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Background: The Enhanced Liver Fibrosis (ELF) is a serological score that includes hyaluronic acid (HA), tissue in-
hibitor of matrix metalloproteinases-1(TIMP-1), and aminoterminal propeptide of type III procollagen (PIIINP)
and shows good performance for detecting liver fibrosis. There are few studies evaluating ELF's intra and inter-
assay variation and stability of the samples. The influence of host variables, such as age, gender and body mass
index (BMI) is also not well known.We determined ELF's analytical performance and possible influences of gen-
der, age and BMI.
Methods: The study included 958 healthy blood donors evaluated for age, gender, and BMI.
Results: Mean ELF scores were significantly different between female (8.53 ± 0.75) and male groups (8.76 ±
0.76) and also according to age strata (p b 0.001). For both genders, ELF significantly varied in individuals with
BMI under 25 (p b 0.001). Analytes remained stable after freezing/thawing cycles and intra- and inter-assay co-
efficients of variation were low.
Conclusions: ELF has appropriate precision and is quite robust, due to the high stability of the analytes in fresh and
frozen samples. ELF's results are influenced by gender, age and BMI which should be taken into account when
analyzing its results.

© 2016 Elsevier B.V. All rights reserved.

Keywords:
Elf
Coefficient of variation
Liver fibrosis
Hyaluronic acid
Metalloproteinases

1. Background

The Enhanced Liver Fibrosis (ELF) score is a mathematical index de-
rived from the serum concentration of hyaluronic acid (HA), tissue in-
hibitor of matrix metalloproteinases-1(TIMP-1), and aminoterminal
propeptide of type III procollagen (PIIINP) [1]. ELF score has demon-
strated good performance in detecting fibrosis as well as in providing
valuable prognostic information in many distinct clinical scenarios [2–
11]. Its accuracy in estimating the fibrosis stage is well established in

chronic liver diseases, especially in chronic hepatitis C [12–17]. Recent-
ly, it has also demonstrated to be a useful marker of fibrotic involve-
ment in systemic sclerosis [18]. It also has shown to be of prognostic
value in primary sclerosing cholangitis [19] and in chronic hepatitis B
[20].

ELF is commercially available for clinical use since 2010 (ADVIA Cen-
taur CP immunochemical analyzer, Siemens Healthcare Diagnostics).
Since then, many studies have been performed but they usually do not
evaluate the performance of the ELF score regarding intra and inter-
assay precision and stability of the samples. Both in patients with or
without fibrosis, few studies have evaluated the influence of host vari-
ables, such as age, gender and body mass index (BMI) [4,21–23].

To the best of our knowledge only three groups have evaluated the
range of ELF panel in healthy individuals [21–23]. Lichtinghagen et al.
[21] studied 400 healthy individuals and observed that gender and
age influenced ELF score. In contrast, an Asian study by Yoo et al. [22]
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did not find age as an interfering factor, but confirmed gender and BMI
as modulating factors of ELF score.

2. Material and methods

Blood donors were sequentially retrieved in the period of 06/01/
2013 to 07/01/2013 to build a large collection with comparable repre-
sentation of gender and age decades from 16 to 60 y. Healthy blood do-
nors from Colsan - Benevolent Association of Blood Collection in São
Paulo, Brazil, were invited for the study. Initially 2000 blood donors
were recruited in the blood bank in order to compose a group of up to
1000 serum samples distributed according to gender and age. The
2000 serum samples were grouped according to gender and age (≤20;
21–30; 31–40; 41–50; 51–60 and finally ≥61 y). From this total we ran-
domly selected 958 samples with a balanced distribution among differ-
ent ages and genders strata, respecting the recommendations of Clinical
and Laboratory Standards Institute's (CLSI) for determination of refer-
ence values. [24].

The exclusion criteria were age b16 y and N69 y, weight lower than
50 kg and individuals infectedwith HIV and hepatitis B or C. Besides age
and gender, volunteers were also evaluated concerning the body mass
index. Blood samples were collected in the morning after a light meal
and allowed to clot for 30 min at room temperature. Afterwards they
were centrifuged at 1600g for 15 min at 4 °C. Sera were coded and fro-
zen at−80 °C within 2 h after collection until the time of the use.

Analyte stabilitywas verified in three samples thatwere divided into
several aliquots that were subjected to progressively increasing number
of freezing/thawing cycles at 24-h intervals. Each aliquot received a
label specifying the number of freezing/thawing cycles. Aliquot F/T#1
was subjected to the process only once; aliquot F/T#2 was subjected
twice to the process and so on up to aliquot F/T#9. All aliquots were
kept at -80 °C until processing. Two additional aliquots from each sam-
ple were kept at room temperature for 24 h. PIIINP, HA, and TIMP-1
were determined in the three fresh samples before distribution into al-
iquots and in all aliquots of these three samples. Rules recommended by
the Clinical and Laboratory Standards Institute (CLSI) according EP5-A2
were followed to evaluate the inter and intra-assay precision. [25]. Ali-
quots of sera pools with values strictly pre-defined by themanufacturer
as high and intermediate were evaluated in quadruplicate in a same
batch routine testing and over five consecutive days.

PIIINP, HA, and TIMP-1 were measured in all patients in a random-
access automated clinical immunochemistry analyzer that performs
magnetic separation enzyme immunoassay tests (ADVIACentaur™, Sie-
mens Healthcare Diagnostics). The ELF score was calculated using the
algorithm: ELF = 2.278 + 0.851 ln(HA) + 0.751 ln(PIIINP) + 0.394
ln(TIMP-1) as previously established [1].

