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Abstract. Serum lipids abnormalities are widespread among patients with chronic hepa-
titis C (CHC), but the impact of concomitant hepatic steatosis [steatosis, nonalcoholic 
steatosis (NAS)], as well as distinctions between it and nonalcoholic fatty liver disease 
(NAFLD) are not well established yet. The aim of the study was to assess and compare 
the serum lipids in patients with genotype 1 CHC with and without steatosis, those with 
NAFLD, and healthy controls (HC). A total of 1010 subjects were included in this study: 
366 CHC genotype 1 patients with steatosis (n = 227) and without steatosis (n = 139), 
403 NAFLD patients, and 241 HC without fatty liver or other disease, matched for age 
and gender. Serum lipids, body mass index (BMI), components of metabolic syndrome 
(MS), and serum insulin levels were evaluated. In addition serum lipoprotein (a) [Lp(a)] 
levels were studied in 112 CHC and 80 NAFLD patients. The mean levels of total cho-
lesterol, LDL-cholesterol and triglycerides (Tg) were higher and the mean levels of HDL-
cholesterol were lower in all patients with steatosis (CHC and NAFLD) than in CHC cases 
without steatosis (р < 0.05 and p = 0.001, resp.). Higher prevalence and severity of lipid 
abnormalities, including Lp(a), were observed in patients with NAFLD than in those with 
CHC (p < 0.001). No difference was found between CHC patients without steatosis and 
HC. Higher prevalence and grade of glucose metabolic abnormalities were also observed 
in patients with NAFLD and CHC with steatosis than in cases without steatosis (р < 0.05 
and p = 0.001, resp.). Lipid and glucose metabolic abnormalities in patients with CHC 
were dependent on steatosis. CHC with steatosis and NAFLD were associated with insu-
lin resistant type dyslipidemia, with total cholesterol and LDL-cholesterol being generally 
lower in CHC. 

Key words: Hepatitis C Virus, Nonalcoholic Fatty Liver Disease, Metabolic Syndrome, Triglycerides, 
Low-density Lipoprotein, Lipoprotein(a)

Corresponding author: Ivan Valkov, MD, Clinic of Gastroenterology, University Hospital Sv. St. Ivan 
Rilski, e-mail: ivan.valkov@yahoo.co.uk

10.1515/AMB-2017-0001



6 I. Valkov, R. Ivanova, C. Marinova et al.

BACKGROUND

Chronic hepatitis C (CHC) is a leading cause of 
liver cirrhosis and hepatocellular carcinoma 
(HCC), associated with a heavy disease bur-

den. Hepatitis C virus (HCV) infection is also asso-
ciated with hepatic steatosis [steatosis, nonalcoholic 
steatosis (NAS)], insulin resistance (IR) lipid and glu-
cose abnormalities [1-3]. This cluster of dysmetabolic 
conditions differs from the “typical” metabolic syn-
drome and has been referred to as HCV-associated 
dysmetabolic syndrome. Hepatic steatosis is a frequent 
histological feature on liver biopsy in patients with CHC 
[3-5]. The reported prevalence of steatosis among pa-
tients with CHC ranges from to 40-86% (mean 55%), 
the prevalence being higher among those infected with 
HCV genotype 3 than in patients infected with geno-
type 1. Despite being due to both viral and host fac-
tors, steatosis in CHC may be divided by pathogenesis 
into virus related, occurring in genotype 3 HCV infec-
tion, and metabolically related in non-genotype 3 HCV 
infection. In patients with genotype 1 CHC, steatosis is 
associated with an increased body mass index (BMI) 
and visceral obesity, while in those infected by HCV 
genotype 3 the degree of steatosis correlates with viral 
load and also resolves after eradication of HCV through 
treatment. CHC has been reported as a risk factor for 
atherosclerosis and both viral load and steatosis are in-
dependetly associated with carotid atherosclerosis [6]. 

