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Abstract
Background and Aim  FAST score has a good performance for diagnosing the composite of NASH + NAS ≥ 4 + F ≥ 2. How-
ever, it has not been evaluated in Latin American individuals with nonalcoholic fatty liver disease (NAFLD). We aimed to 
analyze the performance of the FAST score in a Brazilian NAFLD population.
Methods  Cross-sectional study was held in ≥ 18 years NAFLD patients diagnosed by ultrasonography and submitted to 
liver biopsy (LB). Liver stiffness (LSM) and CAP measurements were performed with FibroScan®, using M (BMI < 32 kg/
m2) or XL probes. Area under receiver operating characteristic (AUROC) curves were calculated as well as sensitivity (S), 
specificity (Spe), positive predictive value (VPP) and negative predictive value (NPV) for the previously established FAST 
score cut-offs.
Results  Among 287 patients included (75% female; mean age 55 ± 10 years), NASH + NAS ≥ 4 + F ≥ 2 was reported in 30% 
of LB. For the FAST cut-off of 0.35, the S and NPV to rule out NASH + NAS ≥ 4 + F ≥ 2 were 78.8% and 87.8%, respec-
tively. Regarding the cut-off of 0.67, the Spe and PPV to rule-in NASH + NAS ≥ 4 + F ≥ 2 were 89.1%, 61.8%, respectively. 
The AUROC of FAST for all included patients was 0.78 (95% CI 0.72–0.84) and for those with ≥ 32 kg/m2 was 0.81 (95% 
CI 0.74–0.88).
Conclusion  FAST score has a good performance in a Brazilian NAFLD population, even in patients with higher BMI when 
the XL probe is adopted. Therefore, FAST can be used as a noninvasive screening tool mainly for excluding the diagnosis 
of progressive NASH, reducing the number of unnecessary liver biopsies.
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GGT​	� Gammaglutamil transferase
kPa	� Kilopascal
dB/m	� Decibel/meter
OR	� Odds ratios
AUROC	� Area under receiver operating characteristic
T2DM	� Type 2 diabetes
SAH	� Systemic arterial hypertension
S	� Sensitivity
Spe	� Specificity

Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most preva-
lent cause of chronic liver disease in the western countries 
[1, 2]. However, despite its rising prevalence, the best tech-
nique to evaluate the severity of the disease is a source of 
great debate. Liver biopsy is considered the gold standard 
for diagnosing and evaluating the histopathological features 
that define the presence of steatohepatitis, the progressive 
hallmark of NAFLD, characterized by the presence of stea-
tosis, ballooning and lobular inflammation, with or without 
fibrosis [3]. Nevertheless, as extensively discussed in the lit-
erature, liver biopsy is considered an imperfect gold standard 
because it is an invasive procedure, with a small liver area 
assessed, sampling and interobserver variability, the need of 
expertise to perform and not negligible morbidity/mortality. 
Likewise, it is not useable for population screening [4, 5]. 
Although liver fibrosis is related to the prognosis and mor-
tality of liver disease [6], the evaluation of steatohepatitis 
(NASH) is increasingly required because it encompasses a 
higher risk of progression, and it is still requested for the 
inclusion of patients in clinical trials [3, 7]. The development 
of new molecules for NAFLD treatment is currently the sub-
ject of several studies worldwide and the majority requires 
the diagnosis of NASH in the baseline [8, 9]. Transient elas-
tography (TE) (FibroScan®, Echosens, Paris, France) has 
emerged as a popular noninvasive evaluation of liver fibrosis 
with optimal results reported for diagnosing cirrhosis and 
advanced fibrosis in NAFLD/NASH [10–12]. Although the 
high prevalence of NAFLD in obese patients [1, 13], TE 
showed lower performance in this specific population, which 
characterized a limitation of the method [14, 15]. However, 
the incorporation of the XL probe (with an increased skin-
liver length) significantly modified this scenario [16–18]. 
Furthermore, the incorporation of Controlled Attenuation 
Parameter (CAP), which quantifies the degree of hepatic 
steatosis simultaneously to the liver stiffness measurement 
(LSM), added more information about those patients [19, 
20]. Evidence of similar performance of both probes (M and 
XL) in NAFLD patients, including the diagnosis of signifi-
cant fibrosis and steatosis, is available [21–23]. Nonethe-
less, the diagnosis of NASH through TE is not possible. 

