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Abstract
Background and Aims: Lipid pathways play a crucial role in multiple aspects of the hepatitis 
C virus (HCV) life cycle. As treatment for HCV infection, direct-acting antivirals (DAAs) can 
achieve a high rate for sustained virological response (SVR). �e aim of this study was to com-
pare lipid marker changes between SVR and non-SVR patients. 
Methods: We compared clinical and lipid markers as well as changes in Japanese “Ningen 
Dock” health check-up categories. 
Patients: �is study enrolled 340 patients (154 men, median age: 71 years) who had received 
DAAs for comparisons of clinical and lipid markers between 333 SVR (97.9%) and 7 non-SVR 
(2.1%) patients. 
Results: Baseline clinical markers were comparable between the SVR and non-SVR groups 
apart from platelet count (p = 0.049). SVR patients exhibited signi�cant decreases in AST, ALT, 
and AFP and increases in platelet count and albumin (ALB) (all p <0.001) under DAA treat-
ment, while non-SVR patients did not. The SVR group also had significant increases in TC, 
LDL-C, HDL-C, and non-HDL-C lipid markers (all p <0.001). Regarding Ningen Dock criteria, 
the proportion of patients in category D-low (Medical care needed) for LDL-C and non-HDL-C 
decreased significantly, while that of patients in category B (Slightly abnormal), C (Requires 
follow-up), and D-high for LDL-C and non-HDL-C increased signi�cantly in SVR patients. In 
addition, the proportion in category C and D-low for HDL-C dropped signi�cantly. 
Conclusion: HCV eradication by DAAs can produce signi�cant changes in both lipid pro�les 
and Ningen Dock categories. Clinicians should consider HCV eradication history for patients 
with abnormal lipid pro�les. Further studies are needed on the long-term e�ect of lipid changes 
a�er achieving an SVR for HCV. 
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With an estimated 130–170 million people 
chronically infected worldwide, includ-
ing 1.5 million in Japan, hepatitis C virus 

(HCV) infection is a global health concern. Chronic 
HCV infection eventually results in severe liver disease 
manifesting as advanced fibrosis, cirrhosis, and hepa-
tocellular carcinoma (HCC)1–4 . HCV eradication is the 
most e�ective treatment for halting disease progression. 
Since replacing interferon (IFN) and combinations of 
IFN or pegylated IFN and ribavirin (RBV) eradication 
treatment, direct-acting antivirals (DAAs) have revolu-

tionized HCV therapy by targeting speci�c steps within 
the HCV lifecycle5 , resulting in sustained virological re-
sponse (SVR) rates of over 95% according to real-world 
data6 , despite the fact that past history of HCC has 
been reported to be an independent risk factor for DAA 
treatment failure7. 

It is well known that lipid pathways play a crucial 
role in multiple aspects of HCV progression8 . In a 
large-scale community-based study, chronic HCV 
infection was associated with decreased serum choles-
terol and low-density lipoprotein cholesterol (LDL-C) 
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levels, which implied that the influence of HCV fig-
ured prominently in the serum lipid pro�les of HCV 
patients9 . �e resulting hypolipidemia can be resolved 
with successful hepatitis C treatment but persists in 
non-responders10 . 

In Japan, “Ningen Dock” is a complete health check-
up and screening system for the prevention, early detec-
tion, and treatment of adult lifestyle-related diseases and 
maintenance of general health. Ningen Dock includes 
several tests related to lipid levels. Based on a large body 
of individual data11 , the results of these tests are mainly 
divided into the 5 categories described at https://www.
ningen-dock.jp/wp/wp-content/uploads/ 2018 / 06 /
Criteria-category.pdf as: A, Normal; B, Slightly abnor-
mal; C, Requires follow-up (including life improvement 
and re-examination); D, Medical care needed; and E, On 
treatment. 

It had been unknown whether HCV eradication 
through DAA treatment could lead to Ningen Dock 
category changes in lipid levels. Accordingly, this study 
assessed the clinical in�uence of HCV eradication by 
DAAs on lipid levels and Ningen Dock categories in 
patients with chronic HCV infection.

