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Abstract

Non-alcoholic fatty liver disease (NAFLD) is the leading cause of chronic liver disease, and liver fibrosis is the strongest
predictor of morbimortality. We aimed to assess the performance of a sequential algorithm encompassing the Fibrosis 4
(FIB-4) and Enhanced Liver Fibrosis (ELF) scores for identifying patients at risk of advanced fibrosis. This cross-sectional
study included one hospital-based cohort with biopsy-proven NAFLD (n = 140) and two primary care cohorts from different
clinical settings: Type 2 Diabetes (T2D) follow-up (n=141) and chronic liver disease (CLD) initial study (n=138). Logis-
tic regression analysis was performed to assess liver fibrosis diagnosis models based on FIB-4 and ELF biomarkers. The
sequential algorithm retrieved the following accuracy parameters in predicting stages F3—4 in the biopsy-confirmed cohort:
sensitivity (85%), specificity (73%), negative predictive value (79%) and positive predictive value (81%). In both T2D and
CLD cohorts, a total of 28% of patients were classified as stages F3—4. Furthermore, of all F3—4 classified patients in the
T2D cohort, 80% had a diagnosis of liver disease and 44% were referred to secondary care. Likewise, of all F3—4 classified
patients in the CLD cohort, 71% had a diagnosis of liver disease and 44% were referred to secondary care. These results sug-
gest the potential utility of this algorithm as a liver fibrosis stratifying tool in primary care, where updating referral protocols
to detect high-risk F3—4 is needed. FIB-4 and ELF sequential measurement is an efficient strategy to prioritize patients with
high risk of F3—4 in populations with metabolic risk factors.
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Introduction

Chronic liver disease (CLD) is a major cause of mortal-
ity globally and leads to a substantial health-care burden

David M. Selva and Francisco Rodriguez-Frias have contributed [1]. CLD often presents asymptomatically until advanced
equally to this study.
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phases, when liver damage is irreversible and therapy can
only slow or stop progression of the disease [2, 3]. Non-
alcoholic fatty liver disease (NAFLD) is the leading cause of
CLD worldwide, affecting 17-46% of adults in high-income
countries [4—6]. Around 20% of patients with NAFLD pro-
gress to nonalcoholic steatohepatitis (NASH) with various
degrees of fibrosis and eventually cirrhosis and hepatocel-
lular carcinoma [7]. Liver fibrosis is the strongest predictor
of clinically meaningful outcomes, including decompensa-
tion, cardiovascular and liver-related morbimortality [8—10].

The tools used in the screening of CLD with advanced
fibrosis are paramount to designing and implementing effi-
cient, sustainable, and equitable health-care pathways both
in the general population at community and primary care
centers and special populations at high-risk. NAFLD and
metabolic syndrome (MetS) are intimately related entities
[11]. Additionally, Type 2 Diabetes Mellitus (T2D) is a
well-known risk factor for NAFLD [12]. The prevalence of
NAFLD among T2D patients increases to 60—80%, and it
has been consistently shown that T2D also acts as a trigger
by promoting the progression to NASH and advanced liver
fibrosis [5, 13].

The gold standard of NAFLD diagnosis is based on histo-
logical assessment by liver biopsy. Liver biopsy is an inva-
sive procedure that can lead to complications [14] and a sig-
nificant diagnostic error rate [15, 16]. Use of liver biopsy is
largely limited to screening liver disease on a large scale. In
recent years, noninvasive markers as 13C Methacetin Breath
Test, which assess microsomal liver function [17], or tech-
niques have been proposed for the screening of liver disease,
such as transient elastography (TE) and acoustic radiation
force impulse shear wave elastography (ARFI), which can
predict and monitoring significant fibrosis from different
etiologies [18-20]. TE has proven to be cost-effective for
population screening of liver fibrosis [21], but its availabil-
ity is currently limited in primary care centers and requires
certain training for operators [22].

