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Abstract
Background Morbid obese patients have a high rate of
nonalcoholic fatty liver disease (NAFLD) and nonalcohol-
ic steatohepatitis (NASH). NASH is related to the pro-
gression and poor evolution of chronic hepatopathy in
NAFLD, so that its detection makes it possible to identify
the subjects who are most at risk in order to prioritize
treatment. The ELF test (Enhanced Liver Fibrosis test;
Siemens Diagnostics, NY, USA) has been assessed for
its capacity to detect fibrosis in patients with NAFLD,
but its capacity for diagnosing NASH has not been
checked.
Aims Our objective is to determine the utility of the ELF
test for detecting NASH in morbid obese patients with
suspected NAFLD.

Methods ELF values were determined in a cohort of obese
patients who underwent bariatric surgery with suspected
NAFLD. Liver biopsy was used as the reference standard.
Results The values of ELF were significantly higher in pa-
tients with NASH (p = 0.002) and in those who presented with
metabolic syndrome (p = 0.047). An ELF cut-off point of 8.72
allows the detection of patients with NASH with a sensitivity
of 71.4% and a specificity of 74.1% (AUC = 0.742,
p = 0.002).
Conclusions The ELF test is efficient for the identification of
obese patients with NAFLD and early signs of steatohepatitis
and fibrosis.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is a chronic
liver disease characterized by the presence of ectopic fat
in the liver, steatosis, which cannot be explained by alco-
hol consumption [1].

The spectrum of NAFLD includes two major variants
which differ substantially in natural history and progno-
sis. Simple steatosis is generally considered a benign
and reversible process, but can progress to the more
serious liver disease, nonalcoholic steatohepatitis
(NASH), which can develop into progressive fibrosis
and liver cirrhosis in the long term [2]. Identification
of NASH patients is crucial, as they are at a high risk
from cirrhosis and liver-related death [1].

Epidemiological studies indicate that obesity, insulin
resistance, diabetes mellitus, and metabolic syndrome
(MS) are established risk factors of NAFLD [2, 3]. In
overweight subjects, the prevalence of steatosis is at
least two times greater than in lean subjects, and in
morbid obesity the prevalence of NAFLD and NASH
is nearly 90 and 37%, respectively.

At present, liver biopsy is required for the diagnosis of
NAFLD, but is invasive, subject to sampling variability and
occasionally associated with serious complications.
Therefore, there is an urgent unmet need to develop noninva-
sive methods that facilitate diagnosis, identification of popu-
lations at risk, and assessment of disease progression [4].

Blood serum markers are a noninvasive alternative
that allows for a more widespread use. Traditionally,
these biomarkers have been proposed to identify ad-
vanced fibrosis in NAFLD patients, but the early detec-
tion of NASH would make it possible to anticipate the
natural course of the disease, allowing therapeutic action
to be proposed before the appearance of fibrosis.

The ELF test measures three markers of liver matrix me-
tabolism in serum: hyaluronic acid (HA), tissue inhibitor of
metalloproteinase-1 (TIMP-1), and amino-terminal
propeptide of type III procollagen (PIIINP), which are com-
bined to calculate the ELF score. This algorithm was designed
in a mixed cohort of patients with chronic liver disease [5] and
has been subsequently validated in a population of patients
with NAFLD, with good results for identifying hepatic fibro-
sis [6]. Also, the ELF score is a valuable tool for risk stratifi-
cation in patients with chronic liver disease [7]. However, it
has not been evaluated for the identification of NASH in pa-
tients with suspected NAFLD.

The aim of this study is to evaluate the clinical utility
of the ELF algorithm, in the identification of NASH in
obese patients with suspected NAFLD using liver biopsy
as a reference standard.

Patients and Methods

Patients

The study population consisted of 57 obese patients who
underwent bariatric surgery at the BVirgen de la Arrixaca^
University Hospital in Murcia (Spain) and had suspected
NAFLD.

The patients were prospectively included if they fulfilled
the criteria for bariatric surgery [8] and they had suspected
NAFLD criteria that indicated the need to perform a liver
biopsy to confirm the diagnosis and for grading the liver
disease:

– BMI above 40 kg/m2 or above 35 kg/m2 with significant
obesity-related comorbidities.