In 2020, Newsome et al. proposed a new score to identify 
patients with NASH, NAFLD activity Score (NAS) ≥ 4 and 
significant fibrosis (stage 2 or higher [F ≥ 2]) [24]. This score 
included liver stiffness and CAP measurements by Fibro-
Scan® combined with aspartate aminotransferase (AST) 
and was designated FAST Score (FibroScan®-AST). In the 
original study, the authors evaluated an international cohort 
from Asia, North American and Europe. They suggested a 
dual cut-off approach: a rule-out cut-off of 0.35 based on a 
sensitivity of 0.90 or greater and a rule-in cut-off of 0.67 
for the specificity of 0.90 or greater, leading to a positive 
predictive value (PPV) of 0.83 and a negative predictive 
value (NPV) of 0.85. Patients were considered in a gray zone 
between the two cut-offs. They concluded that the FAST 
score provides an efficient way to identify patients at risk of 
progressive NASH noninvasively and reduce unnecessary 
liver biopsy in patients unlikely to have significant disease. 
To date, FAST performance was not evaluated in cohorts 
from Latin America. This way, we aimed to validate and 
analyze the performance of the FAST score in a Brazilian 
NAFLD population since it may be a valuable tool for the 
identification of the composite of NASH and significant 
fibrosis in NAFLD patients.

Methods

Study Design and Patients

This cross-sectional study with prospective inclusion was 
conducted at the outpatient unit of three references Hepa-
tology Services in Brazil. Two Services are in university 
hospitals in the Southeast (Clementino Fraga Filho Uni-
versity Hospital, Federal University of Rio de Janeiro and 
São Paulo University Hospital, Federal University of São 
Paulo) and one in Southern Brazil (Santa Casa da Miser-
icórdia de Porto Alegre University Hospital, Universidade 
Federal de Ciências da Saúde de Porto Alegre—UFCSPA). 
Individuals 18 years or older and NAFLD diagnosis by 
ultrasonography, whose clinicians requested a liver biopsy, 
based on an elevated liver stiffness (higher than 7.0 kPa) 
and/or abnormal aminotransferases were included in this 
study. HIV, HCV and HBV infected patients were excluded 
as those with other chronic liver diseases. Patients using 
hepatotoxic drugs or any therapy related to hepatic steato-
sis were excluded. Individuals with a daily alcohol intake 
of more than 20 g for women and 30 g for men were also 
excluded. In addition, subjects with a contraindication for 
liver biopsy were also excluded. Following the Declara-
tion of Helsinki, the local Ethics Committee approved the 
study, and all patients signed an informed consent form 
(ICF).
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Study Procedures

Individuals included in the study were submitted to clinical 
and laboratory evaluation, liver stiffness and CAP measure-
ments using FibroScan® and liver biopsy with a maximum 
interval between all the procedures of 2 weeks.

Demographic, Clinical, and Laboratory Variables

Demographic (gender, age), anthropometric (body mass 
index—BMI, weight), clinical (diagnosis of type 2 diabe-
tes, systemic arterial hypertension and dyslipidemia) and 
laboratory variables (alanine aminotransferase test—ALT, 
aspartate aminotransferase test—AST) were registered.

