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Abstract
AIM: To identify patients with or without liver steatosis 
and its severity in treatment-naïve patients affected by 
hepatitis C virus (HCV) infection.
 
METHODS: We included 56 HCV infected patients, and 
assessed the amount of liver fat by histomorphometry, 
and its relationships with fat and lean mass at different 
parts of the body (by densitometry), hormones [insulin, 
homeostatic model assessment (HOMA)], adipokines 
(resistin, adiponectin, leptin), and cytokines (tumor 
necrosis factor α, interleukin-6).
 
RESULTS: Although the intensity of liver steatosis is 
related to trunk fat mass and HOMA, 33% of patients 
showed no liver steatosis, and this finding was not 
related to body mass index or genotype. Besides trunk 
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fat mass, no other factor was related to the presence 
or not of liver steatosis, or to the intensity of it, by mul-
tivariate analysis. Lean mass was not related to liver 
steatosis. Adiponectin levels were lower among patients. 
No differences were observed in leptin and resistin.
 
CONCLUSION: Steatosis in HCV infection is common 
(67.2%), and closely related to trunk fat, and insulin 
resistance, but not with leg fat mass or adipokines. 
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Core tip: Pathogenesis of liver steatosis in hepatitis 
C virus (HCV) infection is complex and is not fully 
understood. For unknown reasons some patients, 
despite having a high body mass index (BMI), do not 
develop liver steatosis, whereas others with normal 
BMI develop intense liver fat deposition. We analyse if 
body fat and lean mass composition, insulin resistance 
and adipokine profile may help to identify patients with 
or without liver steatosis and its severity in treatment-
naïve HCV patients. Multivariate analysis showed 
that only trunk fat mass and insulin resistance were 
independently related to liver steatosis assessed on 
histomorphometrical grounds and its severity.

GonzálezReimers E, LópezPrieto J, QuinteroPlatt G, Pelazas
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SantolariaFernández F. Adipokines, cytokines and body fat stores 
in hepatitis C virus liver steatosis. World J Hepatol 2016; 8(1): 
7482  Available from: URL: http://www.wjgnet.com/19485182/
full/v8/i1/74.htm  DOI: http://dx.doi.org/10.4254/wjh.v8.i1.74

INTRODUCTION
Non-alcoholic steatohepatitis is observed in several 
clinical conditions, especially diabetes and obesity. In 
steatohepatitis hepatocytes become laden with fat 
droplets that elicit an inflammatory response which 
may evolve to liver cirrhosis and hepatocarcinoma. In 
diabetes and obesity insulin deficiency and/or resistance 
lead to increased mobilization of fatty acids from 
adipose tissue to liver. In chronic hepatitis C virus (HCV) 
infection, steatosis and steatohepatitis are also observed 
and the pathogenesis is based on complex mechanisms: 
although HCV by itself especially genotype 3 may lead 
to liver steatosis, obesity and concomitant alcohol abuse 
are the main factors involved[1]. However, many HCV 
infected patients do not drink alcohol at all, but they 
may develop liver steatosis. Cytokine activation and 
increased lipid peroxidation may contribute both to liver 
steatosis and to the progression of simple liver steatosis 

to steatohepatitis[2]. 
The main source of liver fat accumulation is body fat 

stores[3]. In this scenario, fat tissue is not only the source 
of fatty acids, but also produces several proinflammatory 
cytokines which are of paramount importance in the 
progression of liver disease. However, adipose tissue is 
heterogeneous. For instance, trunk fat is associated with 
increased insulin resistance and an increased vascular 
risk[4], whereas leg fat exerts opposite effects[5], probably 
due to secretion of a different cytokine profile. 

The association of liver steatosis with distribution 
of fat stores at different parts of the body in chronic 
HCV infection is not well known. This is an important 
issue, since the heterogeneous nature of fat tissue may 
lead to different adipokine secretion[6]. In fact, notable 
controversy exists regarding serum levels of different 
adipokines, such as adiponectin[7-9] or leptin[10,11] and 
their relationship with histological changes in chronic 
HCV infection. In a previous report which analysed a 
series of patients (different from those included in this 
study) we found that an increased waist circumference 
(> 102 cm for men and > 88 cm among women) was 
related to increased liver fat, but we also found that 
38.8% of non-obese patients also showed intense 
fatty infiltration[12], a result in accordance with other 
researchers, who have reported fatty liver among lean 
individuals[13]. Conversely, some HCV infected patients 
do not show liver steatosis, regardless of their body 
mass index. The mechanisms that underlie the lack of 
association in some cases between liver fat and body fat 
stores are unclear. 