– Acceptable operative risk.
– Documented failure of nonsurgical weight loss programs.
– Clinical, analytic or radiological criteria for suspicion of

NAFLD: abnormal liver tests and/either ultrasound re-
sults suggestive of liver steatosis or liver dysmorphy
and/or a macroscopically abnormal liver, as observed by
the surgeon.

The exclusion criteria were alcohol intake higher than 20 g/
day and other causes of liver disease (hepatitis C or B, auto-
immune liver disease, hemochromatosis, or treatment with
steatosis-inducing drugs).

All the patients received a laparoscopic Roux-en-Y gastric
bypass and during surgery a liver biopsy was obtained.

Laboratory and Clinical Parameters

Clinical data were recorded the week prior to the liver biopsy
and included age, sex, BMI, hypertension, diabetes, dyslipid-
emia, and MS. MS was diagnosed according to the criteria of
the Adult Treatment Panel III [9].

The day prior to the liver biopsy blood samples were col-
lected. The laboratory tests included complete blood count,
coagulation panel, glucose, urea, creatinine, total protein, total
bilirubin, albumin, total cholesterol, triglycerides, aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
γ-glutamyltransferase (GGT), alkaline phosphatase (ALP),
haptoglobin, ApoA-1 and α2-macroglobulin. Furthermore,
serum samples were analyzed for HA, TIMP-1, and PIIINP.
Levels of TIMP-1, HA, and PIIINP were measured using an
ADVIA Centaur XP automated immunoanalyzer (Siemens
Healthcare Diagnostics Inc). Both TIMP-1 and PIIINP assays
use two monoclonal antibodies that bind to different binding
sites on their respective antigens. The HA assay utilizes HA
binding protein instead of monoclonal antibodies. Results
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were entered into the manufacturer’s published algorithm to
derive an ELF score [ELF = 2.278 + 0.851 ln(HA) + 0.751
ln(PIIINP) + 0.394 ln(TIMP-1)]; ln = natural logarithm.

Assessment of Hepatic Histology

Liver biopsies were performed on the right lobe (segment VI)
by bariatric surgeons in conditions of direct visualization. All
the tissue wedges were studied by the same pathologist, who
was blinded to the other results.

The classification by Matteoni et al. [10], that divides the
histological findings into four studies as shown in Table 1, was
used to grade liver biopsies for the severity of NAFLD. The
patients were classed into two groups according to histological
findings: group A, healthy liver and simple steatosis and group
B, NASH and/or fibrosis.

Statistical Analysis

The quantitative variables were compared using Student s t
test or the Mann-Whitney U test and the qualitative variables
were compared using the Chi-squared test with Fisher s exact
test, if it was relevant. The correlation between continuous
variables was calculated using Pearson s or Spearman s coef-
ficient correlation.

The ROC curve of the ELF algorithm was analyzed to
evaluate its capacity to identify patients with steatohepatitis.
The optimal cut-off point was calculated according to
Youden s index [11] together with values of sensitivity, spec-
ificity, positive predictive value (PPV), and negative predic-
tive value (NPV).

Results

Clinical Parameters

The study population consisted of 57 patients. 75.4% of sub-
jects were female and their mean age was 43.95 years. The
mean BMI was 49.09 kg/m2 and 24.6% of subjects had

evidence of diabetes, 64.9% dyslipidemia, 47.4% hyperten-
sion, and 45.6% MS.

Histopathological Findings

Four of the patients presented with a normal liver in the his-
topathological study but in most of the patients, multiple al-
terations were observed. The distribution of histological find-
ings is shown in Table 1.

Group A consisted of 28 patients (49.12%) with a healthy
liver or simple steatosis and group B included 29 patients
(50.8%) with NASH and/or fibrosis. Table 2 shows clinical
and demographic characteristics of the patients in both groups.
Only the variables of hypertension andMS showed significant
differences between groups.

Laboratory Parameters

All the hematological and biochemical variables were com-
pared between both groups of patients, without any significant
differences being found between any of them (Table 3).

The ELF values for each stage of the Matteoni s classifica-
tion are shown in Table 1. Significant differences were found
after analyzing the findings of the ELF test in both groups of
patients with higher values in the patients in group B (Table 4).

