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Abstract
Aims/hypothesis We aimed to assess the application of the
recent European Association for the Study of the Liver
(EASL)–European Association for the Study of Diabetes
(EASD)–European Association for the Study of Obesity
(EASO) clinical practice guidelines for the management of
non-alcoholic fatty liver disease (NAFLD) in severely obese
individuals in routine clinical practice.
Methods We performed a single-centre retrospective observa-
tional study of 385 patients referred for severe obesity
(BMI ≥ 35 kg/m2) to our Endocrinology, Diabetes and
Nutrition department, between 1 November 2014 and 31
December 2015. The recent EASL–EASD–EASO clinical
practice guidelines for the management of NAFLD were ret-
rospectively applied to the cohort using, successively, the
NAFLD fibrosis score (NFS) and a combination of the NFS

and transient elastography (TE) measurement in a subgroup of
individuals.
Results We identified 313 (81.3%) individuals with NAFLD
in the cohort. The application of the EASL–EASD–EASO
guidelines using NFS would lead to referral to a specialist
for up to 289 individuals (75.1%) in the cohort. The combi-
nation of NFS and TE measurement reclassified 28 (25%)
individuals from the medium/high risk group to low risk and
would lead to the referral of 261 (67.7%) individuals to a
specialist. These proportions appear to be excessive given
the expected prevalence of advanced fibrosis and non-
alcoholic steatohepatitis (NASH) of around 10% and 30%,
respectively, in the severely obese population.
Conclusions/interpretation This is the first study to assess the
strategy proposed by the EASL–EASD–EASO clinical prac-
tice guidelines for the management of NAFLD in severely
obese individuals. The retrospective application of the guide-
lines in a cohort representing the routine clinical practice in
our department would lead to an excessive number of special-
ist referrals and would also lead to an unjustified increase in
health costs. Biomarkers and specific strategy for the screen-
ing of NASH and advanced fibrosis in morbidly obese indi-
viduals are thus crucially needed and would help to improve
the actual guidelines.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is a major cause of
chronic liver disease worldwide, especially in western coun-
tries [1]. Its prevalence is predicted to rise along with increas-
ing rates of obesity, type 2 diabetes and metabolic syndrome
[2]. Moreover, type 2 diabetes and obesity are independent
risk factors for the progression of NAFLD to non-alcoholic
steatohepatitis (NASH) and advanced fibrosis which increase
the risk of progression to cirrhosis, liver-related mortality and
hepatocellular carcinoma [2, 3] as well as increasing cardio-
vascular and overall mortality [4, 5]. The recent European
Association for the Study of the Liver (EASL)–European
Association for the Study of Diabetes (EASD)–European
Association for the Study of Obesity (EASO) guidelines rec-
ommend a systematic screening for NAFLD in individuals
with a high metabolic risk and suggest the use of non-
invasive biomarkers, such as NAFLD fibrosis score (NFS)
potentially completed with transient elastography (TE) assess-
ment, to identify individuals suspected to have advanced fi-
brosis for specialist referral [6].

We aimed to assess the application of the recent EASL–
EASD–EASO guidelines to severely obese individuals in rou-
tine clinical practice.

Methods

Population and study design This is a single-centre retro-
spective observational study of the individuals referred for
severe obesity (BMI ≥ 35 kg/m2) to the department of
Endocrinology, Diabetes and Nutrition at Lyon South
Hospital, Pierre-Bénite, France, between 1 November 2014
and 31December 2015. The data were collected retrospective-
ly using a specifically dedicated computerised database. We
identified 385 individuals referred for severe obesity and ret-
rospectively applied the recent European guidelines to this
cohort. All the data processed were collected in the context
of usual care. In line with the current French law, the second-
ary use of these data for scientific purposes does not require a
preliminary ethical review. In addition, all data have been
anonymised prior to re-use for scientific purposes and there-
fore, preliminary specific information to the individual is not
required under French law.