Several serum biomarkers and panels have been devel-
oped to detect significant liver fibrosis (equivalent to F2—F3
fibrosis stages in liver biopsy) or advanced liver fibrosis
(F3-F4) in NAFLD patients [23, 24]. Fibrosis 4 score (FIB-
4) was initially defined to predict significant fibrosis in
patients with HIV/HCV coinfection [25]. FIB-4 performs
best at excluding advanced fibrosis (with negative predictive
values >90%) and is, therefore, commonly used as a first-
line triage to identify patients at low risk of severe fibrosis
[26]. Current guidelines by the European Association for the
Study of the Liver propose two FIB-4 cut-off points (1.3 and
2.67) to rule out advanced fibrosis according to the age of
the patient [27]. However, some reports suggest that FIB-4
accuracy might be impaired amongst patients with T2D [28].
The Enhanced Liver Fibrosis Test (ELF™, Siemens Health-
ineers, Tarrytown, NY, USA) is a blood panel that combines
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results for tissue inhibitor of matrix metalloproteinase type 1
(TIMP-1), hyaluronic acid (HA), and aminoterminal propep-
tide of type III procollagen (PIIINP) into a single score or
index. All three markers are involved in hepatic extracellular
matrix metabolism (fibrinolysis or fibrinogenesis). Different
cut-off values have been described to stratify patients into
none to mild fibrosis, moderate fibrosis, and severe fibrosis
[29, 30]. The ELF score has shown excellent accuracy for
the non-invasive diagnosis of advanced fibrosis in different
cohorts [31]. In addition, The ELF score is able to predict
clinical outcomes [26].

Several reports have provided information on the perfor-
mance of a sequential algorithm including FIB-4 and ELF
into routine primary care, where the active participation of
general practitioners and physicians who manage patients
with metabolic disorders is crucial [32, 33]. There is poor
application of these based-on biomarker algorithms in our
health system, and their implementation is needed in clini-
cal laboratories to detect patients with high risk of advanced
fibrosis. Detecting patients at high risk of advanced fibrosis
would strongly facilitate further advanced fibrosis screening.
Use of a FIB-4 and ELF sequential algorithm would be espe-
cially useful for primary health care, where the knowledge
about degree of liver fibrosis is limited [34-36].

We aimed to assess a FIB-4 and ELF algorithm to diag-
nose liver fibrosis in a NASH cohort and propose its appli-
cation to stratify the risk of fibrosis in two primary care
cohorts with liver-related comorbidities.

Materials and methods

We performed a cross-sectional study, including consecu-
tive subjects diagnosed with NASH from January 2016
to December 2019 at the Liver Unit of the Vall d’Hebron
University Hospital, Barcelona, Spain. The study was con-
ducted according to the Declaration of Helsinki and was
approved by the local ethics committee (PR(AG)601/2020).
Liver and biochemical samples from patients included in
this study were provided by the Vall d’Hebron University
Hospital Biobank (PT17/0015/0047), integrated in the Span-
ish National Biobanks Network, and they were processed
following standard operating procedures with the appropri-
ate approval of the ethical and scientific committees. Serum
samples were drawn at the same time that liver biopsy was
performed (if applicable), as per protocol. All participants
had previously signed the informed consent.

NASH cohort

Inclusion criteria: (a) age > 18 years. (b) NASH diagnosis
by liver biopsy.



Internal and Emergency Medicine (2024) 19:745-756

747

Exclusion criteria: (a) potentially harmful alcohol con-
sumption (> 30 g/day for men and > 20 g/day for women),
(b) other causes of liver disease (viral or autoimmune hepa-
titis, hereditary hemochromatosis, alcoholic liver disease,
liver transplantation, etc.), (c) hepatotoxic drugs, and (d)
uncontrolled endocrine diseases (hypothyroidism, hypercor-
tisolism, etc.).

Liver histology was evaluated according to the Clinical
Research Network (CRN) NASH criteria [37]: (a) steatosis
was scored 0-3 (b) lobular inflammation was scored 0-3
(c) ballooning (marker of cell injury) was scored 0-2 (d)
NASH activity score corresponded to the unweighted sum
of the scores for steatosis, lobular inflammation and bal-
looning; finally, (e) fibrosis was staged 0—4. Advanced liver
fibrosis was defined as the presence of fibrosis grades 3—4 in
the histological evaluation. Furthermore, TE (FibroScan®)
and ultrasonography measures were performed in the entire
cohort. Steatosis was graded as follows: Absent (score 0),
echotexture of the liver is normal; mild (score 1), slight and
diffuse increase of liver echogenicity with normal visualiza-
tion of the diaphragm and of the portal vein wall; moder-
ate (score 2), moderate increase of liver echogenicity with
slightly impaired appearance of the portal vein wall and
the diaphragm; severe (score 3), marked increase of liver
echogenicity with poor or no visualization of portal vein
wall, diaphragm, and posterior part of the right liver lobe
[38]. The grading of fibrosis was obtained using Fibroscan
502 Touch devices (Echosens, Paris, France) equipped with
M and XL probes. All measurements were performed by a
specialized health-care professional experienced with the
procedure. TE measurements were performed under usual
and manufacturer standards. A liver stiffness measurement
was considered reliable if an interquartile range/median
(IQR/M) ratio < 0.30 was achieved, and only examinations
with at least 10 individual measurements were deemed valid
[27, 39, 40].

