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Abstract

Background: Non-alcoholic fatty liver disease (NAFLD) is a frequent condition in obese patients and regularly
progresses to non-alcoholic steatohepatitis (NASH) and subsequent cirrhosis. Histologic evaluation is the gold
standard for grading and staging, but invasive biopsies are associated with obvious risks. The aim of this study was
to evaluate different non-invasive tools for screening of NAFLD and fibrosis in obese patients.

Methods: In a prospective cohort study liver specimens of 141 patients were taken during bariatric surgery.
Serological parameters and clinical data were collected and the following scores calculated: NASH clinical scoring
system (NCS), aspartate aminotransferase to platelet ratio index (APRI), FIB-4 as well as NAFLD fibrosis score (NFS).
Liver function capacity was measured preoperatively by LiMAx test (enzymatic capacity of cytochrome P450 1A2).
Intraoperative liver biopsies were classified using NAFLD activity score (NAS) and steatosis, activity and fibrosis (SAF)
score.

Results: APRI was able to differentiate between not NASH and definite NASH with a sensitivity of 74% and
specificity of 67% (AUROC 0.76). LiMAx and NCS also showed significant differences between not NASH and definite
NASH. No significant differences were found for NFS and Fib-4. APRI had a high sensitivity (83%) and specificity
(76%) in distinguishing fibrosis from no fibrosis (AUROC = 0.81). NCS and Fib-4 also revealed high AUROCs (0.85 and
0.67), whereas LiMAx and NFS did not show statistically significant differences between fibrosis stages. Out of the
patients with borderline NASH in the histologic NAS score, 48% were classified as NASH by SAF score.

Conclusions: APRI allows screening of NAFLD as well as fibrosis in obese patients. This score is easy to calculate
and affordable, while conveniently only using routine clinical parameters. Using the NAS histologic scoring system
bears the risk of underdiagnosing NASH in comparison to SAF score.
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Background
Non-alcoholic fatty liver disease (NAFLD) is a common
disease with a steadily rising prevalence [1]. In the West-
ern world, studies report a prevalence of 10–30%,

depending on the modality of diagnosis. NASH has ad-
vanced to be the leading cause for elevated liver enzymes
in routine measurements [2, 3]. The progressive form of
NAFLD is called non-alcoholic steatohepatitis (NASH),
which potentially leads to fatal conditions such as cir-
rhosis and hepatocellular carcinoma [3–5]. Risk factors
for developing NAFLD include age, ethnicity and meta-
bolic conditions such as diabetes and obesity [2].
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Prevalence is therefore particularly high in obese people
undergoing bariatric surgery (50–90% NAFLD and 10–
50% NASH) [6–8]. The worldwide epidemic of obesity
and the metabolic syndrome make NAFLD the most
common cause of chronic liver disease and the second
leading etiology among adults awaiting liver transplant-
ation in the United States [2, 9].
Liver biopsy has remained to be the gold standard for

diagnosing NAFLD and NASH, but such invasive proce-
dures are neither affordable nor indicated in the majority
of patients at risk for developing NAFLD [10]. Non-
invasive scoring systems have thus been established to
diagnose NAFLD [11–16]. The AASLD practice guide-
lines suggest the use of non-invasive tools to aid clinical
decision, e.g. NAFLD fibrosis score (NFS), FIB-4, aspar-
tate aminotransferase to platelet ratio index (APRI) [17].
Out of these scores, only the NFS has been developed
for usage in patients with NAFLD [14].Fib-4 was origin-
ally designed for prediction of fibrosis in patients with
HIV/HCV coinfection, while APRI was introduced for
patients with chronic hepatitis C [11, 16, 18]. NAFLD
can also be detected by a liver function capacity test
(LiMAx) [19], which was initially used for predicting
postoperative outcome after liver resections [20]. The
aim of this study was to compare the accuracy of various
non-invasive tests to predict NAFLD and fibrosis in
obese patients undergoing bariatric surgery.