On the other hand, in a recent Indian study in 
a cohort of patients with steatohepatitis, 13% were 
lean patients[14], and sarcopenia has been described 
as an independent risk factor for steatohepatitis[15]. In 
addition it has been shown that interleukin-6 (IL-6) a 
protean cytokine also produced by muscle[16] strongly 
modulates liver fat accumulation[17]. Therefore, given 
these observations, it is important to also analyse the 
relationship between lean mass and liver steatosis. 

Based on these facts, in the present study we 
analyse the association of the degree of liver steatosis 
with fat and lean mass stores at different parts of the 
body, insulin resistance, and serum adipokine levels, 
in treatment-naïve patients affected by HCV infection. 
Since we have assessed liver steatosis on histological 
grounds, we also look for differences in cytokine and 
adipokine profile, fat and lean mass distribution among 
HCV patients who did not show liver steatosis and those 
who did, in order to shed light on the reasons why some 
HCV patients do not develop liver steatosis. 

MATERIALS AND METHODS
Patients 
We included 56 patients with (19 women) HCV infection, 
aged 41.54 ± 9.57 years. Diagnostic criteria for HCV 
infection were the following: (1) presence of anti-HCV 
and/or HCV RNA by reverse transcriptase polymerase 
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chain reaction; and (2) Histology consistent with HCV. 
Most patients (43) were infected by HCV type 1 geno-
type, 5 by type 3 genotype, and 8 by type 4. All patients 
were recruited before treatment for virus C hepatitis was 
administered, and none of them were active drinkers. 
Liver function was still preserved: Liver function tests 
were normal, and none of them showed ascites or 
encephalopathy. 
 
Nutritional evaluation
After informed consent was obtained, 51 patients 
underwent assessment of fat and lean mass at different 
parts of the body, such as right and left arm, trunk, right 
and left leg, and total body, with a LUNAR PRODIGY 
ADVANCE device, General Electric, Piscataway, NJ, 
United States. We further calculated (using the protocol 
established by other authors[18]) the trunk fat/(right leg 
+ left leg fat) index, as well as the indices fat mass/lean 
mass at each of the body compartments mentioned 
before. Body mass index [BMI, as weight (kg)/height 
(m)2] was also recorded.
 
Biochemical assessment
Blood samples were taken at 8:00 am in fasting con-
ditions. Routine laboratory evaluation was performed 
and these analyses included, among others, prothrombin 
activity, serum albumin and bilirubin. Samples were 
immediately frozen at -20 ℃. We determined the 
following parameters-IL-6, by chemiluminescent assay 
interassay variation coefficient ranging 5.3%-7.5%, 
recovery = 85%-104%, diagnostic products corporation 
(DPC), Los Angeles, CA, United States; tumour necrosis 
factor α (TNF-α) by immunometric chemiluminescent 
assay (intra-assay variation coefficient ranging 4%-6.5%,
interassay variation coefficient ranging 2.6%-3.6%, 
recovery 92%-112%, DPC, Los Angeles, CA, United 
States). We also determined serum insulin, by immuno-
analysis (Chemiflex); interobserver variation coefficient 
= 1.9%-5.2%; intraobserver variation coefficient 
= 1.7%-4.2%; sensitivity = 1 μU/mL; recovery = 
91.1%-101.6%; (Architect system, Abbott, Wiesbaden 
Germany), serum resistin, by ELISA (sensitivity = 0.033 
ng/mL; intra-assay variation coefficient = 2.8%-3.4%; 
interassay variation coefficient ranging 5.1%-6.9%, 

recovery = 85.2%-99.2%, Biovendor, Heidelberg, 
Germany), serum leptin, by ELISA (sensitivity = 0.2 
ng/mL; intra-assay variation coefficient = 4.2%-7.6%; 
interassay variation coefficient ranging 4.4%-6.7%, 
recovery = 85.7%-98.0%, Biovendor, Heidelberg, 
Germany); serum adiponectin by ELISA (sensitivity = 26 
ng/mL; intra-assay variation coefficient = 3.9%-5.9%; 
interassay variation coefficient ranging 6.3%-7%, 
recovery = 92.4%-102.9%, Biovendor, Heidelberg, 
Germany); insulin resistance was estimated by the 
homeostatic model assessment (HOMA).

Cytokine values were compared with those of a 
control group composed of 19 healthy hospital workers, 
seven of them women, aged 40.45 ± 3.57 years. As 
shown in Table 1, not all the variables were determined 
in all patients and controls. 