Liver Stiffness and CAP Measures

Liver stiffness and CAP measurements were performed with 
FibroScan® 502 touch (Echosens, Paris, France), using 
M or XL probes according to BMI (M probe was used in 
patients with BMI < 32 kg/m2), as proposed in the refer-
ence study [24]. Patients were fast for at least 3 h before 
the examination. The FibroScan® technique was previously 
described [25, 26]. The final median is expressed in kilopas-
cal (kPa). Only ten valid measurements, IQR/median liver 
stiffness ratio < 30% and success rate > 60%, were included 
in the analysis. CAP, an evaluation of the LSM attenuation 
to determine the amount of steatosis, was reported in deci-
bel/meter (dB/m) [19]. Thus, both liver stiffness and CAP 
were obtained simultaneously and in the same volume of 
liver parenchyma. FibroScan® were realized by a physician 
masked to patients' clinical and liver biopsy data.

Liver Histopathology

Percutaneous liver biopsy was performed guided by ultra-
sound, with 16-gauge needles. Experienced physicians 
obtained the fragments according to standard procedures [5]. 
A single pathologist in each of the different centers, blinded 
to the study data, evaluated liver biopsy specimens. The 
NASH CRN Scoring system was applied to define steato-
sis, the presence of ballooning, lobular inflammation grades, 
NASH, NAS and fibrosis stage [3]. All included samples had 
at least 15 mm of length and at least 10 portal tracts. Those 
with less than these parameters were excluded.

FAST Score

Each center prepared a database with AST results, LSM and 
CAP using FibroScan®. All patients' identifications were 
entered anonymously and received a code. The databases 

were unified and sent to Echosens for the calculation of the 
FAST score. The FAST score was calculated using the fol-
lowing equation:

Statistical Analysis

Clinical and laboratory data and liver stiffness and CAP 
final values and histopathology diagnosis were recorded in 
forms and entered in the SPSS© 24.0 software (IBM SPSS 
Statistics for Windows, Version 25.0. Armonk, NY: IBM 
Corp.). All variables’ values were analyzed as continuous 
variables or were categorized when appropriate. Variables 
with normal distribution were expressed by mean and stand-
ard deviation, and nonparametric variables were expressed 
as a median and interquartile interval. The primary analysis 
of this study was the evaluation of the diagnostic perfor-
mance of the FAST score. Areas under receiver operating 
characteristic (AUROC) curves were calculated. In addition, 
sensitivity, Specificity, Positive Predictive Value and Nega-
tive Predictive Value for the previously described cut-offs 
were estimated in the included population.

Results

Study Population

Two hundred eighty-seven patients have agreed to partici-
pate in the study and have signed the ICF. All patients were 
submitted to laboratory evaluation, TE through FibroScan® 
with M or XL probes, according to BMI, and liver biopsy 
with a maximum delay of two weeks between the proce-
dures. Demographic, clinical, and laboratory characteris-
tics of the 287 patients included in the study are shown in 
Table 1. Most patients were female (75%) with a mean age 
of 55.1 ± 10.1 years. The mean BMI was 32.2 ± 5.4 kg/m2. 
Only 6.5% of patients had a BMI under 25, and 63.9% of 
patients were obese. Type 2 Diabetes Mellitus (T2DM) was 
present in 56.9% and systemic arterial hypertension (SAH) 
in 63.6%. The included patients in the three different cent-
ers had similar characteristics considering age, BMI, the 
incidence of T2DM and aminotransferases levels (Table 1). 
However, the incidence of SAH and dyslipidemia was higher 
in Rio de Janeiro, as shown in Table 1.