Measurements Anthropometric data were collected for each
individual. Biological data were measured and automatically
extracted using computerised laboratory software (GLIMS
V9, MIPS, Belgium) from the department of Biology in
Lyon South Hospital (Pierre-Bénite, France). Blood samples
were collected in the morning after an overnight fast for mea-
surement of glucose (hexokinase assay), HbA1c (HPLC), liver
enzymes ( enzyma t i c a s s e s smen t ) and a lbumin
(immunoturbidimetric assay). The assays used for biological
measurement are detailed in the electronic supplementary ma-
terial (ESM) Table 1. LDL-cholesterol was calculated using
the Friedewald formula: LDL-cholesterol = Total
cholesterol − HDL-cholesterol − (triacylglycerols/2.2) in
mmol/l. Platelet count was determined on the most recent
Sysmex XN-9000 (Sysmex, Roissy CDG, France), which is
a fully automated haematology system that includes analytical
modules with specific detection channels. For the determina-
tion of the platelet variable, we used the PLT-Tchannel, which
allows the platelet count by fluorescence, after partial lysis of
the platelet membrane by a reagent (Cellpack-DFL, Sysmex,
Roissy CDG, France) and a labelling of the amino acids by a
fluorochrome (Fluorocell PLT, Sysmex, Roissy CDG,
France).

Abnormal liver enzymes were defined using the laboratory
threshold: aspartate aminotransferase (AST) >34 U/l, alanine
transaminase (ALT) >55 U/l. The upper normal thresholds for
γ-glutamyltransferase (GGT) in men and womenwere >64U/l
and >36 U/l, respectively. Glucose intolerance was determined
by either fasting glycaemia ≥6 mmol/l, HbA1c ≥6%
(42.1 mmol/mol) or glycaemia 120 min after 75 g OGTT
≥8 mmol/l. NFS was calculated using the formula in reference
[7].

Abdominal ultrasound echography data were extracted
from the radiology department server from Lyon University
Hospital (GE Medical Systems 2006, Centricity, Enterprise
Web, GE Healthcare, Vélizy-Villacoublay, France). All indi-
viduals were fasted overnight before imaging, as per the de-
partmental procedure for abdominal echography. Steatosis
was considered where there was bright or hyperechoic liver
relative to adjacent right kidney or spleen. A subgroup of
individuals (n = 209) underwent liver TE using ShearWave
technology (Aixplorer; Supersonic Imagine, Aix-en-
Provence, France). All TE using shear wave elastography
(SWE) measurements were obtained by scanning the right
liver lobe through the intercostal spaces during a 4–6 s breath
hold. The elastography map in 2D–SWE was placed 1–2 cm
below the liver capsule, at 3–5 cm from the transducer,
avoiding vessels. Successful acquisition was considered only
if more than two-thirds of the elastography map was homoge-
neously colour-coded with gradual colour transitions. Five to
ten acquisitions were performed. Average (AVG) value and
SD were then calculated, and only liver stiffness measure-
ments with (CV = SD/AVG) < 0.3 were considered to be
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reliable. The following elastography thresholds were used, in
accordance with the manufacturer’s manual: F0–F1, 6.4 kPa
(5.3–7.1); F > 2, 7.5 kPa (7.0–8.5); F < 3, 10.1 kPa (9.5–11.6);
F > 4, 14.4 kPa (13.1–18.8).

Primary outcome The primary outcome was the assessment
of the number of individuals screened for medium or high risk
of advanced fibrosis or NASH, following the EASL–EASD–
EASO guidelines.

Statistical analysis Descriptive analyses were performed
using SPSS 20.0 (IBM, SPSS, Chicago, IL, USA).
Continuous variables are expressed as mean ± SD and cate-
gorical variables as a percentage.

Results

Population characteristics Characteristics of the study pop-
ulation are presented in Table 1. The mean BMI was
43.2 ± 6.4 kg/m2, participants were mainly women (69.6%)
aged 47.3 ± 14 years. A total of 54.8% had a disorder of
glucose homeostasis and 36.1% had type 2 diabetes.
Abdominal ultrasound echography revealed that 313
(81.3%) individuals exhibited NAFLD.

Retrospective application of EASL–EASD–EASO guide-
lines to the cohort We retrospectively applied the EASL–
EASD–EASO guidelines for the screening of advanced fibro-
sis using the NFS (Fig. 1a). This strategy led to a referral to a
specialist for 289 (75.1%) individuals in the cohort. As the
guidelines suggest that the combination of fibrosis score and
TE could increase the diagnostic accuracy, we also studied the
TE measurement available for a subgroup of 209 individuals.
Of these, the TE measurement was non-contributive for 81
(38.8%) individuals; 100 (47.8%) were classified as stage
F0–F1 and a minority was classified as stage F3–F4 (13,
6.2%) (Table 1). The combination of NFS and TE would lead
to the reclassification of 28 (25%) individuals from the
medium/high risk of fibrosis group to the low risk of fibrosis
group. However, 261 (67.7%) individuals would still require
specialist referral using this combined screening strategy
(Fig. 1b).