All these data were recorded the day at which the 
patients underwent a liver biopsy before receiving active 
treatment against HCV infection. 
 
Histological assessment
The degree of liver steatosis was determined using 
software based on histomorphometry (LEICAQWin, 
version 3.0, Wetzlar, Germany). The specimens were 
stained with haematoxylin-eosin and Masson trichromic 
and were viewed at 40 ×. This protocol has been 
previously described[12]. The proportion of fatty area to 
total area in specimens was recorded. The Knodell index 
and the total amount of fibrous tissue determined by 
histomorphometry (using Masson trichromic stain) were 
also measured. 

The study protocol was approved by the local ethical 
committee of our Hospital. All patients included gave 
their informed consent prior to their inclusion in the 
study, and the study conforms to the ethical guidelines 
of the 1975 Declaration of Helsinki.
 
Statistics analysis
We tested for normal distribution using the Kolmogorov-
Smirnov test. In order to compare means between 
two groups or between three or more groups, we used 
Student’s t test and ANOVA, respectively. If the variables 
did not show a normal distribution, Mann-Whitney’s
U and Kruskall-Wallis tests were used to compare 
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Table 1  Differences in biochemical variables, body mass index and total lean and total fat area between patients and controls

Patients Controls

n X ± SD, median (IQ range) n X ± SD, median (IQ range)
Insulin (μU/mL) 44        12.48 ± 15.65, 7.89 (4.63-14.32) 10     8.34 ± 4.34, 7.15 (5.08-10.63) Z = 0.43; NS
Resistin (ng/mL) 44      4.97 ± 1.76, 4.90 (3.98-5.60) 10   4.28 ± 1.42, 4.97 (3.32-5.29) Z = 0.88; NS
Adiponectin (ng/mL) 44      11.99 ± 8.30, 9.54 (6.04-17.16) 16         24.92 ± 21.84, 19.05 (13.53-21.58) Z = 3.18; P = 0.001
Leptin (ng/mL) 44        12.25 ± 15.83, 4.23 (1.15-17.78) 10       18.41 ± 16.03, 12.89 (4.65-34.42) Z = 1.78; NS
Tumor necrosis factor-α (pg/mL) 56        10.65 ± 4.14, 10.18 (7.15-13.08) 19   6.05 ± 1.90, 5.20 (4.40-8.00) Z = 4.56; P < 0.001
Interleukin-6 (pg/mL) 53  4.28 ± 4.75, 2.0 (2.0-4.29) 19           5.90 ± 1.64, 5.0 (5.0-6.60) Z = 2.97; P = 0.003
Body mass index (kg/m2) 56 24.19 ± 3.44 19 25.20 ± 3.42 t = 1.02; NS
Total fat mass (g) 50   19929 ± 11944 19 21443 ± 6393 t = 0.54; NS
Total lean mass (g) 50 48284 ± 8848 19   50131 ± 15796 t = 0.64; NS

Comparisons were made using non-parametric tests, such as Mann-Whitney’s U test (Z) or parametric ones (Student’s t-test). NS: Not significant.
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= 0.03; Figure 1). Indeed, as shown in Figure 1, patients 
with genotype 3 or 4 showed higher values of liver fat 
(fat proportion = 6.66% ± 8.42%) when compared 
with those with genotype 1 (fat proportion= 1.40% ± 
2.78%). Only 1 (out of 5) genotype 3 patient showed no 
steatosis at all, compared with 13 (out of 51) affected 
by non-3 genotype infection, but this association was 
not statistically significant (χ2 = 0.07). No differences 
in liver fat were observed when HIV-coinfected patients 
were compared with non-co-infected ones (Z = 0.40; P 
= 0.694). Seven patients were diabetics, but although 
they showed a trend to more intense liver steatosis 
(6.66% ± 9.68%) than non-diabetics (2.05% ± 3.97%), 
this difference was not significant (Z = 1.31; P > 0.20). 
None of the diabetics showed no fat in their livers, but 
association between diabetes/no diabetes and presence 
or not of liver steatosis was not significant (P = 0.17 
by exact Fisher’s test). No association was observed 
between viral load and proportion of liver fat. 

Median proportion of fibrosis was 5.75% (interquartile 
range = 3.53%-8.88%). Twenty-one patients showed 
a Knodell index higher than 5, whereas 35 showed a 
Knodell index below 6.