Primary care cohorts

Since Vall d’Hebron Hospital Clinical Laboratories pro-
vides clinical analysis service to primary care patients, we
decided to include a population of patients that are regularly
monitored at the analytical level in our hospital. To simplify
and increase the efficiency of requesting analytical tests in
a routine care setting, the Catalonian Health System has
implemented a set of Primary Care Protocols (PCPs) with
multiple tests. Community clinicians can request those PCPs
that better suit each clinical situation or diagnostic suspicion.
The PCPs considered were T2D annual follow-up and initial
study of CLD.

Inclusion criteria: (a) age > 18 years, (b) T2D diagnosis
defined according to the American Diabetes Association
(ADA) guidelines [41], for the primary care T2D cohort,

(c) suspicious liver disease: alcohol-related liver disease,
chronic viral hepatitis, non-alcoholic liver steatosis, meta-
bolic syndrome-related liver disease, autoimmune hepatitis,
hepatotoxic drugs or CLD of unknown etiology, for the pri-
mary care CLD cohort.

Exclusion criteria: uncontrolled endocrine diseases
(hypercortisolism, etc.).

These cohorts were included as a real-world study of the
degree of liver fibrosis diagnosis, so liver samples were not
available.

Biomarker measurement and noninvasive models
of diagnosis of liver fibrosis

Hepatic insulin resistance (IR) was indirectly evaluated
using the Homeostatic Model Assessment for Insulin Resist-
ance (HOMA-IR), based on the formula [fasting glucose
(mg/dl)*fasting insulin (pU/mL)/405] [42]. A cut-off >3.02
has been described as a marker of IR in Caucasian popu-
lation [43]. Patients with T2D on insulin treatment were
excluded from the calculation of HOMA-IR.

The FIB-4 score was calculated following the formula:
(age [years] X AST [U/L])/(platelets [10°/L] x (ALT
[U/L]D"?) [26], and the ELF score was measured by immu-
noassay on ADVIA Centaur® analyzers (Siemens Healthcare
Diagnostics Inc., Tarrytown, NY, USA) [30].

Different liver fibrosis diagnosis models, non-significant
fibrosis (FO-1) and advanced fibrosis (F3-4), were assessed
in the biopsy-confirmed NASH cohort according to nonin-
vasive biomarker results, considering liver biopsy as gold
standard; namely, FIB-4 alone, ELF alone, FIB-4 and ELF
in multivariate analysis, and FIB-4 and ELF in a sequential
algorithm. The sequential algorithm involved an initial FIB-4
calculation in all patients. Those with FIB-4 < 1.30 were
classified as FO-1 and those with FIB-4 >2.67 were clas-
sified as F3—4. In patients with FIB-4 intermediate values
(1.30<FIB-4 <2.67), ELF was measured, where ELF < 8.30
indicated FO-1 and ELF >9.50 indicated F3—4. Patients
with intermediate values in ELF test (8.30 <ELF <9.50)
were classified as high risk of F2-4. Additionally, FibroS-
can measurement was included for high-risk F3—4 fibrosis
to complement the noninvasive diagnosis in the sequential
algorithm.

The sequential algorithm was assessed in primary care
cohorts (T2D and CLD) to estimate the degree of liver fibro-
sis diagnosis, according to the evidence of liver disease in
patients’ medical records (i.e., confirmed by TE, magnetic
resonance or ultrasonography findings).

Statistical analysis

The distribution of data was assessed by the Kolmogo-
rov—Smirnov test. ANOVA and Kruskal-Wallis tests were
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used to compare quantitative variables which followed a
Gaussian distribution or not, respectively. Chi-squared test
was used to compare proportions.

Logistic regression and Area Under Curve of Receiver
Operator Characteristic (AUC-ROC) analysis were per-
formed to assess liver fibrosis diagnosis models based on
noninvasive biomarkers (FIB-4 and ELF). Parameters of
diagnosis accuracy where calculated based on cut-offs pro-
posed. All statistical analyses were performed with R-com-
mander (R-UCA package, v.2.6-2).

Results
Characteristics of the study cohort

A total of 140 NASH patients fulfilling inclusion criteria
were identified. Furthermore, 141 T2D primary care patients
and 138 CLD primary care patients were included. Base-
line characteristics of the three groups are shown in Table 1.
Anthropometric variables (body mass index and waist cir-
cumference) were similar between NASH and T2D primary

care cohorts and higher than CLD primary care patients,
as well as glucose and lipids metabolism parameters (fast-
ing glucose, HOMA-IR, triglycerides, cholesterol LDL and
HDL).

