be missed by
traditional investigation algorithms [15,28,29]. Therefore,
establishing a trusting relationship between patients and
their primary care physician becomes crucial in identifying
patients with fatty liver disease, as it allows for the identifi-
cation of risk factors beyond relying solely on abnormal
blood test results.

Within the reviewed studies, various noninvasive tests
(NITs) have been developed to identify patients with
advanced fibrosis using clinical and biochemical data. These
tests, along with the utilization of advanced algorithms, can
enhance the accuracy and efficiency of early detection in
primary care. However, it is important to acknowledge poten-
tial limitations within the included studies, indicating the
need for further research and refinement of these tests (28).

Most of the NITs are derived from a secondary care level, on
already selected patients. This constitutes a risk of selection bias
and may make the models less useful in primary care. Another
limitation of this method is the spectrum effect, where models
and algorithms are developed in high prevalence populations
and validated in low prevalence populations. This may lead to
an overestimation of the diagnostic accuracy. Normally, AUC
values are used to assess the performance of NITs for fatty liver
disease screening. However, in the context of screening in low-
prevalence populations, the consideration of positive predictive
values (PPVs) in NITs becomes advantageous as it optimizes
resource utilization, reduces patient burden, and enhances clin-
ical decision-making. PPVs represent the proportion of indivi-
duals with positive test results who truly have the condition,
providing valuable information on accuracy and clinical utility.
Information on alcohol consumption, smoking, and anthropo-
metric measures, such as waist circumference or waist-hip-ratio,
are often unknown or underreported. Several NITs depend on
this information (Table 2), making them less reliable for clinical
use, with a high risk of poor compliance to the NIT. Some of the
algorithms include patented blood tests, not routinely per-
formed, and limited by price and availability (e.g. ELF,
Fibromax, and ADAPT) (Table 2). The algorithms that rely on
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fasting blood tests (Table 2) have a potential source of inaccu-
racy when used in primary care. Interpreting NITs' results
requires careful examination to prevent false-positive or false-
negative outcomes. Acute hepatitis may affect algorithms that
include aminotransferases, and hemolysis or Gilbert’s syndrome
can affect algorithms using bilirubin, leading to false-positive
results [37,38]. The NAFLD fibrosis score requires manual calcu-
lation, making it more difficult and time-consuming for general
practitioners to use. Three of the included studies lack a gold
standard or a surrogate marker, such as TE, to evaluate the
diagnostic precision of the tests [15,33,34]. The two studies that
looked at the association between fatty liver disease, LAP,
leptin, and adiponectin did not succeed in selecting patients
for further referral, because of an odds ratio close to 1 [33,34].

FIB-4 is considered a simple and low-cost tool for testing at-
risk patients in primary care, but four studies have shown
a high possibility of overdiagnosis and a significant percen-
tage of false negatives [23,26,32]. FNI was found to outperform
FIB-4 in predicting fibrotic NASH (defined as NASH, NAFLD
activity score >4 and fibrosis stage >2) in %4 of the cohorts
[17], but the 1.3 cutoff of FIB-4 has been designed to rule
out advanced fibrosis rather than fibrotic NASH. The study that
compared two-dimensional shear wave elastography in pri-
mary care to FIB-4 (30) showed a large proportion of redun-
dant referrals when a risk population was screened with FIB-4.
An interesting finding was that waist circumference outper-
formed FIB-4 for detection of patients with LSM =8kPa, in the
general population, but not in at-risk cohorts [23].

Studies support the effectiveness of transient elastography
as a reliable indicator of liver fibrosis in populations with low
prevalence [32,39]. However, this examination is limited to
specialist healthcare due to the high cost of equipment, train-
ing requirements, and variability in results between observers.

Sequential testing with one or more NIT(s) on a preselected
population, followed by LSM, increases the number of
detected patients with advanced fibrosis and reduces the
number of false positives. But this method also creates a risk
of over-referrals, indicating that the NITs should be used for
ruling out, rather than diagnosing advanced fibrosis in low
prevalence populations.

Another important consideration is the heterogeneity of
different patient populations when evaluating the effective-
ness of tools for detecting NAFLD, because various factors
such as genetic variations, lifestyle choices, and regional dif-
ferences can significantly influence the presentation and pro-
gression of the disease [40].

4.2. Comparison with current guidelines

Our findings are in line with the clinical guidelines from the
European Association for the Study of the Liver [41] and the
American Association for the study of Liver Diseases [42]. The
guidelines recommend that NITs should be used for ruling out,
rather than diagnosing advanced fibrosis in low prevalence
populations. To reduce false positives, at least a two-tier pathway
is recommended before referral to secondary care, either using
LSM or ELF-test. However, strict application of existing guidelines

would result in a likely over-referral to hepatologists, with con-
siderable variation based on the specific biomarker [43].