Relationship of liver steatosis with nutritional status 
Patients with marked steatosis (over the median) 
showed increased BMI and greater fat mass, especially 
at the trunk (t = 3.01, P = 0.004), as shown in Table 2. 
In addition to the finding of a significantly higher BMI 
among those with liver steatosis over the median (Table 
2), we also found that patients with BMI over 25 kg/m2 
had significantly more liver fat (Z = 2.25; P = 0.031). 
Only 22 patients were overweight, and only 3 of them 
were obese (BMI > 30 kg/m2). Three patients who were 
overweight showed no fat at all in their liver biopsies, vs 
11 out of 33 with normal weight. This association was 
not statistically significant. Significant relationships were 
observed between fat parameters and liver steatosis, 
especially with trunk fat (r = 0.42; P = 0.002), right 

means. Correlations between quantitative variables 
were established using Spearman’s r and Pearson’s r. 
The χ2 test was used to compare qualitative variables. 
We performed stepwise multiple regression analysis 
to establish which parameters liver steatosis depends 
on. All statistical analyses were performed using SPSS 
software (Chicago, Ill., United States).

RESULTS
Liver steatosis was observed in 42 patients out of 56; 
in the remaining 14 patients, no steatosis at all was 
observed, and in 4 more, only very few small isolated 
fat droplets could be observed (fat amount < 0.05%). 
Median value of liver fat area was 0.20%, but 14 
patients showed more than 5% of fat in their biopsies. 
Patients with genotype 1 showed significantly less 
steatosis than those with genotype 3 or 4 (Z = 2.17; P 
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Figure 1  Fat amount among the three hepatitis C virus genotypes included 
in this study. Patients with genotype 1 (the most frequent) show significantly 
less amount of fat than patients affected by genotype 3 or 4 (solid circles are 
outliers, and hollow circle, extreme values). HCV: Hepatitis C virus.

Table 2  Anthropometric measurements in patients with marked or less marked liver steatosis

Steatosis over the median Steatosis below the median

n X ± SD n X ± SD
Left arm fat mass (g) 27  1345.04 ± 871.98 24   783.30 ± 577.62 t = 2.68; P = 0.01
Right arm fat mass (g) 27    1396.97 ± 1084.44 24   852.37 ± 827.60 t = 2.00; P = 0.05
Trunk fat mass (g) 27  12673.68 ± 6077.05 24   7939.57 ± 5027.19 t = 3.01; P = 0.004
Left leg fat mass (g) 27    3919.72 ± 2533.87 24   2683.13 ± 2018.77 t = 1.91; NS
Right leg fat mass (g) 27    3948.29 ± 2626.75 24   2805.25 ± 1905.64 t = 1.76; NS
Total body fat mass (g) 27    23981.22 ± 12381.84 24 15733.66 ± 9812.41 t = 2.61; P = 0.012
Left arm lean mass (g) 26  2769.64 ± 783.77 24 2899.09 ± 941.35 t = 0.53; NS
Right arm lean mass (g) 26  2749.02 ± 819.68 24   3064.65 ± 1649.64 t = 0.87; NS
Trunk lean mass (g) 26  24458.49 ± 4791.16 24 23122.30 ± 4155.06 t = 1.05; NS
Left leg lean mass (g) 26    7469.77 ± 1684.70 24   7011.75 ± 1945.39 t = 0.89; NS
Right leg lean mass (g) 26    7651.20 ± 1664.56 24   7404.65 ± 1444.64 t = 0.56; NS
Total lean mass (g) 26  48592.11 ± 9723.42 24 47309.62 ± 8352.70 t = 0.50; NS
Body mass index (kg/m2) 28  25.55 ± 2.51 27 22.79 ± 3.76 t = 2.61; P = 0.012
Trunk fat/legs fat 27    1.85 ± 0.87 24   1.56 ± 0.42 t = 1.49; NS

NS: Not significant.
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arm fat (r = 0.31; P = 0.029), left arm fat (r = 0.30; 
P = 0.033), and total fat (r = 0.34; P = 0.016). The 
significant relationship between liver steatosis and 
trunk fat was observed both among women (r = 0.50; 
P = 0.04) and men (r = 0.41; P = 0.016). In a similar 
way, BMI was related to liver steatosis both among 
women (r = 0.53; P =0.02) and men (r = 0.36; P 
= 0.032). However, while liver steatosis was related 
to arm and leg fat mass among both women and 
men, the correlations were not statistically significant, 
possibly due to the relatively low number of cases. No 
relationship was observed between parameters related 
to lean mass and liver steatosis, but when the indices 
fat mass/lean mass were compared with liver steatosis, 
the results were similar to those obtained with fat 
parameters (r = 0.39; P = 0.006 for the trunk, r = 
0.34; P = 0.017 for the left arm, r = 0.32; P = 0.026 
for the right arm, and r = 0.34; P = 0.016 for total fat). 
Remarkably, no association was observed when leg 
fat mass was compared with liver steatosis. The ratio 
trunk fat/legs fat was not significantly different among 
patients with liver steatosis below or above the median. 
A significant correlation was observed between liver 
steatosis and BMI (r = 0.41; P = 0.002).

