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mild steatosis (5%–33%), moderate steatosis 
(33%–66%), and severe steatosis (>66%).

The scoring system developed by the Nonalco‑
holic Steatohepatitis Clinical Research Network 
was used to assess the activity of NASH by cal‑
culating the nonalcoholic fatty liver disease ac‑
tivity score (NAS) (Supplementary material, Ta-
ble S1).4 The staging of fibrosis was assessed us‑
ing the METAVIR score (F0‑F4).

Liver radiodensity, given in Hounsfield units 
(HUs), was evaluated in 3 phases: native, arteri‑
al, and venous. Three regions of interest (2 cm in 
diameter) were analyzed, of which 2 were placed 
in the right lobe and 1 was placed in the left lobe 
of the liver. The mean value for the 3 regions was 
evaluated.

We evaluated VAT and SAT mass covering 
a 125‑mm segment above the first sacral verte‑
bral level (25 sections, 5 mm each). Fat was iden‑
tified using an image display window of −195 to 
−45 HU and a window center of −120 HU. Man‑
ual tracing separating the visceral from the sub‑
cutaneous compartment was performed. The im‑
ages were segmented semiatomatically using 3D 
Slicer software (https://www.slicer.org/). The fat 
volumes were calculated in ml and were then con‑
verted to mass, using a factor of 0.9196 kg/l as 
the density of adipose tissue. Adipose tissue dis‑
tribution accessed on CT is shown in Supplemen‑
tary material (Figure S1).

The t test was performed to compare the means 
in groups with normally distributed data. For 
nonnormal distribution, the Mann–Whitney test 
was used. Correlations between normally distrib‑
uted data were calculated using the Pearson cor‑
relation coefficient. For nonparametric data se‑
ries, the Spearman correlation coefficient was 

Introduction  Nonalcoholic fatty liver disease 
(NAFLD) is a common chronic liver disease that 
affects approximately 30% of the population.1 In‑
creasing incidence rates of NAFLD are related to 
the growing prevalence of obesity, which is asso‑
ciated with a wide range of complications, includ‑
ing metabolic syndrome. Moreover, 20% of pa‑
tients with NAFLD will be diagnosed with non‑
alcoholic steatohepatitis (NASH), and 30% of pa‑
tients with NASH will develop liver fibrosis, cir‑
rhosis, and liver failure.1

Metabolic syndrome with insulin resistance 
has a well‑established connection with abdominal 
obesity, most often described by waist circumfer‑
ence. Waist circumference correlates with subcu‑
taneous adipose tissue (SAT) and visceral adipose 
tissue (VAT) as well as with the amount of fat in 
the liver.2 The volumes of SAT and VAT might be 
objectively measured with imaging methods, in‑
cluding computed tomography (CT).

The aim of our study was to evaluate the cor‑
relation between CT indices (VAT, SAT, and liv‑
er radiodensity) and anthropometric and histo‑
logic parameters in overweight or obese patients 
with NAFLD.

Patients and methods  The study group consisted 
of 44 consecutive overweight or obese patients 
with NAFLD. Liver steatosis was confirmed by 
a histologic examination.3

Complete clinical examination with anthro‑
pometric measurements (height, weight, body 
mass index [BMI], waist circumference, hip cir‑
cumference, waist‑to‑hip ratio [WHR], and waist
‑to‑height ratio) was performed. According to 
the percentage involvement of steatotic hepa‑
tocytes, patients were divided into 3 subgroups: 
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The mean (SD) radiodensity in the native phase 
was 40.3 (11.7) HU; in the arterial phase, 74.5 
(22.9) HU; and in the venous phase, 79.2 (24.3) 
HU. The correlations between radiodensity and 
the level of steatosis, NAS, and stage of fibrosis 
are shown in TABLE 1. The percentage of steatot‑
ic hepatocytes correlated inversely with liver ra‑
diodensity in all phases (native phase, r = –0.69, 
P <0.001) (Supplementary material, Figure S2).

We chose the native phase to evaluate the sen‑
sitivity, specificity, and positive and negative pre‑
dictive values of liver radiodensity as a marker of 
moderate to severe liver steatosis. For the cutoff 
value of 42 HU, the sensitivity of the test was 
89.47%; specificity, 71.43%; positive predictive 
value, 73.91%; and negative predictive value, 
88.24%. The negative predictive value was par‑
ticularly high. Patients with liver radiodensity 
in the native phase above 42 HU were unlikely to 
have moderate or severe liver steatosis (Supple‑
mentary material, Table S6). The NAS did not cor‑
relate with liver radiodensity in any phase of CT.

Discussion  Recently, NAFLD has been recog‑
nized as the most common chronic liver disease. 
Nonalcoholic steatohepatitis with advanced fibro‑
sis was found in 60% of individuals older than 50 
years with diabetes or obesity.5 Therefore, there 
is an ongoing search for risk factors of NAFLD 
as well as objective, noninvasive, and easy‑to
‑perform diagnostic markers of the disease and 
its complications. In our study, we attempted 
to answer the question whether radiodensity of 
the liver on CT is a good marker of steatosis, ste‑
atohepatitis, and the degree of fibrosis. Addition‑
ally, we attempted to evaluate the diagnostic val‑
ue of simple anthropometric measurements when 
compared with CT indices.