4.3. Future directions

The worldwide increase in metabolic disorders will lead to
a significant rise in the clinical and economic impact of fatty
liver disease. Despite this, awareness of the disease remains
low, with fewer than 5% of people with NAFLD being aware of
their liver's health [44]. General practitioners have good
opportunities for identifying at-risk patients, seek secondary
care if needed, monitor biochemistry, and address risk factors
to slow the progression of the disease toward cirrhosis. To
manage this, there is a requirement for increased education,
targeting both future and current primary care physicians.
Additionally, a more accurate tool and a standardized process
for patient identification are necessary. This tool should be
designed for primary care, utilizing existing resources, at a low
cost. Future research is necessary to develop, validate, and
assess the cost-effectiveness of NITs from a primary care
perspective.

5. Conclusion

Efficient referral pathways for detecting advanced liver disease
are lacking, and existing noninvasive tests (NITs) in primary
care lack accuracy. A more precise and cost-effective test is
needed for identifying patients requiring specialist care.
Integrating noninvasive tests and algorithms in primary care
has the potential to improve detection and reduce unneces-
sary secondary referrals. Further research and refinement are
essential to enhance their accuracy and enable effective inter-
ventions in healthcare.

6. Expert opinion

Fatty Liver Disease is a common condition that is characterized
by the accumulation of fat in the liver. It is a widespread con-
dition that is associated with metabolic disorders such as obe-
sity, insulin resistance, and dyslipidemia. The prevalence of
Fatty Liver Disease is increasing globally, and it has become
a significant public health concern. Unfortunately, the current
tools available to primary care physicians to manage and detect
Fatty Liver Disease have their limitations. While individual rou-
tine liver blood tests and liver ultrasonography can help identify
patients with Fatty Liver Disease, they are not sensitive enough
to detect early stages of liver fibrosis. Early detection of liver
fibrosis is crucial as it can progress to more severe liver diseases
such as cirrhosis and even cancer. Liver fibrosis is a condition
where there is excessive scarring in the liver, which can impair
liver function and eventually lead to liver failure. It is a critical
stage in the progression of liver disease, and its early detection
is essential for effective management and prevention of further
progression. However, detecting liver fibrosis is challenging,
and traditional methods such as liver biopsy are invasive and
can cause complications.

To address these limitations, researchers have developed
algorithms for targeted screening of liver fibrosis, such as the



FIB-4 score. These algorithms combine various parameters
such as age, liver enzyme levels, and platelet count to identify
patients at high risk of liver fibrosis. While targeted screening
algorithms have been shown to perform better than individual
liver tests, they still have limitations, including a high rate of
false-positive tests.

Primary care physicians urgently need more accurate algo-
rithms for targeted screening of liver fibrosis. These algorithms
should be cost-effective, easy to use, and widely accessible to
allow for early detection and appropriate management of
patients with Fatty Liver Disease and liver fibrosis. Research
efforts should focus on developing algorithms that balance
sensitivity and specificity to minimize false-positive and false-
negative results.

In addition to accurate screening algorithms, the identifica-
tion of patients at risk of developing Fatty Liver Disease and
liver fibrosis is equally important. General practitioners have
a crucial role in identifying at-risk patients and providing
appropriate monitoring and interventions to prevent disease
progression. Increased education targeting both future and
current primary care physicians is necessary to improve aware-
ness and knowledge of Fatty Liver Disease.

In conclusion, Fatty Liver Disease is a widespread condition
that is associated with metabolic disorders, and the current
tools available to primary care physicians for detecting and
managing Fatty Liver Disease have limitations. Early detection
of liver fibrosis is crucial, and accurate algorithms for targeted
screening of liver fibrosis are critical to prevent disease pro-
gression and improve outcomes for patients with Fatty Liver
Disease. Primary care physicians urgently need more accurate
and widely accessible algorithms to enable early detection
and appropriate management of patients with NAFLD and
liver fibrosis. Further research efforts should focus on devel-
oping algorithms that balance sensitivity and specificity to
minimize  false-positive  and  false-negative  results.
Additionally, increased education and awareness among pri-
mary care physicians are necessary to improve the identifica-
tion of at-risk patients and provide appropriate monitoring
and interventions.
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AUROC The area under the receiver operating characteristic
BMI Body mass index
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INR International Normalized Ratio,

kPa Kilopascal, LAP: Lipid accumulation product
MCV Mean corpuscular volume

LSM Liver stiffness measurement Na: Sodium
NAFLD  Non-alcoholic liver disease
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NIT Non-invasive tests
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Appendix The search strategy for the scoping review