Trunk fat was the only variable that was selected (P 
= 0.011) when a logistic regression analysis was done 
searching for the factors related to liver fat over or 
below the median values.

Similar results relative to fat mass at different parts 
of the body were observed when patients without liver 
steatosis (including those 4 with minimal steatosis) 
were compared with the remaining patients, although 
differences were less significant (t = 2.73, P = 0.009 for 
trunk fat, t = 2.34, P = 0.023 for left arm fat, t = 2.31; 
P = 0.025 for right arm fat) than when patients were 
classified according to the median values of liver fat. 
BMI was also significantly lower among those without 
liver steatosis (t = 2.43; P = 0.023). No differences 
at all were observed regarding lean mass variables. 
As with steatosis below or above the median, the only 
selected variable was trunk fat (P = 0.015) when a 
logistic regression was performed to discern which 

variables were independently related to the presence or 
absence of liver fat infiltration. 

No associations were observed between the 
proportion of fibrosis in liver biopsy and any of the 
nutritional variables, but Knodell index was related both 
to fat mass variables (total fat, r = 0.37; P = 0.007; 
trunk fat, r = 0.32; P = 0.024); left arm and right arm 
fat, r = 0.47 and r = 0.45; respectively, P < 0.001; left 
leg and right leg, (r = 0.31 and r = 0.28, respectively, 
P < 0.05 in both cases), as well as to some lean mass 
variables (trunk lean mass, r = 0.35; P = 0.012; left leg 
lean mass, r = 0.30, P = 0.034). 
 
Relationship of liver steatosis with insulin resistance 
and adipokines 
No differences were observed in any of the adipokines, 
HOMA, insulin, TNF-α, or IL-6 among patients with 
or without liver steatosis. Only HOMA, out of these 
parameters, was significantly higher among patients 
with liver fat over the median compared with those 
with liver fat below the median (Z = 2.15; P = 0.032); 
a similar trend that was not statistically significant (P 
= 0.059) was observed with insulin (Tables 3 and 4, 
Figure 2). 

Significant relationships were observed between 
liver steatosis (proportion of fat) and HOMA index (r = 
0.30; P = 0.046). Serum insulin (r = 0.44; P = 0.003) 
and HOMA (r = 0.36; P = 0.017) were directly related to 
Knodell index, whereas no associations were observed 
between any of the adipokines and cytokines and 
the amount of fibrosis in the liver biopsies. Selecting 
only those patients with liver steatosis, a significant 
correlation was observed between IL-6 and amount of 
liver fat (r = 0.49; P = 0.003).

After introducing in a multiple regression analysis 
the fat variables which showed a significant relationship 
with liver steatosis in the univariate analysis, only trunk 
fat (beta = 0.37; P = 0.026) was independently related 
to the amount of liver fat. In a similar way, trunk fat 
was the only selected variable when a logistic regression 
analysis was done searching for the factors related to 
liver fat over or below the median values (Table 5).
 

Table 3  Biochemical variables in patients with steatosis over the median or below the median

