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Abstract
Purpose  Non-invasive diagnosis of nonalcoholic fatty liver disease (NAFLD) and its advanced phenotypes (e.g., nonalco-
holic steatohepatitis; NASH) is a hot research topic. The aim of this report was the validation of a novel non-invasive index 
of NAFLD, the “NAFLD test,” recently introduced for the diagnosis of NAFLD (vs. non-NAFLD controls).
Methods  This was a post-hoc analysis of a previous study. The NAFLD test was calculated in NAFLD patients and non-
NAFLD controls; the performance of the test was compared with that of other non-invasive indices of NAFLD (fatty liver 
index [FLI] and hepatic steatosis index [HSI]), and other indices of NASH (index of NASH [ION] and cytokeratin-18/
homeostasis model assessment-insulin resistance/aspartate transaminase index [CHAI]).
Results  The NAFLD test was higher in NAFLD patients than in controls (1.89 ± 0.14 vs. 1.30 ± 0.06, respectively; p < 0.001). 
In NAFLD patients, the NAFLD test was higher in NASH patients than in those with simple nonalcoholic fatty liver (NAFL) 
(2.21 ± 0.24 vs. 1.57 ± 0.08, respectively; p = 0.007). The area under the receiver operating characteristic curve (AUC) of 
the NAFLD test was 0.84 (95% CI: 0.74–0.94; p < 0.001) for differentiation between NAFLD and non-NAFLD controls 
and its performance was similar to that for FLI and HSI. For differentiation between NASH and NAFL patients, the AUC 
of the NAFLD test was 0.88 (95% CI: 0.62–0.96; p = 0.007) and its performance was superior to that for ION and CHAI.
Conclusions  The NAFLD test was validated in this external cohort for the non-invasive diagnosis of NAFLD patients vs. 
non-NAFLD individuals. It was also shown to differentiate between NASH and NAFL patients with acceptable accuracy.

Keywords  CHA index · Index of NASH · NAFLD test · Nonalcoholic fatty liver disease · Nonalcoholic steatohepatitis · 
Non-invasive index

Introduction

Nonalcoholic fatty liver disease (NAFLD) remains a highly 
prevalent disease (25–30% of the general population) with-
out to date any approved pharmaceutical treatment [1]. The 
prevalence of the disease is higher in specific groups, such as 
in patients with type 2 diabetes mellitus (T2DM), being 68% 
in Europe [2]. Owing to its close association with T2DM, 
obesity, and metabolic syndrome, a multi-society Delphi 
consensus statement has recently recommended changing its 
nomenclature to metabolic dysfunction-associated steatotic 
liver disease (MASLD), a change accompanied by different 
criteria, resembling those of the metabolic syndrome [3].

Liver biopsy is the gold standard for the staging and 
grading of the disease, although it is difficult to perform 
in all NAFLD patients given both the high prevalence of 
the disease and the limitations of the method (i.e., invasive-
ness, low acceptance by patients, potential complications, 
and sampling variability) [4]. Consequently, non-invasive 
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diagnostic tests for NAFLD and more advanced phenotypes 
of the disease, i.e., nonalcoholic steatohepatitis (NASH) and 
hepatic fibrosis, are a hot topic of relevant research [5, 6]. 
In this regard, many groups have introduced non-invasive 
indices for the diagnosis of NAFLD (vs. individuals with-
out NAFLD), or of NASH (vs. NAFL), or of significant or 
advanced fibrosis (vs. no or early fibrosis), as elsewhere 
reviewed in detail [7]. Ideally, accurate indices are needed 
for both the diagnosis and long-term follow-up of patients 
with NAFLD, similarly to glycated hemoglobin used for 
the diagnosis and follow-up of patients with diabetes [8, 
9]. Recently, a novel non-invasive index of NAFLD, the 
“NAFLD test” was introduced, which showed acceptable 
accuracy in three different populations (Egyptian, Chinese, 
and Chilean) for the diagnosis of NAFLD (vs. non-NAFLD) 
[10].

In this report, we aimed to validate the diagnostic accu-
racy of the NAFLD test in an external population.

Patients and methods

This was a post-hoc analysis of a previous, single-center, 
case–control study [11]. Inclusion criteria for the NAFLD 
patients were the following: (a) age > 18 years; (b) liver 
ultrasonography indicating fatty liver and abnormal liver 
function tests for at least 6 months before liver biopsy; and 
(c) performance of liver biopsy. Participants of similar age, 
sex, and body mass index (BMI), who were apparently 
healthy individuals undergoing a regular check-up for pro-
fessional needs, were recruited as controls. Inclusion criteria 
for the controls were the following: (a) age > 18 years; (b) 
no history of abnormal liver ultrasound imaging or abnor-
mal liver function tests; and (c) currently normal liver ultra-
sonography and normal liver function tests. Liver biopsy 
was not performed in the controls for obvious ethical con-
siderations. Exclusion criteria were the same for patients 
and controls with the aim of excluding secondary causes of 
fatty liver, including alcohol consumption, hepatitis B and C, 
autoimmune hepatitis, drug-induced hepatitis, etc., as previ-
ously described in detail [11]. NASH-related cirrhosis (F4) 
was also an exclusion criterion. The study protocol was in 
accordance with the 1975 Declaration of Helsinki and was 
approved by the ethics committee of the School of Medicine, 
Aristotle University of Thessaloniki, Greece.