We analyzed the ELF values according to the clinical and
demographic characteristics of the patients. In no cases were
differences found according to sex, and in the case of BMI, the
values tended to be higher as this index increased, although
the differences were not statistically significant. Significantly
higher levels of ELF were found in the patients who presented
withMS (p = 0.047); see Fig. 1. However, by studying each of
the variables of the MS on an individual basis (hypertension,
dyslipidemia, and diabetes), we found that ELF was higher in
all cases in affected patients, although significant differences
were only found in the case of hypertense patients (p = 0.030).

A significant correlation was found between the ELF test
result and age (r = 0.470; p = 0.001).

To assess the utility of the ELF algorithm, a ROC curve
was calculated, taking the identification of the patients with
steatohepatitis as the state variable, namely those included in

Table 1 Results of the
histological analysis of liver
tissue in the total population and
ELF values for each stage of
Matteoni s classification

Histopathological findings according to Matteoni’s classification ELF

Group 1 (steatosis without inflammation or fibrosis) 45.3% (n = 24) 8.34 ± 0.70

Group 2 (steatosis with inflammation, without fibrosis) 24.5% (n = 13) 8.76 ± 0.67

Group 3 (vacuolated nuclei in periportal hepatocytes) 17% (n = 9) 9.15 ± 0.89

Group 4 (Mallory’s hyaline and/or fibrosis) 13.2% (n = 7) 9.16 ± 0.63

Data are expressed as percent and n (number of cases) and as mean ± standard deviation. n is 53 because in four of
the patients, the study did not reveal any alterations and this is not contemplated in Matteoni’s classification
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group B, and the area below the curve (AUC) was 0.742 (95%
CI 0.607–0.874), p = 0.002. In Table 5, the cut-off point and
the values associated for sensitivity, specificity, PPV, and NPV
are shown. Figure 2 reflects the AUC.

Discussion

NAFLD is considered to be a complex condition with a pheno-
type reflecting an interaction between different factors related to

Table 2 Demographic and
clinical characteristics Clinical and demographic parameters

Total population (n = 57) Group A (n = 28) Group B (n = 29) p

Age (years) 43.95 ± 12.31 41.29 ± 10.91 46.52 ± 13.21 0.11

Gender Female 75.4% (n = 43)

Male 24.6% (n = 14)

Female 78.6%
(n = 22)

Male 21.4% (n = 6)

Female 72.4%
(n = 21)

Male 21.6% (n = 8)

0.589

Weight (kg)

BMI (kg/m2)

128.93 ± 22.54

49.09 ± 8.48

126.59 ± 23.94

47.17 ± 6.56

131.11 ± 21.34

50.87 ± 9.72

0.45

0.10

Diabetes mellitus 24.6% (n = 14) 17.9% (n = 5) 31% (n = 9) 0.248

Dyslipemia 64.9% (n = 37) 64.3% (n = 18) 65.5% (n = 19) 0.922

Hypertension 47.4% (n = 27) 28.6% (n = 8) 65.5% (n = 19) 0.005*

Metabolic
syndrome

45.6% (n = 26) 32.1% (n = 9) 58.6% (n = 17) 0.045*

Data are expressed as mean ± standard deviation, percent and n (number of cases). *significance values

Table 3 Hematologic and
biochemical parameters Total population

(n = 57)
Group A
(n = 28)

Group B
(n = 29)

