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Abstract
Background: In this retrospective study, we investigated nutritional status and liver steatosis after direct-acting antiviral (DAA) treatment for chronic hepatitis C
virus (HCV) infection.
Methods: One-hundred six patients with chronic HCV infection underwent HCV-RNA testing 12 weeks after the end of treatment (EOT) with DAAs from
September 2014 to August 2016. HCV genotype 1 patients received daclatasvir and asunaprevir (DCV/ASV, n=35) or sofosbuvir and ledipasvir (SOF/LDV, n=37);
HCV genotype 2 patients received sofosbuvir and ribavirin (SOF/RBV, n=34). After DAA treatment, virologic response, biochemical and serological marker levels,
and side effects were assessed. Nutritional status was evaluated using serum albumin (Alb), triglyceride (TG), total cholesterol (TC), and low-density lipoprotein
cholesterol (LDL-C) levels. Liver stiffness (LS) and controlled attenuation parameter (CAP) values were measured for the diagnosis of liver fibrosis and steatosis
using transient elastography.
Results: HCV-RNA became undetectable in 32 patients who received DCV/ASV (91.4%), in 37 who received SOF/LDV (100%), and in 33 who received SOF/
RBV (97.1%). Mild anemia was noted at EOT with SOF/RBV (from 13.6 ± 1.5 to 11.9 ± 1.3 g/dL, p<0.01), but it was improved 12 weeks after EOT (13.6 ± 1.6
g/dL). Alanine aminotransferase decreased from 64.0 ± 68.9 to 16.9 ± 8.3 IU/L, p<0.001; and alpha-fetoprotein from 20.0 ± 77.6 to 4.1 ± 5.2 ng/mL, p<0.001. Alb
increased from 4.1 ± 0.5 to 4.3 ± 0.4 g/dL, p<0.001; TG from 111 ± 46 to 128 ± 66 mg/dL, p<0.05; TC from 158 ± 30 to 187 ± 35 mg/dL, p<0.001; and LDL-C
from 82 ± 20 to 105 ± 30 mg/dL, p<0.001. LS values decreased from 10.4 ± 6.7 to 7.6 ± 5.0 kPa, p<0.01, and CAP values increased from 213 ± 60 to 226 ± 55 dB/m,
p<0.01.
Conclusion: DAA treatment was useful for chronic HCV infection, and the nutritional status improved. However, CAP values increased; thus, long-term follow-up
for liver steatosis is necessary.

Introduction
Hepatitis C virus (HCV) was first detected in 1989 [1]. Currently,
there are 170 million patients infected with HCV worldwide and most
patients’ progress from chronic hepatitis to cirrhosis after 10-30 years.
Liver cirrhosis evolves to hepatocellular carcinoma (HCC) at a high
rate; therefore, it is important to develop effective therapy for HCV
infection [2,3].
In Japan, for the treatment of chronic HCV genotype 1 infection,
daclatasvir (DCV; NS5B polymerase inhibitor) and asunaprevir (ASV;
NS3/4A protease inhibitor) have been suggested as possible interferon
(IFN)-free regimens in 2014, and sofosbuvir (SOF; NS5B polymerase
inhibitor) and ledipasvir (LDV; NS5A inhibitor) as the secondgeneration IFN-free regimen in 2015. Moreover, SOF and ribavirin
(RBV) have been suggested for the treatment of genotype 2 infection
in 2015. Thus, the progress of the treatment for chronic HCV has
been remarkable and direct-acting antivirals (DAAs) have become the
first-line treatment, because, with DAAs, there are expected sustained
virologic response (SVR) rates of over 90%, few side effects, and a
shorter treatment duration than with IFN-based treatment [4-6].
At first, HCV infected blood enters the non-infected person’s
body; next, the HCV particles bind to low-density lipoprotein (LDL)
receptors that are present on the hepatocytes’ surface, and invade the
cell. Finally, a viral genome replicates, and a new infectious virion is
released extracellularly [7-9].
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Recently, two studies reported that a marked increase in serum
LDL-cholesterol (LDL-C) occurred in HCV mono-infected or HCV/
HIV co-infected patients treated with SOF/RBV or SOF/LDV [10,11].
Hashimoto et al. reported a rapid increase in the serum LDL-C levels
during the IFN-free treatment of chronic HCV, and it was associated
with the type of DAA treatment [12]. However, the change in LDL-C
levels after SVR by DAA treatment for chronic HCV in the medium- or
long-term is unclear.
Generally, the degree of liver fibrosis and steatosis have been
evaluated by liver biopsy, an invasive method; thus, a noninvasive
tool is still required. Recently, transient elastography was used as a
noninvasive tool for the evaluation of liver fibrosis and steatosis [13-17].
Therefore, in this retrospective study, we investigated the change in
nutritional status and liver steatosis after DAA treatment for chronic
HCV infection.
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Materials and methods

was defined as LS value >9.5 kPa [16,17]. Liver steatosis was defined
as CAP value ≥222 dB/m [15].