Steatosis over the median Steatosis below the median

n X ± SD, median (IQ range) n X ± SD, median (IQ range)
Insulin (μU/mL) 24     15.30 ± 19.42, 11.20 (6.59-16.46) 20       9.09 ± 8.72, 7.30 (3.87-11.62) Z = 1.89; P = 0.059
HOMA 24  1645.68 ± 2828.28, 1068 (644-1524) 20 825.01 ± 801.41, 645.5 (327.8-1082.0) Z = 2.15; P = 0.03
Resistin (ng/mL) 24 4.66 ± 0.96, 4.87 (4.19-5.37) 20       5.34 ± 2.38, 5.03 (3.88-6.12) Z = 1.03; NS
Adiponectin (ng/mL) 24   11.77 ± 6.92, 11.18 (5.45-17.62) 20     12.26 ± 9.90, 8.38 (6.04-16.65) Z = 0.21; NS
Leptin (ng/mL) 24   10.85 ± 12.45, 6.23 (1.35-17.20) 20     13.92 ± 19.35, 2.72 (0.79-32.89) Z = 0.79; NS
Tumor necrosis factor-α (pg/mL) 28   11.31 ± 4.90, 11.20 (6.84-14.18) 28     10.00 ± 3.17, 9.56 (7.19-12.75) Z = 1.00; NS
Interleukin (pg/mL) 25           5.06 ± 5.17, 2.0 (2.0-5.94) 28       3.59 ± 4.31, 2.0 (2.0-2.5) Z = 1.14; NS
Cholesterol (mg/dL) 28    167 ± 36.82 28   174.2 ± 45.56 t = 0.65; NS
LDL cholesterol (mg/dL) 27 95.04 ± 34.17 28 103.86 ± 36.48 t = 1.01; NS
HDL cholesterol (mg/dL) 28 46.71 ± 14.87 28   42.86 ± 13.82 t = 0.92; NS
Triglycerides (mg/dL) 28 136.25 ± 114.27 28 145.96 ± 93.04 t = 0.35; NS

Comparisons were made using non-parametric tests, such as Mann-Whitney’s U test (Z). NS: Not significant.
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Relationships of nutritional variables with insulin 
resistance and adipokines 
Leptin, insulin and HOMA were strongly and directly 
related to fat parameters, as shown in Table 4 (r > 0.40 
in all the cases; P < 0.006), but not to lean mass. On the 
contrary, adiponectin and TNF-α were inversely related 
to most of the lean mass parameters. Adiponectin was 
also inversely related to the trunk fat mass/leg fat mass 
index (r = -0.33; P = 0.037).

The fat/ lean indices were also strongly related to 
leptin, insulin and HOMA, and also, to IL-6, in this last 
case only with the trunk fat/trunk lean mass index. No 
associations were observed between serum resistin and 
nutritional parameters (Table 4).

DISCUSSION
We have found that liver steatosis is frequent among 

patients with HCV infection (67.86%), even surpassing 
the prevalence data (about 50%) reported by other 
authors[19]. This high proportion of patients with stea-
tosis was observed despite a BMI that was not different 
- even slightly lower- than that of a control population. 
However, as expected, liver steatosis showed a signi-
ficant relationship with BMI, but it is noteworthy that 
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Figure 2  Serum insulin levels among patients with liver steatosis over the 
median (left) and below the median (right). Differences are not statistically 
significant, but there is a trend to higher values among patients with intense 
steatosis (P = 0.059). Solid circle represents an outlier. 

Table 4  Correlations between body composition parameters and adipokines, proinflammatory cytokines and insulin resistance

Leptin Adipo-nectin Insulin HOMA TNF-α IL-6 Resistin

Trunk fat ρ = 0.61, P < 0.001 ρ = 0.56, P < 0.001 ρ = 0.55, P < 0.001
Left leg fat ρ = 0.70, P < 0.001 ρ = 0.44, P = 0.005 ρ = 0.44, P = 0.005
Right leg fat ρ = 0.62, P < 0.001 ρ = 0.42, P = 0.006 ρ = 0.42, P = 0.006
Right arm fat ρ = 0.40, P = 0.011 ρ = 0.58 P < 0.001 ρ = 0.57 P < 0.001
Left arm fat ρ = 0.51, P < 0.001 ρ = 0.62, P < 0.001 ρ = 0.63, P < 0.001
Total fat ρ = 0.64, P < 0.001 ρ = 0.54, P < 0.001 ρ = 0.53, P < 0.001
Total lean ρ = -0.35, P = 0.032 ρ = -0.31, P = 0.029
Left arm lean ρ = -0.37, P = 0.02 ρ = -0.33, P = 0.021
Right arm lean ρ = -0.37, P = 0.02 ρ = -0.29, P = 0.04
Left leg lean
Trunk lean ρ = -0.34, P = 0.021 ρ = -0.33, P = 0.021 ρ = -0.34, P = 0.018
Right leg lean ρ = -0.29, P = 0.039
Total fat/total 
lean