Date of the search: 27 May 2022
Selection criteria:

Focus Use of laboratory tests, biomarkers or algorithms for detection of patients with fatty liver disease
Population Patients in general practice
Limitations Articles written in English, German and Scandinavian languages

The search strategy for Embase <1974 to 2022 May 26>

No. Search strategy Results
#1  exp fatty liver/ 96,679
#2  (steatohepatitis or steatohepatitides or steatohepatopathy or steato-hepatosis or steatohepatosis or steatotic hepatopathy or hepatic lipidosis or 176,739
hepatic steatosis or hepato-steatosis or hepatolipidosis or hepatosteatosis or ((fat or fatty or steatosis or steatotic or fibrosis or cirrhosis or
lipidosis) adj3 liver®)).ti,ab,kf.
#3 lor2 199,084
#4  exp primary health care/ 191,552
#5  (primary care or primary health-care or primary healthcare or first line care or primary medical care).ti,ab kf. 214,643
#6 4or5 268,838
#7  biological marker/ 383,158
#8  (biomarker* or surrogate end-point* or surrogate endpoint* or ((diagnostic or diagnosis or laboratory or lab) adj2 (test* or tool*)) or ((biologic* 888,129
or laboratory or serum or clinical or viral or biochemical or immunologic or immune or surrogate) adj2 marker*)).ti,ab kf.
#9  algorithm/ 320,519
#10 (algorism* or algorithm* or algorhythm®).ti,ab kf. 401,290
#11 exp artificial intelligence/ or exp machine learning/ 329,132
#12  (((machine or artificial*) adj2 (intelligen* or learning®)) or (neural* adj2 net*) or natural language processing* or NLP or (data adj2 mining*) or 219,247
(pattern® adj2 (recognition* or recogniz* or recognis®))).ti,ab,kf.
#13 7or8or9or10o0r 11 or 12 1,740,654
#14 3 and 6 and 13 262
Number of articles selected before removing duplicates 262
The search strategy for Ovid MEDLINE(R) ALL <1946 to May 26, 2022>
No. Search strategy Results
#1  exp Fatty Liver/ 41,440
#2  (steatohepatitis or steatohepatitides or steatohepatopathy or steato-hepatosis or steatohepatosis or steatotic hepatopathy or hepatic lipidosis or 120,853
hepatic steatosis or hepato-steatosis or hepatolipidosis or hepatosteatosis or ((fat or fatty or steatosis or steatotic or fibrosis or cirrhosis or
lipidosis) adj3 liver®)).ti,ab,kf.
#3 lor2 128,793
#4  exp Primary Health Care/ 183,016
#5  (primary care or primary health-care or primary healthcare or first line care or primary medical care).ti,ab,kf. 163,121
#6 4or5 277,743
#7  Biomarkers/ 330,207
#8  (biomarker* or surrogate end-point* or surrogate endpoint* or ((diagnostic or diagnosis or laboratory or lab) adj2 (test* or tool*)) or ((biologic* 591,536
or laboratory or serum or clinical or viral or biochemical or immunologic or immune or surrogate) adj2 marker¥)).ti,ab kf.
#9  exp algorithms/ 395,426
#10 (algorism* or algorithm* or algorhythm*).ti,ab,kf. 314,627
#11 exp Artificial Intelligence/ 146,900
#12 (((machine or artificial*) adj2 (intelligen* or learning*)) or (neural* adj2 net*) or natural language processing* or NLP or (data adj2 mining*) or 180,774
(pattern* adj2 (recognition* or recogniz* or recognis*))).ti,ab kf.
#13 7or8o0r9or10o0r 11 or12 1,419,847
#14 3 and 6 and 13 162
Number of articles selected before removing duplicates 162
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The search strategy for Cochrane Library
No. Search strategy Results
#1  MeSH descriptor: [Fatty Liver] explode all trees 1,602

#2  (steatohepatitis or steatohepatitides or steatohepatopathy or “steato-hepatosis” or steatohepatosis or “steatotic hepatopathy” or “hepatic lipidosis” 12,895
or “hepatic steatosis” or “hepato-steatosis” or hepatolipidosis or hepatosteatosis or ((fat or fatty or steatosis or steatotic or fibrosis or cirrhosis or
lipidosis) NEAR/3 liver*)):ti,ab,kw