Patients
We retrospectively studied the data of a total of 106 patients with
chronic HCV infection who underwent HCV-RNA testing 12 weeks
after completing DAA treatment from September 2014 to August 2016
at the National Hospital Organization Nagoya Medical Center.

Treatment regimen
Among the 106 patients, HCV genotype 1 patients received the
combination therapy of DCV/ASV (n=35) for 24 weeks, or SOF/LDV
(n=37) for 12 weeks; HCV genotype 2 patients received the combination
therapy of SOF/RBV (n=34) for 12 weeks.

Laboratory testing
Biochemical and serological markers and HCV-RNA levels were
measured at the National Hospital Organization Nagoya Medical Center.
Blood samples were evaluated at the initiation of DAA treatment, the
end of treatment (EOT), and 12 weeks after EOT. Nutritional status
was evaluated using serum albumin (Alb), triglyceride (TG), total
cholesterol (TC), and LDL-C levels. HCV-RNA levels were detected
by real-time reverse transcriptase PCR assay (COBAS TaqMan
HCV Auto, Roche Diagnostics, Tokyo, Japan), with the measurement
range of 1.2-7.8 log10 IU/mL. SVR was determined 12 weeks after EOT
(SVR12). Ultrasonography, computed tomography, and/or magnetic
resonance imaging of the abdomen were used for HCC surveillance.

Transient elastography
Liver stiffness (LS) and controlled attenuation parameter
(CAP) were measured using transient elastography (FibroScan
502, Echosens, Paris, France) [15,16]. LS values were measured
for diagnosis of liver fibrosis, and expressed in kilopascals (kPa).
CAP values were measured for the diagnosis of liver steatosis, and
expressed in dB/m [15]. LS and CAP values were measured more
than ten times using transient elastography, and the median value
was considered the elastic modulus of the liver. Advanced fibrosis

Statistical analysis
All data were expressed as the mean ± standard deviation.
Differences were analyzed using Wilcoxon signed-ranks test, and oneway analysis of variance (ANOVA). P-values < 0.05 were considered
statistically significant.
This study was approved by the ethical review board in the National
Hospital Organization Nagoya Medical Center.

Results
Patient characteristics
The characteristics of the patients at baseline are summarized in
Table 1. The mean age of all patients was 64.7 ± 14.1 years. There were
54 men and 52 women. The mean level of HCV-RNA was 5.9 ± 0.8
log10 IU/mL. The mean pretreatment value of TC was 158 ± 30 mg/dL,
LDL-C was 82 ± 20 mg/dL, and CAP was 213 ± 60 dB/m.

Changes in HCV-related markers
HCV-RNA became undetectable (SVR12) in 32 patients who
received DCV/ASV (91.4%), in 37 who received SOF/LDV (100%),
and in 33 who received SOF/RBV (97.1%) (Figure 1). Mild anemia
was noted at EOT with SOF/RBV (from 13.6 ± 1.5 to 11.9 ± 1.3 g/
dL, p<0.01) but the anemia improved 12 weeks after EOT (13.6 ± 1.6
g/dL). Alanine aminotransferase (ALT) levels decreased from 64.0 ±
68.9 to 16.9 ± 8.3 IU/L, p<0.001; gamma glutamyl transpeptidase levels
from 58.8 ± 145.8 to 22.5 ± 16.7 IU/L, p<0.001; and alpha-fetoprotein
(AFP) levels from 20.0 ± 77.6 to 4.1 ± 5.2 ng/mL, p<0.001.

Changes in nutritional status
Serum Alb levels increased from 4.1 ± 0.5 to 4.3 ± 0.4 g/dL,
p<0.001; TG levels from 111 ± 46 to 128 ± 66 mg/dL, p<0.05; TC levels
from 158 ± 30 to 187 ± 35 mg/dL, p<0.001; and LDL-C levels from 82
± 20 to 105 ± 30 mg/dL, p<0.001 (Table 2).