Physical examination and blood sampling were performed 
at 8:00–9:00 am after overnight fasting and 1–2 h prior to 
liver biopsy, which was performed under computerized 
tomography guidance. The staging and grading of NAFLD 
was based on the criteria of the NASH Clinical Research 
Network classification. Serum alanine transaminase (ALT), 
total cholesterol, and other biochemical tests were measured 
on an automated biochemical analyzer (Olympus AU2700; 

Olympus, Hamburg, Germany) [11]; high-sensitivity C-reac-
tive protein (CRP) was measured with the latex-enhanced 
immunonephelometric assay on a BNII analyzer (Siemens 
Healthcare Diagnostics, Deerfield, IL, USA; total coefficient 
of variation 4.0–5.0%).

BMI was calculated with the formula: body weight (kg)/
height2 (m2). The NAFLD test was calculated with the for-
mula -0.695 + 0.031 × BMI (kg/m2) + 0.003 × cholesterol 
(mg/dl) + 0.014 × ALT (U/l) + 0.025 × CRP (mg/l) [10]. The 
performance of the NAFLD test was compared with the per-
formance of the following: (a) other previously introduced 
non-invasive indices of NAFLD (for the differentiation 
between NAFLD and non-NAFLD controls), i.e., fatty liver 
index (FLI) [12] and hepatic steatosis index (HSI) [13], and 
(b) other indices of NASH (for the differentiation between 
NASH and simple nonalcoholic fatty liver [NAFL]), i.e., 
index of NASH (ION) [14] and cytokeratin-18/homeostasis 
model assessment-insulin resistance (HOMA-IR)/aspartate 
transaminase (AST) index (CHAI) [11], following standard 
equations (Table 1).

Statistical analysis

Continuous variables were presented as mean ± standard 
error of the mean (SEM), if normally distributed, or as 
median (interquartile range), if not normally distributed. 
Categorical variables were presented as absolute and/or 
relative frequencies. The Kolmogorov–Smirnov test was 
used to check the normality of distributions of continuous 
variables. The independent samples t-test or Mann–Whitney 
test were used for between group comparisons of continu-
ous variables. The chi-square or Fischer exact test was used 
for between group comparisons of categorical variables. 
Receiver operating characteristic (ROC) curve analysis was 
used and the area under the ROC curve (AUC) was calcu-
lated to test the performance of the NAFLD test and other 
previously introduced non-invasive tests. Statistical analysis 
was performed with SPSS 29.0 for Macintosh (IBM Corp., 
Armonk, NY).

Results

Thirty patients (22 women) with biopsy-proven NAFLD 
(15 with NAFL and 15 with NASH) and 24 controls (20 
women) were included in this study. Comparative data of 
the study groups were presented in detail in the initially 
published article [11]. Regarding the variables included in 
the formula of the NAFLD test, the data between patients 
and controls, respectively, were the following: BMI (kg/
m2) 30.6 (29.6—36.7) vs. 30.0 (28.8 – 31.8) (p = 0.077); 
cholesterol (mg/dl) 214 ± 7 vs. 226 ± 8 (p = 0.282); ALT 
(U/l) 45.5 (30.3 – 60.0) vs. 17.0 (13.0 – 23.0) (p < 0.001); 
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and CRP (mg/l) 4.8 ± 0.9 vs. 3.9 ± 0.4 (p = 0.309). The 
NAFLD test was higher in NAFLD patients than in con-
trols (1.89 ± 0.14 vs. 1.30 ± 0.06; p < 0.001; Fig. 1A). In 
NAFLD patients, the NAFLD test was higher in the NASH 
than in the NAFL subgroup (2.21 ± 0.24 vs. 1.57 ± 0.08; 
p = 0.007; Fig.  1B). The NAFLD test was not differ-
ent between NAFLD patients without (F0; n = 10) and 
those with (F1-3; n = 20) hepatic fibrosis (1.67 ± 0.12 vs. 
2.00 ± 0.19; p = 0.403), or between NAFLD patients with 
fibrosis stage F0/F1 (n = 24) and F2/F3 (n = 6) (1.80 ± 0.14 
vs. 2.24 ± 0.39; p = 0.178).