Methods
Study design
This study was designed as a prospective cohort study.
All participants were candidates for bariatric surgery be-
tween 2013 and 2018 and had either body mass indices
of > 40 kg/m2 or > 35 kg/m2 with weight-related co-
morbidities. Patients with a history of heavy smoking (>
15 cigarettes per day), alcohol consumption (> 20 g/day),
age < 18 years or causes of liver disease other than NAFL
D (e.g. viral hepatitis, autoimmune hepatitis) were ex-
cluded. In a secured database, clinical data (age, body
weight, body height and comorbidities), liver function
and biochemical parameters were saved. For diagnosis of
diabetes either fasting glucose > 126 mg/dl or 2-h-
plasma glucose > 200 mg/dl were used in accordance to
WHO guidelines. Liver biopsies were taken from the left
liver lobe during bariatric surgery as described below.
Each participant provided informed, written consent
prior to enrolment. Some data from this study cohort
has previously been reported in another study [19]. This
study was conducted in accordance with the 1964 Dec-
laration of Helsinki and its later amendments. Ethical
approval was obtained from the Ethics Committee of the
Medical Faculty of RWTH Aachen University (EK 312/
11).

Laboratory tests
Blood samples were collected maximum 2 weeks prior
to surgery following overnight fasting. Biochemical pa-
rameters were determined at the Institute of Clinical
Chemistry. Normal range of alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) is < 50 U/L.
Normal range of platelet is 150–400/nL and normal
range for albumin is 3.5–5.2 g/L.

Liver histology
All liver specimens were performed as wedge resections
of the left lobe. Histologic specimens were reviewed by a
single pathologist experienced in evaluation of liver
specimens. Specimens were only evaluated after anon-
ymization. Histologic steatosis, lobular inflammation, he-
patocellular ballooning and fibrosis were evaluated
according to NAFLD activity score (NAS) and steatosis-
activity-fibrosis (SAF) score [21, 22]. For NAFLD activity
score, specimens were classified as ‘not NASH’, ‘border-
line’ and ‘definite NASH’. All specimen were additionally
classified according to the SAF score as ‘no NAFLD’,
‘NAFLD’ and ‘NASH’. Fibrosis was subdivided into four
stages (F1-F4) [21].

NASH clinical scoring system
The NASH clinical scoring system was developed to pre-
dict the risk of NASH in morbidly obese people. It con-
sists of arterial hypertension, type 2 diabetes mellitus,
AST-elevation > 27 U/L, ALT-elevation > 27 U/L, sleep
apnea (each awarded one point) and ethnicity (non-
black: 2 points) [13].

Liver function capacity
Capacity of liver function was measured via LiMAx test.
This test is based on 13C-methacetin (Euriso-top, Saint-
Aubin Cedex, France) metabolism by the cytochrome
P450 1A2 system (CYP1A2). Twomg/kg body weight
13C-methacetin is injected intravenously and metaboliza-
tion into acetaminophen and turnover of 13CO2 then
measured as a quotient of exhaled 13CO2 to

12CO2. Ana-
lysis is performed by online breath sampling with real-
time point-of-care analysis by a laser-based nondisper-
sive isotope-selective infrared spectroscope (FLIP2,
Humedics, Berlin, Germany). The test was taken during
the 2 weeks prior to surgery and after an overnight fast.
To ensure comparability, LiMAx test was performed on
the same day as laboratory values were taken. A mea-
sured liver function capacity of > 315 μg/kg/h is consid-
ered physiological [20, 23].

APRI
APRI score is calculated by dividing aspartate amino-
transferase (AST) serum with platelet levels. A value of
> 1.5 is able to predict liver fibrosis with a positive
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predictive value of 89%, while values of < 0.5 exclude
liver fibrosis in 80% [12, 16].

Fib-4
FIB-4 is calculated by: [age (years) x AST (U/L)] / [plate-
let count (109/L) x (ALT (U/L))½] [11]. A cut-off of <
1.45 is able to exclude advanced fibrosis with a negative
predictive value of 90% and a sensitivity of 70%, while a
cut-off of > 3.25 has a positive predictive value of 65%
with a specificity of 97% in predicting fibrosis (AUROC
=0.77).