Discussion

We assessed the application of the EASL–EASD–EASO
guidelines in a routine clinical practice setting in a cohort of
385 individuals referred to our department for severe obesity
care. We identified 313 (81.3%) individuals with NAFLD in
the cohort. The retrospective application of EASL–EASD–
EASO guidelines would have led to the referral to a specialist

Table 1 Characteristics of the study population

Characteristic Value

Demographics

Female sex, n (%) 268 (69.6)

Age, years 47.3 ± 13.9

Weight, kg 119.2 ± 22.8

Height, m 1.66 ± 0.1

BMI, kg/m2 43.2 ± 6.4

Clinical variables

Diabetes or glucose intolerance, n (%) 211 (54.8)

Type 2 diabetes, n (%) 139 (36.1)

Biological variables

HbA1c, % 6.14 ± 1.23

HbA1c, mmol/mol 43.6 ± 13.4

Fasting glucose, mmol/l 6.0 ± 2.2

C-reactive protein, nmol/l 102.2 ± 110.9

Albumin, g/l 41.1 ± 3.5

Triacylglycerol, mmol/l 1.76 ± 0.94

Total cholesterol, mmol/l 5.17 ± 1.21

HDL-cholesterol, mmol/l 1.18 ± 0.31

LDL-cholesterol, mmol/l 3.21 ± 1.06

AST, U/l 33.2 ± 17.5

Abnormal AST, n (%) 109 (28.3)

ALT, U/l 37.5 ± 25.6

Abnormal ALT, n (%) 62 (16.1)

GGT, U/l 52.0 ± 71.9

Abnormal GGT, n (%) 140 (36.4)

AST:ALT ratio 1.02 ± 0.37

Abnormal liver enzymes, n (%)a 176 (45.7)

Platelets, g/l 282.6 ± 77.7

NAFLD assessment

NAFLD (US echography), n (%) 313 (81.3)

NFS, n (%)b

NFS 1 119 (30.9)/

NFS 2 189 (49.1)

NFS 3 77 (20.0)

TE, n (%)c

F0–F1 100 (47.8)

F2 15 (7.2)

F3–F4 13 (6.2)

NC 81 (38.8)

Values are means ± SD, unless otherwise noted as n (%)
a Any increase in AST, ALT or GGT
bNFS thresholds were as follows: stage 1, ≤ −1.455 (predictor of absence
of significant fibrosis, F0–F2 fibrosis); stage 2, > −1.455 to ≤0.675 (in-
determinate score); stage 3, > 0.675 (predictor of presence of significant
fibrosis, F3–F4 fibrosis)
c TE measurements were classified by predictive grade of fibrosis accord-
ing to METAVIR classification. TE measurements were available for
n = 209 individuals

NC, non-contributive; US, ultrasound
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for 289 individuals (75.1%) in the cohort. This appears to be
excessive given the expected prevalence of advanced fibrosis
and NASH of 10% and 30%, respectively, in the severely
obese population.

This study has limitations due to its retrospective and
single-centre design. Details of treatment and alcohol uptake,
which are potential confounders for NAFLD, were not avail-
able. The ultrasound echography and TE assessments were
performed by several operators, potentially providing inter-
pretation bias. The studied population was formed mainly of
women due to selection bias, as women are more likely to
consult for obesity care. Nevertheless, this cohort is a repre-
sentative sample of the individuals routinely addressed to our
department for severe obesity over the course of a year, and
therefore enables assessment of the guidelines in routine
clinical practice. Finally, the lack of liver biopsy did not allow
accurate assessment of the efficiency of the guidelines.