Datawere analyzed using IBMSPSS 18 forWindows (IBM, Ehningen,
Germany). Continuous variables were reported asmean± standard de-
viation (SD). Discrete variables were reported as absolute and relative
frequency. Significance level was determined when p ≤ 0.05 assuming
two-tailed tests. Distribution analysis were performed using Kolmogo-
rov-Smirnov Test to check whether the variables exhibited a normal
distribution pattern. For means comparisons test and ANOVA
(Bonferroni) were applied. To evaluate possible interactions between
age and BMI Pearson Correlation coefficient and linear regression
were applied. The study protocol was conducted in accordance with
Helsinki Declaration, and was approved by the local Ethics Committee.
All blood donors signed an informed consent upon enrollment in the
study.

3. Results

Results of ELF score are shown in Table 1 and Fig. 1. Mean ELF value
was8.68±0.80,with the followingpercentile distribution: 8.11 for per-
centile 25, 8.67 for percentile 50, and 9.23 for percentile 75. The range
was from 6.25 to 11.98. After the initial distribution nine donors

behaved as outliers and were excluded from the subsequent analysis.
For the remaining 949 healthy blood donors ELF value was 8.65 ±
0.76, with the following percentile distribution: 8.10 for percentile 25,
8.66 for percentile 50, and 9.21 for percentile 75. The range was from
6.25 to 10.85.

The studied population had 53% males and a mean age of 42.51 ±
13.71 y (range 16–68). The mean BMI was 27.06 ± 4.32 (range 18.65–
47.18), with 35.8% below 25, 42.9% between 25 and 30, and 21.3%
over 30. For analysis purposes, the studied individuals were divided
into 3 groups: (a) b30 y (23.3%), (b) between 30 and 50 y (42.5%) and
(c) N50 y (34.2%).

Mean ELF scores were significantly different between female
(8.53 ± 0.75) and male groups (8.76 ± 0.76), (p b 0.001) (Fig. 1). In
men and women, the mean ELF score differed significantly according
to age strata (Fig. 1). Mean ELF score in individuals b30 y was 8.00 (fe-
male) and 8.41 (male); between 31 and 50 y, the mean ELF score was
8.49 (female) and 8.57 (male); and for those N50 y, the mean score
was 9.01 (female) and 9.21 (male). Among women there were signifi-
cant differences in ELF panel throughout all ages. For men the signifi-
cance was observed only for individuals N51 y. There was no
significant difference between groups (a) and (b) (Table 1).

For analysis purposes, the studied individuals were divided into
three groups: (d) BMI under 25, (e) BMI between 25 and 30 and (f)
BMI N30. The mean ELF score in individuals with BMI under 25 was
8.26 (female) and 8.62 (male); for those with BMI between 25 and 30,
the mean ELF score was 8.68 (female) and 8.79 (male); and for those
with BMI above 30, the mean ELF score was 8.81 (female) and 8.90
(male). For both genders, individuals with BMI b25 differed significant-
ly from the other two BMI subgroups (p b 0.001), but no significant dif-
ference was observed among groups (e) and (f) (Table 1).

Table 1
ELF Results according to gender, age and body mass index.

Blood donors N ELF min. ELF max. Mean p value

Total 949 6.52 10.85 8.65 ± 0.76
Men 501 (53%) 6.54 10.85 8.76 ± 0. 76 b0.001
Women 448 (47%) 6.52 10.6 8.53 ± 0. 75

Comparison among age strata (y)
≤30 (a) 222 (23.3%) 6.79 10.45 8.20 ± 0.05 b0.001
31–50 (b) 403 (42.5%) 6.52 10.37 8.53 ± 0.03
≥51 (c) 324 (34.2%) 7.58 10.85 9.12 ± 0.03

Comparison among age strata for men (y)
≤30 (a) 111 (22.1%) 7.09 10.45 8.41 ± 0.69 b0.001⁎

31–50 (b) 206 (41.2%) 6.54 10.32 8.57 ± 0.73
≥51 (c) 184 (36.7%) 7.58 10.85 9.21 ± 0.62

Comparison among age strata for women (y)
≤30 (a) 111 (24.8%) 6.79 9.46 8.00 ± 0.69 b0.001
31–50 (b) 197 (44.0%) 6.52 10.37 8.49 ± 0.69
≥51 (c) 140 (31.2%) 7.94 10.60 9.01 ± 0.55

Comparison among three BMI strata
≤25 (d) 340 (35.8%) 6.79 10.70 8.42 ± 0.04 b0.001
25–30 (e) 407 (42.9%) 6.54 10.85 8.75 ± 0.03
≥30 (f) 202 (21.3%) 6.52 10.53 8.86 ± 0.05

Comparison among BMI strata (only men)
≤25 (d) 151 (30.1%) 6.98 10.70 8.62 ± 0.73 b0.001⁎⁎

25–30 (e) 241 (48.1%) 6.54 10.85 8.79 ± 0.75
≥30 (f) 109 (21.8%) 7.00 10.53 8.90 ± 0.79

Comparison among BMI strata (only women)
≤25 (d) 189 (42.2%) 6.79 10.37 8.26 ± 0.75 b0.001⁎⁎

25–30 (e) 166 (37.0%) 6.93 10.6 8.68 ± 0.66
≥30 (f) 93 (20.8%) 6.52 10.37 8.81 ± 0.72

Data expressed as mean,±standard deviation or absolute (%). BMI, bodymass index; ELF,
enhanced liver fibrosis; min, minimum; max, maximum. Significance level 0.05.
⁎ Significantly difference observed only among groups (c) and (b) and groups (c) and

(a), but not for groups (a) and (b).
⁎⁎ Significantly difference observed only for groups (d) and (e) and groups (d) and (f),
but not for groups (e) and (f).
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