In the ROC curve analysis, the AUC of the NAFLD test 
was 0.84 (95% CI: 0.74–0.94; p < 0.001) for differentiation 
between NAFLD and non-NAFLD controls. For a cut-off 
of 1.47, the NAFLD test had 77% sensitivity, 79% speci-
ficity, 82% positive predictive value (PPV), 73% negative 
predictive value (NPV), and 78% accuracy for identifica-
tion of NAFLD. When the performance of the NAFLD test 
to identify NAFLD was compared with the performance of 
two other validated non-invasive tests of NAFLD (FLI and 
HSI), the NAFLD test performed similarly to FLI (AUC: 
0.86 [95% CI]: 0.75–0.97; p < 0.001) and HSI (AUC: 0.80 
[95% CI]: 0.72–0.94; p < 0.001; Fig. 2A).

For differentiation between NAFL and NASH patients, 
the AUC of the NAFLD test was 0.88 (95% CI: 0.62–0.96; 
p = 0.007). For a cut-off of 1.63, the NAFLD test had 80% 
sensitivity, 73% specificity, 75% PPV, 79% NPV, and 77% 
accuracy for identification of NASH (vs. NAFL). When 
the performance of the NAFLD test to identify NASH (vs. 
NAFL) was compared with the performance of two other 
previously introduced non-invasive tests of NASH (ION and 
CHAI), the NAFLD test was shown to perform better than 
ION (AUC: 0.71 [95% CI]: 0.52–0.91; p = 0.056) and CHAI 
(AUC: 0.72 [95% CI]: 0.52–0.92; p = 0.050; Fig. 2B).

The NAFLD test did not provide statistically significant 
results for the identification of NAFLD patients with F0 vs. 
F1-F3 (AUC: 0.60 [95% CI]: 0.38–0.81; p = 0.386), or of 
NAFLD patients with F0/F1 vs. F2/F3 (AUC: 0.68 [95% 
CI]: 0.45–0.91; p = 0.125).

Discussion

In this post-hoc analysis, the NAFLD test was validated as 
a non-invasive tool for NAFLD in an independent cohort of 
biopsy-proven NAFLD patients. Of note, this was the first 
report on the NAFLD test in a European (Greek) population 
following the introduction of the index in Egyptian, Chinese, 
and Chilean populations [10]. More specifically, the NAFLD 
test was able to differentiate between NAFLD patients and 
non-NAFLD individuals with acceptable accuracy and an 
AUC (0.84; 95% CI: 0.74–0.94) similar to those reported in 
its introductory report [10]. The NAFLD test showed similar 
accuracy to that of other validated indices of NAFLD (vs. 
non-NAFLD), i.e., FLI and HSI (Fig. 1A).

Importantly, in our study, the NAFLD test was also 
shown, for the first time, to differentiate between NASH and 
NAFL patients with acceptable accuracy and higher AUC 
(0.88; 0.62–0.96) than those of other non-invasive indices 
previously introduced for the differentiation between NASH 
and NAFL (CHAI [11] and ION [14]). It should be high-
lighted that despite the numerous indices introduced for the 
non-invasive diagnosis of NAFLD (vs. non-NAFLD indi-
viduals) or hepatic fibrosis, only limited indices have been 
introduced for the non-invasive diagnosis of NASH (vs. 
NAFL) [5]. Thus, this result seems to be of considerable 
importance, although it requires validation by other inde-
pendent cohorts.

Table 1   Equations of the comparative non-invasive indices of NAFLD

Abbreviations: ALT alanine transaminase; AST aspartate transaminase; CHAI cytokeratin-18/HOMA-IR/AST index; CK-18 cytokeratin-18; BMI 
body mass index; FLI fatty liver index; GGT​ gamma-glutamyl transferase; HC hip circumference; HSI hepatic steatosis index; HOMA-IR home-
ostasis model assessment—insulin resistance; ION index of nonalcoholic steatohepatitis; NAFL nonalcoholic fatty liver (simple steatosis); na, 
not available; NAFLD nonalcoholic fatty liver disease; NASH nonalcoholic steatohepatitis; T2DM type 2 diabetes mellitus; TG triglycerides; WC 
waist circumference

Non-invasive index Equation Suggested cut-offs

Indices of NAFLD (differentiation between NAFLD and non-NAFLD controls)
  FLI [12] [(e0.953×ln(TG, mg/dl) +0.139×BMI (kg/m2) +0.718×ln(GGT, U/l) +0.053×WC (cm) −15.745) /

(1 + e0.953×ln(TG, mg/dl) +0.139×BMI (kg/m2) +0.718×ln(GGT, U/l) +0.053×WC (cm) 

−15.745)] × 100

 < 30: rule out NAFLD
 ≥ 60: rule in NAFLD

  HSI [13] 8 × ALT (U/l)/AST (U/l) + BMI (kg/m2) + 2 (if female) + 2 (if presence 
of T2DM)