In the NASH cohort, 66% were diabetics (n=93). T2D
treatment approaches included metformin (77%), either
as a single treatment (27%) or co-administered with insu-
lin (23%), glucagon-like peptide-1 (GLP-1) analogs (9%),
inhibitors of sodium—glucose cotransporter-2 (iSGLT2)
(12%), or inhibitors of dipeptidyl peptidase IV (iDPP-1V)
(6%); insulin alone (9%), and diet only (14%).

Biopsy, ultrasonography and biomarkers results of NASH
cohort are shown in Table 2. The majority of patients had
steatosis 0—1 (n=90) by histological study and mild stea-
tosis (n=_80) by ultrasonography measure, but only 50 of
them had the similar classification. Otherwise, both FIB-4
and ELF biomarkers and TE measures showed increasing
values with higher degrees of fibrosis.

In the T2D primary care cohort, treatment approaches
included metformin (42%), insulin (7%), GLP-1 analogs
(7%), iISGLT2 (9%), iDPP-1V (11%), sulfonylureas (7%)
and diet only (17%).

Table 1 Clinical characteristics in the cohorts studied. Values are mean (standard deviation), number (%) or median (Q1-Q3)

Variable NASH (n=140) Primary care T2D (n=141) Primary care CLD (n=138) P value
Age (years) 59 (10) 57 (10) 56 (11) 0.093
Sex. Female 81 (58%) 71 (50%) 68 (49%) 0.294
BMI (kg/m?) 32 (5) 32(7) 27 (5) <0.001°
Waist circumference (cm) 108 (12) 104 (13) 92 (10) <0.001*
Fasting glucose (mg/dL) 129 (55) 148 (69) 90 (19) <0.001°
HbAlc (%) 6.5(1.4) 7.5 (1.8) 5.7 (0.6) <0.001"
HOMA-IR 7.41 (6.40) 5.41 (4.04) 1.97 (1.07) <0.001*
Triglycerides (mg/dL) 153 (113-206) 156 (112-204) 109 (77-153) <0.001*
Cholesterol LDL (mg/dL) 116 (37) 116 (43) 137 (37) <0.001*
Cholesterol HDL (mg/dL) 49 (12) 48 (12) 55 (15) <0.001*
ALT (IU/L) 46 (31-71) 26 (20-40) 24 (21-32) <0.001°¢
AST (IU/L) 42 (29-59) 31 (20-49) 24 (15-33) <0.001”
GGT (IU/L) 73 (41-160) 43 (27-71) 29 (19-49) <0.001°¢
FIB-4 1.50 (1.06-2.38) 1.19 (0.85-1.53) 1.29 (0.92-1.78) <0.001°¢
ELF 9.57 (8.90-10.44) 9.66 (9.13-10.23) 9.41 (8.90-10.22) 0.367
Fibroscan 11.75 (9.00-17.08)
Ultrasonography

Mild steatosis 63 (45%)

Moderate steatosis 43 (31%)

Severe steatosis 34 (24%)

Bold values indicate statistical significance

BMI body mass index, HOMA-IR homeostasis model assessment of insulin resistance, ALT alanine aminotransferase, AST aspartate aminotrans-
ferase, GGT gamma-glutamyl transpeptidase, FIB-4 fibrosis 4 score, ELF enhanced liver fibrosis

Significant differences between NASH and primary care T2D vs primary care CLD groups

bSignificant differences between all groups

“Significant differences between NASH vs primary care T2D and primary care CLD groups
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Table 2 Summary of biopsy findings, ultrasonography measures and FIB-4, ELF and Fibroscan values in the NASH cohort

Biopsy results

Ultrasonography

Steatosis Mild steatosis Moderate steatosis Severe steatosis
0-1 90 (64%) 50 (36%) 25 (18%) 15 (11%)
2 39 (28%) 10 (7%) 14 (10%) 15 (11%)
3 11 (8%) 3(2%) 4 (3%) 4 (3%)
NASH activity score

<3 55 (39%)

4 40 (29%)

5 27 (19%)

>6 18 (13%)
Fibrosis FIB-4 ELF Fibroscan
0-1 38 (27%) 1.04 (0.85-1.36) 8.93 (8.52-9.47) 9.00 (7.90-10.80)
2 23 (17%) 1.50 (1.08-1.82) 9.31 (8.83-9.75) 9.65 (7.88-12.45)
3-4 79 (56%) 1.95 (1.44-3.01) 10.10 (9.22-10.91) 15.00 (10.95-20.90)

Values are number (%) for biopsy and ultrasonography results and median (Q1-Q3) for FIB-4, ELF and Fibroscan measures

Diagnostic approaches for CLD in the primary care
cohort were alcohol-related liver disease (8%), chronic
hepatitis C infection (4%), non-alcoholic steatosis (15%),
metabolic syndrome-related liver disease [high blood
pressure (11%), dyslipidemia (20%), obesity (4%), hyper-
uricemia (6%) and hypothyroidism (6%)], liver cancer
(1%), gastroenterological and liver lithiasis diseases (7%),
cardiovascular disease (3%) and others (15%).