The EASL–EASD–EASO guidelines recommend the sys-
tematic specialist referral of individuals with any abnormal
liver enzymes, including ALT, AST and GGT. In our study,

we were unable to capture important confounders of elevat-
ed liver enzymes, such as excessive alcohol intake or drug-
related or other liver diseases. Contrary to the practice
guideline published by the American Gastroenterological
Association, American Association for the Study of Liver
Diseases and American College of Gastroenterology, the
EASL–EASD–EASO guidelines do not recommend the
screening of these factors in its proposed algorithm [8].
Thus, the strict application of the EASL–EASD–EASO al-
gorithm leads to the identification of a high proportion of
individuals with abnormal liver enzymes in our cohort
(n = 176, 45.7%), accounting for the high number of indi-
viduals recommended for specialist referral. A short
follow-up period of measurement of liver enzymes after
modification of potential factors associated with elevated
liver enzymes or lifestyle intervention may be a more ap-
propriate approach in the primary care setting. A re-
evaluation of an individual after 2–3 weeks may result in
normal liver enzyme levels, with referral to specialist being
required if this was not the case.

Obese individuals

n = 385

US Echography

Steatosis present

n = 313 (81.3)

Steatosis absent

n = 72 (18.7)

Normal liver

enzymes 

n = 56 (40.5)

Normal liver

enzymes 

n = 53 (13.8)

NFS

Low riskb

n = 43 (11.2)

Medium/high riskb

n = 113 (29.4)

Follow-up

2 years

n = 43 (11.2)

Specialist referral

n = 289 (75.1) 

Follow-up

3–5 years

n = 53 (13.8)

1 

n = 43 

(11.2)

2 

n = 80 

(20.7)

3 

n = 33 

(8.6)

Abnormal liver enzymesa

n = 176 (45.7)

a
Obese individuals

n = 385

US Echography

Steatosis present

n = 313 (81.3)

Steatosis absent

n = 72 (18.7)

Normal liver

enzymes 

n = 156 (40.5)

Normal liver

enzymes 

n = 53 (13.8)

NFS

Low riskb

n = 71 (18.4)

Medium/high riskb

n = 85 (22.0)

Follow-up 2 years

n = 71 (18.4)

Specialist referral

n = 261 (67.7) 

Follow-up

3–5 years

n = 53 (13.8)

1 

n = 43 

(11.2)

2 

n = 80 

(20.7)

3 

n = 33 

(8.6)

Abnormal liver enzymesa

Total n = 176 (45.7)

b

TE

F0–F2 

n = 28 

(7.3)

F3–F4 

n = 3 

(0.7)

NC 

n = 20 

(5.9)

NA 

n = 62 

(16.1)

Fig. 1 Retrospective application of EASL/EASD/EASO guidelines to
the cohort [6]. Flow chart using NFS to screen for advanced fibrosis (a)
or using a combination of NFS and TEmeasurement: first the application
of NFS and then consideration of the TE measurement in the subgroup
classified with medium and high risk of fibrosis with NFS (n = 113), TE
measurement was available for 51 individuals in this subgroup (b). The
results are presented as number of individuals, with percentage of the total
cohort in parentheses. The thresholds for NFS used were as follows: stage

1, ≤ −1.455 (predictor of absence of significant fibrosis, F0–F2 fibrosis);
stage 2, > −1.455 to ≤0.675 (indeterminate score); stage 3, > 0.675 (pre-
dictor of presence of significant fibrosis, F3–F4 fibrosis). TE measure-
ments are classified by predictive grade of fibrosis using the METAVIR
classification. aAny increase in ALT, AST or GGT. bLow risk, indicative
of no/mild fibrosis; medium/high risk, indicative of significant fibrosis or
cirrhosis. NA, not available; NC, non-contributive; US, ultrasound
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The EASL–EASD–EASO guidelines recommend the use
of any biomarkers of fibrosis. The NFS was chosen as it has
been validated in several cohorts, including morbidly obese
individuals [9, 10], and is easy to use in routine clinical care.
The combination of NFS and TE in a subgroup of individuals
in the cohort reclassified 28 (25%) individuals in the medium/
high risk group to low risk but would still lead to the referral of
261 (68%) individuals to a specialist. In addition, the rate of
non-contributive TE measurement is important (n = 81,
38.8%), making this procedure less efficient in severely obese
individuals. Therefore, this combined strategy needs to be
validated in morbidly obese individuals.

This is the first study to assess the application of EASL–
EASD–EASO clinical practice guidelines for the management
of NAFLD in severely obese individuals. The application of
the guidelines to a cohort representing the population found in
routine clinical practice would lead to the referral to a special-
ist of an excessive number of individuals and thus would lead
to an unjustified increase in the health costs. Biomarkers and a
specific strategy for the screening of NASH and advanced
fibrosis in morbidly obese individuals are thus crucially need-
ed and would help to improve the actual guidelines.
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