NAFLD fibrosis score
The NAFLD fibrosis score (NFS) consists of the vari-
ables age, BMI, diabetes, AST/ALT ratio (De Ritis ratio),
platelet count and serum albumin. It is calculated as fol-
lows: NFS = − 1.675 + 0.037 x age (years) + 0.094 x BMI
(kg/m2) + 1.13 * IGF/diabetes (yes = 1, no = 0) + 0.99 x
AST/ALT ratio – 0.013 x platelet (× 109/l) – 0.66 x albu-
min (g/dl). Results can be positive, negative or inter-
mediate and predict the absence or presence of
significant fibrosis with two cut-off points (− 1.46 and
0.68) [14]. A low cut-off score of − 1.46 is able to ex-
clude advanced fibrosis with a negative predictive value
of 88%, while a high cut-off score of 0.68 diagnoses ad-
vanced fibrosis with a positive predictive value of 82%
(AUROC = 0.82).

Statistical analysis
Graph Pad Prism® v7 was used for statistical analysis.
Values are reported as mean and standard deviation
(SD) or median and interquartile range (IQR) unless
otherwise indicated. ANOVA and the two-sided (stu-
dents) t-test were used for calculation of statistical sig-
nificance. A two-sided p < 0.05 was considered
statistically significant. Receiver operating characteristic
(ROC) analysis was performed to analyze sensitivity and
specificity.

Results
Patients’ characteristics
One hundred forty-one patients were included in this
study between 2013 and 2018. See Table 1 for detailed
clinical and demographic data.
Of the 141 patients, more than 70% were female (n =

103). Around half of the patients underwent gastric by-
pass procedure (n = 72, 51%), the other half received
sleeve gastrectomy (n = 67, 48%). Two patients received
a mini-bypass (1%). The average age of all patients was
43 ± 9 years. The mean body mass index was 53 ± 7 kg/
m2. More than half of the patients had arterial hyperten-
sion (n = 86, 61%). Obstructive sleep apnea syndrome
(OSAS) and type 2 diabetes mellitus were present in 41
and 35% of patients, respectively.

Liver histology
According to NAFLD activity score (NAS), ‘not NASH’
was observed in 35% of patients (n = 49), 46% of patients
were classified as ‘borderline’ (n = 65) and 19% (n = 27)
were classified as ‘definite NASH’. Median NAS score
was 3 (IQR 3). According to SAF score, 24 (17%) showed
‘no signs of NALFD’, 59 patients (42%) were classified as
‘NAFLD’ and 58 (41%) as ‘NASH’ (Table 1). Patients
with ‘no NASH’ in NAS were classified as ‘no NAFLD’
(44%) or ‘NAFLD’ (56%) in SAF. Patients with ‘no NAFL
D’ according to SAF were classified as ‘not NASH’ (88%)
and ‘borderline NASH’ (12%) in NAS score. Out of the
patients with ‘borderline NASH’ in NAS, 48% were clas-
sified as ‘definite NASH’ by SAF score (Fig. 1).
Thirty-nine patients (28%) had a no fibrosis (F0), 61

patients (43%) had a stage 1 fibrosis (F1), 29 patients
(21%) a stage 2 fibrosis (F2) and 12 patients (8%) a stage
3 fibrosis (F3). None of our patients showed a manifest
cirrhosis (F4).
A mean of 25 portal tracts per sample was analysed

(SD 8).

NASH clinical scoring system
Median sum score for ‘not NASH’ was 3 (IQR 3), for
borderline 5 (IQR 1) and for manifest NASH 6 (IQR 1)
(Fig. 2).
In distinguishing ‘NASH‘from ‘no NAFLD‘, a sensitiv-

ity of 62% and a specificity of 72% for SAF score was cal-
culated (AUROC 0.77, cut-off value 5).
Patients with F0 to F2 fibrosis scored a median of 4,

whereas patients with stage 3 fibrosis scored a median of
6 (Fig. 4).