Liver biopsy is currently the gold standard for 
staging of NAFLD. However, this method has 
also some limitations such as sampling error, in‑
ter- and intraobserver variability, and the risk of 
complications.6 Alternative imaging methods are 
also not perfect.7 It was shown that T1‑weighted 
dual‑echo magnetic resonance (MR) imaging and 
point‑resolved 1H MR spectroscopy, in contrast 
to ultrasound and CT, strongly correlated with 
histopathologic assessment.8 In another study, 
diagnostic accuracy in the estimation of liver‑fat 
content was similar between CT and MR, but MR 
seemed to be better at lower degrees of steatosis.9 
In our study, we found a significant inverse cor‑
relation between liver radiodensity and the de‑
gree of steatosis. Therefore, the measurement of 
liver radiodensity can be a simple tool to evalu‑
ate the degree of steatosis, especially when clin‑
ically significant steatosis is suspected, because 
the CT has a high negative predictive value. Pa‑
tients with liver radiodensity in the native phase 
above 42 HU are highly unlikely to have moder‑
ate or severe liver steatosis.

In our study, the distribution of adipose tis‑
sue was different in women and men. The VAT/
SAT ratio was significantly higher in men than in 

used. A P value of less than 0.05 was considered 
statistically significant.

The study protocol was approved by a local eth‑
ics committee and complied with the Declara‑
tion of Helsinki.

Results  In our study group, 18 patients (40.9%) 
were overweight (BMI, 25–30 kg/m2) and 26 
(59.1%) were obese (BMI >30 kg/m2). Selected 
clinical data of patients are shown in Supplemen‑
tary material (Table S2). The mean VAT, SAT, and 
the VAT/SAT ratio are shown in Supplementary 
material (Table S3). We found no significant dif‑
ference in the volume of VAT between men and 
women with NAFLD. However, the volume of SAT 
was different between women and men (3724 ml 
vs 2808 ml; P = 0.01), as was the VAT/SAT ratio 
(0.65 vs 0.9; P = 0.03).

The correlations between the volume of VAT 
and SAT and selected anthropometric parameters 
are shown in Supplementary material (Table S4). 
The volume of SAT (as well as the total calculat‑
ed adipose tissue, VAT + SAT) showed a strong 
positive correlation with weight, BMI, waist cir‑
cumference, and hip circumference, but not with 
WHR. The volume of VAT correlated well with 
BMI, waist circumference, and WHR, but not with 
weight or hip circumference. The most precise pa‑
rameter describing the amount of VAT was WHR; 
however, it showed no correlation with SAT and 
total adipose tissue (VAT + SAT) evaluated by CT.

The mean (SD) hepatocyte steatosis in our 
group was 36.3% (24.7): 21 patients (47.7%) had 
mild steatosis; 18 patients (40.9%), moderate; and 
5 patients (11.4%), severe. In the case of liver ste‑
atosis, no correlations were found between either 
the volume of adipose tissue (VAT and SAT) or 
the distribution of fat (VAT/SAT ratio).

We observed NASH (NAS score, 5–8) in 11 pa‑
tients (25%). The mean (SD) NAS was 2.94 (1.78). 
In patients with NAFLD, we did not find correla‑
tions between the severity of NASH and the vol‑
ume or distribution of adipose tissue. Signifi‑
cant fibrosis (F2‑F4) was diagnosed in 6 patients 
(13.5%). The severity of fibrosis did not corre‑
late with VAT volume and fat distribution (VAT/
SAT ratio), but was strongly positively correlat‑
ed with SAT volume (P = 0.001) (Supplementary 
material, Table S5).

TABLE 1  Correlation coefficient for liver radiodensity and the level of steatosis, 
nonalcoholic fatty liver disease activity score and stage of liver fibrosis

Parameter Native phase, HU Arterial phase, HU Venous phase, HU

Steatotic 
hepatocytes, %a

 –	0.69; P <0.001  –	0.58; P <0.001  –	0.68; P <0.001

NAS, 0–8b 0.10; P = 0.53 0.01; P = 0.94 0.24; P = 0.13

Fibrosis, 0–4b  –	0.42; P = 0.006  –	0.26; P = 0.09  –	0.23; P = 0.14

a  Pearson correlation coefficient

b  Spearman correlation coefficient

Abbreviations: HU, Hounsfield unit; NAS, nonalcoholic fatty liver disease activity score
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women, which is compatible with anthropometric 
data of the higher prevalence of abdominal obe‑
sity in men. The absolute amount of VAT proved 
to be similar both in men and women. The WHR 
correlated positively with the amount of VAT, but 
not SAT. On the contrary, the hip circumference 
correlated with SAT, but not VAT.

The amount of VAT impacts liver steatosis to 
a larger extent than BMI and SAT.10 In a study 
on 2017 patients followed for a median of 4.43 
years, Kim et al11 found that larger areas of VAT 
were longitudinally associated with a higher risk 
of NAFLD. In our study, we attempted to assess 
the correlation between the amount and distri‑
bution of adipose tissue and histopathologic pa‑
rameters obtained during liver biopsy. Surpris‑
ingly, we found no impact of either the amount 
or distribution of adipose tissue on liver steato‑
sis. Similarly, there was no significant correlation 
between steatohepatitis (expressed as NAS) and 
VAT, SAT, or the VAT/SAT ratio. The degree of fi‑
brosis correlated positively with the amount of 
SAT and total adipose tissue (VAT + SAT). This 
may reflect the BMI of patients that is included 
in NAFLD fibrosis score (NFS), which is a well- 
established noninvasive tool to identify liver fi‑
brosis in patients with NAFLD.12

In summary, radiodensity assessed by CT might 
be an indicator of liver steatosis in overweight or 
obese patients with NAFLD. Moreover, CT may 
facilitate the evaluation of adipose tissue distri‑
bution, and WHR is a good marker of the vol‑
ume of VAT.

SUPPLEMENTARY MATERIAL 

Supplementary material is available with the article at www.mp.pl/paim.
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