Patients and Methods
Patients

This study was a retrospective, multi-center, cohort 
analysis across Nagano Prefecture, Japan. For it, a total 
of 1,291 patients with chronic HCV infection who un-
derwent DAA therapy at Shinshu University Hospital 
(Matsumoto, Japan) or its a�liated institutions between 
April 2015 and December 2018 and completed ob-
servation periods of 12 weeks after commencing DAA 
treatment (SVR12) were initially considered. An SVR, 
which was de�ned as undetectable HCV RNA at SVR12, 
was achieved in 1,235/1,291 patients (95.7%). After 
excluding patients having insufficient clinical data for 
analysis, 340 patients with chronic HCV infection were 
ultimately enrolled. �e racial background of all patients 
was Japanese. In accordance with previously reported 
criteria, diagnosis of chronic hepatitis C was based on 
presence of serum HCV antibodies and detectable HCV 
RNA12. Presence of chronic HCV infection was de�ned 
as detectable HCV RNA in the real-time polymerase 
chain reaction at initiation of therapy. 

This study was reviewed and approved by the Insti-
tutional Review Board of Shinshu University School of 
Medicine (approval number: 3244) and its affiliated 
hospitals. Written informed consent was obtained from 
all participating subjects. �e study was conducted ac-
cording to the principals of the Declaration of Helsinki.
Study design

Details of age, gender, history of IFN treatment, his-
tory of HCC, and comorbidities such as hypertension, 

diabetes mellitus, and dyslipidemia were registered for 
all patients in this cohort upon commencing DAAs.

The patients were treated with DAA regimens that 
included daclatasvir+asunaprevir (DCV+ASV), ledip-
asvir/sofosbuvir (LDV/SOF), ombitasvir/paritaprevir/
ritonavir (OBV/PTV/r), and elbasvir+grazoprevir 
(EBR+GZR) for HCV genotype 1, SOF+RBV for gen-
otype 2 , and glecaprevir/pibrentasvir (GLE/PIB) for 
genotype 1 , 2 , and others based on guidelines issued 
by the Japan Society of Hepatology13 . 
Laboratory testing

All laboratory data, including platelet count, albumin 
(ALB), aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), alpha fetoprotein (AFP), total cho-
lesterol (TC), LDL-C, high-density lipoprotein choles-
terol (HDL-C), and triglyceride (TG) were determined 
using standard methods at the respective institutions. 
Non-HDL-C was calculated as: TC – HDL-C.
Ningen Dock lipid level categories 

Below are the category ranges for LDL-C, non-HDL-C, 
and HDL-C as de�ned in Ningen Dock criteria (https://
www.ningen-dock.jp/wp/wp-content/uploads/2018/06/
Criteria-category.pdf).

LDL-C: A (Normal) 60–119 mg/dL, B (Slightly abnor-
mal) 120–139 mg/dL, C (Requires follow-up) 140–179 
mg/dL, and D (Medical care needed) 59 mg/dL or less 
(D-low) or 180 mg/dL or greater (D-high). 

Non-HDL-C: A (Normal) 90–149 mg/dL, B (Slight-
ly abnormal) 150–169 mg/dL, C (Requires follow-up) 
170–209 mg/dL, and D (Medical care needed) 89 mg/
dL or less (D-low) or 210 mg/dL or greater (D-high). 

HDL-C: A (Normal) 40 mg/dL or greater, C (Requires 
follow-up) 35–39 mg/dL, and D (Medical care needed) 
34 mg/dL or less.
Statistical analysis

Statistical analysis and data visualization were carried 
out using StatFlex ver. 7.0.7 (Artech Co., Ltd., Osaka, 
Japan). Continuous baseline data were expressed as the 
median ± interquartile range and statistically evaluated by 
means of the Mann-Whitney U test. Categorical variables 
were presented as the frequency (percentage) and ana-
lyzed using the chi-square test. Ordinal data was tested 
by the Wilcoxon signed-rank test. All statistical tests were 
two-sided and evaluated at the 0.05 level of signi�cance. 