Noninvasive models of diagnosis of liver fibrosis
in NASH cohort

Nonsignificant fibrosis (FO-1) and advanced liver fibrosis
(F3—4) diagnosis models evaluated in the NASH cohort
were: FIB-4 alone, ELF alone, FIB-4 and ELF in multi-
variate analysis and FIB-4 and ELF sequential algorithm.
Summary of data and diagnostic accuracy parameters for all
models is shown in Table 3.

The FIB-4 index alone showed the highest specific-
ity (98%) and positive predictive value (PPV) (97%) in

Table 3 Model comparison for liver fibrosis diagnosis in the whole NASH cohort

Diagnosis  Cut-off AUC IC95% Sensi-  IC95% Speci- 1C95% PPV (%) 1C95% NPV (%) 1C95%

tivity ficity

(%) (%)

FIB-4 FO-1 <l1.3 0.79 0.71-0.86 68 51-83 75 65-83 50 36-64 86 76-93
F3-4 >2.67 0.80 0.72-0.86 35 25-47 98 91-100 97 82-100 55 45-64
ELF FO-1 <8.30 0.76  0.68-0.83 18 8-34 94 88-98 54 25-81 76 67-83
F3-4 >9.50 0.76  0.68-0.83 68 57-78 70 57-82 75 63-85 63 51-75
Multivariate FO-1 - 0.81 0.73-0.87 61 46-77 82 71-94 56 39-71 85 76-91
regression  F3_4 - 0.81 0.73-0.87 80 71-89 70 60-81 78 67-86 73 61-84
Algorithm  FO-1 Combined® 0.76  0.68-0.83 71 57-85 81 69-94 58 43-72 88 80-90
F3-4 Combined® 0.74  0.66-0.81 85 78-91 73 64-83 81 69-89 79 64-89
F24 Combined® 0.62 0.43-0.80 88 65-96 58 43-73 85 66-97 50 36-63
F>2 Combined® 0.76  0.68-0.83 81 72-88 71 54-85 89 81-95 57 41-72
TE F>2 >8 kPa 0.78 0.70-0.84 90 83-96 30 1647 77 68-84 55 31-78

AUC area under curve, PPV predictive positive value, NPV negative predictive value

FIB-4 < 1.30 or 1.30<FIB-4 <2.67 and ELF < 8.30
®FIB-4>2.67 or 1.30 < FIB-4 <2.67 and ELF >9.50
°1.30<FIB-4 <2.67 and 8.30 <ELF <9.50

@ Springer



750

Internal and Emergency Medicine (2024) 19:745-756

predicting stages F3—4 comparing with the sequential algo-
rithm (73% and 81%, respectively). However, the sensitivity
and negative predictive value (NPV) for F3—4 were the low-
est in FIB-4 alone comparing with the rest of models, being
of 85% and 79%, respectively, in the sequential algorithm.
Furthermore, ELF alone pointed to the highest specific-
ity (94%) in predicting stages FO—1 versus the sequential
algorithm, which only reached a 71%. However, the rest of
parameters were lower than the sequential algorithm, high-
lighting the sensitivity for FO—1 and F3—4 diagnosis. On the
other hand, multivariate model achieved lower diagnostic
accuracy parameters than sequential algorithm but more
compensated than the FIB-4 and ELF alone. Overall PPV
was 81% (high risk) and NPV was 79% (low risk), for F3—4
diagnosis in the sequential algorithm (Fig. 1). Furthermore,
this algorithm pointed to high-risk significant fibrosis (F2—4)
for FIB-4 and ELF intermediate values, where sensitivity

Fig.1 Algorithm of advanced
fibrosis diagnosis in NASH
cohort

and PPV were 88% and 85%, respectively. This classifica-
tion was not possible when FIB-4 or ELF alone application.
Finally, due to the high prevalence of T2D in the NASH
cohort and its possible limitation in the FIB-4 interpreta-
tion, the accuracy of the sequential algorithm was evalu-
ated separately between the T2D patients and non-diabetic
subjects. The diagnostic performance parameters are shown
in Table 4.