Table 1 Patients’ characteristics

Demographic data

Male 38 27%

Female 103 73%

Age (years) 44 ± 9

BMI (kg/m2) 53 ± 7

Comorbidities

Type 2 diabetes mellitus 50 35%

Arterial hypertension 86 61%

Obstructive sleep apnea syndrome 58 41%

NAFLD Activity Score (NAS)

Not NASH 49 35%

Borderline 65 46%

Definite NASH 27 19%

Steatosis-activity-fibrosis (SAF) Score

No NAFLD 24 17%

NAFLD 59 42%

NASH 58 41%
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In distinguishing no fibrosis from stage 3 fibrosis, a
score of 6 revealed a sensitivity of 75% and a specificity
of 91% (AUROC 0.85).

Liver function capacity
LiMAx values were significantly higher in patients with-
out NASH than in patients with ‘definite NASH‘(365 vs.
225 μg/kg/h; p < 0.0001) (Fig. 2). For NAS, sensitivity
and specificity of LiMAx test to identify ‘definite NASH’
from ‘not NASH’ was 80 and 83% respectively (AUROC
0.88, cut-off value 263 μg/kg/h). For SAF, sensitivity and
specificity were 79 and 82% (AUROC 0.87, with a cut-off
value of 296 μg/kg/h). Liver function capacity showed no
statistically significant differences between the various fi-
brosis stages (Fig. 4).

APRI
Mean APRI was 0.08 in patients with ‘not NASH’ and
0.12 in patients with ‘definite NASH‘(p < 0.0001) (Fig. 2).
For a cut off-value of > 0.08, a sensitivity of 74% and spe-
cificity of 67% were calculated in distinguishing ‘not
NASH’ from ‘definite NASH‘(AUROC 0.76). Using the
SAF score, APRI also showed significant differences be-
tween ‘no NAFLD‘and ‘NASH‘(0.08 versus 0.1, p = 0.02)
(Fig. 3). APRI reached herein a sensitivity of 63% and a
specificity of 65% (AUROC 0.67) and was furthermore
able to show significant differences between the individ-
ual stages of fibrosis (Fig. 4). Sensitivity and specificity to
differentiate no fibrosis from stage 3 fibrosis was 83 and
76% for a cut-off value of 0.1 (AUROC 0.81).

Fib-4
Fib-4 did not reach statistical significance discriminating
between ‘not NASH’ and ‘NASH‘(Figs. 2 and 3). Statis-
tical significance was only found concerning fibrosis

(Fig. 4) with a sensitivity of 49% and a specificity of 65%
(cut-off 0.78, AUROC 0.67).

NAFLD fibrosis score
There was no difference between patients with ‘not
NASH’ and ‘definite NASH’ neither for NAS, nor for
SAF score (AUROC 0.63 and 0.62) (Fig. 2 and Fig. 3).
NAFLD fibrosis score did not reveal any significant dif-
ferences between fibrosis stages (Fig. 4).
For a summary of all scores used, see Table 2.

Discussion
NAFLD and its progressive form NASH are emerging
conditions especially among obese patients. Gold stand-
ard for diagnosis is liver biopsy with subsequent histo-
pathological evaluation. The most common histological
scoring systems for NAFLD are the NAFLD activity
score (NAS) and the steatosis-activity-fibrosis (SAF)
score [21, 24]. In this study, NAS and SAF showed a
high concordance in diagnosing definite NASH, whereas
nearly half of the patients classified as ‘borderline‘by
NAS had a ‘definite NASH‘according to SAF score. This
is in line with the findings of Rastogi et al., whose rate of
cases underdiagnosed by NAS was even higher (88%). As
Brunt et al. pointed out, the NAS was originally estab-
lished for monitoring therapeutic effects, whereas the
SAF score was initially designed to differentiate between
NAFLD and NASH [10]. Thus, there might be a risk in
missing patients with manifest NASH if diagnosis solely
relies on NAS. Both scores should be applied where
possible.
Concerning long term-outcome of NAFLD and NASH,

the development of liver fibrosis appears to be the cru-
cial parameter [25]. Liver fibrosis is included in SAF
score by Bedossa et al., but analysed separately in NAS