Histological Characteristics

The distribution of steatosis and fibrosis according to 
the histological analysis is described in Table  1. The 

FAST =
e−1.65+1.07×In(LSM)+2.66∗10−8×CAP3−63.3×AST−1

1 + e−1.65+1.07×In(LSM)+2.66∗10−8×CAP3−63.3×AST−1
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diagnosis of NASH was present in 80.4%, ballooning in 
65.8% and NAS ≥ 4 in 75.2% of 287 patients. The pres-
ence of NAS ≥ 4 + NASH + F ≥ 2 was identified in 30% of 
the studied population (Table 1). The prevalence of each 
parameter—NASH, NAS > 4 and significant fibrosis—was 
different in the three centers, as present: Rio Grande do 
Sul (96%, 72.2% and 68%); São Paulo (88.7%, 92.5% and 
39.1%) and Rio de Janeiro (68.5%, 57.5% and 24.6%), 
respectively. The finding of NAS ≥ 4 + NASH + F ≥ 2 was 
higher in the Rio Grande do Sul and São Paulo than in Rio 
de Janeiro individuals (Table 1).

Analysis of the Transient Elastography with the M 
and XL Probes

The results of the median LSM and the mean CAP with 
FibroScan® of the included patients are shown in Table 1. 
The XL probe was used in 47% of the included patients.

FAST Score

As previously described, 30% of the 287 included patients 
had NAS ≥ 4 + NASH + F ≥ 2 in the liver biopsies. The 

Table 1   Clinical, demographic and laboratorial characteristics of all patients and according to each participant center (n = 287)

Values are mean (standard deviation) for normally distributed data or median (interquartile interval) for nonparametric data. Categorical data 
are expressed by proportion. BMI, body mass index; SAH, systemic arterial hypertension; AST, aspartate aminotransferase; ALT, alanine ami-
notransferase; E, elastography, CAP, Controlled Attenuation Parameter

Variables All patients (n = 287) Rio de Janeiro (n = 115) São Paulo (n = 137) Porto Alegre (n = 35)

Female—Gender (%) 75.3 78.3 72.9 72.0
Age (years) 55.110.1 54.010.1 55.510.1 59.29.7
BMI (kg/m2) 32.25.4 33.66.0 30.94.3 31.65.9
BMI ≥ 32 (kg/m2) (%) 47.0 62.5 34.8 26.0
BMI ≥ 40 (kg/m2) (%) 9.7 15.7 0.0 12.5
Diabetes (%) 56.9 59.2 55.6 52.0
SAH (%) 63.6 81.1 51.9 40.0
Dyslipidemia (%) 69.9 82.6 62.4 48.0
AST (U/L) 30 (22–45) 28.5 (22–43.2) 30.5 (22–48.7) 32 (16–103)
ALT (U/L) 43.5 (29–64.2) 41.5 (30–65.2) 43.5 (29–62.5) 40.5 (29–63.1)
E (kPa) M probe 7.4 (5.7–11.7) 8.0 (6.1–11.9) 7.2 (3.0–65) 11.4 (5.4–26.3)
CAP (dB/m) M probe 311 (278–340) 313 (243–343) 303 (233–350) 321 (285–338)
E (kPa) XL probe 7.6 (4.7–13.0) 6.8 (4.9–10.1) 6.7 (5.4–9.7) 9.3 (3.5–22.4)
CAP (dB/m) XL probe 318 (288–336) 327 (291–359) 310 (273–339) 319 (280–305)
Steatosis (S)
5% (%) [S0] 2.7 2.8 0 2.7
5–33% (%) [S1] 31.3 30.3 50 30.6
> 33–66% (%) [S2] 47.3 48.6 0 47.7
> 66% (%) [S3] 18.7 16.3 50 18.9
NAS ≥ 4 (%) 75.2 57.5 92.5 72.2
NAS 5.0 (3.0–6.0) 4.0 (2.0–5.0) 5.0 (4.0–6.0) 5.0 (3.0–6.0)
NASH (%) 80.4 68.5 88.7 96.0
NAS ≥ 4 + NASH + F ≥ 2 (%) 30 20.9 37.6 36.0
Fibrosis (F) Stage
F0 (%) 26.4 34.6 21.2 12.0
F1 (%) 38.7 10.9 40.2 20.0
F2 (%) 12.7 9.4 15.2 16.0
F3 (%) 12.0 5.5 16.7 20.0
F4 (%) 10.2 9.4 6.8 32.0
F2–F4 (%) 34.6 24.6 39.1 68.0
FAST-score 0.32 (0.15–0.61) 0.32 (0.15–0.62) 0.29 (0.12–0.54) 0.50 (0.24–0.79)
≤ 0.35 (%) 51.7 51.2 56.1 32
0.351–0.669 (%) 28.3 28.7 26.5 36
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prevalence of this combined histological results in the 
studied populations from Rio de Janeiro, São Paulo, 
and Porto Alegre is in Table 1. The median FAST result 
was 0.32 (0.01–0.94), and the majority (51.7%) of the 
individuals had a FAST ≤ of 0.35 (Table1). According 
to the population included in the present study, adopt-
ing the previously described cut-off of 0.35, the sensi-
tivity (S), specificity (Spe), PPV and NPV to rule-out 
NAS ≥ 4 + NASH + F ≥ 2 were 78.8%, 64%, 48.6% and 
87.8%, respectively. Regarding the cutoff of 0.67, the S, 
Spe, PPV and NPV to rule-in NAS ≥ 4 + NASH + F ≥ 2 
were 41.2%, 89.1%, 61.8% and 77.9%, respectively. The 
AUROC of FAST score considering all included patients 
was 0.78 (95% CI 0.72–0.84) (Fig. 1). When only patients 
with BMI equal to or higher than 32 kg/m2 (47%) were 
evaluated, the AUROC was 0.81 (95% CI 0.74–0.88) 
(Fig. 2). Figure 3 shows the sensitivity, specificity, PPV 
and NPV of FAST score according to the prevalence of the 
outcome variables (NAS ≥ 4 + NASH + F ≥ 2).