 < 30: rule out NAFLD
 ≥ 36: rule in NAFLD

Indices of NASH (differentiation between NASH and NAFL)
  CHAI [11] AST (U/l) × HOMA-IR × CK-18 (U/l) / 1000 na
  ION [14] Males: 1.33 × WC (cm)/HC (cm) + 0.03 × TG (mg/dl) + 0.18 × ALT 

(U/l) + 8.53 × HOMA-IR—13.93
Females: 0.02 × TG (mg/dl) + 0.24 × ALT (U/l) + 9.61 × HOMA-

IR—13.99

 < 50: rule out NASH
 ≥ 50: rule in NASH
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The NAFLD test could not identify either NAFLD 
patients without hepatic fibrosis (F0) vs. patients with 
fibrosis (F1-F3), or NAFLD patients without or early fibro-
sis (F0/F1) vs. patients with significant/advanced fibrosis 
(F2/F3). In this regard, we avoided comparing the per-
formance of NAFLD test with other validated indices of 
hepatic fibrosis, such as the fibrosis-4 index or the NAFLD 
fibrosis score. To date, no index has provided accepta-
ble accuracy for multiple diagnostic uses, i.e., NAFLD 
(vs. non-NAFLD), NASH (vs. NAFL), and significant or 
advanced fibrosis (vs. no or early fibrosis).

The main strengths of this study are the histological con-
firmation of NAFLD and its validation for the first time in a 
European population. Some limitations include the relatively 
small sample size, although it was sufficient to show signifi-
cant differences between NAFLD and non-NAFLD, as well 
as between NASH and NAFL. Moreover, the controls did 
not undergo liver biopsy owing to the above-mentioned ethi-
cal considerations. Furthermore, this study was not designed 
specifically for the validation of the NAFLD test, but it was 
a post-hoc analysis of a previous study [11]. Although the 

study showed that the NAFLD test performed better in 
differentiating between NASH and NAFL compared with 
ION or CHAI, the design of the present diagnostic study 
does not allow for the drawing of secure conclusions that 
could explain the superiority of the NAFLD test; this would 
require studies of a different design (e.g., mechanistic stud-
ies). Similarly, the design of this study does not allow for 
secure conclusions as to the inability of the NAFLD test to 
differentiate between NAFLD patients with hepatic fibrosis 
and those without.

In conclusion, the current study has demonstrated that the 
NAFLD test, an inexpensive and easy-to-calculate index, 
can distinguish between NAFLD patients and non-NAFLD 
individuals, as well as between NASH and NAFL patients. 
The validation of the NAFLD test may provide benefit for 
the non-invasive diagnosis of this disease, which represents 
a global health burden; however, this requires further vali-
dation by other large-scale independent cohorts, preferably 
with histological confirmation.

Fig. 1   A NAFLD test 
(mean ± standard error of the 
mean) in individuals without 
NAFLD (controls; non-
NAFLD) and patients with 
NAFLD. The NAFLD test was 
higher in NAFLD patients than 
in non-NAFLD individuals. The 
Mann–Whitney test was used 
for the comparison between 
groups. *: p < 0.001 compared 
to control group. B NAFLD test 
(mean ± standard error of the 
mean) in patients with NAFL 
(simple steatosis) and patients 
with NASH. The NAFLD test 
was higher in NASH than in 
NAFL patients. The Mann–
Whitney test was used for the 
comparison between groups. 
*: p = 0.007 compared to 
NAFL group. Abbreviations: 
NAFL, nonalcoholic fatty liver; 
NAFLD, nonalcoholic fatty 
liver disease; NASH, nonalco-
holic steatohepatitis

*

*

A

B
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Fig. 2   A ROC curves for the 
NAFLD test, FLI, and HSI for 
the diagnosis of NAFLD vs. 
non-NAFLD. B ROC curves 
for the NAFLD test, ION, and 
CHAI for the diagnosis of 
NASH vs. NAFL. ROC curve 
analysis was used and the AUC 
was calculated. The diagonal 
lines represent the reference 
lines. Abbreviations: AST, 
aspartate transaminase; AUC, 
area under the ROC curve; 
CHAI, cytokeratin-18/HOMA-
IR/AST index; FLI, fatty liver 
index; CI, confidence interval; 
HOMA-IR, homeostasis model 
assessment-insulin resistance; 
HSI, hepatic steatosis index; 
ION, index of NASH, NAFLD, 
nonalcoholic fatty liver disease; 
NASH, nonalcoholic steatohep-
atitis; ROC, receiver operating 
characteristic

AUCs (95% CI)
NAFLD test: 0.84 (0.74-0.94)
HSI: 0.80 (0.72-0.94)
FLI: 0.86 (0.75-0.97)

AUCs (95% CI)
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