p

Hb (g/dL) 13.69 ± 1.51 13.43 ± 1.52 13.93 ± 1.50 0.222

Htc (%) 41.38 ± 4.23 40.63 ± 3.98 42.10 ± 4.40 0.192

MCV (fL) 86.70 ± 6.71 84.97 ± 6.54 88.17 ± 6.61 0.072

Platelet count (×103/μL) 248.04 ± 60.82 247.89 ± 58.89 248.17 ± 63.67 0.986

Leukocytes (×103/μL) 7.60 ± 2.64 7.87 ± 2.92 7.34 ± 2.37 0.454

Activity of prothrombin time (%) 97[88.50–100] 100[89–100] 94[88–100] 0.346

INR 1.05 ± 0.79 1.05 ± 0.08 1.04 ± 0.07 0.613

Ratio of activated partial
thromboplastin time

1.03 ± 0.13 1.01 ± 0.09 0.04 ± 0.16 0.399

Fibrinogen (mg/dL) 394.05 ± 90.02 393.89 ± 84.32 394.21 ± 98.36 0.990

Glucose (mg/dL) 87[81–99] 87.50[81.75–99.50] 87[80.50–99] 0.604

Urea (mg/dL) 26.8 ± 12.31 27.21 ± 8.33 26.17 ± 15.34 0.753

Creatinine (mg/dL) 0.75[0.63–0.84] 0.75[0.61–0.83] 0.75 [0.65–0.88] 0.632

Total proteins (g/dL) 6.77 ± 0.49 6.86 ± 0.57 6.71 ± 0.41 0.318

Albumin (g/dL) 4.09 ± 0.46 4.09 ± 0.54 4.10 ± 0.38 0.977

Total bilirubin (mg/dL) 0.65 ± 0.37 0.60 ± 0.25 0.71 ± 0.45 0.257

Cholesterol (mg/dL) 175.19 ± 41.30 168.14 ± 49.69 182 ± 30.54 0.208

Triglycerids (mg/dL) 141.40 ± 55.52 137.36 ± 59.81 145.31 ± 51.79 0.593

Haptoglobin (mg/dL) 156.80 ± 58.98 167.50 ± 64.84 146.11 ± 51.41 0.177

ApoA-1 (mg/dL) 134.85 ± 23.48 134.39 ± 22.76 135.31 ± 24.58 0.884

α2-macroglobulin (g/L) 1.84 ± 0.62 1.85 ± 0.53 1.83 ± 0.70 0.914

AST (UI/L) 24.17 ± 12.34 21.13 ± 7.41 27.10 ± 15.29 0.068

ALT (UI/L) 31.91 ± 26.06 21[14.50–31] 26[16.50–53.50] 0.153

GGT (UI/L) 29.67 ± 12.15 27.39 ± 17.67 31.86 ± 20.56 0.383

ALP (UI/L) 74.11 ± 19.60 71.36 ± 19.60 76.86 ± 19.52 0.298

Data are expressed as mean ± standard deviation or as a median [interquartile range]
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lifestyle, the environment and genetics. It has been calculated that
there is an approximate disease incidence of 30% in the general
population [12]. A recent study showed that cirrhosis associated
with NASH is the third most common indication for liver trans-
plantation in the USA, and it is expected that for the year 2020, it
will become the first indication [2].

Obesity is associated with MS, heart disease, insulin resis-
tance, and diabetes, leading to a higher risk of developing
NAFLD. The NAFLD prevalence has been found to be be-
tween 75 and 100% in morbid obese patients [13].

The demographic characteristics of our population are
comparable to those reported in similar recent studies
[14–17] confirming that our population is representative of
the type of patient who undergoes this type of surgery.

Regarding the comorbidities affecting the patients, our re-
sults confirm that NAFLD is associated with the components
of MS [2, 18]. When we compare both groups, it can be seen
that there are significant differences between the percentage of
hypertense patients and the percentage affected by MS, with a
higher rate in patients in group B. This reflects the association
between these variables and an increased risk of developing an
advanced stage of the disease [2, 14, 19].

If we consider the hematological and biochemical parame-
ters in the global population, there were no values outside the
normal ranges, and in no cases were there significant differ-
ences on comparing both groups, although the AST variable
was very near to reaching significance. These results reflect
the fact that many of the patients with NAFLD remain asymp-
tomatic showing few or no changes in the laboratory

parameters, meaning that it is difficult to identify them using
basic blood tests.

The mean ELF value obtained in our population was 8.67,
higher than in other studies that assessed this test in healthy
patients with a normal BMI and without any signs ofMS, such
as Lichtinghagen et al. [20] and Yoo et al. [21], who showed
mean values of 8.06 and 7.75, respectively. This brings to light
the relationship that exists between ELF and the hepatic alter-
ations involved in NAFLD. On comparing the ELF values
between both groups of patients, significant differences were
found. What is more, when these values were studied accord-
ing to only the clinical and demographic characteristics of the
patients, significant differences were found according to arte-
rial hypertension and MS.