Nonalcoholic fatty liver disease (NAFLD) is also ac-
companied by multiple metabolic derangements, 
among which insulin resistance has a major role. 
NAFLD is strongly associated with obesity, metabolic 
syndrome, type 2 diabetes mellitus (DM), increased 
cardiovascular risk and mortality [7]. Atherogenic 
dyslipidemia includes increased serum triglycerides, 
low-density lipoprotein cholesterol (LDL-c) and apo- 
B levels, decreased high-density lipoprotein choles-
terol (HDL-c) levels and is typical for NAFLD [2, 8, 
9]. In patients with genotype 1 CHC and steatosis, 
the alterations of lipid profi le may be infl uenced by 
the interaction of HCV infection and NAFLD [3]. Many 
studies have reported abnormal serum lipid levels, 
mainly hypocholesterolemia, in patients with CHC. 
The impact of concomitant steatosis as well as dis-
tinctions between it and NAFLD are not well estab-
lished yet.

AIM

The aim of our study was to assess and compare 
the serum lipids in patients with genotype 1 CHC 
with and without steatosis, those with NAFLD, and 
healthy controls (HC).

MATERIAL AND METHODS

A total of 1010 subjects were included in this study: 
366 with genotype 1 and treatment – naïve CHC 
patients (165 men, 201 women; mean age 45.93 
± 14.10 years, from 18 to 60 years) with steatosis 
(n = 227) and CHC without steatosis (n = 139); 403 
NAFLD patients (266 men, 141 women; mean age 
43.99 ± 11.32 years, from 18 to 60 years) and 241 
HC (154 men, 87 women; mean age 42.80 ± 14.27 
years, from 18 to 60 years) without fatty liver and 
other diseases. 

Diagnosis of CHC and NAFLD was based on the 
standard criteria [10, 11]. In all patients with CHC, 
the diagnosis was confi rmed by histology, as well as 
in 141 patients with NAFLD. Diagnosis of NAS was 
based on histology when more than 5% of the he-
patocytes in the liver biopsy presented lipid droplets.

Serum lipids, including total cholesterol (TC), Tg, 
LDL-c and HDL-c were measured in all cases by 
standard methods. Lipoprotein a [Lp(a)] level was 
evaluated in 112 subjects with CHC (74 with steato-
sis and 38 without steatosis) and 80 – with NAFLD. 
Dyslipidemia was defi ned by any of the following ab-
normalities: TC > 5 mmol/l, LDL-c > 3.5 mmol/l, HDL-
c < 1.0 mmol/l for men and 1.3 mmol/l for women, 
and TG > 1.7 mmol/l. Increased level of Lp(a) was 
defi ned as > 25 mg/dl. 

Body Mass Index (BMI; kg/m2) and waist circumfer-
ence (cm) were evaluated by anthropometry. Over-
weight corresponded to BMI > 25 kg/m2 and obesity 
– to BMI ≥ 30 kg/m2. Metabolic syndrome (MS) and 
diabetes were diagnosed following the International 
Diabetes Federation (IDF) criteria [12, 13]. Serum 
fasting glucose and insulin levels were measured 
and homeostasis model assessment for insulin re-
sistance (HOMA – IR) was calculated, using the fol-
lowing formula: HOMA-IR = fasting insulin (mE/l) x 
fasting plasma glucose (mmol/l)/22.5. IR was defi ned 
by a value of HOMA-IR > 2.5. 

Statistical analysis of the data was performed using 
SPSS v.16 for descriptive, Student’s t-test, Mann-
Whitney U test and correlation analyses. Values of 
probability (p) less than 0.05 were considered to be 
statistically signifi cant. 