Fig. 1 Comparison of NAS and SAF score 56% of the patients with no NASH in NAS were diagnosed as NAFLD in SAF score. 48% of the patients
classified as borderline in NAS were identified as NASH in SAF score. Abbreviations: SAF: steatosis, activity, fibrosis score, NAS: NAFLD activity score
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[21, 24]. When applying NAS for diagnosis of NAFLD
and NASH, additional evaluation of liver fibrosis needs
to be mandatory.
Liver biopsy certainly allows for definite grading and

staging of NAFLD. The risks associated however do not
justify routine clinical usage. This being additionally
amplified by the high margin of sampling errors in
transcutaneous biopsies [26, 27]. Different low-risk, non-
invasive tests have therefore been proposed to avoid liver
biopsy, but up to now no single test has been established
in clinical practice. In this study, we were able to obtain

liver biopsies of obese subjects with NAFLD intraopera-
tively, resulting in larger specimens with a lower sam-
pling error [28]. Out of the clinical scoring tests applied
in this study, APRI proved most useful, as it was the
only test able to securely differentiate between no NASH
and NASH as well as identify no fibrosis from severe fi-
brosis. This is especially remarkable, as it was initially
designed to diagnose advanced fibrosis in patients with
chronic virologic liver injury and not for diagnosing
NAFLD or NASH [16, 18]. The usage of APRI has since
widened and there have been successful validations of its

Fig. 2 NAS score in comparison to clinical scores (p-values **** < 0.0001; *** < 0.001; * < 0.05); Abbreviations: NAS: NAFLD activity score, NCS:
NASH Clinical Scoring System, LiMAx: LiMAx liver function capacity test, APRI: aspartate aminotransferase to platelet ratio index, NFS: NAFLD
fibrosis score
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use in non-alcoholic chronic liver diseases [16] as well as
descriptions of its usage in monitoring hepatitis B under
therapy [29] or diagnosis of fibrosis in post-hepatitis C
patients [30]. AASLD practice guidelines also recom-
mend its usage in diagnosis of NAFLD and NASH in
obese patients [17].
Of the other non-invasive scores evaluated in this

study, NASH clinical scoring system (NCS) also corre-
lated well with the presence or absence of NASH ac-
cording to NAS but did not show statistical significance
in SAF score. NCS requires diagnosis of sleep apnea and

it has to be taken in mind, that there are different ways
to diagnose sleep apnea. Therefore, under- or overesti-
mation of sleep apnea with consequently altered NCS
scores might affect its results. Our group has already
been able to describe the liver function capacity test
(LiMAx) used in this study to aptly evaluate liver func-
tion in obese subjects [19, 31]. It now also performed
well in differentiating no NASH from NASH, but failed
to correctly predict liver fibrosis. Compared with APRI
and the NASH clinical scoring system, it is not as regu-
larly available and more cost-intensive. The LiMAx test

Fig. 3 SAF score in comparison to clinical scores (p-values **** < 0.0001; *** < 0.001; * < 0.05); Abbreviations: SAF: Steatosis, Activity, Fibrosis Score,
NCS: NASH Clinical Scoring System, LiMAx: LiMAx liver function capacity test, APRI: aspartate aminotransferase to platelet ratio index, NFS: NAFLD
fibrosis score
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Fig. 4 Fibrosis stages in comparison to clinical scores (p-values **** < 0.0001; *** < 0.001; ** < 0.01; * < 0.05), Abbreviations: NCS: NASH Clinical
Scoring System, LiMAx: LiMAx liver function capacity test, APRI: aspartate aminotransferase to platelet ratio index, NFS: NAFLD fibrosis score

Table 2 Score overview

NAFLD Activity Score (NAS)
(no NASH – definite NASH)

Steatosis, Activity, Fibrosis Score (SAF)
(no NAFLD – NASH)

Fibrosis
(no fibrosis – Stage 3 fibrosis)

Cut-off AUROC SENS % SPEC % p-value Cut-off AUROC SENS % SPEC % p-value Cut-off AUROC SENS % SPEC % p-value