Results
Baseline clinical characteristics

The baseline clinical characteristics in this study are 
summarized in Table 1 . Of the 340 enrolled patients, 
154 (45.3%) were male and 186 (54.7%) were female. 
Median age was 71 years. Roughly a quarter of all par-
ticipants had received previous IFN treatment. Approx-
imately 41% of patients had  hypertension as a compli-
cation, with almost all cases under medical treatment. 
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The complications of diabetes mellitus (15 .9%) and 
dyslipidemia (8.8%) were observed as well. Since there 
are cautions regarding the coadministration of most 
3-hydroxy-3-methylglutaryl coenzyme-A reductase 
inhibitors (i.e., statins) in Japan, all subjects in this study 
had discontinued statins at least several weeks before 
commencing HCV eradication. �e numbers of patients 
who were treated with DCV+ASV, OBV/PTV/r, LDV/
SOF, EBV+GRZ, GLE/PIB, and SOF+RBV were 43, 29, 
98, 47, 73, and 50, respectively. The overall SVR rate 
was 97.9% (333/340 patients) in the present cohort. 
Changes in hepatitis clinical markers and lipid markers

Overall, AST, ALT, and AFP were significantly 
decreased at SVR12 as compared with before DAA 
treatment (Pre) (all p <0.001) and platelet count and 
ALB were signi�cantly increased (both p <0.001). TC, 
LDL-C, HDL-C, and non-HDL-C were significantly 
higher at SVR12 as compared with baseline (Pre) lev-
els (all p <0.001) (Fig.1). 
Baseline clinical comparisons between SVR and 
non-SVR patients 

�e baseline clinical characteristics of the SVR and 
non-SVR groups are compared in Table 2 . �ere were 
no remarkable differences in clinical markers apart 
from platelet count (p = 0.049). 

Hepatitis clinical marker and lipid marker compari-
sons between SVR and non-SVR patients

AST, ALT, and AFP in the SVR group were signi�-
cantly decreased at SVR12 as compared with at Pre 
(all p <0.001) but remained similar in the non-SVR 
group. Platelet count and ALB were signi�cantly high-
er at SVR12 versus at Pre (both p <0.001) in the SVR 
group only. TC, LDL-C, HDL-C, and non-HDL-C 
were significantly increased at SVR12 as compared 
with at Pre in SVR patients (all p <0.001) (Fig.2). 
Patient proportion changes in lipid level categories

In the SVR group, for LDL-C and non-HDL-C, the 
proportion of patients in category D-low was signi�cant-
ly decreased, while that in category B, C, and D-high was 
significantly increased at SVR12 as compared with at 
Pre (p < 0.001, respectively). �e proportion of patients 
in category C and D-low for HDL-C was significantly 
decreased at SVR12 versus at Pre (p < 0.001) (Fig.3).

Discussion
This study identified two important clinical features 

of lipid changes in long-term HCV eradication therapy 
using DAAs: 1) lipid levels changed dramatically under 
DAA treatment, and 2) treatment with DAAs resulted 
in changes in Ningen Dock lipid level categories. �ese 
�ndings have important real-world implications in pa-

Table 1.  Baseline Characteristics in This Study
Median (IQR or %)

Age (yrs) 71 (63–76)
Male 154 (45.3%)
HCV genotype 1/2/other 264/73/3
IFN past history 87 (25.6%)
DAA past history 9 (0.3%)
HCC past history 27 (7.9%)
Hypertension 139 (40.9%)
  Hypertension with medication 133 (39.1%)
Diabetes mellitus 54 (15.9%)
  Diabetes mellitus with medication 40 (11.8%)
Dyslipidemia 30 (8.8%)
  Dyslipidemia with medication* 20 (5.9%)
Laboratory data
    Platelet count (x104/µL) 15.8 (12.0–19.8)
    ALB (mg/dL) 4.1 (3.8–4.3)
    AST (U/L) 37 (27–53)
    ALT (U/L) 33 (23–56)
    AFP (ng/mL) 4.2 (2.5–7.0)
    HCV RNA (Log IU/mL) 6.2 (5.6–6.6)
DAA regimens
    DCV/ASV, OBV/PTV/r, LDV/SOF 43, 29, 98
    EBR+GRZ, GLE/PIB, SOF+RBV 47, 73, 50
Clinical outcome
    SVR 333 (97.9%)