Discussion

This prospective multicenter study evaluates the per-
formance of FAST score in a Brazilian population with 
NAFLD, which is predominantly obese. This study is the 
first that evaluates the performance of this new score that 

aims to identify patients with progressive NASH in a South 
American cohort. In our study, the diagnostic performance 
of FAST to rule out patients with NAS ≥ 4 + NASH + F ≥ 2, 
using the 0.35 cut-off, showed good sensitivity (78.8%) and 
high NPV (87.8%). Compared with the study of Newsome 
et al., the sensitivity was lower than those verified in most 
cohorts evaluated. On the other hand, the NPV, as in the 
included populations in the validation cohort, showed a 
high accuracy to exclude this progressive form of the dis-
ease [24]. To rule-in, the cut-off of 0.67 was associated with 
high specificity (89.1%) and a PPV of 61.8%, which was 
lower than those presented in Newsome paper's cohorts. 
However, the specificity was higher (89.1%) than most of 
the validation's cohorts [24]. The overall performance of 
FAST score, evaluated using the AUROC, was 0.78, and in 
obese individuals, most of the study population was 0.81. 
The evaluation of a South American population is impor-
tant due to the high incidence of NAFLD in this geographic 
region (31%) [2, 7, 27], which was not assessed in the study 
that first reported the FAST score [24]. Ethnicity is an 
important predictor for chronic liver disease complications 
and has a strong influence on the response to treatment of 
chronic liver disease [28]. The population included in this 