ρ = 0.65, P < 0.001 ρ = -0.49, P = 0.001 ρ = 0.49, P = 0.001

Trunk fat/trunk 
lean

ρ = 0.63, P < 0.001 ρ = -0.31, P = 0.036 ρ = 0.52, P < 0.001 ρ = 0.31, P = 0.036

Right arm fat/
right arm lean 

ρ = 0.60, P < 0.001 ρ = 0.55, P < 0.001 ρ = 0.53, P < 0.001

Left arm fat/left 
arm lean

ρ = 0.69, P < 0.001 ρ = 0.58, P = 0.001 ρ = 0.57, P < 0.001

Right leg fat/
right leg lean

ρ = 0.66, P < 0.001 ρ = 0.38, P = 0.016 ρ = 0.39, P = 0.014

Left leg fat/left 
leg lean

ρ = 0.69, P < 0.001 ρ = 0.58, P < 0.001 ρ = 0.57, P < 0.001

High density 
lipoprotein 
cholesterol

ρ = 0.56, P < 0.001 ρ = -0.41, P = 0.012

Low density 
lipoprotein 
cholesterol

ρ = 0.31, P = 0.046

Only the significant relationships are provided (Spearman’s ρ test). TNF-α: Tumor necrosis factor α; IL-6: Interleukin-6.

Table 5  Results of the logistic regression analysis performed 
in order to look for which parameters were independently 
associated with liver steatosis

B E.T. Wald Gl Sig. Exp (B)

Step 1 TrunK fat 0.000 0.000 6.157 1 0.013 1.000
Constant 1.530 0.751 4.147 1 0.042 4.618

E.T.: Standard error; Gl: df (degrees of freedom); Sig.: Significance; Exp (B): 
Odd ratio.
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some cases showed only minimal steatosis despite the 
fact that the patient was overweight. Some other cases 
showed considerable liver fat accumulation despite low 
BMI values (Figure 3), suggesting that factors other 
than BMI are involved in liver fat accumulation. This 
result is similar to that obtained by our group six years 
ago, in a different cohort of patients, in whom adiposity 
was assessed by waist circumference, triceps skinfold 
measurement, and BMI[12].

We have also shown that liver steatosis in HCV-
infected patients is associated with trunk fat. This has 
been also reported by other authors[20,21], since, as 
mentioned above, it is generally accepted that trunk 
fat is associated with a more “noxious” adipokine 
secretion profile that is able to cause insulin resistance 
and a proinflammatory state. The opposite happens 
with peripheral fat. In this sense, we failed to find any 
relationship between liver steatosis and leg fat mass, as 
shown in Table 2. Therefore, in sharp contrast with trunk 
fat, which was clearly related to liver steatosis, liver fat 
accumulation seems to be independent of leg fat mass. 

Regarding adipokines, adiponectin levels were 
significantly lower among patients than among controls, 
despite a similar BMI. Adiponectin was inversely related 
to lean mass, but not to fat mass or liver steatosis. 
However, it is important to highlight the inverse relation-
ship between the trunk fat/leg fat ratio and adiponectin, 
fully in accordance with the observation of an inverse 
relationship between visceral fat and adiponectin levels 
in other settings[22]. Although there is little doubt about 
the protective role of adiponectin in steatohepatitis (it 
has been described that adiponectin antagonizes the 
effects of TNF-α[23]), in the present study, there seems 
to be no association between adiponectin levels and 
liver steatosis, despite the fact that their serum levels 
are lower in HCV patients in comparison to controls. 

This is not a universal finding. The studies on the levels 
of adiponectin in HCV-related steatohepatitis had been 
controversial[7-9,24-28]. It is also remarkable that we found, 
in accordance with the protective effect of adiponectin 
on vascular risk, a significant correlation between 
adiponectin and high density lipoprotein cholesterol (ρ = 
0.56; P < 0.001), as other authors also did[29].

We also failed to find differences in resistin and leptin 
between patients and controls, or when these adipokines 
were compared among patients with intense or less 
intense steatosis. Leptin, a fat derived cytokine, may 
promote fibrogenesis through up-regulation of TGF-β[30], 
but also protects the liver from fat accumulation, by 
lowering the expression of SREBP-1[31]. These nearly 
opposite effects may explain, perhaps, disparate findings 
in relation to leptin levels in chronic HCV infection[32]. 
Indeed, there is also controversy regarding the levels of 
leptin in HCV-related steatohepatitis[10,11,33-35].

Hyperinsulinaemia decreases synthesis of apoB-100, 
thus preventing very low density lipoproteins formation 
and leading to liver steatosis. Moreover, transcription 
of lipoprotein lipase is decreased by TNF-α, leading to 
hypertriglyceridaemia[36]. Most of the results observed 
in this study sustain this hypothesis: We did find 
hyperinsulinemia and increased HOMA index in patients 
with more intense steatosis. This result is fully in 
accordance with the current knowledge, since insulin 
resistance leads to an ongoing lipolysis that overwhelms 
the liver capacity to metabolize them.