*: All patients halted medication several weeks before DAA treatment in accordance 
with drug usage directions.
Abbreviations: IQR, interquartile range; HCV, hepatitis C virus; IFN, interferon; DAA, 
direct-acting antiviral; HCC, hepatocellular carcinoma; ALB, albumin; AST, aspartate 
aminotransferase; ALT, alanine aminotransferase; AFP, alpha fetoprotein; DCV+ASV, 
daclatasvir+asunaprevir; OBV/PTV/r, ombitasvir/paritaprevir/ritonavir; LDV/
SOF, ledipasvir/sofosbuvir; EBR+GZR, elbasvir+grazoprevir; GLE/PIB, glecaprevir/
pibrentasvir; SOF+RBV, sofosbuvir+ribavirin; SVR, sustained virological response

Table 2.  Clinical Comparisons between SVR and non-SVR Groups
SVR

(N = 333)
Non-SVR

(N = 7) p-value

Age (yrs) 71 69 0.672
Male 150 (45.0%) 4 (57.1%) 0.706
HCV genotype 1/2/other 259/71/3 5/2/0 0.013
IFN past history 83 (24.9%) 4 (57.1%) 0.074
DAA past history 9 (2.7%) 0 (0%) 1.000
HCC past history 9 (2.7%) 0 (0%) 0.100
Hypertension 135 (40.5%) 4 (57.1%) 0.45
Diabetes mellitus 52 (15.6%) 2 (28.6%) 0.308
Dyslipidemia* 30 (9.0%) 0 (0%) 1.000
Laboratory data
    Platelet count (x104/µL) 19.8 15.8 0.049
    ALB (mg/dL) 4.1 3.9 0.121
    AST (U/L) 36 56 0.197
    ALT (U/L) 33 47 0.297
    AFP (ng/mL) 4.1 7.5 0.110
    HCV RNA (Log IU/mL) 6.1 6.4 0.122
DAA regimens
    DCV/ASV, OBV/PTV/r, LDV/SOF 42, 29, 96 1, 0, 2

0.518
    EBR+GRZ, GLE/PIB, SOF+RBV 45, 73, 48 2, 0, 2
*: All patients halted medication several weeks before DAA treatment in accordance 
with drug usage directions.
Abbreviations: IQR, interquartile range; HCV, hepatitis C virus; IFN, interferon; 
DAA, direct-acting antiviral; HCC, hepatocellular carcinoma; ALB, albumin; AST, 
aspartate aminotransferase; ALT, alanine aminotransferase; AFP, alpha fetoprotein; 
DCV+ASV, daclatasvir+asunaprevir; OBV/PTV/r, ombitasvir/paritaprevir/ritonavir; 
LDV/SOF, ledipasvir/sofosbuvir; EBR+GZR, elbasvir+grazoprevir; GLE/PIB, 
glecaprevir/pibrentasvir; SOF+RBV, sofosbuvir+ribavirin
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tient treatment during health check-ups. 
The lipid profiles for TC, LDL-C, HDL-C, and non-

HDL-C all changed remarkably during DAA therapy in 
this study, which is consistent with previous studies on 
IFN-free treatment10,14 . Moreover, Ningen Dock cate-
gory distributions were signi�cantly altered in SVR pa-
tients, indicating that HCV replication has a direct e�ect 
on lipid homeostasis. In this regard, it has been found 

that attachment of HCV particles to LDL receptors 
(LDL-R) on hepatocytes is needed for viral replication8. 
In addition HCV was observed to stimulate LDL-R ex-
pression in both HCV-infected Huh7 cells and liver tis-
sue samples from chronic hepatitis C patients15 . �ere-
fore, from the viewpoint of molecular mechanisms in 
the liver, we can speculate that HCV eradication reduces 
LDL-R expression to elevate LDL-C. Further studies are 

Fig.1.  Changes in hepatitis clinical markers (a) HCV-RNA, (b) AST, (c) ALT, (d) AFP, (e) platelet count, and (f) albumin and 
lipid markers (g) TC, (h) LDL-C, (i) HDL-C, (j) non-HDL-C, and (k) TG, pre treatment with DAAs (Pre) and 12 weeks after 
commencing DAA treatment (SVR12) (n = 340)
*: p <0.001. HCV, hepatitis C virus; AST, aspartate aminotransferase; ALT, alanine aminotransferase; AFP, alpha fetoprotein; TC, total cholesterol; 
LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglyceride; DAA, direct-acting antiviral; N.S., not 
signi�cant.
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therefore required on  additional clinical e�ects of HCV 
eradication on lipid and other pathways. 