RESULTS

Lipid abnormalities in patients with CHC with and 
without steatosis, NAFLD and HC 

The prevalence of dyslipidemia was signifi cantly 
higher in patients with steatosis (CHC with steatosis 
and NAFLD) than those with CHC without steatosis 
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and HC (р < 0.001), except for TC and LDL-c in CHC 
patients with steatosis (Figure 1). The lipid profi le of 
the patients with CHC+NAS showed a high Tg level 
(22%). Low HDL-c level (28%) was more prevalent 
in comparison with the group of patients without ste-
atosis and HC, while the prevalence of high LDL-c 
(14%) was lower. The percentages of patients with 
increased serum TC, LDL-c and Tg levels (59%, 
47% and 53%, respectively) were higher in NAFLD 
compared with those of the patients with CHC with 
steatosis (p < 0.001). Low serum HDL-c levels (41%) 
were also more common among patients with NAFLD 
compared with CHC+NAS (р = 0.04). We found no 
difference in the prevalence of dyslipidemia by all 

criteria between the groups of CHC patients without 
steatosis and HC. 

In CHC patients with steatosis, the mean serum lev-
els of TC (p < 0.001) and Tg (p < 0.05) were higher 
and that of HDL-c lower (p < 0.05) compared with the 
CHC patients without steatosis and HC (Table 1). The 
mean level of serum LDL-c (p < 0.05) in patients with 
CHC without steatosis was lower than in the group of 
CHC patients with steatosis and HC. The mean serum 
levels of TC, LDL-c, and Tg in NAFLD patients were 
higher than in CHC with and without steatosis and HC 
(р < 0.001), and the mean levels of HDL-c were lower 
(р < 0.05 and p = 0.001, resp.). 

Fig. 1 a, b, c, d. Prevalence of serum lipid abnormalities (%) in patients with CHC with and without NAS, NAFLD and HC: 
a) Total cholesterol, mmol/l (TC); b) Low-density lipoprotein-cholesterol, mmol/l (LDL-c); c) Triglycerides, mmol/l (Tg); 

d) High density lipoprotein-cholesterol, mmol/l (HDL-c) 

Таble 1. Mean levels (± Standard deviation) of serum lipids (mmol/l) in patients with CHC with and without 
nonalcoholic steatosis NAS, NAFLD and HC 

Serum lipids
CHC (n = 366) NAFLD 

(n = 403)
HC

(n = 241)(+) NAS (n = 227) (-) NAS  (n = 139)
TC 5.05 ± 1.62 4.52±1,23 5.75 ± 1.30 4.83 ± 0,88

LDL-c 2.72 ± 0.57 2.40 ± 0.62 3.42 ± 1.12 2.76 ± 0.88

HDL-c 1.30 ± 0.50 1.38 ± 0.49 1.26 ± 0.34 1.39 ± 0.35
Triglycerides 2.04 ± 0.93 0.98 ± 1.22 2.35 ± 2.44 1.03 ± 0.61
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Metabolic abnormalities in patients with CHC with 
and without steatosis, NAFLD and HC

The prevalence and degree of other metabolic abnor-
malities were also higher in NAFLD and CHC+NAS 
than CHC without steatosis and HC (р < 0.05 and p 
= 0.001, resp.) (Table 2). Obesity (р = 0.03), abdomi-
nal obesity (р < 0.001) and arterial hypertension (р < 
0.001) were more prevalent in NAFLD patients than 
in CHC patients with steatosis. There was no signifi -
cant difference in the proportions of overweight, MS, 

impaired fasting glucose, and type 2 DM between 
the groups with steatosis (CHC with steatosis and 
NAFLD). Insulin resistance, evaluated by HOMA-IR, 
was commonly found in both groups of patients with 
steatosis – NAFLD and CHC+NAS. The mean lev-
els of serum fasting glucose and insulin, as well as 
HOMA-IR, were also higher in patients with steatosis 
(NAFLD and CHC+NAS) than in those without ste-
atosis (CHC without steatosis and HC) (р < 0.001) 
(Table 3).