Additionally, FibroScan measurement was included for
patients classified as high risk of F3—4 and F2—4. Ninety
percent of F>2 high risk patients demonstrated a TE
value > 8 kPa [23]. Alternatively, TE cut-offs > 9.6 kPa
and > 7.0 kPa were applied for F3—4 and F2—4 classifi-
cations, respectively; both cut-offs have been described
previously with high diagnostic performance in NAFLD
[44]. Eighty two percent of F3—4 high-risk patients dem-
onstrated a TE value > 9.6 kPa, and 96% of F2—4 high-risk

FIB-4index

FIB-4<1.30
NPV:80.5%

Low risk F3-4
NPV:79.3%

ELF < 8.30
NPV:60.0%

FIB-42>2.67
PPV: 96.6%

FIB-4:1.30-2.66
Intermediate risk

High riskF3-4
PPV: 80.9%

ELF: 8.30-9.49 ELF 2 9.50

Intermediate risk

PPV: 69.2%

High risk F2-4
PPV: 84.6%

Table 4 Accuracy of sequential algorithm in the NASH patients with T2D and NASH patients without T2D

Diagnosis Cut-off AUC IC95% Sensi-  IC95%  Speci- IC95% PPV (%) 1C95% NPV (%) IC95%
tivity ficity
(%) (%)
FO-1 With T2D Combined® 0.80 0.71-0.88 75 52-90 86 7490 52 29-76 94 85-98
Without T2D 0.70  0.55-0.83 68 43-84 68 49-87 65 43-85 71 48-86
F34 With T2D Combined® 0.77  0.67-0.85 89 7997 77 60-92 91 80-97 74 54-91
Without T2D 0.61 046-0.75 64 38-88 68 53-86 60 39-87 83 58-97
F2-4  With T2D Combined® 0.71  0.55-0.86 88 64-99 52 31-73 88 61-99 46 25-68
Without T2D 0.74  0.56-0.88 88 61-100 65 43-84 78 4295 53 35-71

“FIB-4 < 1.30 or 1.30 <FIB-4 <2.67 and ELF < 8.30
"FIB-4>2.67 or 1.30 <FIB-4 <2.67 and ELF>9.50
°1.30<FIB-4<2.67 and 8.30 <ELF <9.50

AUC area under curve, PPV predictive positive value, NPV negative predictive value
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patients demonstrated a TE value > 7.0 kPa. The diagnos-
tic performance parameters of F>2 diagnosis for both TE
and algorithm are summarized in Table 3.

Application of biomarkers in the primary care
cohort

The liver fibrosis diagnostic sequential algorithm was
applied on the primary care cohorts of T2D and CLD
to compare with the NASH cohort. In both T2D (n=40)
and CLD (n=238) primary care cohorts, a total of 28%
of patients were classified as stages F3—4. Fifty-seven
percent of patients were classified as FO—-1 in the T2D pri-
mary care cohort (n=281) and 53% of patients were clas-
sified as FO—1 in the CLD primary care cohort (n=73)
(Fig. 2). Additionally, a 14% (n=20) of the T2D and a
20% (n=28) of the CLD cohort patients were classified
as F2—-4.

Regarding clinical management and diagnostic evi-
dence of liver disease in medical records, 80% of all F3—4
classified patients in the T2D cohort had steatosis as sign
of liver disease based on ultrasonography techniques,
where in addition, 12% of all F3-4 classified patients
in the T2D cohort had a TE value > 9.6 kPa. Forty-four
percent of F3—4 classified patients in the T2D cohort were
referred to secondary care, such as to a gastroenterologist,
endocrinologist, or hepatologist.

In the CLD cohort, 71% of F3—4 classified patients
had steatosis as sign of liver disease based on sonography
techniques, where in addition, 11% of all F3-4 classi-
fied patients in the CLD cohort had a TE value > 9.6 kPa.
Forty-two percent of F3—4 classified patients in the CLD
cohort were referred to secondary care, such as to a gas-
troenterologist or hepatologist.

m NASH

Discussion

Our results show the need and opportunity to implement
algorithms for risk stratification of liver fibrosis based on
biomarkers in patients with diagnostic suspicion of NAFLD,
mainly those with NASH [45, 46]. Metabolic comorbidities,
i.e., T2D, obesity, and dyslipidemia are the current targets
for the detection of CLD [3], to such an extent that NAFLD
is considered the liver manifestation of metabolic syndrome
[47]. There are likely to be varying susceptibilities to the
development of fibrosis in response to a similar amount of
inflammatory liver injury, but NASH is probably the main
driver of fibrosis progression and is a more dynamic entity
than fibrosis [34].