Table 1. Baseline characteristics of patients
Total(n=106)

DC/ASV(n=35)

SOF/LDV(n=37)

SOF/RBV(n=34)

Age

Characteristics
years

67.4 ± 14.1

65.2 ± 12.3

63.5 ± 15.6

65.4 ± 14.5

P-value
0.825

Gender

male/female

54/52

15/20

20/17

19/15

0.499

BMI

kg/m2

22.7 ± 3.7

22.8 ± 3.0

22.5 ± 3.5

22.8 ± 4.4

0.896

HCV RNA

log10IU/mL

5.9 ± 0.8

6.1 ± 0.7

6.0 ± 0.6

5.7 ± 1.0

0.056

total bilirubin

mg/dL

0.82 ± 0.37

0.76 ± 0.33

0.80 ± 0.28

0.91 ± 0.46

0.223

Alb

g/dL

4.12 ± 0.46

41.3 ± 4.6

40.2 ± 0.51

4.22 ± 0.40

0.214

TLC

/µL

1710 ± 766

1682 ± 766

1629 ± 822

1827 ± 709

0.537

CHE

IU/L

268 ± 93

260 ± 84

273 ± 101

269 ± 94

0.836

TC

mg/dL

158 ± 30

160 ± 32

154 ± 28

160 ± 31

0.636

LDL-C

mg/dL

28 ± 20

83.5 ± 19.6

78.4 ± 18.6

86.3 ± 25.0

0.68

TG

mg/dL

111 ± 46

114 ± 46

103 ± 38

116 ± 54

0.514
0.707

AST

IU/L

58.9 ± 52.1

59.4 ± 44.7

53.7 ± 35.6

64.0 ± 71.8

ALT

IU/L

64.0 ± 68.9

65.5 ± 70.4

58.8 ± 49.1

68.1 ± 85.5

0.843

γ-GTP
AFP

IU/L

58.8 ± 145.8

85.9 ± 246.9

43.8 ± 38.6

47.1 ± 44.7

0.407

ng/mL

20.0 ± 77.6

23.4 ± 82.5

8.7 ± 8.7

29.1 ± 110.8

0.609

Hb

g/dL

13.6 ± 1.4

13.4 ± 1.5

13.7 ± 1.3

13.6 ± 1.5

0.69

Platelet
LS

X 104/mm3

17.9 ± 8.6

16.2 ± 5.7

17.6 ± 6.4

19.9 ± 12.3

0.193

kPa

10.4 ± 6.7

11.3 ± 6.0

10.6 ± 7.90

9.3 ± 6.1

0.592

CAP

dB/m

213 ± 60

215 ± 50

205 ± 41

222 ± 85

0.617

Data are expressed as number or mean ± SD
BMI body mass index, Alb albumin, TLC total lymphocyte count, CHE cholinesterase, TC total cholesterol, LDL-C low-density lipoprotein cholesterol, TG triglyceride, AST aspartate
aminotransferase, ALT alanine aminotransferase, γ-GTP gamma glutamyl transpeptidase, AFP alpha-fetoprotein, Hb hemoglobin, LS liver stiffness, CAP controlled attenuation parameter
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by viral exclusion, and a decrease in fractures in postmenopausal
women has been reported [22]. It was revealed that serum TC, LDL-C,
and HDL-C levels were significantly increased considering the SVR of
patients treated with DCV/ASV or SOF/LDV [23]. In this study, we
focused on the change in the nutritional status after DAA treatment;
each nutritional index such as serum Alb, TG, TC, and LDL-C levels
were increased. Hashimoto et al. reported the increase of LDL-C
and TC levels after DAA treatment for HCV infection in the shortterm [12]; these results were similar to our results. Furthermore, they

Figure 1 HCV-RNA negativity rate (SVR12) DCV/ASV; 91.4%, SOF/LDV; 100%, and
SOF/RBV; 97.1%.
Table 2. Changes in nutritional status
Pre-Treatment Post-Treatment

P-value

Alb

g/dL

4.1*0.5

4.3*0.4

TG

mg/dL

111*46

128*66

<0.001
0.025

TC

mg/dL

158*30

187*35

<0.001

LDL-C

mg/dL

82*20

105*30

<0.001

Changes in LDL-C levels among the DAA treatment
Serum LDL-C levels increased both at EOT with DCV/ASV and
12 weeks after EOT, and at EOT with SOF/LDV. LDL-C levels did not
increase either at EOT with SOF/RBV or 12 weeks after EOT (Figure 2).

Figure 2. Changes in LDL-C levels after DAA treatment

Changes in liver fibrosis and steatosis
LS values decreased from 10.4 ± 6.7 to 7.6 ± 5.0 kPa, p<0.01 (Figure
3); and CAP values increased from 213 ± 60 to 226 ± 55 dB/m, p<0.01
(Figure 4).