#3  #1 OR #2 12,897
#4  MeSH descriptor: [Primary Health Care] explode all trees 8,315
#5  (“primary care” or “primary health-care” or “primary healthcare” or “first line care” or “primary medical care”):ti,ab,kw 23,268
#6  #4 OR #5 26,649
#7  MeSH descriptor: [Biomarkers] this term only 15,577

#8  (biomarker* or surrogate NEXT end NEXT point* or surrogate NEXT endpoint* or ((diagnostic or diagnosis or laboratory or lab) NEAR/2 (test* or 74,531
tool*)) or ((biologic* or laboratory or serum or clinical or viral or biochemical or immunologic or immune or surrogate) NEAR/2 marker*)):ti,ab,kw

#9  MeSH descriptor: [Algorithms] explode all trees 4,683
#10 (algorism* or algorithm* or algorhythm®):ti,ab,kw 15,271
#11 MeSH descriptor: [Artificial Intelligence] explode all trees 1,369
#12 (((machine or artificial*) NEAR/2 (intelligen* or learning®)) or (neural* NEAR/2 net*) or natural language processing* or NLP or (data NEAR/2 5,724
mining*) or (pattern* NEAR/2 (recognition* or recogniz* or recognis*))):ti,ab,kw

#13 #7 OR #8 OR #9 OR #10 OR #11 OR #12 92,738
#14 #3 AND #6 AND #13 24

Number of articles selected before removing duplicates 24

The search strategy for Scopus
No. Search strategy Results

(TITLE-ABS-KEY (steatohepatitis OR steatohepatitides OR steatohepatopathy OR “steato-hepatosis” OR steatohepatosis OR “steatotic hepatopathy”
OR “hepatic lipidosis” OR “hepatic steatosis” OR “hepato-steatosis” OR hepatolipidosis OR hepatosteatosis OR ((fat OR fatty OR steatosis OR
steatotic OR fibrosis OR cirrhosis OR lipidosis) W/2 liver*))) AND (TITLE-ABS-KEY (“primary care” OR “primary health-care” OR “primary healthcare”
OR “first line care” OR “primary medical care”)) AND ((TITLE-ABS-KEY (biomarker* OR “surrogate end-point*” OR “surrogate endpoint*” OR
((diagnostic OR diagnosis OR laboratory OR lab) W/1 (test* OR tool*)) OR ((biologic* OR laboratory OR serum OR clinical OR viral OR biochemical
OR immunologic OR immune OR surrogate) W/1 marker*))) OR (TITLE-ABS-KEY (algorism* OR algorithm* OR algorhythm*)) OR (TITLE-ABS-KEY
(((machine OR artificial*) W/1 (intelligen* OR learning*)) OR (neural* W/1 net*) OR “natural language processing*” OR nlp OR (data W/1 mining*)
OR (pattern* W/1 (recognition* OR recogniz* OR recognis*)))))

Number of articles selected before removing duplicates 225

The search strategy for Google Scholar

No. Search strategy Results*
#1 fatty liver primary health care 30
#2 fatty liver primary health care algorithm 30
#3 fatty liver primary health care artificial intelligence 30
#4 fatty liver primary health care biomarker 30
#5 fatty liver primary health care diagnostic tool 30
#6 fatty liver primary health care laboratory test 30
#7 fatty liver primary health care machine learning 30
#8 fatty liver primary health care neural networks 30

Number of articles selected before removing duplicates 240

* Eight different searches was conducted, as Google Scholar does not work well with longer searches.
For each search, the first 30 articles were selected (articles with the highest Google Page Rank).






	Abstract
	1.  Introduction
	2.  Methods
	2.1.  Exclusion criteria

	3.  Results
	3.1.  The included papers grouped by strategy and population
	3.1.1.  Identification of patients with NAFLD (specifically fibrotic NASH) among risk groups
	3.1.2.  Characterize patients with recognized NAFLD in primary care
	3.1.3.  Screen for NAFLD in low-prevalence populations
	3.1.4.  Sequential testing of high-risk populations
	3.1.5.  Usage of two-dimensional shear wave elastography for staging NAFLD in primary care
	3.1.6.  Association between biomarkers and fatty liver disease


	4.  Discussion
	4.1.  General summary of main findings
	4.2.  Comparison with current guidelines
	4.3.  Future directions

	5.  Conclusion
	6.  Expert opinion
	Abbreviations
	Funding
	Declaration of interests
	Reviewer disclosures
	Acknowledgments
	References
	Appendix The search strategy for the scoping review

