
HIPPOKRATIA 2018, 22, 1 11

Although liver biopsy is considered to be the gold stand-
ard for diagnosis of NAFLD, it is invasive and therefore 
not applicable as a screening method in the routine clini-
cal practice. Proton magnetic resonance spectroscopy 
(1H-MRS) is considered the most accurate non-invasive 
method for measuring liver fat content5. However, it is 
only available in highly specialized institutions due to its 
high cost. Routine ultrasound is also being used to di-
agnose NAFLD, but it has its limitations. Ultrasound is 
subjective, and operator dependent, which has a low sen-
sitivity for the detection of mild steatosis and there may 
be technical issues in morbidly obese patients. Therefore, 
there has been considerable interest in blood markers 
alone or in combination with clinical parameters which 
might help in identifying patients with NAFLD2. Several 
steatosis algorithms have been reported in the literature 
since 2005, and their diagnostic performances for predic-
tion of hepatic steatosis are reported in Table 16-10.

The current study aimed to compare the different ex-
isting steatosis algorithms as well as an algorithm that 
was made according to biochemical and anthropometric 
data of participants from our study group. 

Material and methods
Subjects 

The cross-sectional pilot study was conducted from 
July 2016 until July 2017. We evaluated 77 subjects of 
both sexes (42 female and 35 male). Inclusion criterion 
for the participants was abdominal obesity [waist circum-
ference (WC) ≥102 cm in males and ≥88 cm in females 
according to the National Cholesterol Educational Pro-
gram Adult Treatment Panel III (NCEP ATP III) criteria 
for abdominal obesity]11. Participants were both genders, 
between 18 and 55 years old, with females in their re-
productive period. Patients with cardiovascular diseases 
other than hypertension, renal diseases, infective, hepat-
ic, malignant, and autoimmune diseases were excluded 
from this study. We also excluded smokers, subjects in 
acute stress situations or with infections [high sensitive 
C-reactive protein (hsCRP) >10 mg/l], as well as those 
with recent (i.e. within three months) weight and physical 
activity changes. Subjects which used drugs that could 
affect biomarker levels of endothelial dysfunction, lipid 
metabolism, glucose metabolism, and menstrual cycle 
were also excluded. Patients that consumed alcohol more 

than 20g/day were excluded3. Participants with positive 
surface antigen of the hepatitis B (HB) virus (HBsAg), 
HB antibodies (anti-HBs) or hepatitis C antibodies (anti-
HCV) were also excluded. 

Fatty liver was assessed as presence or absence of 
hepatic steatosis and the grading of hepatic steatosis ob-
tained by ultrasound, identified by a professional opera-
tor using the National Health and Nutrition Examination 
Survey (NHANES) III: Hepatic Steatosis, Ultrasound 
Images Assessment, Procedures Manual, November 
201012. According to that protocol, participants with he-
patic steatosis were graded into three degrees of steato-
sis: mild, moderate, and severe. The study was conducted 
according to the Declaration of Helsinki and approved 
by the Ethical Committee of the Clinical Centre of Vo-
jvodina (00-55/336-21/05/2012). Written consent was 
obtained from every participant.

Study protocol
All participants attended the Department for Nutrition 

and Food Safety, Center of Hygiene and Human Ecol-
ogy Institute of Public Health of Vojvodina for anthro-
pometric measurements and clinical examination.  Data 
was collected for each patient regarding the average daily 
alcohol consumption via a seven-day alcohol consump-
tion survey. Twenty four hours before blood sampling, 
participants were asked to refrain from strenuous physi-
cal activity and consumption of alcoholic and caffeinated 
beverages. Venous blood was drawn from the antecubital 
vein after a 12h overnight fast. Analyses were performed 
immediately after sampling. Ultrasound examination was 
done the same day using GE healthcare LOGIQ7 (GE 
Yokogawa Medical Systems Ltd, Tokyo, Japan) and con-
vex probe of 4 Hz.

Anthropometric and clinical measurements
Body height (BH) in centimeters was determined us-

ing Martins anthropometer with 0.1 cm precision. Body 
weight (BW) in kilograms was counted using a decimal 
scale with movable weights and precision 0.1 kg. Body 
mass index (BMI) was calculated as BW/BH2 (kg/m2). 
WC was measured using a non-elastic tape band with 0.1 
cm precision. WC was measured in standing position in 
the horizontal plane midway between the lowest rib and 
the iliac crest. Hip circumference (HC) was measured 

Table 1: Algorithms available in literature for the diagnosis of hepatic steatosis.
Algorithm Parameters Population Cut-off Sensitivity Specificity AUROC Ref

FLI6 BMI, TG, WC, GGT n =496
(SLD, no SLD)

<30
≥60

87%
61%

64%
86% 0,84 US

HSI7 AST/ALT, BMI, DM n =10,724 <30
>36

93%
46%

40%
92% 0.81 US

LAP8 WC, TG, gender n =588
(SLD, no SLD)

-
-

-
-

-
- 0.79 US

TyG9 TG, glucose n =50 4.59 87% 69% 0.856 LB
VAI10 WC, BMI, TG, HDL n =324 2.45 79% 92% 0.92 LB

Ref: reference used for diagnosis of steatosis, n: number, US: ultrasound, LB: liver biopsy, BMI: body mass index, TG: triglycerides, WC: 
waist circumference, GGT: gamma glutamyl transferase, AST: aspartate aminotransferase, ALT: alanine aminotransferase, DM: diabetes melli-
tus, SLD: suspected liver disease, FLI: fatty liver index, HSI: hepatic steatosis index, LAP: lipid accumulation product, VAI: visceral adiposity 
index, TyG: triglyceride and glucose index, AUROC: area under ROC curve.