Discussion
HCV is classified in genotypes 1-6. In Japan, approximately 7080% are genotype 1, and 20-30% are genotype 2 [18]. Recently, with
the exception of decompensated cirrhosis, DAA treatment has become
the first choice of HCV treatment. It was reported that serum ALT and
Alb levels improved, AFP levels decreased immediately, and fibrosis
markers significantly decreased in SVR patients treated with DCV/
ASV [19,20].
In this study, the SVR rate was high (DCV/ASV; 91.4%, SOF/LDV;
100%, and SOF/RBV; 97.1%), liver function showed improvement,
and AFP levels decreased. Mild anemia was detected with SOF/RBV
treatment at EOT, but it was improved 12 weeks after EOT. Patients
did not experience any side effects other than the anemia after SOF/
RBV treatment. In a phase III trial for SOF/RBV treatment in Japan,
there were no grade 4 side effects, and there were no patient dropouts
due to side effects. The frequency of anemia was 27% in the patients
over 65 years old, and the decrease in hemoglobin (Hb) level was -1.7
g/dL. When Hb level decreases, appropriate adjustment of RBV dosage
is necessary [21]. The -1.7 g/dL reduction in Hb level at EOT in this
study was similar to a previous report [21]. There were no serious
side effects, and no patient dropouts throughout the duration of DAA
treatment. Therefore, DAA treatment was considered an effective and
safe treatment for the patients with HCV infection.
HCV exclusion not only improves liver function, but also various
kinds of extrahepatic lesions. Actually, nutritional status was improved
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Figure 3. Changes in liver fibrosis (liver stiffness; LS)

Figure 4. Changes in liver steatosis (controlled attenuation parameter; CAP)
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showed that if DAA treatment was different, the kinetics of the increase
of LDL-C level was different [12]. In other words, DCV/ASV resulted
in a weaker increase in the LDL-C level when compared to SOF/LDV
at 28 days from the induction of treatment. They suggested that there
are different mechanisms of anti-viral action between DCV/ASV and
SOF/LDV. Both DCV and LDV are NS5A inhibitors, ASV is a protease
inhibitor, and SOF is a polymerase inhibitor. These mechanisms make
a difference in the effect of treatment [24,25]. Serum LDL-C level is
directly, rapidly increased by SOF [12]. We evaluated the mediumterm change in LDL-C levels; there were fewer changes at EOT with
DCV/ASV than with SOF/LDV, but the LDL-C level had a greater
increase 12 weeks after EOT with DCV/ASV. SOF/LDV resulted in
a greater increased LDL-C level than DCV/ASV at EOT, but it was
not increased 12 weeks after EOT. While the change in LDL-C level
at EOT with SOF/RBV was decreased, it returned to the level before
the treatment 12 weeks after EOT. It is suggested that the anemia due
to RBV caused the temporary decrease of LDL-C, because the change
in the anemia status and LDL-C level were parallel after the SOF/RBV
treatment. We show that there were differences in the change in LDL-C
levels when DAA treatment was different. In the future it will be necessary
to study the long-term change in the LDL-C level according to the type of
DAA treatment.
Liver biopsy has been the most widely used method for the
evaluation of liver fibrosis and steatosis; however, it is invasive, and a
noninvasive method remains desirable. Recently, transient elastography
has been described as a noninvasive tool for the assessment of liver
fibrosis and steatosis [13-17]. Transient elastography has been reported
to be useful for the prediction of histological examination of the liver
biopsy specimen considering the fibrosis stage and the degree of
steatosis [26,27]. A meta-analysis concluded that if patients with SVR
and higher ALT levels before treatment received DAA treatment rather
than IFN-based treatment, the LS level after the treatment significantly
decreased [28]. Significant decreases in LS and ALT levels after DAA
treatment were demonstrated in this study. It was revealed that LS level
decreased still more 6 months to 1 year after EOT [28]. This suggested
that after inflammation of the liver disappeared, liver fibrosis was
improved. Future detailed, long-term studies are anticipated. It was
reported that serum TG, TC, and LDL-C levels were significantly high
in patients with a fatty liver [29]. It was suggested that the increased
CAP level, along with fatty change in the liver, was the cause of the
increased serum TG, TC, and LDL-C levels after DAA treatment.
DAA treatment was effective; it improved inflammation, fibrosis,
and nutritional status in the patients with HCV infection. However, the
onset of non-alcoholic fatty liver disease (NAFLD) or non-alcoholic
steatohepatitis (NASH) by increased fatty changes in the liver needs to
be paid attention in the future. It is thought that nutritional education
will be necessary even if the patients achieve SVR after DAA treatment.
This was a retrospective study at a single institution. In the future,
a larger, multicenter prospective study should be performed to confirm
our findings.
In conclusion, DAA treatment was useful and safe for patients
with chronic HCV infection; furthermore, nutritional status improved.
However, long-term follow-up will be necessary because medium-term
liver steatosis was observed in this study.
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