NASH and T2D primary care cohorts showed similar
values of analytes related to glucose and lipids metabo-
lism (Table 1), reflexing the narrow association between
both identities, which occurs in bidirectional ways [48, 49].
Insulin resistance plays a key role in the pathophysiology of
NASH and fibrosis development, measured by HOMA-IR
calculation [50-52]. Therefore, suspicion of liver fibrosis
in an IR context and other metabolic comorbidities is war-
ranted, as occurs in the NASH cohort, where the high F3—4
prevalence coexists with the HOMA-IR suggestive of IR
[53, 54].

The misdiagnosis of NASH and fibrosis after liver biopsy
occurs frequently, where 23% of discordances can be attrib-
uted to a biopsy error, and the degree of fibrosis estimated
by TE is greater than biopsy in 89% of those cases [55, 56].
This misdiagnosis is shown in Table 2, where the FO-1
NASH patients had a TE median value suggestive of sig-
nificant fibrosis. A poor correlation between steatosis degree
by ultrasonography and liver biopsy was shown too, restrict-
ing their application in the liver disease severity stratifica-
tion. Thus, FIB-4 and ELF can be useful tools to screen
suspicious patients of liver fibrosis, complementary to TE

T2D primary care CLD primary care

Fig.2 Liver fibrosis estimation 100 -
of the sequential algorithm in
the three study cohorts. NASH 30 1
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T2D Type 2 diabetes, CLD
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measurement to reinforce this diagnosis, as practiced in our
NASH cohort, where TE and biomarkers values focused on
the same diagnosis (Table 2). Used in this way, their optimal
use can reduce the need for liver biopsy [23].

FIB-4 is a simple index composed of current routine
laboratory tests, initially developed to rule out advanced
fibrosis in patients coinfected with HIV/HCV [25]. It has
been demonstrated that FIB-4 allows appropriate identifi-
cation of NAFLD patients at a higher risk of developing
liver-related complications or death [57]; currently, FIB-4
is recommended by the EASL-Lancet Liver Commission
for stratification of individuals at risk of liver disease [1]. In
the NASH cohort, PPV of FIB-4 index for F3—4 was 97%,
being enough for high-risk advanced fibrosis classification
[58]; however, to solve the low NPV (55%) when FIB-4
value < 2.67, a second step of fibrosis screening is needed.

The ELF score has been reported as a good biomarker of
liver fibrosis detection [59] and it has been applied to detect
NASH in obese patients with NAFLD [60]. In addition, ELF
has been used to detect F2-3 [61] or F3—4 with ELF>9.8
[62] and for F3—4 exclusion with ELF < 8.4 [29]. Also,
ELF > 10.4 can predict clinical outcomes in patients with
CLD [63]. Normal values are age dependent and this fact
can limit predictive values when aging [61], but, because the
higher sensitivity for F3—4 diagnosis than FIB-4 is observed
in our results (68%), its implementation in practical assis-
tance has been proposed as a cost-effective option compared
to a single liver biopsy [64].

The algorithm proposed has higher diagnostic accuracy
parameters for fibrosis diagnosis than the bivariate model
(Table 3). It can be developed in one step from one blood
drawn, saving physicians consultations, and it allows to
guide a preliminary diagnosis from high-risk population of
advanced CLD. This algorithm combines the high specificity
of FIB-4 to discard F3—4 with the high sensitivity of ELF
to detect F3—4 by sequential measure by combining use of
two cut-off points. The limited use of individual biomarkers
for the F2 detection is solved in the sequential algorithm,
which achieved a high PPV (84.6%) for F2-4 when FIB-4
and ELF demonstrate intermediate values. Thus, the lower
cut-off point proposed in ELF score allows FO-1 detection
with high specificity (ELF < 8.30) when alone use, but also
F2—4 detection (ELF > 8.30) with high sensitivity in combi-
nation to FIB-4 intermediate values.

Different scenarios of liver fibrosis detection have been
reported, where management in primary care or referral to
specialist depends on F3-4 risk [34]. An initial FIB-4 calcu-
lation followed by ELF measurement in intermediate cases
have an impact on total health care save of 25% and a reduc-
tion in hospital referrals of 70% [35].

Finally, when TE measurement is available, it can com-
plement this biomarker-based algorithm (as performed in
our NASH cohort) to reduce liver biopsy necessity. In our

@ Springer

case, we showed a concordance of 90% of TE measurements
for F>2 using the consensus cut-off > 8 kPa [23, 27]. How-
ever, since the algorithm provided both an F3—4 and F2-4
high-risk classifications in separate groups, adjusting worth-
while TE cut-offs in a population at high risk for advanced
liver disease, as represented by the NASH cohort studied,
may provide an advantage for the degree of liver fibrosis
diagnostic confirmation [65, 66]. Meanwhile, the diagnos-
tic sensitivity of F>2 offered by the TE measurement was
optimal; however, the lower specificity (30% versus 71%
provided by algorithm) makes its use as a screening tech-
nique not advisable, but rather to be used in FIB-4 > 1.3
results, as the algorithm with the ELF combination measure-
ment offers. In addition, the low availability of TE measure-
ment limits its implementation on a large scale, so the use of
biomarker-based on algorithms is more affordable, as well
as stratifying in F3—4 and F2—4 high-risk different groups.
So, it is worth developing safe and easily accessible nonin-
vasive modalities to accurately diagnose NASH associated
fibrosis [67].