The analysis of correlations revealed the existence of sig-
nificant relationships between ELF and age. These results co-
incide with those provided by other studies [5, 20, 22] sug-
gesting that age needs to be considered when interpreting the
ELF result. The relationship between ELF and age is predict-
able, due to the fact that an advanced age is associated with the
progression of fibrosis, perhaps owing to the greater vulnera-
bility towards environmental factors, particularly oxidative
stress. However, these results contradict with those reported
in the study by Yoo et al. [21] that suggested an absence of
differences in ELF values according to age, and also with
those reported in the studies by Guha et al. [6] and Parkes
et al. [23], which simplified the original ELF algorithm elim-
inating age without affecting diagnostic accuracy. Taking into
account all these data, it is clear that the values of ELF should
be interpreted with caution taking into account patient age,
although the age of our population was very homogenous,
and no significant differences were found between both
groups of patients, so that our results will not have been af-
fected by this factor.

The analysis of ELF ROC curves provided significant re-
sults. In the original study that designed the ELF algorithm, an
AUC of 0.870 was obtained for the detection of moderate-
severe fibrosis with a sensitivity of 89% and a specificity of

Table 4 ELF test data for both
groups Total population (n = 57) Group A (n = 28) Group B (n = 29) p

ELF 8.67 ± 0.79 8.34 ± 0.71 8.99 ± 0.74 0.002*

Data are expressed as mean ± standard deviation. *significance values

Fig. 1 ELF values in patients who did not have metabolic syndrome
compared to those who did

Table 5 Cut-off point and values associated with sensitivity,
specificity, PPV (positive predictive value), and NPV (negative
predictive value) of the ELF test

Cut-
off
point

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

ELF 8.72 71.4 74.1 73.38 72.15
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96% in NAFLD patients [5]. Subsequently, the study by Guha
et al. [6] simplified the algorithm and validated it in an inde-
pendent cohort of patients with NAFLD obtaining equally
good results. There have been other studies that have assessed
the ELF algorithm in patients with NAFLD. This is the case of
Nobili et al. [24] and Alkhouri et al. [25], who assessed the
algorithm in pediatric patients obtaining good results for the
detection of fibrosis. Similarly Dvorak et al. [26] reported a
good diagnostic performance for the identification of signifi-
cant fibrosis. Szybowska et al. [27] also found that the ELF
test value was significantly higher in obese children with
ultrasound-proven steatosis, although they should take into
account the limitations of ultrasound for identifying steatosis
[12]. On the other hand, the recent study by Irvine et al. [28]
shows a newmodel in which diagnostic accuracywas superior
compared to the ELF test, although it should be noted that they
use a mixed-etiology cohort of patients and their objective was
to identify advanced fibrosis, making it substantially different
from the present study.

Using a compilation of the results of all these studies, we
can deduce that the ELF test has been assessed in cohorts of
patients with different characteristics but always with the aim
of detecting fibrosis, providing different cut-off points de-
pending on the types of patients and the stage of fibrosis that
was fixed as the objective, and obtaining good results.

The cut-off point proposed in our study is associated with
optimal sensitivity and specificity values. These are good re-
sults if we take into account that the objective is not only
restricted to the detection of patients with fibrosis, but actually
includes pathological stages belonging to NAFLD which can
occur in conjunction with or prior to the fibrosis. It is impor-
tant to detect the disease at these stages because then the

therapeutic effort is more beneficial as the natural course of
the disease can be anticipated.

To conclude, the evidence presented in this study shows
that the ELF test represents a valid and efficient option for the
identification of obese patients with NAFLD and early stages
of steatohepatitis and fibrosis, so that its use would be very
convenient for the evaluation and stratification of a growing
number of patients with suspicion of this disease. In the case
of patients who are going to be subjected to bariatric surgery,
the use of ELF would make it possible to presurgically iden-
tify those patients with more severe hepatopathy, thus estab-
lishing a population at risk in which surgery could be priori-
tized, and to propose prior therapeutic actions to reduce post-
surgical morbidity and mortality related to hepatopathy.
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