Genotype 3 infected patients usually show a more 
intense degree of steatosis, and it has been shown 
that it exerts a direct cytopathic effect on liver cell 
leading to steatosis[37]. Concordant with this, patients 
infected with genotype 3 showed a more intense 
liver steatosis than those genotype non-3 infected 
ones, but no significant differences were observed in 
nutritional anthropometric parameters among them. 
Also, although the number of patients infected with 
genotype 3 HCV was low, in one case no fat at all was 
observed in the liver, and this proportion was similar in 
HCV genotype non-3 patients. In fact, we have failed to 
find any difference in adipokine and/or cytokine profile 
between patients without fat and with fat in the liver. 
The only independent variable related to the intensity of 
liver steatosis or to the presence of liver steatosis was 
trunk fat. Lean mass parameters seem to play no role 
at all, and insulin resistance, assessed by HOMA, and 
IL-6 levels were also related to liver fat stores in the 
univariate analysis, being displaced by trunk fat mass in 
the multivariate analysis. 

Therefore, we conclude that steatosis in chronic 
hepatitis C is a common event (67.86%), and is closely 
related to trunk fat, but not with leg fat mass; to insulin 
resistance, and to IL-6. The main factor involved is trunk 
fat, despite the normal BMI of the patients included 
in this study, and also despite the fact that at least 
12 patients with BMI over 25 kg/m2 showed no liver 
steatosis, or minimal amount of it, as shown in Figure 1. 
The reasons for this finding are unclear, and suggest that 
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Figure 3  Scattergram showing the relation of body mass index with the 
amount of liver steatosis. Despite a significant relationship between both 
variables (ρ = 0.41; P = 0.002), as shown, some patients with BMI over 30 
show no steatosis at all or only minimal amount of liver fat, in contrast with 
some others with BMI below 25 and marked steatosis in their livers. BMI: Body 
mass index.
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factors other than BMI, HOMA or fat mass should be 
involved. The results here presented also do not support 
the hypothesis that lean mass plays a role in liver fat 
accumulation.
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Background
Hepatitis C virus (HCV) infection is a common disease, ultimately leads to 
liver cirrhosis and hepatocarcinoma. Liver steatosis is an early finding in these 
patients. Mechanisms are poorly understood, although it is known that HCV 
genotype 3 may lead to steatosis. Possibly, trunk fat and some adipokines may 
be also involved.

Research frontiers
There is a lot of controversy regarding the association of main adipokines, such 
as adiponectin or leptin, with liver steatosis, and their role in the progression 
of simple steatosis to liver inflammation. In addition, although there is general 
agreement in the association between obesity and liver steatosis, the 
relationship between fat distribution at different body compartments is not well 
defined. Moreover, there are some studies that also suggest a role of lean mass 
in liver steatosis.

Innovations and breakthroughs
In this study the authors report that liver steatosis in chronic HCV infection is 
a common, but not universal event (67.86%). It is closely related to trunk fat 
and to interleukin (IL)-6, a cytokine that may be produced by trunk fat, but not 
with fat at the legs, and also to insulin resistance. However, there are still some 
unexplained results: The relationship between liver steatosis and trunk fat was 
observed despite the normal body mass index (BMI) of the patients included in 
this study, and also at least 12 patients with BMI over 25 kg/m2 showed no liver 
steatosis, or minimal amount of it. In addition, their results also do not support 
the hypothesis that lean mass plays a role in liver fat accumulation.

Applications
This study provides new data relative to the association of liver steatosis with 
several adipokines and inflammatory cytokines in HCV-infected patients. As 
mentioned above there is considerable controversy regarding levels of some 
of these cytokines in HCV-infected patients, and even opposite results have 
been reported by several groups. In addition, this study underscores the role 
of trunk fat in liver steatosis, despite normal BMI, and does not support to the 
hypothesis that lean mass could play a role. 

Terminology
Cytokines are small molecules with protean effects on inflammation and 
immune response, among many other effects on most organs. Tumor necrosis 
factor alpha is one of the first cytokines described, initially as the factor 
responsible for tumor-induced cachexia. IL-6 is a proinflammatory cytokine, that 
also bears an immunomodulatory effect. Adipokines are cytokines secreted by 
adipose tissue.

Peer-review
In this manuscript, the authors described about effects of adipokines, cytokines, 
and body fats on liver steatosis in hepatitis C patients. The key results are very 
interesting to the readers of HCV and other hepatic diseases.
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