The algorithm was proven in T2D and CLD primary care
clinical settings in a pilot study. The T2D and CLD patients
followed standard of care and only had a steatosis diagnosis
in the majority of cases despite metabolic comorbidities—
where T2D has been considered the main metabolic risk
factor of advanced fibrosis [5, 49, 68]. So, liver fibrosis has
to be suspicious in these patients, particularly when diag-
nosed with CLD [69]. Risk factor detection, such as, T2D,
obesity or metabolic syndrome, is the first step in the assess-
ment of liver fibrosis; subsequent imaging evidence of fat
accumulation or liver enzyme abnormalities can trigger the
non-invasive algorithm for advanced fibrosis detection [36].

Advanced fibrosis classification in both primary care
cohorts was lower than in the NASH cohort, but it was
28%, a percentage high enough to consider the necessity to
implement referral protocols to a secondary care specialist
[23]. Since 44% and 42% of high-risk F3—4 T2D and CLD
patients, respectively, were referred to a specialist and over
10% had previously a LS pathological measurement, the
sequential algorithm implementation would be appropriate,
because these patients would have benefited directly. This
fact also reflects the necessity to set up the current referral
protocols in our sanitary system to rescue the rest of high-
risk patients according to noninvasive biomarkers. An esti-
mation of the amount of ELF determinations and referrals to
specialists is needed to assess the economic impact. When
considering high-risk F2—4 patients, repeating biomarker-
based algorithm at primary care level or TE measure would
be recommended [1, 70]. Thus, the cut-offs fitting of the
biomarkers allows stratify at high-risk or intermediate-risk
of F3—4 and prioritize referral to specialist [66].

Guidelines have raised concerns regarding the need for
community NAFLD screening because of the progressive



Internal and Emergency Medicine (2024) 19:745-756

753

form to NASH—particularly associated with advanced fibro-
sis—indicating that it should be identified in patients at risk
[71]. In low-prevalence populations, noninvasive fibrosis
tests should be used for ruling out advanced fibrosis, but they
should be preferentially used in patients at risk of advanced
liver fibrosis (such as patients with metabolic risk factors)
and not in unselected general populations [27]. Additionally,
it has been established that NAFLD and NASH should be
suspected in patients with T2D, indicating that the clini-
cal decision must be supported by biomarker measurement
in addition to TE [2, 6, 72]. Of note, a 25% of T2D with
NAFLD and FIB-4 < 1.3 who underwent liver biopsy had
F3-F4 fibrosis (this percentage was 14% in patients without
T2D); a FIB-4 result < 1.30 should be considered with cau-
tion in patients with T2D, and TE could help to refine the
evaluation in this situation [28, 73]. In the NASH cohort
studied, T2D variable inclusion in the multivariate logistic
regression model did not improve the cases correctly clas-
sified (76%). Regarding the assessment of the algorithm in
diabetic and non-diabetic patients separately, the diagnos-
tic performance of FO-1 and F3—4 was higher in the T2D
patients, whereas classification of the F2—4 group was more
accurately done in patients without T2D. The high preva-
lence of F3—4 in T2D patients has been able to overcome the
25% of false negatives for FIB-4 < 1.3. On the other hand,
the higher prevalence of F2 in non-diabetics (65% versus
47% in T2D subjects) can explain the improvement of the
diagnostic accuracy for F2-4 in this sub-cohort.

Our study has some limitations that should be noted and
that restrict the extrapolation of our results to the general
population, such as: (a) the high proportion of advanced liver
fibrosis in the NASH cohort could overestimate the high-risk
F3—4 percentage in the primary care cohorts; (b) the absence
of a gold standard method to grade liver fibrosis in the T2D
and CLD primary care cohorts could limit the assessment
of the algorithm concordance and direct implementation.

In conclusion, noninvasive biomarkers for liver fibro-
sis diagnosis allow the detection of high-risk patients with
F3—-4—the main outcome in CLD associated with poor
prognosis in populations with metabolic risk factors. FIB-4
and ELF measurement in a sequential algorithm is a high
efficiency strategy to stratify the risk of liver fibrosis in one
step and prioritize patients attended at the primary care level
who need specialist management and treatment.
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