Таble 2. Prevalence of metabolic abnormalities in patients with CHC with and without NAS, NAFLD and HC

Metabolic factors
CHC (n = 366) NAFLD 

(n = 403)
HC 

(n = 241)(+) NAS  (n = 227) (-) NAS  (n = 139)
Obesity 33% 1% 50% 6%
Overweight 44% 15% 40% 20%
Metabolic syndrome 48% 3% 46% 12%
Abdominal obesity 80% 12% 91% 31%
Arterial hypertension 32% 4% 59% 17%
Fasting glucose >5.6 mmol/l 42% 16% 46% 15%
Diabetes mellitus type 2 20% 6% 19% Exclusion criterion
HOMA-IR > 2.5 86% 13% 82% 19%

Таble 3. Mean levels (± Standard deviation) of fasting glucose (mmol/l) and insulin (μIU/ml), and HOMA-IR in 
patients with CHC with and without NAS, NAFLD and HC.

Parameters
CHC (n = 366) NAFLD

(n = 403)
HC

(n = 241)(+) NAS (n = 227) (-) NAS  (n = 139)
Fasting glucose 5.78 ± 1.72 4,82 ± 1,00 5.82 ± 0.61 5.15 ± 0.52
Fasting insulin 22.62 ± 12.27 13.05 ± 4.24 17.72 ± 11.42 7.31 ± 2.46
HOMA-IR 4.88 ± 3.25 1.92 ± 1.34 4.50 ± 3.11 1.66 ± 2.93

Fig. 2. Serum levels of Lp(a) in patients with NAFLD and CHC with and without NAS
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Evaluation of Lp(a) levels in patients with NAFLD and 
CHC 

Increased Lp(a) was found in 17 of 112 patients with 
CHC and 19 of 80 patients with NAFLD, 15% and 
24%, respectively. The mean level of Lp(a) was high-
er in NAFLD than CHC group (p = 0.016), but there 
was no difference between CHC patients with and 
without steatosis (Figure 2). Increased Lp(a) levels 
in both NAFLD and CHC patients showed no rela-
tion to patients’ age, sex, the presence of obesity, im-
paired fasting glucose, arterial hypertension or MS. 
In NAFLD patients with increased Lp(a), but not in 
CHC groups, the serum level of LDL–c (p = 0.036) 
was higher compared to those with normal Lp(a). 
There was also a positive correlation between the se-
rum levels of Lp (a) and LDL-c in NAFLD (r = 0.430, 
p < 0.001). 

DISCUSSION

Serum lipid disorders are common in chronic liver 
disease with viral and non-viral etiology as the liver 
is the principal site of lipoprotein formation and me-
tabolism. In this study, we evaluated the serum lipid 
alterations in a large number of young and middle-
aged genotype 1, treatment – naïve CHC patients 
with and without nonalcoholic steatosis on histology 
and compared them with those with NAFLD, and HC 
without steatosis on liver ultrasound.

Our results showed that the prevalence of dyslipid-
emia was signifi cantly higher in patients with CHC with 
steatosis (high Tg or low HDL-c) and NAFLD (high 
TC, high LDL-c, high Tg or low HDL-c) than in those 
with CHC without steatosis and HC. Among NAFLD 
patients, high TC was the most common criteria for 
dyslipidemia, followed by high Tg, high LDL-c, and 
low HDL-c, while in those with CHC with steatosis 
low HDL-c was the most common lipid abnormality, 
followed by high Tg and high TC. The mean level of 
LDL-c was lower in CHC without steatosis than in any 
other group – CHC with steatosis, NAFLD, and HC. 
In both groups of patients with steatosis (CHC and 
NAFLD), we evaluated a signifi cantly higher preva-
lence of other metabolic derangements in compari-
son with the groups without steatosis (CHC and HC). 
Despite the difference in types of dyslipidemia in gen-
otype 1 CHC and NAFLD patients, insulin resistance 
is the main cause for increased cardiovascular risk 
in both chronic liver diseases. Our results are in con-
cordance with the literature data that in patients with 
genotype 1 CHC steatosis is “metabolic” and related 
with obesity, arterial hypertension, dysglycemia, type 
2DM, MS, abdominal obesity and IR [1, 3, 4]. The 
high prevalence of IR in CHC with steatosis has been 