Fig. 1   AUROC of FAST score in the general population

Fig. 2   Area under the ROC curve of FAST score in patients with 
BMI ≥ 32 kg/m2
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study is composed of Brazilians, which are predominantly 
descendants of non-Hispanic groups, but from Amerindian, 
Afro descendants and Europeans (mostly Portuguese) and 
the mixture of these races [29, 30]. A multicentric study in 
Brazilian patients with NAFLD by Cotrim et al. [31] evalu-
ated 1287 Brazilian NAFLD patients, of whom 487 had his-
tological evaluation. A high prevalence of NASH among this 
group (58%) and also of NASH with liver fibrosis (27%) was 
diagnosed, showing that the prevalence of severe forms of 
NASH is considerably high in Brazil. Hence, FAST score 
may be a valuable tool to investigate the spectra of NAFLD 
in this population and the validation of the predefined cut-
off points by Newsome et al. is needed. Our study evaluated 
individuals from the two most populated regions of Brazil, 
Southeast and South, which allows the analysis of a repre-
sentative sample of our population. Therefore, as previously 
discussed, it is one of the regions with the highest worldwide 
prevalence of NAFLD. This way, to assess the incidence of a 
progressive form of NASH seems to be mandatory to stratify 
and reduce risks in the affected individuals. NASH seems 
to be a more aggressive form of the disease that progresses 
more commonly to advanced fibrosis and cirrhosis [32]. 
Therefore, the use of FAST score in this group can benefit 
the health system costs, excluding individuals with a lower 
risk of progression. In obese patients, NAFLD can be iden-
tified in a prevalence of up to 90% and 65% of overweight 

patients [33]. In the present study, only 6.5% of our patients 
had a BMI < 25 kg/m2, 29.6% were overweight, and 63.9% 
were obese. The mean BMI in the derivation cohort and four 
of the validation cohorts (USA, French NAFLD, Turkish and 
in the pooled external patients' cohort) in the study by New-
some and collaborators [24] was similar to that found in our 
study. The Japanese population studied by Oeda et al. with 
FAST score had a lower median BMI in both verification 
and validation set (26.9 and 27.1 kg/m2) [34], respectively. 
Despite similar weights in several analyzed cohorts, the 
presence of NASH was different in the studied populations, 
varying from 28% in the French bariatric surgery cohort 
(with higher BMI) to 96% in our population in southern 
Brazil. It is remarkable that, even with the differences, FAST 
score demonstrated similar performance in the studies. In 
Oeda study [34], the authors evaluated the accuracy of FAST 
score in 84 individuals with NAFLD and compared the per-
formance between the FibroScan® M and XL probes. No 
significant differences were verified in FAST score between 
the M and XL probes, and no significant difference occurred 
in the AUROC between the two probes. In our study, we did 
not compare the performance of both probes, but the accu-
racy of the XL probe in patients with BMI ≥ 32 kg/m2 was 
good. The AUROC of FAST in patients with BMI ≥ 32 kg/
m2 was 0.81. This result could be explained by the higher 
prevalence of individuals with the progressive form of 

Fig. 3   Sensitivity, specificity, 
PPV and NPV of FAST score 
according to the prevalence 
of the outcome variables 
(NAS ≥ 4 + NASH + F ≥ 2)
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NASH in this group of Brazilian individuals. This study has 
some limitations. One of the limitations is using the cut-offs 
previously proposed by the original article and not assess-
ing the best cut-off points for our studied population since it 
might result in better sensitivity, specificity, PPV and NPV. 
However, it is crucial to standardize an established cut-off 
to rule out and rule in NASH worldwide. The populations 
included in the three different centers were also different in 
frequency and severity of the liver disease, making stand-
ardization more complex and less accurate. However, it is a 
real-life cohort of NAFLD patients that attend liver clinics 
in university hospitals in Brazil. FAST score uses a specific 
device as FibroScan®, which might limit general applicabil-
ity, especially in locations farther from the central reference 
services and large cities. However, regarding the diagnosis 
of NASH with significant fibrosis, it can be considered a 
valuable tool for daily use as a second step noninvasive tool, 
when Fibroscan® is available and a point-to-care equipment 
[35]. In conclusion, FAST score has a good performance in 
a Brazilian NAFLD population, similar to that obtained by 
Newsome et al. It is also adequate for screening NAFLD 
individuals with BMI higher than 32 mg/kg2 if XL probe 
is adopted. Furthermore, this score can be used as a non-
invasive screening tool, mainly for excluding the diagnosis 
of NASH and significant fibrosis in NAFLD patients, thus 
saving patients from a futile liver biopsy.
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