NCS 4 0.86 78 75 < 0.0001 5 0.77 62 72 < 0,0001 6 0.85 75 91 0.0002

LiMAx 263 0.88 80 83 < 0.0001 296 0.87 79 82 < 0.0001 292 0.53 55 58 0.72

APRI 0.08 0.76 74 67 < 0.0001 0.08 0.67 63 65 0.02 0.1 0.81 83 76 < 0.0001

Fib-4 0.67 0.58 53 54 0.25 0.71 0.57 51 54 0.36 0.78 0.67 49 65 0.02

NFS −0.47 0.63 63 61 0.07 −1.02 0.62 59 58 0.09 −0.44 0.68 55 62 0.11

Abbreviations: NAS NAFLD Activity Score, SAF Steatosis, Activity, Fibrosis Score, NASH NASH: non-alcoholic steatohepatitis, NAFLD non-alcoholic fatty liver disease,
AUROC Area under the Receiver Operating Characteristic, SENS Sensitivity, SPEC Specificity, NCS NASH Clinical Scoring System, LiMAx LiMAx liver function capacity
test, APRI aspartate aminotransferase to platelet ratio index, NFS NAFLD fibrosis score
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has to be performed on a fasting patient and smoking
might alter the results. Therefore, there is a risk of mis-
classification when performed under non-fasting condi-
tions or on a patient with a history of smoking.
Fib-4, that was designed for detection of fibrosis in pa-

tients with hepatitis C and HIV [11], was insufficient in
differentiating no NASH from NASH, but reached statis-
tical significance in diagnosing liver fibrosis. Neverthe-
less, AUROC for discriminating liver fibrosis stages was
lower than in APRI and routine calculation is more
complex.
Interestingly, NAFLD fibrosis score was unable to

diagnose NASH by any of the two histological scores ap-
plied and was furthermore unable to diagnose liver fi-
brosis. We therefore do not advocate its routine usage in
contrast to AASLD practice guidelines. In this study,
APRI proved vastly superior in diagnosing NASH and fi-
brosis in obese patients and performed better than Fib-4
and NAFLD fibrosis score. These findings concur with
other studies, in which APRI also reached a higher ac-
curacy than Fib-4 and NAFLD fibrosis score [32, 33].
APRI furthermore has the obvious advantage to be easily
assessable and moderate in costs. It therefore could also
be successfully applied in a low-income population [33].
For all non-invasive scores requiring laboratory values

it has to be taken into account, that laboratory values
may be divergent from day to day and therefore create
different results.
In our bariatric center, all patients with definite NASH

in liver histology are referred to a gastroenterologist /
hepatologist. Patients with borderline NASH undergo
control of laboratory values and re-calculation of clinical
scores. If there is no improvement, a control biopsy is
considered. Patients without NASH receive routine la-
boratory monitoring after bariatric surgery.
A limitation of this study is the relatively small num-

ber of 141 obese patients included. There is certainly a
selection bias, as all of the participants underwent bariat-
ric surgery. Cut-off values in this study therefore refer to
morbidly obese subjects and might not be applicable to
the general population. Furthermore, data was collected
prospectively but analysis was carried out in a retro-
spective manner. Nevertheless, prevention and handling
of NAFLD are gaining importance in an increasingly over-
weight global populace. Therefore, a simple score such as
the APRI described in this study might facilitate selecting
patients at risk for NAFLD or in need of treatment.

Conclusion
NASH clinical scoring system and LiMAx liver function
capacity test were useful in discriminating NASH from
no NASH but failed in correctly predicting liver fibrosis.
Fib-4 was futile in diagnosing NASH but had its usage
in diagnosing liver fibrosis, whereas the NAFLD fibrosis

score proved neither sufficient for diagnosis of NASH,
nor liver fibrosis. APRI showed a high accuracy in de-
tecting NASH and advanced liver fibrosis in obese pa-
tients. The easy-to-assess, easy-to-access APRI could
therefore be used for deciding which patients to select
for a liver biopsy during bariatric surgery.
Comparing the histologic scores applied in this study,

the NAS score might underdiagnose certain patients
with NASH by classifying them as borderline.
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