reported to be due to the HCV infection and NAS in-
dependently or together [14]. Increased levels of pro-
infl ammatory cytokines interleukin-6 (IL-6) and tumor 
necrosis factor alpha (TNF-α) in patients with CHC 
and visceral obesity also contribute to development of 
liver steatosis and IR [15]. A metaanalysis has shown 
that CHC patients have about 1.7-fold increased 
risk of development type 2 DM compared with non-
infected controls [16]. The mechanism involved in 
HCV-induced type 2 DM is IR, which is associated 
with both viral infection and steatosis. Although lower 
serum levels of TC, LDL-c and HDL-c are commonly 
reported in treatment naïve CHC patients when com-
pared with those of normal subjects, the literature 
data on the impact of steatosis on serum lipids levels 
are limited [2, 17, 18]. Lipids play an important role in 
multiple aspects of HCV life cycle as HCV modulates 
host lipoprotein metabolism to make it more effective 
for viral proliferation, propagation and persistence [4, 
19, 20]. HCV-associated hypocholesterolemia results 
from the inhibition of apolipoprotein B 100 secretion 
and disturbed distal cholesterol synthesis pathway 
[21]. Several authors confi rm a higher prevalence of 
atherogenic dyslipidemia with increased serum Tg, 
decreased HDL-c levels in CHC+ NAS compared 
with CHC patients without steatosis and HC [22, 23]. 
In genotype 1 CHC patients HOMA-IR and serum tri-
glycerides levels increased progressively from CHC 
to CHC+ NAS to CHC+ nonalcoholic steatohepatitis 
[22]. Other authors have also reported that patients 
with CHC+NAS had higher serum Tg levels than 
those without steatosis [23]. 

We also assessed and compared serum Lp(a) levels 
in subgroups of patients with NAFLD and CHC with 
and without steatosis. Lp(a) has been recognized as 
an independent genetic risk factor for cardiovascular 
disease [24-26]. Numerous studies have found a cor-
relation between elevated Lp(a) plasma levels and 
coronary heart disease, stroke, and peripheral athero-
sclerosis. Although Lp(a) concentrations are mostly 
determined by genetic factors, they can be infl uenced 
to a minor extent by apo(a) gene-independent effects, 
including diet, age, hormonal status and some dis-
eases (familial hypercholesterolemia, renal and liver 
diseases). Our results showed a similar prevalence of 
increased Lp(a) levels in both groups of patients but 
the mean level of Lp(a) in NAFLD patients was signifi -
cantly higher compared with CHC ones, irrespective 
of the presence of steatosis. We found no relation be-
tween serum levels of Lp(a) and patients age, sex and 
evaluated metabolic parameters. The literature data 
on more or less signifi cant variations between NAFLD 
and CHC patients are also limited [27-30]. Several 
studies have reported increased serum Lp(a) levels 
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among cases with MS, obesity or diabetes, but other 
authors did not fi nd such relationship [28]. Reduced 
serum levels of Lp(a) have been found in patients with 
various viral induced liver diseases compared with HC 
[29]. A signifi cant increase of baseline serum Lp(a) 
concentrations has been reported in CHC patients af-
ter interferon treatment and it has been assumed that 
this increase refl ects an improvement of liver function 
[30]. More detailed studies are needed to elucidate the 
possible variation in serum Lp(a) levels between pa-
tients with NAFLD and CHC.

In conclusion, lipid and glucose metabolic abnormali-
ties in patients with genotype 1 CHC are dependent 
on steatosis. CHC with steatosis and NAFLD are as-
sociated with insulin resistant type of dyslipidaemia, 
with total cholesterol and LDL-cholesterol being gen-
erally lower in CHC.
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