We observed significant lipid level changes under 
DAA treatment in SVR patients, but not in non-SVR 
patients. Chida et al. reported that apolipoprotein (Apo) 
A-I, Apo B, Apo C-II, and Apo C-III increased and that 
Apo A-II and Apo E decreased signi�cantly and rapid-
ly after commencing DAA therapy10 . They also noted 

correlations between LDL-C and Apo B di�erences and 
between HDL-C and Apo A-I di�erences before DAAs 
and at 4 weeks a�er starting them10. In addition, Moli-
na et al. reported that Apo C-III in chronically infected 
HCV patients was lower than in resolved acute HCV in-
fection and HCV-negative patients16 . Furthermore, cir-
culating HCV has been observed to be complexed with 
very low-density lipoprotein (VLDL) as lipoviroparticles 

Fig.2. Changes in hepatitis clinical markers (a) HCV-RNA, (b) AST, (c) ALT, (d) AFP, (e) platelet count, and (f) albumin and 
lipid markers (g) TC, (h) LDL-C, (i) HDL-C, (j) non-HDL-C, and (k) TG pre treatment with DAAs (Pre) and 12 weeks after 
commencing DAA treatment (SVR12) in SVR (n = 333) and non-SVR  (n = 7) patients
*: p <0.001. HCV, hepatitis C virus; AST, aspartate aminotransferase; ALT, alanine aminotransferase; AFP, alpha fetoprotein; TC, total cholesterol; LDL-C, 
low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglyceride; DAA, direct-acting antiviral; N.S., not signi�cant
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Fig.3.  Patient Proportion Changes in Ningen Dock Lipid Level Categories for SVR Patients (n = 333)
Categories are based on the de�nitions described at: https://www.ningen-dock.jp/wp/wp-content/uploads/2018/06/Criteria-category.pdf 
*: P values were calculated by 2x5 Chi-squared test. **: P values were calculated by 2x3 Chi-squared test.
LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol 

containing host Apo, which play an important role in 
lipid metabolism during the formation and stabilization 
of HCV particles17 . �erefore, the long-term physiologi-
cal e�ects of the release of lipids bound to HCV on lipid 
metabolism need monitoring in our cohort.

It remains debatable whether HCV eradication by 
DAAs can produce secondary bene�ts, such as mitiga-
tion of atherosclerosis. Previously, HCV eradication by 
DAAs improved carotid intima-media thickness (IMT) 
measurements in patients with severe liver �brosis in an 
Italian cohort18 . However, a recent study in Japan not-
ed deterioration in IMT as well as an increase in small 
dense LDL a�er a year of DAA treatment19 . �erefore, 
future consideration of HCV eradication should include 
liver status as well as systemic conditions. 

Our study had several limitations in addition to its 
retrospective design. First, it included only a small num-
ber of non-SVR patients so larger cohorts are needed. 
Second, more than half of the potential subjects were ex-
cluded due to a lack of lipid data since clinicians, specif-
ically hepatologists, were possibly less concerned about 
lipid pro�les because they felt that they had no direct in-
�uence on patients and were trying to keep medical in-
surance expenses under control. However, based on our 
�ndings and those of previous studies, lipid changes also 
need to be addressed during and after DAA treatment 
to predict the long-term outcomes of HCV eradication 
in humans. �ird, it will be necessary to determine the 
compatibility of the Ningen Dock category criteria with 
other established systems worldwide to validate the �nd-
ings of this study.

Conclusions
HCV eradication by DAA therapy can achieve sig-

ni�cant lipid pro�le changes as well as those in Ningen 
Dock lipid measurement categories. Clinicians should 
consider HCV eradication history for patients with 
abnormal lipid profiles. Further studies are needed on 
the long-term e�ects of lipid changes a�er achieving an 
SVR.
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